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Shell Canada Carmon Creek Project 

Field Facilities and Infrastructure Phase 1&2 

PO Number: 4512109130 

 
1 Scope 

1.1 This Construction Specification covers the general requirements for erection of 
field erected permanent and temporary steel structures, bolting and anchor 
materials if applicable. 

1.2 This Specification does not cover grouting, coating or painting of steel 
structures. 

2 References 
2.1 See Package General Arrangement, Structural Skid, Lifting Plan, Building 

Drawings etc as required….  
3 General Erection 

3.1 Provisions shall be made for all erection loads and sufficient temporary bracing 
to maintain the structure in a safe, stable, and plumb manner and in true 
alignment until erection is complete. 

3.2 Each part of a structure shall be properly aligned before completing field 
connections. All members in completed frames shall be true to line and free 
from bends, twists, or open joints. 

3.3 Generally, all field connections shall be bolted. Field welded connections shall 
be made only where specified on the design drawings. 

3.4 Fitting-up bolts and drift pins shall not be used to bring improperly fabricated or 
aligned members or parts into place that cause strain on bolts in finished work. 
Drift pins shall not be driven with such force as to damage adjacent metal. No 
packing, shimming or wedging shall be permitted to correct faulty work. 

3.5 No one shall cut, drill or otherwise alter the steel structures or the work of 
others to accommodate other trades or the Contractor’s own work, unless 
such cutting, drilling or alteration is specified clearly in the contract documents.  

3.6 Holes not furnished by the structural steel fabricator but required for erection 
shall be field drilled. A torch may not be used to make or enlarge holes. 

3.7 Minor misfitting, which can be remedied by a moderate amount of reaming and 
slight cutting and/or grinding, shall only be permitted when approved in writing 
by Site Engineer. 

3.8 Erection bolts used in welded constructions shall be tightened securely and left 
in place, or removed with the holes plug welded, ground smooth and coated 
with the same system as the adjacent steeland openings covered immediately 
after “dry-out”. 

3.9 The Contractor shall ensure the structure is in a “safe condition” prior to 
allowing general loading of the structure. 

3.10 All ragged or sharp edges, as well as protruding bolts or other fasteners that 
might cause injury to personnel shall be ground smooth. 

3.11 edge of canopy/hood. 
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4 Platforms(stairs, railings and landings) 
Attach the ship loose Platforms as per reference drawings (338715-100, 200). 

4.1 Sit the platform onto site concrete pad and bolt it down. 
4.2 Attach platforms to the package skid base. 

5 HVAC Building Heater  
 Attached the shiploose Heaters as per reference drawings (214067-7400). 

5.1 Reinstall the heater back to the structrual bracket by bolting which has been 
preinstalled. 

5.2 Reconnect the eletrical power to the heater. 
6 Interior Lighting 

6.1 Interior and exterior ballast bodies are to be reinstalled 
6.2 Fluorescent tubes are to be removed from the lighting fixtures and stored in a 

separate box protected from excessive vibrations are to be inserted and all 
lights tested. Put the cover back. 

7 Building Completion 
Assemble the shiploose building parts as per reference drawings (15-5055). 

7.1 Centre canopy or storm hood over target objects (i.e. door or HVAC 
component) 

7.2 Fasten canopy or hood to wall via mounting flange using #10 screws@ 6” 
(150mm), O.C. the mounting flange well be the part of the canopy/hood that is 
in direct contact with the wall. 

7.3 Apply continuous bead of caulking along top 
8 Odorizer Assembly 

Attach the ship loose Odorizer Assembly as per reference drawings 
(338715-100, 200) 

8.1 Support the assembly and position so it is level and in the correct position to 
bolt down. 

8.2 Attach the assembly to the package skid base 
8.3 Reinstall the piping 

9 Envirobox  (valve) Assembly 
Attach the ship loose Enviro box (valve) Assembly as per reference drawings 
(338715-100, 200). 

9.1 Support the assembly and position so it is level and in the correct position to 
bolt down. 

9.2 Attach the assembly to the package skid base 
9.3 Reinstall the piping 
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Shell Canada Carmon Creek Project 

Field Facilities and Infrastructure Phase 1&2 

PO Number: 4512109130 

 
1 Purpose 

1.1 Outline the process used to prepare packages for shipment and the steps 
required to prepare and maintainUnpacking and Preservation Procedure 
equipment when storage up to 6 month and more is anticipated. 

2 Scope 
2.1 This procedure applies to all packages with CS/SS piping and tubing c/w 

instrumentation, HVAC, and other installed equipment. 
2.2 For electrical equipment preservation, shipment and storage procedures see 

Sections 6, 7, 8 of this document and manufacturer IOM Manuals. 
3 Equipment, piping and fittings, HVAC, Building accessories…..  

3.1 The equipment and piping system shall be cleaned of foreign objects and free 
of water and oil prior to shipment. All liquids used for cleaning or hydrostatic 
testing shall be completely drained from all units before shipment. All moisture 
to be “air-dried” and openings covered immediately after “dry-out”. 

3.2 Main Gas piping lines are to have a Nitrogen purge to 5 psi.  A blind flange is 
to be installed on the discharge line and a blind flange with a threaded port (for 
Nitrogen installation) to be on the suction flange. 

3.3 Machined surfaces or openings (Flanges) which will be exposed to the 
atmosphere in transit and subsequent storage shall be properly protected with 
plastic plugs or wooden blind (1/4” minimum thickness) with 4 full size studs. 

3.4 Once blinds are removed for makeup flanges, dust covers shall be installed by 
personnel conducting this job. 

3.5 Threaded openings shall be closed by threaded steel plugs. 
3.6 Plastic plugs are acceptable for closing electrical and instrument connections. 
3.7 Equipment containing insulating oils, anti-freeze solutions or other 

fluids/desiccants shall be tagged at openings to indicate the nature of the 
contents, and shipping and storage precautions. 

3.8 MSDS for rust preventive, anti-freeze, desiccant if used, to be shipped along 
with equipment. 

3.9 Packages with formed steel bases shall be mounted on pieces of lumber and 
bolted to the skid. All lumber is to be designed to give maximum protection and 
are to be longer and wider than the base plate. If applicable. 

3.10 All packages which don’t consist of a building shall be plastic wrapped and 
taped closed leaving no exposed surfaces to the environment.  

3.11 All packages which consist of a building shall be secured closed for shipping. 
3.12 Any opening to the building shall be temporarily sealed shut with either tin 

flashing or wood for transportation. 
3.13 Secure any small unsupported piping to prevent damage during shipment. 
3.14 Secure any loose items to base to prevent accidental loss or misplacement 
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during storage. All loose items to be specified in the Packing Slip and 
submitted to customer as well with the shipment. 

3.15 Any ship loose items shall be properly tagged and marked. Each tag shall 
contain Customer PO#, NPE SLS #, Item name and tag # as per P&ID and 
BOM. 

3.16 All items shipped separately shall be tagged and or clearly marked in a 
weather resistant manner. Tags shall indicate Customer PO#, NPE SLS #, 
Item name and tag # as per P&ID and BOM. 

3.17 Set of shipping documentation shall be packed into moisture resistant plastic 
bag and secured to package. 

3.18 Building door keys shall be inserted into plastic bag along with shipping 
documentation. 

3.19 Vent caps are to be bolded onto the 2 vent lines. 
4 Instrumentation 

4.1 All instrumentation shall be shipped pre-mounted, wrapped in plastic coverings 
and taped closed. No instrument is to be left exposed to the environment 
during transit. 

4.2 All instrument panels, cabinets or boxes containing electronic components 
shall be plastic wrapped after the installation of silica gel bags. 

5 Valves 
5.1 Ball and plug valves shall be shipped in the fully open position. 
5.2 Gate, globe, butterfly valves shall be shipped in the closed position. 
5.3 Actuated valves shall be shipped in the de-energized position. 
5.4 Valve stems and threads shall be coated with rust inhibitor spray. 

6 Electrical Equipment  
6.1 Exterior Mounted Electrical Equipment (general) 

6.1.1 The procedures outlined below are necessary to prevent deterioration 
and/or damage to electrical equipment during shipment to the storage site. 

6.1.2 All exterior mounted electrical equipment has been selected for use in 
harsh environments (NEMA 4X). This would typically provide adequate 
protection against weather during shipment and long term storage. 
However, additional protection measures are recommended in order to 
minimize risks of damage due to unforeseen hazards related to shipment 
and storage. 

6.1.3 Equipment protruding beyond the building envelope should be protected 
against mechanical damage and any ingress of dust or moisture as 
defined below. 

6.2 Transformers if applicable. 
6.2.1 Transformers in the building should be protected as follows:  
6.2.2 All ventilation openings and cable glands to be sealed. 
6.2.3 Transformers and cables are to be enclosed in a heavy shrink wrapping 

polyurethane sheet completely shrouding the units with silica gel desiccant 
bags inserted inside the wrapping (2 unit bag per transformer). 

6.3 Junction Boxes 
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6.3.1 All external junction boxes are to be protected as follows: 
6.3.2 All cable glands and drains to be sealed using watertight plugs. 
6.3.3 Silica gel desiccant bags shall be inserted inside the junction boxes (2 Unit 

bag per junction box). 
6.3.4 Junction boxes covers to be tightened and boxes enclosed in a heavy 

shrink wrapping polyurethane sheet completely shrouding the units. 
6.3.5 Cable/Conduit Penetrations 
6.3.6 All cable and conduit penetrations are to be completely sealed. 

6.4 Interior Mounted Electrical Equipment (general) 
6.4.1 All interior mounted electrical equipment, including instrumentation, will be 

protected from the environment by the building enclosure that will be 
completely sealed thus preventing any ingress of dust or moisture. 
However, basic steps preventing condensation from occurring inside the 
electrical equipment are recommended. 

6.5 Power Distribution Panels 
6.5.1 Panels should have cable glands sealed and should be closed with silica 

gel desiccant bags inserted inside the enclosures. 
6.6 Emergency Light and Exit Sign 

6.6.1 The emergency battery pack is to be protected as follows: 
6.6.2 Battery pack must be disconnected, tagged and store inside the building 

separately. 
6.6.3 The light box should be closed with silica gel desiccant bag inserted inside 

the enclosure. 
6.7 Lighting Fixtures 

6.7.1 Fluorescent tubes are to be removed from the lighting fixtures and stored 
in a separate box protected from excessive vibrations. 

7 Electrical Equipment Long Term Storage 
The procedures outlined below are necessary to maintain all electrical equipment 
described in this document in a “ready for operation” condition. 
7.1 Exterior Mounted Electrical Equipment 

7.1.1 Upon arriving at the storage site, a receiving inspection should be 
performed to verify the status of the equipment protection and the integrity 
of the shrink wrapping material 

7.1.2 If water or dust/dirt has entered the equipment through damaged or 
improperly secured wrapping material, seals or plugs, the equipment must 
be cleaned and plugs/seals/wrapping restored. 

7.1.3 Where possible, status of the silica gel desiccant bags is to be verified by 
testing hardness of the bags. This should be done without affecting the 
integrity of the heat shrink wrapping material. 

7.1.4 Bi-weekly inspections should be performed over the entire duration of the 
storage. 

7.2 Interior Mounted Electrical Equipment 
7.2.1 Upon arriving at the storage site a receiving inspection should be 

performed to verify the status of the equipment and the silica gel desiccant 
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bags. Any bags found to have hardened material must be replaced. 
7.2.2 Bi-weekly inspections should be performed over the entire duration of the 

storage. 
7.2.3 VFDs must be stored in dry places, free of dust, vibrations, and gases, 

corrosive smokes, under constant temperature (5 º C and 40 º C) and in 
normal position free from other objects. 

8 Electrical Equipment Start-up Preparation 
The following procedures will be required to prepare the electrical equipment for 
operation: 
8.1 All shrink wrapping material and desiccant bags are to be removed. 
8.2 Any dirty or damaged surfaces are to be restored. 
8.3 Battery pack inside the Emergency Light and Exit Sign is to be connected and 

tested as per manufacturer’s instruction 
8.4 Fluorescent tubes are to be inserted and all lights tested 
8.5 The grounding pads all grounding connections shall be cleaned and tested. 

 
 

9 Inspection and maintenance requirements 
General 
9.1 Only qualified customer assigned personnel shall perform inspection and 

maintenance during shipment and storage of package. 
9.2 Special protection measures can be coordinated if specified by customer 
Weekly 
9.3 All package items shall be inspected externally for visible signs of damage. 

Preservative shall be applied if required. 
Monthly 
9.4 Motor insulation resistance shall be measured and recorded monthly or 

quarterly. 
Six Months and more 
9.5 All separate stored parts shall be inspected. Damaged packing and desiccant 

shall be replaced. 
9.6 Preservative shall be re-applied if required 
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HANDLING, STORAGE, PACKAGING AND DELIVERY PROCEDURE 

1 PURPOSE 
 
 This procedure outlines the method used for handling, storage, packaging and delivery for goods in National 

Process Equipment shop. 

2. SCOPE 
 
 This procedure applies to all products received in National Process Equipment shop which will be used for the 

completion of a contract. 

3 RESPONSIBILITY 

Shipper / Receiver 

 The Shipper/Receiver is responsible for handling, storage, packaging and delivery.  
 The Shipper / Receiver is responsible for: 
  i. Packaging of product for shipment. 
  ii. maintenance and operational safety of the equipment used for handling material and in-house  

  movement of product. 

Production Manager 

 The Production Manager is responsible for verifying that inspection of the product to be shipped has been 
accomplished.  

4 METHOD 

4.1 Handling and Storage 
 
 Appropriate equipment and adequate human resources are used for the handling of all goods in order to prevent 

damage or deterioration of the materials and equipment. 
 
 The Production Manager maintains instruction manuals of operation for the forklift and the chain blocks and 

ensures that the appropriate employees have been instructed how to operate the equipment.  On a monthly basis, 
the Shipper / Receiver will verify the equipment visually and operationally for any damage or deterioration.  Any 
damage or deterioration noted by an employee will be reported to the Production Manager for corrective action. 

 
 The Shipper/Receiver identifies the product received and it is then placed in the appropriate "bin" until it is 

incorporated into production according to the Production Route Card. 
 
 A "bin," which is clearly marked with inspection status and contract number, provides necessary protection from 

environment, damage and deterioration until the product is incorporated into the production process or shipped to 
a client.  Bins are located outside the regular production area to prevent unnecessary or inadvertent contamination 
or damage. 

 
 Inventory items are stored in a designated parts area that is located outside the regular production area and 

separate from the "bins" in order to prevent unnecessary or inadvertent contamination or damage. 
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 The Shipper/Receiver  is the only personnel authorized to remove stock from the inventory area.  Items are 
removed from inventory only when stipulated on a contract purchase order placed on National Process Equipment 
inventory.  When pulled from inventory, equipment is treated as described above for products received from 
outside sources. 

 
 Product in stock is assessed every twelve months during the physical count of inventory.  Should any product be 

found unfit for use, it shall be treated as non-conforming product according to QAP-013. 
 
 

4.2 Packaging and Delivery 
 
 The Shipper/Receiver verifies the quantities of the product to be shipped against the shipping copy of the sales 

order that has been prepared for the contract.  Any discrepancies that are found will be reported to the Contract 
Administrator for correction.    

 
 Standard National Process Equipment packaging will be suitable for transportation and will effectively protect the 

product against normal environmental and normal handling conditions until National Process Equipment 
responsibility ceases.  Special packaging protection (marking and preservation) of the product shall be in 
accordance with contractual specification if such is defined in the purchase order. 

 
 The Shipper / Receiver performs one or more of the following steps for the appropriate product. 
 
 i. products that can be shipped in boxes are packed for protection in transit. The appropriate combination of 

sub-packs or sufficient dunnage will be used to prevent damage in transit.    Wherever possible 
environmentally friendly packing is used.  The packing slip is then attached to the outside of the box 
displaying the consignee's address. 

 
 ii. products that are skid mounted are strapped into place ensuring that the product will not move or shift 

during transportation.  Loose-shipped components should be placed in a box that is also strapped to the 
skid. The packing slip is then stapled to the skid displaying the consignee's address. 

 
 iii. products that require crates are packed with blocks to prevent movement in the crate while in transit.  The 

packing slip is then stapled to the crate displaying the consignee's address. 
  
 iv. where applicable special marking required on crates will be done according to customer requirements. 
 
 
 i. all flanged openings must be protected with a plastic cap or a wooden blank. External threads will be 

protected from damage if open packing is used. 
 
 
 
 
 Shipment method is determined by customer specifications.  When delivery of the equipment is included in the 

contract and is National Process Equipment responsibility the appropriate carrier is selected by the shipper. 
 

5 DOCUMENTS 

Forms 

 
 NPESF0008 SFC Routing 
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 Baan Production Order (SFC) 
 QAF-029 Quality Plan 
 Baan Sales Order (SLS) 

Procedures 

 QAP-010 Inspection and Testing Procedure 
 QAP-013 Control of Non-conforming Product Procedure 
 Baan Order Entry Procedures 

Other Documents 

 Packing Slip (Marked copy of sales order) 

6 RECORDS 
 
 Upon shipment of the product a copy of the packing slip, and production routing are placed in the contract file. 
 

7            Note

QUALITY Group's Release for Shipment process shall be followed including CRITICAL documents
required to be shipped with the skid for continuous transisition of ownership
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EXHEAT has provided versions of this manual in German, French, Italian, Spanish, 
Portuguese, Polish, Chinese and Russian.  The foreign language versions can also be 

found at www.exheat.com/iom. 
 

To maintain the equipment warranty and, if applicable, the Hazardous Area 
Certification, the instructions contained within this manual must be complied with in 

full. 

 

 
Fitting any other device invalidates the hazardous area certification. 
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1. Contact Details 
 

 
 

Sales Enquiries   

UK, Europe & USA Rest of the World 

EXHEAT Ltd 
Threxton Road Industrial Estate 
Watton, Thetford 
Norfolk, IP25 6NG, UK 

Tel: +44 (0) 1953 886 205 

Fax: +44 (0) 1953 886 222 

Email: sales@exheat.com 
Website: www.exheat.com 

EXHEAT Pte Ltd 
8 Jalan Kilang Barat 
Central Link #03-07 
Singapore 159351 

Tel: +65 6496 4600 

Fax: +65 6496 4601 

 

 
 

Technical Support   

UK, Europe & USA Rest of the World 

Ex Services 
Threxton Road Industrial Estate 
Watton, Thetford 
Norfolk, IP25 6NG, UK 

Tel: +44 (0) 1953 886 248 

Fax: +44 (0) 1953 889109 

Email: support@exservices.com 
Website: www.exservices.com 

Ex Services Pte Ltd 
8 Jalan Kilang Barat 
Central Link #03-07  
Singapore 159351 

Tel: +65 6496 4628 

Fax: +65 6496 4601 
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2. Description of equipment 
 

 

Please refer to the Contract Manufacturing Data Book. 
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3. Safety 
 

General 

Electrical equipment must be designed, tested and installed such that, when it is used 
correctly, health and safety risks are kept to a minimum. The client must be provided with 
information about any necessary safety conditions, warned of any possible hazards that may 
arise during normal operation and told how to avoid them. 

The client must ensure that:  

 any employees working on the equipment are authorized and competent in the 
proper working procedures in order to ensure their safety. The plant must be 
maintained in a safe condition. 

 safety interlocks are provided and maintained to ensure that the heater may only be 
energised when the design flow rate through the heater is attained and that the 
heater is de-energised should this flow rate be reduced or stopped. 

 heater terminal enclosure covers are not removed whilst any precipitation, airborne 
dust or moisture is in the vicinity or when grinding, welding or similar activities are 
taking place nearby.  

Provided the above conditions are adhered to, the equipment should be safe for use under 
normal operating conditions. 

Safety hazards may arise when authorised and competent persons need to open doors or 
remove covers on control cubicles to carry out maintenance, testing or setting up to work. In 
the majority of these cases the equipment cannot be completely isolated before working on 
it. 

It is virtually impossible to achieve conditions which are completely hazard-free when 
working on energised circuits. Responsibility for safe conduct of the competent person or 
persons operating on the equipment rests with those under whose authority they act. 

Where the equipment is subject to the Pressure Equipment Directive (97/23/EC): 

 Prior to putting the equipment into service, the client must comply with the Essential 
Safety Requirements as stipulated by the directive.  

 Refer to the Manufacturing Data Book for further details. 

Safety 
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Installation 
 

 

Should deviation from original design parameters occur, or change of 
original design structure be required, please refer back to EXHEAT for 

consultation prior installation. 
 

Ensure that the equipment is correctly installed in a suitable location by technically qualified 
and competent persons. 

Before operating the equipment, have the installation approved by a supervisor to ensure 
that the system is safe for operation. 

Ensure compliance with any instructions and information provided in this manual and on the 
drawings supplied. 

 

 

It is the client’s responsibility to ensure that safe systems of work are used 
by all personnel operating and maintaining the equipment, including testing 

when ‘live’. 
 

Normal use 

Observing the following points will minimise the risk of accidents to personnel using electrical 
equipment: 

 Ensure that all persons operating the equipment are fully trained. This includes 
training in emergency shutdown procedures. 

 Train operators to recognise signs of maloperation of the equipment and to know 
what actions to take in these circumstances. 

 Keep all control cubicle doors closed and locked whilst the equipment is in operation 
and comply with any safety warning notices. 

 Restrict access to heater terminal enclosures and keys for control cubicle doors to 
competent authorised personnel. Issue them only as part of a written safe system of 
work to ensure doors and terminal enclosure covers are: 

 not unlocked until electrical supplies are isolated 

 locked before electrical supplies are restored for normal operation of equipment. 

Maintenance and testing 

The client must ensure that maintenance, set up and testing of the equipment is only carried 
out by authorised and competent persons. 

The following rules must be adhered to: 

 Before starting maintenance work, isolate the equipment completely where possible. 

 Comply with safe working conditions. 

 Do not work alone on the equipment when it is energised. 

Safety 
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 Be aware of hazards which may arise when working on energised equipment, and 
take all necessary precautions. 

 Familiarise all persons working on the equipment with the instructions and 
information provided in this manual. 
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4. Preservation and storage instructions 
 

Where specified in the contract, the equipment is supplied by EXHEAT suitably packed for 
storage.  

Receipt of goods 

Follow the guidelines below when goods are received: 

 Use all design lifting points whenever moving the equipment from one area to 
another. 
 

 

Lifting eyes fitted in the tube sheet of immersion heater bundles are 
designed for supporting only the bundle during removal and re-fitting, in 

conjunction with slings. They are not designed for the combined weight of 
the fitted heater in the vessel. 

 

 Take care at all times to ensure that the equipment is moved safely and that no out of 
balance occurs during movement. 

 On receipt of the equipment into the storage area: 

 Examine the equipment against the packing list to check that goods received 
match the packing list. 

 Check for any damage that may have occurred in transit. Any damage must be 
logged and reported to the site manager and EXHEAT within seven (7) days of 
receipt of goods. 

 Unless otherwise agreed in writing, store the equipment in an inside location that 
is dry, clean and well ventilated. 

 Ensure that equipment is not stacked and observe any ‘This Way Up’ markings. 

Preservation materials 
 

 
Further preservation instructions can be found in Section 12. 

 

Suitable preservation materials, such as silica gel bags or equivalent, have been placed 
inside the packaging. 

Additionally, spare silica gel bags, or equivalent, are supplied with all equipment.  

It is the client’s responsibility to ensure that, if the packaging is opened prior to installation, 
these bags are checked and replaced, if necessary.  
 

 

For heaters, the preservation materials have been placed inside the main 
heater terminal enclosure and the auxiliary instrument junction box, if fitted.

It is the client’s responsibility to ensure that, if the terminal enclosure is 
opened prior to installation, these bags are checked and replaced if 

necessary. 
 

Preservation and storage instructions 



  
  

 

10

Post Despatch & Storage 

Ensure the equipment is stored in a proper manner in order to minimise the risk of accidental 
damage. 

The following preservation instructions must be adhered to. Failure to do so could result in 
the equipment warranty being invalidated: 

 Store the equipment at between 0C and +50C.  

 Ensure that the equipment is not subjected to direct sunlight at ambient temperatures 
above 30°C. 

 Do not store the equipment for more than 3 months unless packed for long term 
storage. 

 Protect the equipment against external sources of vibration and/or impact. 

 Leave the equipment in its original sealed packaging until required for installation. 

 Where the storage period has been stated to be more than three months from the 
date of despatch from EXHEAT, moisture indicators may have been fitted to the 
packaging. These indicators should be checked every three months, the preservation 
materials replaced if necessary, and the packaging resealed. 

 Where provided, anti-condensation heaters should be temporarily energised during 
storage and prior to installation. The temporary supply must be disconnected 
following the equipment being put into full operation. 

 Should it be necessary to open a packing/heater terminal enclosure, for example to 
cable in an anti-condensation heater: 

 check the preservation materials and replace them if necessary. 

 replace the terminal enclosure cover immediately after the work has been carried 
out. 

 reseal the packaging. 

 The erection contractor must carry out periodic inspections of the equipment during 
storage in order to: 

 detect any signs of deterioration. 

 check on limitations of time in storage. 

 ensure maintenance of proper conditions. 

 determine the current state of materials. 

 When the periodic inspections are complete, complete the Storage Preservation 
Check Record in Appendix B.  

 

 

Should it be necessary to enter the main heater terminal enclosure, replace 
the preservation materials and update the preservation record (found in the 

main heater terminal enclosure) accordingly. 
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5. Erection and installation instructions 
 

Overview 

This section covers the erection and installation requirements for most of the range of 
EXHEAT equipment, such as non-hazardous areas/locations. 

This equipment includes: 

 Increased Safety Ex e electric heaters and/or safe area control panels 

 Flameproof Ex d electric heaters and/or safe area control panels.  

 Class I, Div. 2 electric heaters and control panels 

 Class I, Div. 1 electric heaters and control panels. 
 

Refer to the relevant code of practice for the equipment: 

 IEC/EN 60079-14 for selection and installation 

 IEC/EN 60079-17 for inspection and maintenance of electric apparatus for use in 
potentially explosive atmospheres. 

When installing these types of equipment, the installation contractor/operator shall be both 
familiar with and abide by the “Special conditions for safe use” on the Hazardous Area 
Certificate/s in the Data Book. 

Compliance with these instructions is a warranty requirement and documented evidence 
must be maintained in the form of signed checklist and records as contained in  
Appendix B. Copies of completed checklists and records will be required in the event of a 
warranty claim. 

Over-temperature trip devices 

It is a mandatory requirement that the over-temperature devices (excluding spares) are 
connected back to the dedicated trip system to shut down electrical power to the heater in 
the event of over-temperature. 

Be aware of the following important points: 

Thermocouple 

Note the polarity of the circuit for the sensor to operate correctly. 

Ensure that the correct compensating cable is used for the type of thermocouple fitted, as 
detailed on the schedule drawings.  

RTD 

Note the correct connections to ensure that they operate as detailed on the schedule 
drawings. 
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Temperature transmitters  

Note the polarity of each device to ensure that it functions correctly within the control loop, 
as detailed on the schedule drawings.  

Thermostats 

Note the connections shown in the drawing to ensure the correct operation.  

 Where thermostats have been pre-set at EXHEAT they require no further adjustment. 

 Adjust thermostats that have been supplied un-set to meet process requirements.  

 

 
If there is any uncertainty about these points, contact EXHEAT for advice. 

 

Over-temperature trip devices in protection circuits of Ex e heaters 

Protective devices, such as PT100 resistance thermometers (also known as resistance 
temperature detectors or RTDs) and thermocouples with or without 4-20mA transmitters, 
must be set up in accordance with EXHEAT procedure WI/09/131 in Appendix D. 

 

 

Failure to comply could result in the Hazardous Area Certificate being 
invalidated. 

Scope 

The extent of equipment to be erected/installed is detailed in the drawing schedule specific 
to each contract.  

Responsibilities 

This section outlines the erection contractor’s responsibility for the erection and installation 
of the equipment supplied by EXHEAT: 

 Install the equipment under the surveillance of the client’s site engineers, in 
accordance with these instructions. 

 Carry out the installation in complete accordance with this document, which shall be 
read as complimentary to all associated contract documents (such as site conditions, 
contract specifications and drawings) and national legislation/regulations. 

 Ensure that all employees are fully trained and supervised in the appropriate site 
working procedures in order to ensure their safety. The site must be maintained in a 
safe condition at all times. 

 Ensure that all site installation personnel are issued with copies of all relevant 
drawings, material schedules and specifications necessary to fulfil their obligations. 

 Provide all tools and equipment necessary to carry out the installation as required on 
the schedule drawings for that contract. 

Erection and installation instructions 
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Pre‐installation inspection 

Before installation, inspect the equipment to ensure that all items are available and that all 
crates and/or packaging are in good condition and undamaged. Any damage must be 
reported to the site manager and to EXHEAT. 

Moving the equipment into position 

Follow the steps below to safely move the equipment into position: 

 

Ensure that the equipment is moved and installed by technically qualified 
and competent persons experienced in the class of work involved. 

 

 Carefully remove the packaging from each item and check for damage. Report any 
damage to the site construction manager immediately and to EXHEAT. 

 Move the equipment by either crane or fork lift truck, using suitable lifting 
chains/slings to prevent damage to the heating elements. Observe the following 
safety points: 

 All lifting tackle/equipment must have a safe working load (SWL) capacity in 
excess of that of the equipment weight and include for snatch factors etc.  

 

Certain equipment configurations may require a lifting beam to achieve a safe 
lift. 

 The slings or ropes must be long enough to keep the angle between the 
slings/ropes and the top of the equipment greater than 45°. 

 

If the sling/rope is too short it will reduce this angle and lead to unacceptably 
high stresses on the eyebolts/lifting lugs. 

 Additional support should be provided when lifting, as necessary, to counteract 
any out of balance that may be present. 

 Use a suitable method to prevent or reduce the swing of the suspended load. 

 

Lifting eyes fitted in the tube sheet of immersion heater bundles are designed 
for supporting only the bundle during removal and re-fitting, in conjunction 

with slings. They are not designed for the combined weight of the fitted heater 
in the vessel. The same is true for lifting points on the terminal enclosures of 
air duct heaters – use these for bundle lift only. Lift the package using the lift 

points on the duct section. 

 Only use a forklift truck to move equipment if absolutely necessary, particularly at 
the assembly site and on uneven ground. Use a crane whenever possible. 

 If a forklift must be used, space the arms as far apart as the equipment allows 
and ensure they are long enough to go completely under the equipment. 

 Ensure that the destination position is free from obstructions. 

 Move the equipment into position and set the load down carefully and without 
bumping. 

 Check the alignment prior to bolting it in position.  

Erection and installation instructions 
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Installing the heater 

Follow the steps below to install the heater: 

 In the case of non-installed immersion heater bundles: 

 Inspect the gasket face prior to installation. 

 Inspect the immersed part of the heater bundle for any damage. 

 Check that the heating elements are not touching. This can lead to localised 
over-heating and premature element failure. Pay particular attention to the 
element ends furthest from the heater flange.  

 Report any damage or discrepancies to the site manager and EXHEAT. 

 The equipment should be installed using industry recognised torqueing/Tensioning 
Procedure. 

 Check the insulation resistance of the heating elements. Use a 500V dc 
megohmmeter to take a reading between the element sheath and the phase 
terminals. The reading should be better than 2 megohm. If it is lower than this, 
contact EXHEAT for advice. 

 Ensure that the equipment is suitably supported, both internally and externally, and 
not subjected to undue stress or vibration. 

 If a heater bundle is supplied without housing, the immersed part must be adequately 
supported within the respective vessel, tank or duct. 

 Ensure that there is sufficient room around the heater to remove the heater bundle 
for maintenance. 

 Each heater is fitted with safety devices as detailed on the drawing schedule for that 
contract. These safety devices must be kept in good working order and connected 
into the dedicated trip system as stated on the schedule drawings. 

 Safety interlocks must be installed to ensure that the heater may only be energised 
when the design flow rate through the heater is attained and that the heater is de-
energised should this flow rate be reduced or stopped. 

 Ensure that the supply cable is of the correct type and is sized for the current being 
carried. Consider: 

 maximum ambient temperatures 

 cable routing method 

 volt drops due to cable runs.  

 Ensure that the supply cables are suitably supported to prevent undue force/stress 
on the terminal points. 

 Check that the voltage on the heater nameplate is compatible with the mains supply 
being used. 

 Under no circumstances interfere with any EXHEAT internal cabling or connections. 
This includes re-routing and ‘bunching’ cables, which can have a serious adverse 
effect on the heat build-up generated within the terminal enclosure. 

Erection and installation instructions 
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Terminal points 

The terminal points for each heater are as follows:  

 Power terminals and cable gland plates (or cable entries) for heater power supply. 

 Control terminals and cable gland plates (or cable entries) for heater trip/alarms. 

 Equipment earth terminals. 

Earth-fault protection 

For safety reasons, it is essential to limit the magnitude and duration of earth-fault currents. 
It is impractical to cover all possible systems, however note that, regardless of which system 
is used, the heater must be protected by a suitable device wired to shut down the heater in 
the event that a heater element fails to earth. Suitable devices include a residual current 
device (RCD) – this is the preferred method and should be used whenever possible – or an 
insulation monitoring device. 

 Maximum recommended setting for the RCD: 300mA/10mS. The duration time of 
10mS (ten milliseconds) ensures that any fault is detected within a single cycle of a 
thyristor system (where applicable).  

 Maximum recommended setting for the insulation monitoring device: Insulation 
resistance is not greater than 50 ohms per volt of rated voltage. 

Ensure that the equipment is earthed in accordance with the plant earthing philosophy. 

If fitted, an anti-condensation heater must be protected by a 30mA earth leakage circuit 
breaker. Recommended systems are available from EXHEAT upon request.  

Before commissioning the equipment, the completed installation should be approved by a 
qualified supervisor to ensure that it has been carried out correctly and that the system is 
safe for commissioning. 

Heaters must only be immersed in the fluid they are designed to heat. Introducing alternative 
fluids even in small concentrations for purposes such as sterilising may cause serious 
damage to the heater and will invalidate the warranty. 

Before switching the heater on, check that the heater elements and temperature sensors are 
fully immersed and that the rated process flow is passing over the heating elements. 
 

 

Ensure that the terminal enclosure is not subjected to direct sunlight at 
ambient temperatures above 30°C. 
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Installing the control panel 

Follow the guidelines below when installing a control panel: 

 Ensure that there is sufficient room around the panel to open the panel door for 
maintenance. 

 Ensure that all cables to be connected into the panel are of the correct type and are 
sized for the current being carried. 

 Consider the: 

 maximum ambient temperatures 

 cable routing method 

 volt drop due to cable runs. 

 Check that the voltage on the control panel nameplate is compatible with the mains 
supply being used.  

 Following installation remove the lifting eyebolts, where fitted, and replace them with 
plugs. 

 Before commissioning the equipment, have the completed installation approved by a 
qualified supervisor to ensure that it has been carried out correctly and the system is 
safe for commissioning. 

Terminal points 

The terminal points for each control panel are as follows: 

 The input terminals and cable gland plates (or cable entries) for control panel power 
supply. 

 The output terminals and cable gland plates (or cable entries) for heater power 
supply and trip/alarms. 

 Equipment earth terminals. 

Earth-fault protection 

The heater must be protected by a suitable earth-fault protection device wired to shut down 
the heater in the event a heater element fails to earth. The reason for any trip condition 
initiated by the earth-fault protection device must be fully investigated and rectified before 
the system is reset and the heater switched on.  

Where they have not been included in the control panel, recommended systems are 
available from EXHEAT upon request. 
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6. Pre‐commissioning/commissioning instructions 
 

Pre‐commissioning 

The following checks should be carried out prior to commissioning and the equipment should 
not be energised until all the checks have been completed. 

Heaters 

The pre-commissioning checks below should be carried out before installing heaters: 

 Check the overall physical condition of the heater for any signs of damage. 

 Ensure the layout of the installation is neat in appearance. 

 Check for any loose components and tighten as required. 

 Remove all debris from enclosures. 

 Ensure that any preservation items, such as silica gel bags, are removed. 

 Disconnect the main electrical supply cable and check the overall insulation 
resistance of the heater per stage. Use a 500V dc megohmmeter to take a reading 
between the element sheath and the phase terminals. The reading should be better 
than 2 megohm. If it is lower than this, contact EXHEAT for advice. 

 Reconnect the cable ensuring terminations are secure. 

 Ensure both the heater and instrument enclosure covers are closed and all 
fastenings are tight but not over-tight. 

 

Where the enclosure is of sheet metal fabrication and uses a 6mm thick 
silicone sponge sealing gasket, the recommended torque for the M6 fasteners 

(on the cover, gland plate and back plate) is 6 N/m. 

 Ensure all trip devices are functioning correctly (including over-temperature/low 
flow/no flow and over-pressure safety interlocks). 

 Check that labels and tags are secure and correct. 

 

In addition to the steps above, Ex e increased safety or Class I, Div. 2 and Ex d 
flameproof or Class I, Div. 1 explosion-proof heaters must be inspected in 

accordance with the relevant codes of practice concerning the inspection and 
maintenance of electrical installations in hazardous areas. 

Compliance with the points listed above is a warranty requirement. Documented evidence 
must be maintained in the form of signed checklist and records as contained in  
Appendix B. Copies of completed checklists and records will be required in the event of a 
warranty claim. 
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Control panels 

The following pre-installation checks must be performed on safe area control panels: 

 The control panel is mounted correctly, in particular that it is square, rigid and there is 
no bowing of doors.  

 The doors close and lock easily. Lubricate noisy hinges as required. 

 The layout of the installation is neat in appearance. 

 There are no loose components. 

 There is no debris in enclosures. 

 Any preservation items, such as silica gel bags, are removed. 

 Filters on fan intakes and filter outlets, where fitted, are not blocked. 

 Shrouds/covers are fitted over incoming and outgoing terminals. 

 All incoming and outgoing cables are terminated in the proper manner. 

 Correct lamps and coloured lenses are fitted. 

 Labels and tags secure and correct. 

 Overall physical condition – no signs of damage. Paintwork should be intact. 
 

Electrical checks 

The pre-commissioning electrical checks below should be carried out before installing 
equipment: 

 

Before carrying out the following checks, take all electronic components in the 
panel out of circuit. Do this by removing control fuses or by physically 

disconnecting the electronic components. 

 Disconnect the main supply cable and check the insulation resistance of the mains 
cable within the panel.   Use a 1000Vdc megohmmeter (for 3 phase)/ 500Vdc (for 
Single phase) to take reading between the Terminal Busbar/Cable with reference to 
ground/earth. The reading should be better than 300 megohm. If it is lower than this, 
contact EXHEAT for advice. 

 Reconnect the main supply cable ensuring terminations are secure. 

 Ensure all emergency stops and safety interlocks are working correctly. All isolating 
devices should be open before work commences and only closed as the plant is put 
progressively into service. 

 Before switching on the incoming feed to the control panel, ensure that the supply 
conform to the specified voltage on the control panel and/or heater nameplate at a 
nominal variance of +/- 5% of the specified voltage. 

Compliance with these instructions is a warranty requirement. Documented evidence must 
be maintained in the form of signed checklist and records as contained in  
Appendix B. Copies of completed checklists and records will be required in the event of any 
warranty claim. 
 

 

Pre-commissioning/commissioning instructions 



  
  

 

19

Commissioning 

The procedures in this section should be carried out after completion of all the pre-
commissioning checks. All prevailing site safety regulations should be adhered to at all 
times. 

Control panel 

These steps apply to heaters and panels with thermocouples or RTDs and heaters and 
panels with adjustable control thermostats. 

 Isolate the heater then energise the control panel.  

 Carry out the relevant test procedure as described in the Data Book for that 
equipment.  

Heater 

These steps apply to: 

 Heaters with thermocouples or RTDs 

 Heaters with adjustable control thermostats 

 Heaters and panels with thermocouples or RTDs 

 Heaters and panels with adjustable control thermostats. 

The steps are as follows: 

 Before switching the heater on, check that the heater elements and temperature 
devices are fully immersed and that the correct process flow is passing over the 
heating elements. 

 

Low flow and low level protection must be provided elsewhere in the system 
so as not to be solely reliant the over-temperature trips from the heater, which 

have not expressly been provided for low flow and low level protection. 

 Set the control device to approximately the required temperature. 

 Switch on the power supply to the heater. 

 Ensure all temperature sensing instruments are monitored and show rising 
temperature. 

 Allow the process temperature to stabilise. 

 Check the temperature and adjust the control devices to the required temperature. 

Temperature controller (if installed) 

 Configure and tune the temperature controller, if fitted, in accordance with the 
operating instructions in Appendix D to provide the required process conditions.  

Trip amplifier (if installed) 

 Refer to procedure WI/09/131 in Appendix C for trip amplifier set-up. 

 This is a mandatory certification requirement for Ex e type heaters and is 
recommended for all other types of heater. 

Refer also to the relevant component data sheets in the Data Book for that equipment. 
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7. Operating instructions 
 

General 

This section describes the operating procedures for various pieces of equipment supplied by 
EXHEAT. Many of them contain information vital for ensuring the safe operation of the 
equipment and should be read by all operators/end users of the equipment. 

Normal start‐up 

Ensure that the each piece of equipment has an approved Initial Equipment Start Up 
Cerfiticate by EXHEAT 

Before starting the equipment, ensure process flow conditions are correct. 

Provided that the controls are set correctly, the heating and temperature control is automatic. 

Operation 

Regardless of the heater type, it is vital to ensure correct operation so you should also refer 
to the Manufacturing Data Book for: 

 Drawings 

 Data sheets 

 Any Essential Safety Requirements as stipulated by the Pressure Equipment 
Directive (97/23/EC) (where applicable). 

Heater types where the heating elements are in direct contact with the process fluid 

When operated correctly, these types of heater are not considered overly susceptible to 
perforation failure where the process fluid is able to permeate through the heating element 
into the terminal enclosure. However, this type of failure can be caused by extreme 
conditions, such as overheating, excessive thermal cycling, or vibration, either flow-induced 
or externally by other means. 

Temperature control – heaters with adjustable control thermostats  

The control temperature set points can only be changed by adjusting the thermostat inside 
the heater terminal enclosure cover.  

If an increase in the process operating temperature of more than 10°C is required, contact 
EXHEAT to verify the resultant element surface temperature is acceptable. 

 

Check for hazardous gases and isolate the electrical supply before removing 
the terminal enclosure cover. 

 
If adjusting the thermostat for Ex d/Class I, Div.1 heaters: 

 Take extreme care when removing/re-fitting enclosure covers to maintain the integrity 
of the flame-paths. 

 Clean the flame-paths thoroughly and re-coat with an approved Ex d corrosion 
inhibitor before refitting the cover. 
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Refer to the relevant code of practice for selection, installation and maintenance of electrical 
apparatus for use in potentially explosive atmospheres. 

Temperature control – panel 

The control temperature set points can only be changed by adjusting the temperature 
controller at the panel. This can be done while the system is in operation.  

Over-temperature trip – control panel 

The following applies to both EXHEAT and client-supplied control panels: 

 A trip can only be reset at the control panel when the temperature at the sensor has 
fallen below the trip temperature set point. 

 Investigate the reason for the trip before resetting the system. 

 Only an authorised person is permitted to reset the trip using the key switch or 
special tool provided. 

Over-temperature trip – heater 

The following points apply to heater trips: 

 The trip device will only operate if there is an over-temperature fault. 

 Investigate the reason for the trip before resetting the system. 

 

Test for hazardous gases and isolate the electrical supply before removing the 
terminal enclosure cover. 

 A trip can only be reset at the heater. The trip device and reset button are inside the 
main heater terminal enclosure. It can only be reset when the temperature at the 
sensor has fallen below the trip temperature set point. 

 

The above applies only to heaters where the latching trip (over-temperature or 
Hi-Hi thermostat) is located inside the heater terminal enclosure. 

 For trips on Ex d/Class I, Div.1 heaters: 

 When removing/re-fitting enclosure covers, take extreme care to ensure that the 
integrity of the flame-paths is maintained. 

 Clean the flame-paths thoroughly and re-coat with an approved Ex d corrosion 
inhibitor before refitting the cover. 

 Refer to the relevant code of practice for selection, installation and maintenance 
of electrical apparatus for use in potentially explosive atmospheres. 

Normal shut down 

To shut down the heater, press the Off button, either at the control panel or locally where this 
facility is provided. 
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Emergency shut down  

Where the control panel is supplied by EXHEAT and the emergency shutdown facility is 
available, see the control panel operation information contained in the Data Book for the 
equipment. 
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8. Maintenance instructions 
 

General Safety Precautions 

 All prevailing site safety regulations shall be adhered to at all times. 

 Before removing the terminal enclosure, allow sufficient time for the internal 
components to cool down after electrical isolation. 

 Check for hazardous gases before and during any maintenance activity. 

 Fully isolate the equipment from the electrical supply before and whilst any work is 
being carried out. 

Heater 

The following preventative maintenance should be carried out at the intervals shown below. 

Any replacement parts, please contact EXHEAT 

Compliance with these maintenance instructions is a mandatory requirement. Documented 
evidence must be maintained in the form of a signed checklist and the records in  
Appendix B. Copies of completed checklists and records will be required in the event of a 
warranty claim. 

 

If heaters are not used for more than three months they must be tested for 
insulation resistance. 

Three-monthly checks 

Carry out a general inspection of the equipment to check for external damage. 

Six-monthly checks 

The following checks should be carried every six months: 

 Isolate the electrical supply and remove the terminal enclosure cover, taking care not 
to damage the flame paths. 

 

Do not remove the terminal enclosure cover during wet or humid conditions as 
this will lead to a reduction in insulation resistance of the heater. 

 Ensure that internals are clean, dry and free from debris. 

 Ensure that electrical terminations are undamaged and secure. 

 Measure the overall insulation resistance of the heater per stage. Use a 500V dc 
megohmmeter to take a reading between the element sheath and the phase 
terminals. The reading should be better than 2 megohm. If it is not, contact EXHEAT. 

 Ensure that the gasket or ‘o’-ring, as applicable, is in good condition and carefully 
refit the cover. 

Maintenance instructions 
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For Ex d flameproof or Class I, Div.1 explosion-proof heaters, ensure that the 
flame path surfaces are in good condition and apply approved Ex d corrosion 

inhibitor. Report any damage to EXHEAT. Carefully refit the cover. 

 Ensure that earth conductors are correctly fitted between all earth points and main 
structure. 

 Ensure all trip devices are working properly (including over-temperature/low flow/no 
flow and over-pressure safety interlocks). 

Annual checks 

Ensure that the following checks are carried out if equipment is in storage for a year or more: 

 Check for element failure by comparing phase resistance values. On a healthy three 
phase system these values should be equal. If there is an element failure or low 
insulation resistance, contact EXHEAT for further advice. 

 

Only EXHEAT or EXHEAT approved Services Representative are authorised to 
replace elements and/or heater related components. The hazardous area 
certification will be invalidated if this requirement is not strictly observed. 

 For heaters immersed in an electrically non-conductive process, carry out a 
hydrostatic test of the vessel with the heater installed. Record the insulation 
resistance of each element, including any spares, before and after this test. Follow 
the instructions set out in Section 13. 

 For Ex d flameproof heaters, replace terminal enclosure cut-outs. These cut-outs are 
set and sealed by EXHEAT.  

 
Fitting any other device invalidates the hazardous area certification. 

 Where capillary thermostats require replacement, refer to Appendix D. 

24-monthly checks 

If necessary, carry out the following checks every two years: 

 Remove the heater bundle from immersion heaters and thoroughly inspect the 
condition of immersed parts, in particular the elements, for signs of abrasion or 
distortion. It is recommended that EXHEAT is employed for this purpose.  

 Notify EXHEAT immediately of any defects and do not return the heater to service 
until authorised. 

 

If Section 13 specifies additional requirements for all or some of the heaters, 
both of the 24-monthly preventative maintenance checks included on the 

Routine Maintenance Check Record must be carried out. 
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Control Panel 

This section describes the regular maintenance checks that should be carried out on control 
panels. 

Three-monthly checks 

Generally inspect the equipment for external damage. 

Six-monthly checks 

The following checks should be carried every six months: 

 Isolate the incoming electrical supply and open the panel door. 

 Clean out any dust or debris that may have accumulated inside the enclosure. 

 Check the electrical connections for tightness. 

 Clean out fan intake and outlet filters, where fitted. 

 Check the component mountings for tightness. 

 Ensure that all earth conductors are correctly fitted between all earth points and main 
structure. 

 Check that lamps are working properly. 

 Check that all external glands and connections are complete, tight and conform to 
the correct specification for use in a hazardous area (if applicable) 

Annual checks 

 Check contactors for flamepath contact points 

 Check MCCB 

 Test ACBs Electronic Trip Unit (ETU) for correct function (if applicable) 
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9. Fault finding and correction 
 

All air heaters 

See Maintenance instructions for procedures relating to these faults. 

Fault  Check   Resolution 
Heater fails to 
achieve required 
design air 
temperature 

 Isolate power supply. 
 Supply fuses. 
 Temperature control device set points 

are correct. 
 All elements still operative. Take load 

resistance reading. Resistance 
between phases should be equal.  

 Air flow not greater than design rating. 

 
 
 
 
 
Contact EXHEAT for advice. 

Air temperature too 
high 

 Temperature control device set points 
correct. 

 Air flow not less than design rating. 

 

Heater trips  Air flow not less than design rating and 
evenly distributed across duct cross 
section. 

 Supply voltage is correct. 
 All trip devices functioning correctly and 

sensors not failed. 

 

  Ambient temperature within design 
limits. 

Refer to Appendix A. 

Earth leakage trip Limiting earth-fault currents (magnitude 
and/or duration) is essential for safety. 
The earth-fault protection device is intended 
to provide critical safety protection if there is 
current leakage to earth. Fully investigate 
and rectify any trip condition before 
resetting the system and operating the 
heater. In addition, where process is gas, 
de-pressurise system during investigation. 

Where an earth leakage trip 
has occurred, isolate the heater 
and:  
 Check insulation resistance 

is according to Section 8. 
 Check settings of earth 

leakage protection device 
are according to Section 5.  

Where a heating element has 
failed, remove and replace it 
before returning the heater to 
service. If this is not possible it 
may be acceptable to 
disconnect the failed element 
and suitably isolate it, provided 
that: 

   EXHEAT agrees to and 
approves proposed 
remedial action prior to 
work commencing. 

 The failed element has 
been capped to an 
EXHEAT approved 
procedure. 

 Refer also to additional 
requirements in Section 13.

Fault finding and correction 
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All immersion heaters 

See Maintenance Instructions for procedures relating to these faults. 

Fault  Check   Resolution 
Heater fails to achieve 
required design process 
temperature 

 Isolate power supply 

 Supply fuses. 

 Temperature control device set 
points correct. 

 All elements still operative by 
taking load resistance reading. 
Resistance between phases 
should be equal.  

 Air flow not greater than the 
design rating 

 

 
 
 
 

Contact EXHEAT for advice. 

Process temperature too 
high 

 Temperature control device set 
points are correct. 

 Process flow within design limits 

 

Heater trips  Process flow not less than 
design rating and within design 
limits 

 Supply voltage is correct. 

 All trip devices functioning 
correctly and sensors not failed. 

 

  Ambient temperature is within 
design limits. 

Refer to Appendix A. 

Earth leakage trip Limiting earth-fault currents 
(magnitude and/or duration) is 
essential for safety. 

The earth-fault protection device is 
intended to provide critical safety 
protection if there is current leakage 
to earth. Fully investigate any trip 
condition and rectify prior to resetting 
the system and operating the heater. 
Where the process is gas, de-
pressurise system during 
investigation. 

Where an earth leakage trip has 
occurred, isolate the heater and: 

 Check insulation resistance 
is according to Section 8. 

 Check the settings of the 
earth leakage protection 
device are correct according 
to Section 5.  

Where a heating element has 
failed, remove and replace it 
before returning the heater to 
service. If this is not possible it 
may be acceptable to 
disconnect the failed element 
and suitably isolate it, provided 
that: 

   EXHEAT agrees to and 
approves proposed 
remedial action prior to work 
commencing. 

 The failed element has 
been capped to an EXHEAT 
approved procedure. 

 Refer also to additional 
requirements in Section 13. 
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All control panels 

See Maintenance instructions for procedures relating to these faults. 

Fault  Check   Resolution 

No controls operating and 
no lamps lit 

 Check that main incoming switch 
is turned on.  

 Check control supply fuses are 
healthy. 

Replace fuses as required with 
identical fuses. 

Any heater fault lamp lit  Check control devices are set 
correctly. If control devices are 
set correctly then check the 
heater. 

 Check all remote interlocks. 

Reset control devices in 
accordance with project 
documentation. 
 

Reset interlocks. 

Panel over-temperature 
lamp lit 

 Check operation of cooling fans.
 

 Check control devices are set 
correctly. 
 

 Check for dust in panel filters. 

Remove any objects fouling the 
blades. 

Reset control devices in 
accordance with project 
documentation. 

Clean out any dust from panel 
filters. 

Any thyristor fault lamp lit  Check control devices on the 
thyristor unit. 

Remove any objects fouling the 
blades. 

No heater output control  Check all remote interlocks and 
control devices. 

 Check there are no faults 
present. 

Reset control devices in 
accordance with project 
documentation. 

Earth leakage trip Limiting earth-fault currents 
(magnitude and/or duration) is 
essential for safety. 

The earth-fault protection device is 
intended to provide critical safety 
protection if there is current leakage 
to earth. Fully investigate any trip 
condition and rectify prior to 
resetting the system and operating 
the heater. Where the process is 
gas, de-pressurise system during 
investigation. 

Where an earth leakage trip has 
occurred, isolate the heater and: 

 Check the insulation 
resistance in accordance 
with Section 8. 

 Check the settings of the 
earth leakage protection 
device are correct in 
accordance with Section 5. 

Fault finding and correction 
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10. COSHH statement 
 

Health and safety information 

There are no hazardous or toxic substances applied with this order as defined in COSHH 
(control of substances hazardous to health) regulations (2002). 
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11. Control panel operation 
 

Because each EXHEAT control panel is individually designed, the control panel procedures 
are tailored to suit the requirements of the individual product. These procedures are 
delivered as part of the Data Book.  

For details of the control panel operation for a particular product, refer to the corresponding 
Data Book. 

Control panel operation 
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12. Electrical heater insulation resistance 
 

Introduction 

This procedure shall be read in conjunction with any procedures that have been supplied 
with the equipment. Any contradictions or conflicts must be brought to the attention of 
EXHEAT for clarification. 

Warranty 

All EXHEAT warranties are subject to EXHEAT Guarantee Terms and Conditions; 
www.exheat.com/manufacturers-guarantee.html. 

EXHEAT guarantees that the insulation resistance (IR) of the heater is at an acceptable level 
when the heater is dispatched from our factory. Evidence of this can be found on the test 
certificate provided with the equipment.  

As EXHEAT has no control over the storage or initial or ongoing preservation of the heater, 
EXHEAT does not provide any warranty (inferred or otherwise) for minimum IR of the 
electrical heater. 

Overview 

The internal insulation of the element is constructed from compressed magnesium oxide 
powder (MgO). This powder is highly hygroscopic (it attracts moisture from the atmosphere).  

Additionally, many heaters are shipped with a very high IR value which may reduce 
significantly over time. This time period is dependent on a number of factors but mainly on 
how stringently preservation procedures are followed during storage, installation, 
commissioning and ongoing maintenance/operation. 

Heaters have many individual elements connected together in parallel. Whilst all the 
individual elements have an acceptable IR value, once they are connected in parallel this 
reduces significantly, ie 1/Rtotal = 1/R1 + 1/R2 +……..etc 

 Example 1 - 50 elements each with an individual IR value of 100 megohm will have a 
connected value of 2 megohm. 

 Example 2 - 70 elements each with an individual IR value of 10 megohm will have a 
connected value of 0.143 megohm. 

 Example 3 - 48 elements each with an individual IR Value of 100 megohm plus 2 
individual elements with an IR value of 2 megohm will have a connected value of 
0.676 megohm. 

 Example 4 - 48 elements each with an individual IR Value of 100 megohm plus 2 
individual elements with an IR value of 0.1 megohm will have a connected value of 
0.0488 megohm. 

Electrical heater insulation resistance 
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Construction 

During manufacture of the individual elements, each element is dried in a high-temperature 
oven and subsequently sealed using a very strict procedure. However, this is a manual 
procedure and the final results are dependent on a variety of factors and produce varying IR 
values. These factors include: 

Drying oven 

How long the heater elements were baked in the oven. EXHEAT has no stipulated maximum 
time. This can mean that some elements are left in the oven much longer than others and 
will hence be dryer and have higher IR values than others. 

Sealing of elements 

The elements are sealed after they have been dried in the ovens. The length of time before 
the elements have their first seal applied determines how much atmospheric moisture they 
absorb. This varies depending on how many elements are in the ovens at any time, 
atmospheric humidity and so on. After sealing the elements are tested and, provided the IR 
is above the minimum acceptable value, they are passed regardless of the variations in the 
upper levels of IR. Electric elements only have to have a minimum IR value.  

Terminal enclosure seal 

EXHEAT heaters have terminal enclosures that are completely sealed against ingress of 
moisture when dispatched from the factory. However, it is the client’s responsibility to ensure 
that this seal is maintained once the equipment leave s our factory to ensure there is no 
ingress of moisture into the terminal enclosure which can be absorbed by the elements. 

Poor preservation 

Once the equipment is dispatched to site, EXHEAT have no control on how it is preserved. 
Strict preservation procedures are issued to clients by EXHEAT. However, in our 
experience, clients/operators do not adhere to them eg: 

 on many occasions the terminal enclosure covers are removed for long periods. 

 silica gel is not replaced. 

 terminal enclosure covers are removed for cabling and left off during periods of rain 
or high atmospheric humidity. All this will cause moisture to enter the terminal 
enclosure and ultimately degrade the IR levels. 

IR level after use 

Once the elements are switched on, any microscopic amounts of moisture inside the 
elements migrate along the hot portion of the element and accumulate at the hot/cold 
intersection of the element. This can cause a drop in overall IR value. 

All elements are tested after sealing to ensure they meet our minimum criteria before 
assembly into the heater bundle. 

Every heater that is shipped from EXHEAT has a terminal enclosure that is sealed from 
moisture present in the atmosphere. However, every time the terminal enclosure is opened, 
moist and/or humid air enters the terminal enclosure. This then condenses on the terminals 
and/or internal wires or at worst can even be absorbed into the element insulation MgO. 

Electrical heater insulation resistance 
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Preservation 

EXHEAT recommend the following to ensure that there is no significant reduction in IR 
values that could prevent the heater from being operated satisfactorily: 

Pre-installation /storage 

When the heater is dispatched from our factory, the terminal enclosure has silica gel (or 
equivalent) inside. The terminal enclosure has also been sealed from atmospheric moisture 
and pressure tested to ensure it is pressure/air/moisture tight. Do not remove the terminal 
enclosure cover, gland plates or any other opening that may breach the integrity of the 
terminal enclosure until it is time to carry out the cabling and installation. This will allow 
moisture inside the terminal enclosure which will cause reduction of IR levels. 

During cabling/installation 

It is not necessary to remove the terminal enclosure cover to install the heater into the 
vessel/pipe work. Cable installation shall be done as quickly as possible and shall never be 
carried out during wet weather conditions. Under no circumstances shall water/moisture be 
allowed to enter the terminal enclosure. Keep the terminal enclosure gland plates and other 
openings sealed at all times unless it is critical to the installation that they are removed. 

Once the cables have been installed and tested: 

 check the terminal enclosure for any foreign objects, e.g. strands of amour cable, 
strands of copper cable/wire, tools or other objects that cause short circuits 

 put fresh silica gel into the terminal enclosure and document the date of installation. 

 replace the terminal enclosure cover 

 tighten all terminal enclosure and gland plate bolts to ensure the weatherproof 
integrity of the terminal enclosure.  

Post installation preservation 

If the heater is not to be used for a significant period of time after installation, the following is 
recommended to ensure the inside of the terminal enclosure does not contain moisture that 
could reduce the IR value of the heating elements. 

 Put fresh silica gel (or equivalent) inside the terminal enclosure and write the date on 
the cover. 

 Reduce or remove trapped moist air after refitting the terminal enclosure cover as 
follows: 

 Purge the terminal enclosure with clean, dry air after fitting/replacing and sealing 
the terminal enclosure cover, gland plates and any other openings.  

 Purge for approximately 10- 20 minutes by means of a temporary air hose 
connection.  

 It is critical that the terminal enclosure is never pressurized: isolate the air supply 
first and close the vent 10/20 seconds later.  

 Disconnect the air hose and seal the connections. 

On occasion, the heater is not to be used for a long period of time but regular IR values are 
required to ensure the integrity of the heater at start-up.  

In this case, EXHEAT recommends that a small core cable be attached to the each phase 
bus-bar/main cable connection point and brought outside the terminal enclosure so that IR 

Electrical heater insulation resistance 



  
  

 

34

values can be taken without opening the terminal enclosure cover and allowing moisture to 
enter the terminal enclosure. 

This can be done with a small diameter multi-core instrument cable and brought out of the 
terminal enclosure via a weatherproof gland in the gland plate.  

Mark the individual cables so that accurate records can be taken and maintained. 

 

Remove this cable and plug the cable entry hole with a suitably certified 
blanking plug before any power is applied to the heater. 

Recovering insulation resistance 

Once the IR value has reduced, there are no procedures that can guarantee to bring it back 
up to the levels that were present before despatch from EXHEAT. However, following the 
steps in the post installation preservation procedure can prevent further reduction of IR 
values and may in many cases increase the IR value of the heater. Invariably, the final IR 
value, will dependant on whether the moisture is in the terminal enclosure or inside the 
heating elements. 

Failure to increase IR values 

If the IR value continues to reduce, or does not increase to an acceptable level, we 
recommend the following tests are carried out: 

 Conduct a full inspection of the heater terminal enclosure to ensure that the terminal 
enclosure is now sealed from atmospheric humidity. If not, seal the enclosure and 
follow the steps in the post installation preservation procedure. 

 If it is considered that the enclosure is sealed, measure the IR level of each element. 
If any are found to be excessively low these can be disconnected, spares fitted and, 
if they are at a higher level, connected into the circuit. 

 

There is a ceramic insulator fitted to the end of each element. Take extreme 
care to ensure that it is not disturbed, cracked or broken during this process. 
When replacing wires or connections to the ends of elements, fully tighten the 
ceramic retaining nut to prevent localised heating. Do not over tighten the nut 

as this can overstress the ceramic and cause it to break or crack. 

All the above procedures can be carried out by EXHEAT site personnel if required. Relevant 
chargeable site rates prevail and can be provided upon request.  

If the client elects to carry out the above procedures using other than EXHEAT personnel, it 
is the client’s responsibility and they shall ensure that all hazardous area certification, safety 
requirements and regulations are fully complied with. 
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13. Additional requirements 
 

'Dry' Process Fluids 

 

The points contained in this section apply to heaters with ‘dry’ process fluids. 
They are important requirements that are additional to the other sections of 

this manual. 

Some process fluids are considered ‘dry’, meaning that they are electrically inert and non-
conductive. A dry fluid leaking through a perforation in the element sheath will not 
necessarily initiate an earth-fault trip, or show as low insulation resistance in the heating 
element. 

For this reason, it is very important that you check the integrity of the element sheath as part 
of your routine maintenance checks. Refer to the maintenance instructions for more details. 

Where possible, remove and replace a failed element before returning the heater to service. 
If this is not possible it may be acceptable to disconnect the failed element and suitably 
isolate it, provided that: 

 EXHEAT agrees to and approves the proposed remedial action prior to carrying out 
the work. 

Where the process fluid is gas: 

 Take routine samples to check for leakage inside the terminal enclosure 

 Sample the gas using an appropriate Ex certified reducer and stop end fitted to the 
terminal enclosure to assist with access. 

 Follow all approved site operating procedures during sampling. 

 

Corrosive Environment 

The environment can be both the external environment and/or the process.   

It is important any corrosive substance is removed from the heater when not in use.   

High chromium steels, whilst having good corrosion resistance, require the surface to be free 
from contamination and washed with clean water in order to maintain the self passivating 
chromium rich oxide layer. 

Additional requirements 
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Appendix A. Heater datasheet 

 

See Heater Manufacturing Data Book. 
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Appendix B. Check reports/certificates 

 

Instructions for completing and submitting check reports and 
certificates 

Complete and sign off all Pre-Commissioning Check Records as pre-commissioning 
progresses; one check report must be completed for each piece of equipment supplied. 
When pre-commissioning is complete, submit all Pre-Commissioning Check Records to 
EXHEAT for acceptance. 

Check all load resistance, insulation resistance and trip settings at the commissioning stage. 
Record the results on the appropriate Commissioning Check Record. When commissioning 
is complete, submit all Commissioning Check Records to EXHEAT for acceptance.  

If the equipment is to be stored between completion of commissioning activities and start-up, 
refer to the appropriate preservation and requirements in this manual. Record all test results 
on the appropriate Storage Preservation Check Record. 

When the equipment is ready for start-up, complete the Equipment Start-Up Certificate and 
submit it to EXHEAT for acceptance. 

 

 

If Section 13 specifies additional requirements for all or some of the heaters, 
carry out the additional preventative maintenance checks included on the 

Routine Maintenance Check Record. 

 

Carry out all routine maintenance activities at the intervals determined by the Routine 
Maintenance Check Record. These records must be completed, signed off and submitted to 
EXHEAT for acceptance if requested. 

Check records/certificates can either be e-mailed to commissioning@exheat.com marked 
for the attention of the After Sales Department. 

 

Forms shall be completed and registered with EXHEAT to continue the 
equipment warranty and, the Hazardous Area Certification. Failure to do so 

may potentially result in warranty becoming void. 

 

Check reports/certificates 



EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

STORAGE / PRESERVATION 
CHECK RECORD 

Electric Heater/ Control Panel 

Tag No  

Description  

PO No  

Reference No  

Goods Despatch date:   

Expected Installed Date:  

Expected Commissioning Date:  

Date Storage Temp Storage 
Humidity 

Check Form SPC-01
completed? 

ACH Energised 
Date 

Dessicant Bags 
Changed Date 

Signed Print

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

   (YES/NO)     

Carry out the inspection in accordance with relevant codes of practice concerning inspection and maintenance 
of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction  Hook-Up/ Commissioning  EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: SPCR-01 



EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

STORAGE / PRESERVATION CHECK  
Electric Heater/ Control Panel 

Tag No  

Description  

PO No  

Reference No  

Goods Despatch date:   

Expected Installed Date:  

Expected Commissioning Date:  

Inspection Checklist Status 
Codes 

Name Date Comment 

 ELECTRIC HEATER     

01 Ensure the heater is not stored in direct sunlight     

02 Ensure the heater is stored indoors in a regulated environment     

03 Check overall physical condition of the heater/packaging for any sign of damage.      

04 Check that Terminal enclosures are undamaged     

05 Review any previous documentation. If any recommendations were noted on the previous 
documentation, have they been implemented?  

    

06 Check the storage environment and record the details on the Storage / Preservation Check 
Record (SPCR-01) 

    

07 Check the ACH Status and record details on the Storage / Preservation Check Record 
(SPCR-01) 

    

08 If desiccant bags have been changed, record the date on the Storage / Preservation Check 
Record (SPCR-01) 

    

09 Check the heater insulation resistance and record readings on Form IR-H01     

10 Check Heater load resistance values and record on form LR-02     

      

 
CONTROL PANEL  

Note! If Control Panel is supplied with Heater, ensure Panel is in the same storage condition 
as the heater, 

    

01 Ensure the Panel is not stored in direct sunlight     

02 Ensure the Panel is stored indoors in a regulated environment     

03 Check overall physical condition of the panel/packaging for any sign of damage.      

04 Check that enclosures are undamaged     

05 Review any previous documentation. If any recommendations were noted on the previous 
documentation, have they been implemented?  

    

06 Check the storage environment and record the details on the Storage / Preservation Check 
Record (SPCR-01) 

    

07 Check the ACH Status and record details on the Storage / Preservation Check Record 
(SPCR-01) 

    

08 If desiccant bags have been changed, record the date on the Storage / Preservation Check 
Record (SPCR-01) 

    

09 Check the control panel insulation resistance and record readings on Form IR-P01     

Carry out the inspection in accordance with relevant codes of practice concerning inspection and maintenance of 
electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: SPC-01 



EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

PRE-COMMISSIONING CHECK 
RECORD 

Electric Heater 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Status Codes Name Date Comment 

01 Check overall physical condition of the heater for any signs of damage.     

02 Check that terminal enclosures are undamaged     

03 
Check that the heater conforms to contract drawings (refer to the 

schedule provided within Appendix A of the contract IOM) 
    

04 
Check that all fasteners, glands and stoppers are complete, tight and 
conform to the correct specification for use in a hazardous area (if 
applicable). 

    

05 
Check that there is no dirt, debris, loose items or moisture within the 
terminal enclosure. 

    

06 Check that earthing is complete and satisfactory     

07 Check that enclosure gaskets are undamaged and fit correctly     

08 
Check that all electrical connections are tight including any spare 

unused terminals 
    

09 Check that creepage and clearance distances are correct.     

10 Check that there is no obvious damage to internal wiring.     

11 
Check that the apparatus is adequately protected against corrosion, the 
weather, vibration and any other adverse factors. 

    

12 Check that guards, where required, are present and correctly located.     

13 Check flame paths are undamaged.     

14 
Check the heater insulation resistance and record readings on 

form IR-H01 
    

15 Check all labels and tags are present, secure and correctly marked.     

16 
Check heater and instrument enclosure covers are closed and all 

fasteners are fitted, tight and of the correct type 
    

17 
Check all trip devices are set and functioning correctly; (record 

set-points on form TR-02) 
    

18 
Earth leakage system in place and set points checked (record 

set-points on form TR-02) 
    

Carry out the inspection in accordance with relevant codes of practice concerning inspection and 
maintenance of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: PCCR-H02 
 



EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

PRE-COMMISSIONING CHECK 
RECORD 

Control Panel 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Status Codes Name Date Comment 

01 Check the control panel for any signs of damage.     

02 
Check that the control panel has been mounted correctly in particular 
that it is square, rigid and there is no bowing of doors.  Doors should 
close and lock easily. Oil noisy hinges as required. 

    

03 
Check that the control panel conforms to contract drawings (refer to the 
schedule provided within Appendix A of the contract IOM) List drawings 
and revisions used in Comment column. 

    

04 
check that all external glands and connections are complete, tight and 
conform to the correct specification for use in a hazardous area (if 
applicable) 

    

05 
Check that where any interconnections have been made between 
cubicles during installation that no cables have become trapped or 
damaged. 

    

06 Check that there is no dirt, debris, loose items or moisture within the 
control panel enclosure 

    

07 Check that earthing is complete and satisfactory     

08 Check that enclosure gaskets are undamaged and fit correctly     

09 
Check for 50% of the main electrical connections are at the specific 
torque value of the contract document. If any are found to be loose, 
then a further 100% should be checked 

    

10 Check that creepage and clearance distances are correct.     

11 Check that there is no obvious damage to internal wiring.     

12 Check that any fans and filters are free of debris and that the fans can 
spin freely. 

    

13 Check flame paths are undamaged.     

14 Check that guards, where fitted, are present and correctly located     

15 Check all door locks operate correctly and any isolation interlocks with 
the panel doors operate. 

    

16 Check the control panel insulation resistance and record readings on 
form IR-P01 

    

17 Check all labels and tags present, secure and correctly marked     

18 Check all trip devices including internal thermostats are set and 
functioning correctly; record set-points on form TR-02 

    

Carry out the inspection in accordance with relevant codes of practice concerning inspection and 
maintenance of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: PCCR-P02 
 



EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 
 
 

CHECK RECORD 
Insulation Resistance 

Electric Heater 

Tag No  

Description  
 
 

PO No  

Reference No  

 

Insulation Resistance M.ohm 

Megger Test 
Date 

Comments  

Stage to Stage 
Phase to 

Earth 

Stage 1 2 3 4 5 6 7 8 L1 L2 L3   

1              

2              

3              

4              

5              

6              

7              

8              

              

              

              

              

              

              

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: IR-H01 
 

 
 



EXHEAT Ltd 
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IP25 6NG, United Kingdom 
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www.exheat.com 
 

CHECK RECORD 
Insulation Resistance 

Control Panel 

Tag No  

Description  
 
 

PO No  

Reference No  

 

Insulation Resistance M.ohm 

Megger Test 
Date 

Comments  

Stage to Stage 
Phase to 

Earth 

Stage 1 2 3 4 5 6 7 8 L1 L2 L3   

1              

2              

3              

4              

5              

6              

7              

8              

              

              

              

              

              

              

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: IR-P01 
 

  



 
 

EXHEAT Ltd 
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CHECK RECORD 
Load Resistance 

Electric Heater 

Tag No  

Description  
 
 

PO No  

Reference No  

 

Load Resistance 
(ohm) Test Date Comments 

Stage L1-L2 L1-L3 L2-L3 L1-N L2-N L3-N   

1         

2         

3         

4         

5         

6         

7         

8         

9         

10         

         

         

         

         

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: LR-02 
 



 
 

EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
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commissioning@exheat.com 
www.exheat.com 

COMMISSIONING CHECK RECORD 
Control Panel 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Status Codes Name Date Comment 

01 Ensure all pre-commissioning checks have been carried out. 

    

02 

Carry out a full function test on the control panel; in accordance 
with the Control Panel Test Procedure provided within the 
manufacturing data book OR listed in Appendix A of the contract 
IOM) 
List drawings and document revisions used in Comment column. 
A completed Control Panel Test Procedure must be returned with 
the check lists. 

    

 

 
 
 
 

    

 

 
 
 
 

    

 

 
 
 
 

    

 

 
 
 
 

    

 

 
 
 
 

    

Carry out the inspection in accordance with relevant codes of practice concerning inspection and 
maintenance of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: CCR-P02 



 
 

EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

COMMISSIONING CHECK RECORD 
Trip Settings 

Tag No  

Description  
 
 

PO No  

Reference No  

See IOM: Appendix D for Overtemperature Trip Setting Procedure. 

Inspection Checklist Tag Number Status / 
Verified Trip 
Setpoint 

Name Date Comment 

01 Check all temperature sensors and transmitters are 
correctly located, undamaged and functioning correctly. 

     

02 Check temperature trip set points and record details below.      

03 Check earth leakage trip time and record details below:      

04 Item Description:       

05 Item Description:      

06 Item Description:      

07 Item Description:      

08 Item Description:      

09 Item Description:      

10 Item Description:      

11 Item Description:      

12 Item Description:      

13 Item Description:      

Carry out the inspection in accordance with relevant codes of practice concerning inspection and 
maintenance of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: TR-02 
 



 
EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

INITIAL EQUIPMENT START-UP 
CERTIFICATE 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Sign Name Date Comment 

01 

Pre-commissioning & Commissioning records as per Appendix B of the 
Installation, Operation and Maintenance Manual completed and submitted to 
EXHEAT Limited for acceptance no later than 21 days after completion of 
commissioning. 

   
Date of commissioning 
Completion to be recorded 
below: 

02 

Storage Preservation Check Records as per Appendix B of the Installation, 
Operation and Maintenance Manual completed and submitted to EXHEAT 
Limited for acceptance no later than 21 days after completion of 
commissioning. 

    

03 
Routine Maintenance records as required under Section 8 of the Installation, 
Operation and Maintenance Manual are complete and available (to be 
submitted to EXHEAT upon request). 

    

04 

Any Post-Installation Preservation checks as required by EXHEAT Installation, 
Operation and Maintenance Manual between completion of commissioning 
and Start-up has been completed and recorded (to be submitted to EXHEAT 
upon request).  

   

Date of Installation to be 
recorded below: 

05 All equipment checked to ensure that all applicable Special Conditions for 
Safe Use have been complied with. 

    

06 Confirm that the correct process flow is available.     

07 Equipment ready for Start-Up     

A completed certificate is required for each piece of equipment  
 
It is a warranty requirement that all commissioning check lists and test reports are completed by Contractor 
and signed off during commissioning and e-mailed to commissioning@exheat.com for acceptance. 
 
No claim under the equipment warranty will be accepted if Commissioning & Preservation Forms and this 
Equipment Start-Up Certificate have not been provided and accepted by EXHEAT Ltd prior to any claim. 

Verified Commissioning / Start-Up 
Contractor 

EXHEAT Ltd  

Name   

Signature   

Date   
 
Document: ESU-002 
 



 
EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

ROUTINE MAINTENANCE CHECK 
RECORD 

Electric Heater 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Status Codes Name Date Comment 

 3 Monthly Checks     

01 Check equipment for external damage     

 6 Monthly Checks (in addition to 3 Monthly Checks)     

01 Check that there is no dirt, debris, loose items or moisture within the terminal 
enclosure 

   
 

02 Check that all electrical connections are undamaged and tight including any 
spare unused terminals. 

    

03 Check the heater insulation resistance and record readings on form IR-H01     

04 Check that enclosure gaskets are undamaged and fit correctly     

05 Check flame paths are undamaged     

06 Check that earth conductors are correctly fitted and undamaged     

07 Check heater and instrument enclosure covers are closed and all fasteners are 
fitted, tight and of the correct type 

    

08 Check all trip devices are set and functioning correctly; record set-points on 
form TR-02 

    

 12 Monthly Checks (in addition to 3 & 6 Monthly Checks)     

01 Check heater load resistance values and record on form LR-02     

 24 Monthly Checks (in addition to 3, 6 & 12 Monthly Checks)     

01 
If Equipment falls within Section 13 of the IOM, under the ‘Dry’ fluid process 
immersion Heater, please contact EXHEAT Ltd for recommended procedures 
for maintenance check. 

    

      

      

NOTE: Routine Maintenance Check Record is necessary to be completed as part of Post-Installation 
Preservation Check where the equipment is not put into service 3 months between from the Date of Installation 
and/or commissioning.  
 
Carry out the inspection in accordance with relevant codes of practice concerning inspection and maintenance 
of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: RMCR-H03 
 

 



 
EXHEAT Ltd 
Threxton Road Ind Est 
Watton, Thetford, Norfolk 
IP25 6NG, United Kingdom 
Tel: +44 (0) 1953 886 200 
Fax: +44 (0) 1953 889 222 
commissioning@exheat.com 
www.exheat.com 

ROUTINE MAINTENANCE CHECK 
RECORD 

Control Panel 

Tag No  

Description  
 
 

PO No  

Reference No  

Inspection Checklist Status Codes Name Date Comment 

 3 Monthly Checks     

01 Check equipment for external damage     

      

01 6 Monthly Checks (in addition to 3 Monthly Checks)     

02 Check that there is no dirt, debris, loose items or moisture within the control panel 
enclosure. 

    

03 Clean out dirt from filters where fitted and check correct operation of cooling fans.     

04 
Check for 50% of the main electrical connections are at the specific torque value of 
the contract document. If any are found to be loose, then a further 100% should be 
checked 

    

05 Check the control panel insulation resistance and record readings on form IR-P01     

06 Check flame paths are undamaged.     

07 Check that enclosure gaskets are undamaged and fit correctly     

08 Check that earth conductors are correctly fitted and undamaged     

09 Check all trip devices including internal thermostats are set and functioning 
correctly; record set-points on form TR-02 

    

10 
check that all external glands and connections are complete, tight and conform to 
the correct specification for use in a hazardous area (if applicable)     

      

01 12th Monthly Check (In addition to 3 monthly and 6 monthly checks)     

02 Contactors to be checked for flamepath contact points     

03 Check MCCB (if applicable)     

04 ACBs Electronic Trip Unit (ETU) be tested yearly for correct function (if applicable)     

      

NOTE: Routine Maintenance Check Record is necessary to be completed as part of Post-Installation 
Preservation Check where the equipment is not put into service 3 months between from the Date of Installation 
and/or commissioning.  
 
Inspection must be carried out in accordance with relevant codes of practice concerning inspection and 
maintenance of electrical installations in non-hazardous or hazardous areas whichever is applicable. 

Verified Fabrication/ Construction Hook-Up/ Commissioning EXHEAT Ltd 

Name    

Signature    

Date    
 
Document: RMCR-P03 
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Appendix C. Setting over‐temperature trip devices 

 

Scope 

This procedure applies to setting over-temperature trip devices used in protection circuits of 
all Ex e heaters manufactured by the company. 

Failure to comply with this procedure will nullify all certification supplied and issued for use of 
equipment in hazardous areas. 

Procedure 

 Ensure that all test equipment is within its calibration period prior to use. 

 Ensure that all over-temperature sensors and transmitters (where fitted) are correctly 
located, undamaged and functional. 

 Adjust the trip controller device upscale well above the required trip temperature. 

 Using a sensor signal simulator/injector connected in place of the over-temperature 
sensor, increase the output to correspond to the required trip temperature. 

 Adjust the trip controller device downscale until it just trips. 

 Verify the setting by adjusting the simulator/injector output well below the trip 
temperature and then gradually increase the output until the trip controller device 
operates. 

 If this trip occurs outside a tolerance band of +5ºC, adjust as necessary and repeat 
the previous step to check. 

 When the verification is successful, re-connect the over-temperature sensor. 

 Repeat the procedure for each over-temperature trip controller device. 

 When all over-temperature trip controller devices are set, ensure that the terminal 
enclosure covers are re-fitted. 

 Ensure that enclosures containing trip controller devices are locked using a key or 
special tool. 

 

 

 

 

 

 

 

 

Setting over-temperature trip devices 



  
  

 

42

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 
 

www.exheat.com/iom 
 

© Copyright EXHEAT® 2014 

Third Edition (February 2014) 

Refer to EXHEAT website for latest edition 

 



























































  

 

          
                                                                                

 
                                                                                

Jonell Canada Inc.  
2929 – 15th Street N.E. 
Calgary, Alberta, T2E 7L8 
Phone:403.313.1559 
Fax: 403.280.7926 
sales@jonellcanada.com 

 

 

Jonell Canada Inc. | JCI Cyclonics Ltd. | JCI Process LP 
Filtration & Separation Solutions 

 
*JCI and the JCI logo are trademarks of JCI Holdings Ltd., used under license by Jonell Canada Inc. 

 

Page 1 of 2 

  

JONELL SERIES JVC GAS COALESCER 
INSTALLATION AND OPERATING INSTRUCTIONS 

 

INSTALLATION AND START-UP: 

 

1. Check the JVC filter coalescer sketch and become well acquainted with correct flow 

configuration through the first and second stage. 

2. Using the vessel’s ‘as built’ general layout drawing, connect the vessel by the usual 

piping methods, observing proper inlet and outlet connections as marked on the 

drawing.  Pipe all instrument connections on first and second stages independently.  

Level gauges, liquid level controllers, dump valves and drains should never be 

manifolded between first and second stages unless a check valve is used on each stage. 

3. Use blind flanges or steel plugs for any openings not being used. 

4. The filter vessel should be opened before start-up to ensure that all elements are 

installed correctly and secured using a rubber washer, metal washer and a double nut 

system.  Ensure the nuts are tightened sufficiently but do not over-tighten. 

5. Build up pressure in the vessel and check all connections for leaks. 

6. Put the vessel on stream by slowly opening the inlet valve until the line pressure is 

reached, then slowly open the outlet. 

7. Check the pressure drop across the elements to determine the initial pressure drop.  

Initial pressure drop should be low and typically not exceed 1 to 1.5 psi with clean and 

dry elements.  Once the elements are wetted, depending on operating conditions, the 

clean pressure drop may reach 2 psi (or less). 

8. Do not flow the filter coalescer in reverse.  This may result in collapsing of the elements.  

Check with factory of any reverse flow is anticipated. 

9. In normal service, the recommended element change-out interval is once every 12 

months or earlier.  If excessive solids are present, this may necessitate a more frequent 

change-out based on differential pressure of 10-12 psi. 

 

ELEMENT CHANGE-OUT: 

 

1. Open the vessel access closure and undo the element nuts and remove washers.



  

 

          
                                                                                

 
                                                                                

Jonell Canada Inc.  
2929 – 15th Street N.E. 
Calgary, Alberta, T2E 7L8 
Phone:403.313.1559 
Fax: 403.280.7926 
sales@jonellcanada.com 

 

 

*JCI and the JCI logo are trademarks of JCI Holdings Ltd., used under license by Jonell Canada Inc. 

 

2. Remove each element from its carrier (riser) and inspect the element and carrier to 

ensure the bottom gasket has been removed with the element.  In prolonged service, 

the gaskets may occasionally separate from the element and stick to the carrier. 

3. Do not reuse the elements if the gasket has come unglued and obtain new Jonell 

coalescing elements. 

4. Re-install the elements using a rubber washer, metal washer and double nut.  The 

rubber washer should be new.  Ensure element is centered on the carrier and torqued 

adequately. 

5. Before closing vessel, inspect closure gasket or o-ring for any damage and replace as 

necessary. 

6. Order elements and gaskets from Jonell Canada based on vessel model and serial 

number shown on the name plate. 

 

Thank you for using Jonell Canada Inc. 
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GHG43 Series 
Control Stations
Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

UL/cUL listed
Cl. I, Div. 2, Groups A, B, C, D
Cl. I, Zones 1 and 2,
(A) Ex de IIB + H2 T6
Cl. II, Div. 1, Groups E, F, G (cUL)

PTB ATEX CERTIFIED 3117
Ex de IIC, T6,
Zones 1 and 2
Ex de IIC,T6 Zones 21 and 22
IP 66, NEMA 4X

GHG43 Nonmetallic Control Stations

GHG43 Stainless Steel Control Stations

Applications:
Control stations are used as a remote
means of:
• Motor control
• Visual indication of equipment

performance
• On-off control of circuits
• Circuit selection
Common applications include:
• Areas which are hazardous due to the

presence of flammable vapors, gases or
highly combustible dusts

• For installation at petroleum refineries,
chemical and petrochemical plants and
other process industry facilities where
similar hazards exist

Features:
• NEMA 4X, IP66 enclosure with formed-

in-place gasket
• Available with all operators: indicator

lights, potentiometers, control switches,
pushbuttons, terminal blocks and meters

• Base-mounted contact blocks
• Easy change-out components snap in

place on DIN rail
• Enclosure meets UL 94-VO. Also

available in anti-static Ex e materials
• Inserts for mounting DIN rails
• Available with a maximum of 2 entries -

top and bottom for conduit fittings or
cable glands

• Suitable for universal mounting plates on
pipes, conduit, wall or channels

• Mounting dimensions data molded on
back

• Captive, corrosion-resistant cover
screws

• Built-in mounting slots for wall
installation

• Available in 316L stainless steel

Certifications and
Compliances:
• UL/cUL Listed
• Class I, Div. 2, Groups A, B, C, D
• Class II, Div. 1, Groups E, F, G (cUL)
• Class I, Zones 1 and 2, Ex de IIB + H2, T6
• AEx de IIB + H2, T6
• Type 3, 4, 4X; IP66
• CENELEC-PTB 00 ATEX 3117
• Ex de IIC, T6, Zones 1 and 2, IP66

Options:
Description Suffix

Eaton's Crouse-Hinds GHG43
Series control stations are now
available with 316L stainless steel
enclosures, making them ideal for
corrosive and adverse locations -
especially offshore platform
applications S860

4C
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

GHG43 2 - Size 2 Enclosure

Codes see page 559

Pushbutton DRT

Codes see page 559

Mounting Area*
Double

Pushbutton

GHG43 4 - Size 4 Enclosure

Codes see page 559

Key Operated

Pushbutton

Codes see page 560

Mushroom-Head

Pushbutton

Codes see page 560

Mounting Area* Signal Lamp

How to build a GHG43 Series Catalog Number‡

‡For a GHG43 control station with 316L stainless steel enclosure, add suffix "S860" to end of catalog number.
*Unoccupied spaces must be filled in with KLM for correct positioning of devices.
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Codes see page 561

Potentiometer

Codes see page 562

Requires 2 spaces

Measuring Instrument

Codes see pages 563–564

Switch

Codes see pages 563–564

Requires 2 spaces

Control Switch Ex 23 10A

Code see page 561

Terminals and cover

blanking plug

Cable Entries

NPT Metric

No entries No entries

Two entries
2 x 1/2" Myers Hub,
STGK1 Zinc Gland
plate

2 x M25 Plastic
Cable gland M25
Blanking plug

2 x 3/4" Myers Hub,
STGK2 Zinc Gland
plate
(Stainless Steel
Control Stations only)

2 x M20
Threaded entries
Gland plate

One entry
2 x 1/2" Myers Hub,
SSTGK1 Stainless
steel
Gland plate

2 x M25
Threaded entries
Gland plate

2 x 3/4" Myers Hub,
SSTGK2 Stainless
steel
Gland plate
(Stainless Steel
Control Stations only)

1 x M32 Plastic
Cable gland

1 x 3/4" Myers Hub,
STGK2, Zone 1
Gland plate

1 x M25
Threaded Entry,
Blanking plug and
Gland plate

1 x 1/2" Myers Hub,
STGK1, Zone 1
Gland plate

2 x M25
Threaded Entry,
1 blanking plug and
Gland plate

1 x 1/2" Myers Hub,
SSTGK1 Stainless st.
Gland plate

1 x M20
Threaded entry
Blanking plug and
Gland plate

1 x 3/4" Myers Hub,
SSTGK2 Stainless st.
Gland plate

1 x 3/4"
Myers Hub
SSTGK2 stainless
steel,
Gland plate

4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

‡For a GHG43 control station with 316L stainless steel enclosure, add suffix "S860" to end of catalog number.
*Unoccupied spaces must be filled in with KLM for correct positioning of devices.

How to build a GHG43 Series Catalog Number‡
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

Pushbuttons Technical Data

Pushbuttons:
• Used for logic controls in hazardous

areas
• Single or double units
• Used with all operators
• Base mounting

Pushbutton

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-87.B.1007U
Approvals PTB, UL, cUL
Rated Voltage Up to 400V
Rated Current NEC/CEC 10A IEC 16 A
Terminal Wiring 2 x 2.5mm2 / 14AWG
Mechanical and Electrical Life >105 Operations

See page 564 for explanation of contact symbols.

Pushbutton DRT

D R T O

Code A B C D

Contact System

Code B 13 14 15

Inscription ALL * 0 I II Stop Start Special-Text On Order †

Code C 01 02 03 04 06 07 99
Lockout see page 565

Code D (leave blank if no lockout required)

Contact System

Code B 43 44 45

Inscription ALL * 0 I II Stop Start Special-Text on Order †

Code C, D Left/Right 01 02 03 04 06 07 99

Lockout see page 565

Code E (leave blank if no lockout required)

Key-Operated Pushbutton SLT

S L T O

Code A B C

Contact System

Code B 23 24 25

Pushbutton Key

Not Depressed Lockable Yes Yes Yes No No Yes
Key Removable Yes Yes No No Yes Yes

Depressed
Lockable Yes No Yes Yes Auto Yes
Key Removable No No Yes Yes Yes Yes

Code C 1 2 3 4 5 6

*  01 - Includes the following discs - Start, stop, I, O, and red, green, yellow, white and black blank discs.
†  For Marking Guide for Pushbuttons  see page 565.

Double Pushbutton DDTO

D D T O

Code A B C D E
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4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Mushroom-Head Pushbutton SGT

S G T

Code A B C D E F

Contact System

Code B 53 54 55

Color of Pushbutton Red Yellow Black Actuator

Code C 1 2 3

Function Spring Return Maintained Key Release

Code D 1 2 3

Inscription Stop Start Black Actuator

Code E 06 07 11

Lockout 

see page 565

Code F (leave blank if no lockout required)

Signal Lamp
• Used for positive feedback indication
• High intensity with special reflector and

optical lens
• Accomodates most input voltages
• Base mounting

Lamp

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-88.B.2106U
Approvals PTB, UL, cUL
Lamp Life >100,000 Hours (11.5 Years)

Rated Voltages
Up to 240VAC, 50 / 60 Hz 
Up to 110VDC

Rated Current Max. 15 mA
Power Consumption <1.2W
Terminal Wiring 2 x 2.5mm2 / 14AWG
Colors Red, Green, Yellow, Clear & Blue

Signal Lamp SIL

S I L

Code A B C

Colored

Lens Cover White Yellow Red

1 pkg

white,

yellow, red,

green Green Blue

Code B 1 2 3 4 5 6

Voltage 20-250VAC/DC 10-33VAC/DC

Code C 01 31

Pushbuttons and Signal Lamps
Technical Data



4
C

561www.crouse-hinds.com    US: 1-866-764-5454    CAN: 1-800-265-0502    Copyright© 2013 Eaton’s Crouse-Hinds Business

4CGHG43 Series Control Stations Terminal Blocks and Potentiometers
Technical Data

Terminal Blocks

• Terminal block for easy field connections

• Base mounting

Terminal Blocks

Type of Protection Ex e II
Certificate of Conformity PTB No. Ex-88.B.3112U
Rated Voltages Up to 400V
Rated Current 23A
Conductor Size 4mm2 / 12AWG

Terminals and Cover Plugs
KLM

K L M

Code A B

6 Terminals 2 x 4 mm2 Undrilled Cover (No Terminals)

Code B 61 00

Potentiometers
• Used to adjust resistance to vary motor

speed or light levels
• Scale 0 to 100%
• Base mounting

Potentiometers

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-87.B.1007U
Approvals PTB, UL, cUL
Rated Voltages >250V
Power Consumption 1.0W
Resistance 100–10,000W
Angle of Rotation 270°
Scale 0–100%
Connection Terminals 2 x 2.5mm2 / 14AWG

Potentiometer POT

P O T

Code A B

Power Consumption 1W

Resistance W 1,000 2,200 4,700 10,000
Code B 4 7 5 6

Nonmetallic or 316L Stainless Steel
Corrosion Resistant
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4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Ammeters
Technical Data

Ammeters
• Used to measure motor current draw for

efficiencies and maintenance
• Slide in scales to accommodate any

amperage range
• Red indicator for quick visual indication

to compare set points and actual values

Ammeters

Type of Protection Ex e II T6
Certificate of Conformity PTB No. Ex-87.B.2016U

Approvals PTB, UL, cUL

Movement Moving iron (core)

Accuracy 2.5% of range (class 2.5)

Measuring Range 0-16A direct, C.T. n/1 A

Operating Position Vertical

Scale Interchangeable for C.T. n/1 A

Zero Adjustment At instrument

Terminal Wiring 2 x 2.5 mm2 / 14 AWG

Rated Current Marking Red indicator

Ammeter Measuring 
Instrument AM 72*

M 7 2

Code A B C

* Requires 2 spaces.

Movement Direct n/1 A 0 - 2 mA 4-20 mA

Code B 1 2 3 6
Movements 0-20 mA and 4-20 mA are only available with 0 - 100 / 120% scale

Direct Measurement Interchangeable Scale for C.T. n/1A
Code C Scale Code C Scale Code C Scale Code C Scale

02 0 -1/1.5A 02 0 -1/1.5A 09 0 - 30/45A 16 0 - 200/300A
03 0 - 2.5/3.75A 03 0 - 2.5/3.75A 10 0 - 40/60A 17 0 - 250/375A
04 0 -5/7.5A 04 0 -5/7.5A 11 0 - 50/75A 18 0 - 300/450A
05 0 - 10/15A 05 0 - 10/15A 12 0 - 60/90A 19 0 - 400/600A
07 0 - 16/24A 06 0 -15/22.5A 13 0 -75/112.5A 20 0 - 500/750A

08 0 - 20/30A 14 0 - 100/150A 21 0 - 600/900A
15 0 - 150/225A 22 0 - 100/150A
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GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Rotary Switches
Technical Data

Rotary Control Switches
• Used for selectable operations (i.e.

Hand–Off–Auto)
• 2 independent contacts
• Available in any contact configuration
• Spring return or maintained position
• Available with lockout positions

SCT Ex 23

Type of Protection Ex de IIC T6 Ex de IIC T6
Certificate of Conformity Ex.87.B.1007U PTB no. Ex-88.B.1047U
Approvals PTB, UL, cUL PTB, UL, cUL
Rated Votage 400 V Up to 500 V
Rated Current NEC 10 A NEC 10 A

IEC 16 A IEC 16 A
Terminal Wiring 2 x 2.5mm2 / 14 AWG 2 x 2.5mm2 / 14 AWG
Mechanical Life >105 Operations >105 Operations
Electrical Life >105 Operations >105 Operations
Switching Capacity AC II: 20V/6A AC I: 500G/10A

400V/4A AC II: 230V/6A
DC II: 24V/6A 500V/6A
60V/0.8A DC II: 24V/6A
110V/.5A 48V/4A
220V/.2A 60V/0.8A

110V/0.5A
220V/0.4A

Rotary Control Switch SCT

S C T

Code A B C D

Switch Mechanism

Code B

Code C Inscription Code C Inscription

01 0 I 07 I 0 II
03 STOP START 13 LOCAL REMOTE AUTO
04 HAND AUTO 14 STOP 0 START
06 REMOTE LOCAL 15 HAND 0 AUTO
29 OFF ON 99 Special – text to be given on order

Contact

System

Code D 1 2 3 4 5 6

Same as SCT above except up to 4

independent contacts

Rotary Control Switch Ex 23*

E x 2 3

Code A B C D E

* Requires 2 spaces in cover.

Code B Inscription

01 0 I
03 STOP START
04 HAND AUTO
06 remote local
07 I 0
13 LOCAL REMOTE AUTO
14 STOP 0 START
23 OFF 0 ON
24 HAND OFF AUTO
27 START STOP
29 OFF ON
32 ON OFF
99 Special – text to be given on order

4C
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Code C Contact System Type

00 2 Position

01 2 Position

02 2 Position

03 Single Pole
Changeover

05 HOA

07 3 Position Single
Level

Code C Contact System Type

09 3 Position

10 3 Position

12 3 Position

13 2 Position

14 2 Position

15 3 Position Double
Pole Changeover

Switched Mechanism

Code D

Padlocking Facility

Code E

Contact Configurations

Normally Closed Normally Open

Normally Closed Extended Over

2 Positions
Normally Open Early Make/Late

Break

Change-Over Break Before Make Change-Over Make Before Break

Example of Switch Type 10
This example is the switch type 10 Stop-Run-Stop. The switch has 3
positions – the normal position is center and can be switched left or
right. An arrow (→←) indicates spring return. (See codes for switch
mechanism). Contacts 1–2 only close in the Stop position. Contacts 3–
4 close only in the Start position. Contacts 5–6 are normally closed
and remain closed when switched to the Start position and open when
switched to the Stop position.

4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Rotary Switches
Technical Data
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Lockouts for Pushbuttons
and Marking Guide for Pushbuttons

Marking Guide For Pushbuttons
Special Text
Marking Required Standard Abbreviation Actual Marking on Disc

Acknowledge AK ACK
Alarm AM ALARM
Automatic AU AUTO
Close CL CLOSE
Down DN DOWN

Fast FS FAST
Forward FW FWD
Hand HN HAND
High HI HIGH
In IN IN
Jog JG JOG

Local LC LOCAL
Lower LO LOWER
Maintain MT MAINT
Manual MN MANUAL
Normal NR NORMAL
Off OF OFF

On ON ON
Open OP OPEN
Out OT OUT
Raise RA RAISE
Remote RM REMOTE
Reset RS RESET

Reverse RV REV
Run RN RUN
Slow SL SLOW
Test TT TEST
Trip TP TRIP
Up UP UP

Lockouts for DRTO Pushbuttons
X

Code D

Shroud Cover For
Pushbutton
Y-Lockout with bolt and chain

Z

Code D

Padlocking Fire Alarm
Cover For Pushbutton

Lockouts for DDTO Double Pushbuttons
X

Code ED

Padlocking Cover For
Double Pushbutton
Without Hole

Z

Code E

Padlocking Cover For
Double Pushbutton
With Hole

Lockouts for SGT Mushroom-Head Pushbuttons
X

Code F

Padlocking Cover For
Emergency Stop Pushbutton

Z

Code F

Padlocking Cover For
Emergency Stop Pushbutton
With Bolt & Chain
Not permitted in IEC hazardous
locations.
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4C GHG43 Series Control Stations

GHG43 Nonmetallic Control Stations

GHG43 Size 2 Nonmetallic GHG43 Size 4 Nonmetallic End View of Back Box

GHG43 Stainless Steel Control Stations

Box Type Dimension (inches)

A B C D E F G H J K L M

1 Operator Control Station 4.72 4.72 4.96 4.96 3.60 3.94 3.94 3.15 2.76 0.79 2.36 2.36

2 Operator Control Station 6.69 4.72 6.93 4.96 3.60 5.90 3.94 5.12 2.76 0.79 4.33 2.36

3 Operator Control Station 8.66 4.72 8.90 4.96 3.60 7.87 3.94 7.09 2.76 0.79 6.30 2.36

4 Operator Control Station 10.63 4.72 10.87 4.96 3.60 9.84 3.94 9.06 2.76 0.79 8.27 2.36

Dimensions

Nonmetallic or 316L Stainless Steel
Corrosion Resistant
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This maintenance manual is provided because you have Farris Engineering 
2600 Series pressure relief valves protecting equipment and personnel in 
your plant. We trust that you will find this manual useful, as it is intended 
to clearly present all the essential information you will need in order to 
keep your Farris valves in perfect operating condition.

Any maintenance and repair work or testing performed on Farris pressure 
relief valves should be done in strict accordance with the requirements of 
all applicable Codes and Standards. Persons performing the work should 
maintain proper authorization through applicable governing authorities.

To ensure reliable and safe operation, installation, testing, maintenance, 
adjustment, and repair of Farris valves, these activities shall only be 
performed by qualified personnel having the required skills and training. 
No repair, assembly, adjustment or testing performed by individuals other 
than Farris-authorized representatives shall be covered by the warranty 
extended by Farris to its customers. All applicable regulations, directives, 
codes and standards shall be adhered to when performing these activities. 
Failure to follow proper test procedures or failure to use proper test 
equipment will lead to incorrect test results, damage to the valve and will 
invalidate the warranty.

Farris Engineering provides programs which coordinate classroom and 
hands-on training. It is recommended that individuals performing pressure 
relief valve maintenance receive training specific to those valve series they 
expect to repair and set. Only this type of training will ensure the proper 
application of these instructions. The National Board of Boiler and Pressure 
Vessel Inspectors conducts training programs on valve repair in conjunction 
with their VR program. This is a broad-based program and is recommended 
to supplement training received from specific manufacturers. 

These instructions do not cover all details or variations in equipment,  
nor do they provide for every possible contingency to be met in regards  
to installation, operation or maintenance. Should further information be 
desired or should particular problems arise which are not covered 
sufficiently for the purchaser’s purposes, please contact Farris Engineering.
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2. Safety Warning and Instruction System
You will find safety warnings and instruction labels throughout this manual. These have been included to 
ensure your safety and must be followed. Safety labels are vertically oriented rectangles as shown in the 
samples below. These labels consist of three panels inside a border. Each safety label will communicate the 
following three key pieces of information. This information is communicated using narrative and pictorials. 

	 The nature and severity of the hazard

	 The consequence of the hazard, if not avoided

	 The precautions and measures required to avoid the hazard.

The top panel of the safety label illustrates the signal word (DANGER, WARNING, or CAUTION) which 
communicates the severity of the hazard, per the above explanations. The center panel contains a pictorial 
which communicates the nature of the hazard, and the possible consequence of hazard, if not avoided. In 
some cases, the pictorial may depict the precautions or measures required to avoid the hazard. The bottom 
panel will then contain the remaining narrative information needed to ensure all three key pieces of 
information have been conveyed. 

General Safety Instructions
The maintenance manual is provided by Farris Engineering, a business unit 
of Curtiss-Wright Flow Control Company, to its customers as general 
guidance for the repair and maintenance of Farris valves described herein. 
Pressure relief/safety valves are critical components in pressurized 
systems to ensure the safety of people, the environment, and property. 
Always follow all manufacturer and industry standard recommendations 
relating to proper installation, testing, maintenance, and reconditioning.

This manual should not be considered an exhaustive manual. Certain 
configurations, applications, and usages may not be covered. If there is 
specific information needed which is not covered in this manual, the 
customer is advised to contact Farris using the contact information on the 
back of this manual. All information presented in this manual is subject to 
change without notice. The purchaser should contact Farris regarding any 
possible changes in information or specifications.

To ensure reliable and safe operation, installation, testing, maintenance, 
adjustment, and repair of Farris valves, these activities shall only be 
performed by qualified personnel having the required skills and training. 

DANGER:  
Indicates hazards which, if not 
avoided, will result in death  
or serious injury. 

WARNING:  
Indicates hazards which, if not 
avoided, could result in death  
or serious injury. 

CAUTION:  
Indicates hazards which, if not 
avoided, could result in minor  
or moderate injury. 

NOTICE:  
“NOTICE” is reserved for  
instructions given to prevent  
property, product, or  
environmental harm.

SAFETY INSTRUCTIONS:  
“SAFETY INSTRUCTIONS” indicates 
processes or procedures recom-
mended to ensure safety.

No repair, assembly, adjustment or testing performed by individuals other 
than Farris-authorized representatives shall be covered by the warranty 
extended by Farris to its customers. All applicable regulations, directives, 
codes and standards shall be adhered to when performing these activities. 
Failure to follow proper test procedures or failure to use proper test 
equipment will lead to incorrect test results, damage to the valve and will 
invalidate the warranty.

Likewise, use of parts in any maintenance or repair activity other than 
factory-supplied OEM parts will invalidate the warranty extended by Farris 
to its customers. Incorrect selection or application of Farris valves on the 
part of the customer is not covered by the warranty extended by Farris to 
its customers. 

These general safety instructions have been provided not only to protect 
the product and warranty but also are provided for an individual’s personal 
safety in handling Farris pressure relief valves. Failure to follow these 
procedures could result in severe bodily harm or even death. 

Content included here will 
describe the nature of the 
dangerous condition and/or 
how to prevent the danger 
hazard from occurring.

DANGER

Content included here will 
describe the nature of the 
warning condition and/or 
how to prevent the warning 
hazard from occurring.

WARNING

When using cleaning solvents, 
take precautions to protect 
yourself from potential danger 
from breathing fumes, 
chemical burns, or explosion. 
Dispose of the waste 
according to applicable 
rules and regulations.

CAUTION

Content included here 
will describe instruction 
regarding how to prevent 
property, product or 
environmental harm.

NOTICE

Content included here will 
describe processes or 
procedures which ensure 
safety if properly followed.

SAFETY
INSTRUCTIONS
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	 All possible hazards may not be identified in this manual. Conduct 
your own safety risk assessment given your specific system, 
environment, and configuration, and ensure proper control proce-
dures are in place to prevent personal injury or illness and property, 
product or environmental harm.

	 When the valve is under pressure, do not place any part of your body 
near or in the path of the outlet of the main valve or other discharge 
areas. Doing so will result in serious injury or death upon release.

	 If a test gag is provided with the valve, it must be removed prior to 
service installation. Failure to do so will result in equipment failure, 
serious injury or death in the instance of an overpressure event.

	 In certain applications it may be impossible to remove the valve from 
service. Never attempt to remove, adjust, maintain, or repair a pressure 
relief valve either while it is installed in a pressurized system or on a 
test stand, unless you have been properly trained to do so. Doing so 
may result in serious injury or death. Ensure the proper isolation of 
energy sources and residual pressures by complying with all local, state 
and country-specific regulations/directives applying to energy control 
procedures and “lockout/tagout.”

	 Ensure that the pressure relief valve and system is at an ambient 
temperature before inspecting, servicing, or repairing. The valve, 
system, and contents may be extremely hot or cold. Failure do so may 
result in serious injury.

	 The exhaust from the main valve outlet or any other ports that could 
exhaust, should be vented to a safe location to eliminate the potential 
for serious injury or damage during relief operation.

	 Prior to valve disassembly, ensure that proper controls are implemented 
to address potential exposures to hazardous substances, including 
gases, liquids, or process byproducts contained in or contaminating the 
valve. Consult applicable material safety data sheets (MSDSs) and 
established exposure limits for the substances expected to be present 
to ensure proper exposure controls are implemented. Failure to do so 
could result in serious injury or illness.

	 Ensure the valve is operable at all times and free of potential obstruc-
tions due to the conditions of use, or process fluid obstructions resulting 
from solidifications, byproducts, polymerization or other obstructions. 
Failure to do so could render the valve inoperable, leading to serious 
injuries or damage in the event of system over-pressurization.

	 Use extreme caution when inspecting a pressure relief valve for 
leakage. Never use body parts to inspect for flow leaks. Doing so could 
result in serious injection, burn, or chemical injuries.

	 Use all appropriate personal protective equipment to protect against 
process hazards, including but not limited to, pressurization, tempera-
ture extremes, noise, and chemical hazards. Failure to do so could result 
in serious injury or death.

	 Always use the appropriate tools, and in the correct manner, for 
adjustment or servicing of valves. Failure to do so could result in injury.

	 It is the responsibility of the customer and user of Farris valves to 
properly train their personnel on all required safety standards and 
procedures to prevent injuries and illnesses.

DANGER

WARNING

CAUTION

SAFETY
INSTRUCTIONS
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Familiarity with Farris valve type and serial numbering systems will greatly 
benefit anyone using this manual or any other Farris literature. The ability 
to recognize certain valve types and construction features along with 
identifying serial numbers will assist correct maintenance procedures and 
spare part selection/ordering. All Farris valve nameplates contain a specific 
valve type number and serial number unique to that particular valve. See 
Figure 1.2 on page 6 for an example of a typical 2600 Series nameplate.

Serial Numbering System
Each Farris pressure relief valve is assigned a unique serial number. This 
serial number is assigned by the factory and remains part of the factory 
records. Providing this serial number to the factory will assist in the 
identification of the construction and metallurgy of the valve in question. 
The following outline will give general guidelines on the serial numbering 
system used on 2600 Series valves.

3. Serial and Type Numbering Systems

Serial Suffix Summary For 2600 Maintenance Manual
Serial # Suffix Valve Type Description Production Dates

-A15/H 2600L BalanSeal “O” Ring Seat Design  
(Liquid Service)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

-A14/H 2600L Conventional “O” Ring Seat Design  
(Liquid Service)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

-A15/G 2600L BalanSeal Metal Seat Design (Liquid Service) Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

-A14/G 2600L Conventional Metal Seat Design  
(Liquid Service)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

-A15/M 2600L BalanSeal Design - “O” Ring  
(air, steam, vapor & liquid services) Modified “D” through “K” orifice “O” ring seat design that replaced 

original A14 & A15 “O” ring seat design.  
Starts at Serial #’s above 300000.

July 1993 - present
-A14/M 2600L Conventional Design - “O” Ring  

(air, steam, vapor & liquid services)

-A15 2600L BalanSeal Design  
(air, steam, vapor & liquid services) Full nozzle valves conforming to API Standard 526 with ASME 

Section VIII certification for liquid service.  
Air & steam certification added in 2005.

1985 - present
-A14 2600L Conventional Design  

(air, steam, vapor & liquid services)
-A13 2600 & 2600L BalanSeal Piston Design -  

All design variations and Services

2600 & 2600L Balanced Piston version of standard 2600 
BalanSeal Design. Use of serial suffix changed from A12 to A13  
for consistency of numbering system.

Nov. 1997 - present

-A12 1978 - Nov. 1997

-A11/R 2600 BalanSeal Design - “O” Ring  
(air, steam, & vapor services) Modified “D” through “K” orifice “O” ring seat design that replaced 

the modified A10/M & A11/M “O” ring seat design.  
Starts at Serial #’s above 312123.

August 1996 - present
-A10/R 2600 Conventional Design - “O” Ring  

(air, steam, & vapor services)

A11/N 2600 & 2600L BalanSeal Design  
(air, steam, vapor & liquid services) Special version of 2600 series built to military specifications with 

MIL Spec. flanges and semi-nozzle construction

2000 - present

A10/N 2600 & 2600L Conventional Design  
(air, steam, vapor & liquid services) 2000 - present

A11/H 2600 BalanSeal “O” Ring Seat Design  
(air, steam, & vapor services)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

A10/H 2600 Conventional “O” Ring Seat Design  
(air, steam, & vapor services)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

A11/G 2600 BalanSeal Metal Seat Design  
(air, steam, & vapor services)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

A10/G 2600 Conventional Metal Seat Design  
(air, steam, & vapor services)

Improved “G” orifice (150# & 300# Class only)  
and “F” orifice designs.

2006 - present (G)  
2011 - present (F)

-A11/M 2600 BalanSeal Design - “O” Ring  
(air, steam, & vapor services) Modified “D” through “K” orifice “O” ring seat design that replaced 

original A10 & A11 “O” ring seat design.  
Starts at Serial #’s above 300000.

July 1993 - July 1996

-A10/M 2600 Conventional Design - “O” Ring  
(air, steam, & vapor services) July 1993 - July 1996

-A11 2600 BalanSeal Design (air, steam, & vapor services)
Full nozzle valves conforming to API Standard 526 with nozzles 
revised to incorporate ASME 0.9 capacity reduction factor. 1976 - present

-A10 2600 Conventional Design  
(air, steam, & vapor services)

-A9 BalanSeal Bellows Design
Full nozzle valves conforming to API Standard 526. 1959 - 1976

-A8 Conventional Design
-A3, A5, & A7 BalanSeal Bellows Design

Includes both 2605 & 2675 Series 1955 - 1967
-A2, A4, & A6 Conventional Design

 -A Full nozzle valves, conventional and  
BalanSeal bellows types.

Serial suffix covers all types of construction including Conventional, 
FarriSeal, BalanSeal, enclosed and exposed spring designs. 1943 - 1955

Note: �Valves covered by serial number suffixes in RED are for obsolete designs.
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Orifice 
Letter

Area, Sq. In. Area, Sq. mm

API Actual API Actual

D 0.110 0.150 71 97
E 0.196 0.225 126 145
F 0.307 0.371 198 239
G 0.503 0.559 325 361
H 0.785 0.873 506 563
J 1.287 1.430 830 923
K 1.838 2.042 1186 1317
L 2.853 3.170 1841 2045
M 3.60 4.000 2323 2581
N 4.34 4.822 2800 3111
P 6.38 7.087 4116 4572
Q 11.05 12.27 7129 7916
R 16.0 17.78 10323 11471
T 26.0 28.94 16774 18671
U — 31.5 — 203.2*
V — 49.4 — 318.6*
W — 63.6 — 410.2*
W2 — 104.0 — 670.8*
X — 113.1 — 729.5*
Y — 143.1 — 923.0*
Z — 176.7 — 1139.7*

Type Numbering System 
Our type numbering system simplifies the selection and specifying of Farris pressure relief valves because the digits that comprise a specific type number 
have a distinct significance. The digits describe the basic valve series, orifice, seat and internal construction, inlet temperature range, body, bonnet and 
spring material, inlet flange class and Code liquid design.

 
Inlet 

Temperature 
Range °F

Material

Body & 
Bonnet Spring

1 -20 to 800 Carbon  
Steel

Chrome  
Alloy

 2** 451 to 800 Carbon  
Steel

Chrome  
Alloy

3 801 to 1000
Chrome 

Moly  
Steel

High Temp.  
Alloy

 4* 1001 to 1200 — —

 5* 1201 to 1500 Austenitic 
St. St.

Inconel 
Alloy

1 -21 to -75 Use “S3” Trim Options

1 -76 to -450 Use “S4” Trim Options

6 -21 to -75
3-1/2% 
Nickel 
Steel

Carbon 
Steel

7 -76 to -150
3-1/2% 
Nickel 
Steel

Austenitic 
St. St.

8 -151 to -451 Austenitic 
St. St.

Austenitic 
St. St.

De
si

gn
at

io
n

Prefix 26 D A 1
(if applicable)

Series Number Orifice Areas Construction Temperatures & Materials

H * 
Set Pressure  
Above API 526

SJ  
Steam Jacket

HTF  
Heat Transfer Fluid

*�Available Only on 
Q, R, T and U 
Orifices

26 A	 Conventional construction

B	 BalanSeal construction

C	 Conventional with  
O-ring seat pressure seal

D	 BalanSeal with O-ring seat 
pressure seal

E	 BalanSeal with auxiliary 
balancing piston

F	 BalanSeal with auxiliary 
balancing piston and 
O-ring seat pressure seal

T	 Teflon seat, conventional

U	 Teflon seat, BalanSeal 

Note: �Items listed in RED are for non-current nomenclature designations or options 
no longer offered.

 *The U – Z orifices are not API standard sizes. 
U – Z metric areas = cm2.
This manual only covers maintenance for D – U 
orifices. For larger orifices, please consult the factory.

*	Temperature ranges 4 and 5 are beyond the scope of 
this catalog. Consult the Factory.

**	Temperature range 2 is no longer used as the standard 
range valve handles temperatures to 800°F.

Figure 1.1 – BalanSeal Identification Plate

Figure 1.2 – Typical Farris Nameplate

Parts Replacement
Valves – If an exact replacement valve is 
required, then the valve type, size and serial 
number must be specified to ensure proper 
dimensions and material being supplied. If a 
specific valve is obsolete, a recommendation of 
the current equivalent will be made if possible.

Spare Parts – When ordering parts, use part 
names as listed in the bills of materials. Specify 
valve type, size and serial number. If the serial 
number is not available, the original Farris 
factory order number will help us supply the 
proper part and material.

Springs – Order as an assembly to include spring with upper and lower 
spring buttons. Specify valve type, size, serial number, set pressure and 
backpressure, if any.

Note: If valve modification or set pressure changes are required, consideration must be 
given to correct the nameplate and other data.

OEM parts only!

NOTICE

Failure to use Farris OEM 
parts can create dangerous 
operating conditions, poor 
valve performance and will 
void the warranty.
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ANSI Nominal 
Inlet Flange Class

0 150

1 300 lightweight 
valve

2 300 heavyweight 
valve

3 600

4 900

5 1500

6 2500

De
si

gn
at

io
n

Prefix 26 D A 1
(if applicable)

Series Number Orifice Areas Construction Temperatures & Materials

H * 
Set Pressure  
Above API 526

SJ  
Steam Jacket

HTF  
Heat Transfer Fluid

*�Available Only on 
Q, R, T and U 
Orifices

26 A	 Conventional construction

B	 BalanSeal construction

C	 Conventional with  
O-ring seat pressure seal

D	 BalanSeal with O-ring seat 
pressure seal

E	 BalanSeal with auxiliary 
balancing piston

F	 BalanSeal with auxiliary 
balancing piston and 
O-ring seat pressure seal

T	 Teflon seat, conventional

U	 Teflon seat, BalanSeal 

2 L - 1 2 0 /S4
Inlet Class

Special 
Construction (if applicable) Inlet Facing Cap Construction Test Gag

Special 
Material

A	 Expanded API sizes: air, steam  
and gas service*

B	 Expanded API sizes: ASME liquid valve*

C	 Expanded API sizes: ASME Code Section 
VIII exposed spring design*

D	 Valve suitable for heat transfer 
service-vapor

E	 Valve suitable for heat transfer 
service-liquid

F	 Expanded API size valves suitable for heat 
transfer service-vapor*

G	 Expanded API size valves suitable for heat 
transfer service-liquid*

H	 Integral steam jacket expanded API Sizes 
– Vapor Service

J	 Integral steam jacket Vapor Service

K	 Integral steam jacket – Liquid Service

L	 ASME Code certified for liquid, air and 
steam service

S	 ASME Code Section VIII exposed  
spring design

X	 Integral steam jacket expanded API sizes 
– Liquid Service

*	Letter suffixes for expanded API sizes where 
2-1/2" inlet or outlet has been replaced by 3" size.

0	 Special2

1	 Raised Face, ANSI Std.  
(125 to 160 AARH)

2	 Large Female, ANSI Std.

3	 Small Male, ANSI Std.

4	 Small Female, ANSI Std.

5	 Large Tongue, ANSI Std.

6	 Large Groove, ANSI Std.

7	 Small Tongue, ANSI Std.

8	 Small Groove, ANSI Std.

9	 Ring Joint (octagonal),  
ANSI Std.

A	 125 AARH Smooth Finish

B	 125 AARH (Outlet Only)

C	 125 to 160 AARH (Inlet & Outlet) 
(now indicated by a ‘1’)

H	 63-83 AARH Smooth Finish RF

The following designation can apply to 
inlet and/or outlet: 
J	 63 to 83 AARH (outlet only) 

K	 63 to 83 AARH (inlet & outlet)

X	 High pressure hub style connection

2	 Screwed Cap

3	 Bolted Cap

4	 Packed Lever

5	 L Type Packed 
Lever

6	 R Type Packed 
Lever

7	 Open Lever

8	 Remoter  
(with Packed 
Lever)

0	� Without 
Gag

1	 With Gag

See “Materials 
for Corrosive 
Service” 
Table below.

1. Spring adjusting screw in standard material
2. The springs shown assume bellows construction. For conventional construction, use Inconel X750.

Materials for Corrosive Service

Designation
Special Material Description

Body Bonnet, Cap
Internal Parts

Nozzle & Disc Other Springs & Buttons
/S1 Standard 316 3161 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/S2 Standard 316 316 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/S3 316 316 316 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/S4 316 316 316 316
/S5 Standard (NACE) 316 316 & Monel w/Inconel 625 bellows Standard 2

/S6 Standard (NACE) 316 316 SAS w/standard bellows Standard2

/S7 Standard (NACE) 316 316 & Monel w/standard bellows Standard2

/H1 Standard Hastelloy C Standard Standard
/H2 Standard Hastelloy C Hastelloy C & Monel 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/H3 Hastelloy C® Hastelloy C Hastelloy C 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/H4 Hastelloy C Hatelloy C Hastelloy C Hastelloy C
/M1 Standard Monel Standard Standard
/M2 Standard Monel Monel 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring 
/M3 Monel Monel Monel 316 buttons, Chrome Alloy or High Temperature Alloy Nickel Plated spring
/M4 Monel Monel Monel Inconel spring, Monel buttons
/N1 Carbon Steel (NACE) 316 (NACE) 3161 Standard2

/N4 316 (NACE) 316 (NACE) 3161 3162
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General Notes:
The safety valve cross-section illustrated is typical and actual construction details will vary depending on valve size and pressure rating.  
Consult the other illustrations contained elsewhere in this manual for greater detail or consult the factory for a cross-section drawing for the actual valve size and pressure rating.

Figure 4.1

4. Valve Cross-Section, Parts and Construction
3
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21

17

2

8

14
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6

4

Cap

Stem

Spring Adjusting Screw

Jam Nut (S.A.S.)

Cap Gasket

Spring Button

Bonnet

Spring

Stem Retainer

Sleeve Guide

Lock Screw

Bonnet Gasket

Body Gasket

Disc

Disc Holder

Lock Screw Gasket

Lock Screw (B.D.R.)

Hex Nut

Lock Screw Stud

Blow Down Ring

Pipe Plug

Body

Nozzle
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Table 4.1

General Notes:
Parenthesis in type number indicates orifice designation and valve construction, example: 26FA10

Valve Bill of Materials
Item Part Name Conventional (A10) Material BalanSeal (A11) Material

1 Body
26( )( )10 thru 26( )( )16 SA-216 Gr. WCB, Carbon Steel SA-216 Gr. WCB, Carbon Steel

26( )( )32 thru 26( )( )36 SA-217 Gr. WC6, Chrome Moly SA-217 Gr. WC6, Chrome Moly

2 Bonnet
26( )( )10 thru 26( )( )16 SA-216 Gr. WCB, Carbon Steel SA-216 Gr. WCB, Carbon Steel

26( )( )32 thru 26( )( )36 SA-217 Gr. WC6, Chrome Moly SA-217 Gr. WC6, Chrome Moly

3 Cap Carbon Steel Carbon Steel

4 Disc 316 St. St. 316 St. St.

5 Nozzle 316 St. St. 316 St. St.

6 Disc Holder 316 St. St. 316 St. St.

7 Blow Down Ring 316 St. St. 316 St. St.

8 Sleeve Guide 316 St. St. 316 St. St.

9 Stem 316 St. St. 316 St. St.

10 Spring Adjusting Screw Stainless Steel Stainless Steel.

11 Jam Nut (S.A.S.) 316 St. St. 316 St. St.

12 Lock Screw (B.D.R.) 316 St. St. 316 St. St.

13 Lock Screw Stud 316 St. St. 316 St. St.

14 Stem Retainer 17-4 Ph. St. St. 17-4 Ph. St. St.

15 Bellows (not shown) N/A Inconel Composite

16 Bellows Gasket (not shown) N/A Non-Asbestos 

17 Spring Button Carbon Steel, Rust Proofed Carbon Steel, Rust Proofed

18 Body Stud ASME SA-193 Gr. B7, Alloy Steel ASME SA-193 Gr. B7, Alloy Steel

19 Lock Screw (D.H.) Stainless Steel Stainless Steel

20 Spring
26( )( )10 thru 26( )( )16 Chrome Alloy Rust Proofed Chrome Alloy Rust Proofed

26( )( )32 thru 26( )( )36 High Temp. Alloy Rust Proofed High Temp. Alloy Rust Proofed

21 Cap Gasket 316 St. St. 316 St. St.

22 Body Gasket 316 St. St. 316 St. St.

23 Bonnet Gasket 316 St. St. 316 St. St.

24 Lock Screw Gasket 316 St. St. 316 St. St.

25 Hex Nut (B.D.R.L.S.) Stainless Steel Stainless Steel

26 Hex Nut (Body) ASME SA-194 Gr. 2H, Alloy Steel ASME SA-194 Gr. 2H, Alloy Steel

27 Pipe Plug (Bonnet) Steel N/A

28 Pipe Plug (Body) Steel Steel
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Figure 4.2 Figure 4.3
Internals for Orifice D-J Internals for Orifice K-P

BalanSeal® Bellows Safety ValveInternals for Orifice Q-U
Figure 4.5Figure 4.4
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5. Valve Removal and Pre-Inspection
General Handling: 
After the pressure relief 
valve is removed from 
the installation it should 
be transported to the 
shop for inspection, 
testing, maintenance, 
and resetting. Careful 
handling in transit is 
important, as rough 
handling can change 
the pressure setting or deform the pressure 
relief valve parts so they cannot be set or 
function properly. Flanges on the piping and 
flange faces on the valve should be protected 
so that gasket faces are not damaged. Large 
valves should be handled with suitable rigging 
equipment to avoid dropping or rough handling. 
Pressure relief devices should not be stocked in 
a careless manner and, where practical, they 
should be segregated and not stored with 
heavy pipe fittings or other types of valves. 
Pressure relief valves should be treated as 
delicate instruments because their accurate  
functioning is very important to safe plant operation. 

Because cleanliness is essential for the satisfactory operation and 
tightness of a pressure relief valve, all necessary precautions should be 
taken to keep out foreign materials. Valves which are not installed soon 
after repair should be closed off properly at both inlet and outlet flanges. 
Particular care should be taken to keep the valve inlet and internals 
absolutely clean. Preferably, valves should be stored indoors or in locations 
where dirt and other forms of contamination are at a minimum. Valves 
should be handled carefully and not subjected to heavy shocks. If due 
consideration is not given to this point, some internal damage or 
misalignment can result and seat tightness may be adversely affected. 
Store, transport and install valves with the stem in the vertical position. 

In practice, a repaired pressure relief valve including one that has been 
only cleaned or readjusted is called upon to provide the same degree of 
protection as a new valve. It follows that maintenance personnel must be 
trained to a level of proficiency that enables them to restore a valve to 
original condition and function. It is recommended that historical records 
be established and maintained including test reports. This will provide data 
to determine the frequency of inspection and repair for various services. 
One excellent publication for reference on pressure relieving devices is the 
American Petroleum Institute’s (API) Recommended Practice RP 576, 
Inspection of Pressure-Relieving Devices. The use of original manufac-
turer’s replacement parts is necessary to maintain new valve performance, 
capacity flow and warranty. Farris Engineering expressly voids its warranty 
and will not be responsible for faulty valve operation if non-factory 
replacement parts or methods are utilized in product repair. 

Field Removal 
A visual inspection of pressure relief valves should be made when the 
valves are first removed from the system. Many types of deposits or 
corrosive debris may be loose and drop out from the pressure relief valve 
while it is being transported to the shop. When fouling is a frequent 
problem, it may be desirable to collect samples for further testing and to 
make notes regarding deposit location and appearance. Any obstructions 
in the valve should be noted and corrected. 

NOTICE

Only lift PRV vertically.

NOTICE

Do not lift the valve by 
the lever.

Use properly designed 
and rated rigging/lifting 
equipment. Failure to do so 
could cause serious injury 
or death.

DANGER
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Inspection of Inlet and Outlet Piping 
When a pressure relief valve is removed from service, the upstream and 
downstream piping is often open and available for inspection. However, 
where it is the practice to remove pressure relief devices from equipment 
during operation by closing block valves, it is usually not possible to make 
a complete inspection of piping. Such inspection should be made when  
the operation equipment is out of service. Inspection of the piping at the 
pressure relief valve will often indicate the condition of other process 
piping which is not readily available for inspection. Piping should be 
checked for corrosion, indications of thinning and deposits which may 
interfere with valve operation. The characteristics of the deposits may supply 
clues regarding leakage from the pressure relief valve in a closed system. 

In-Situ Testing
In-situ or in place testing is frequently 
performed as a substitute for valve removal and 
in-shop testing. This should not be considered 
as equivalent to shop maintenance; however it 
may be employed under controlled situations to 
extend the shop service frequency of particular 
valves. The most common method of in-situ 
testing employs an external power source 
applied to the valve to determine the valve set 
pressure at some lower system pressure. While 
this method can accurately determine the valve 
set pressure, valve reseat pressure cannot be determined using the 
method. Care must be exercised with this method to avoid possible valve 
damage that may go undetected during the in-situ test. 

In-Shop Inspection 
When a valve is first received in the shop it should be given a visual 
inspection to note its condition when removed from service. The results  
of this inspection should be noted on appropriate forms. It is generally 
considered important to determine the set pressure of the valve when 
removed from service and prior to the valve being disassembled. If the 
valve opens at the set pressure, the valve need not be tested further to 
determine the as-received relieving pressure. If the initial pop is higher 
than the set pressure, it is advisable to test a second time. If the valve then 
pops at approximately the set pressure, this indicates that the valve was 
probably stuck because of deposits. If the valve does not pop near the set 
pressure, this indicates that the valve setting was either in error originally 
or may have been changed during operation. 

Valves which are found acceptable upon shop pre-test cannot be returned 
to service with a National Board “VR” stamp being applied unless they are 
completely disassembled and complete repairs are undertaken. Some 
maintenance programs may however authorize valves found acceptable 
on shop pretest to be returned to service based on historical records, 
tear-down cycles and all seals and valve identifications remaining intact. 

Preparation For Maintenance 
Before valve teardown is performed a review of previous maintenance 
records will assist in an understanding of past valve performance, settings 
and maintenance requirements. A complete maintenance records 
management system will allow proper stocking of common replacement 
items such as gaskets and seals and adequate stocking of major 
replacement parts such as nozzles, discs, and springs. Maintenance 
records, when properly updated, can serve to identify the need for ordering 
spare parts when valve servicing shows that the useful life of a particular 
part has been reached. Rework details and installation of new parts should 
be recorded to aid future service activities.

NOTICE

Use care to avoid possible
PRV damage during In-Situ 
testing.



13

6. Disassembly Instructions
General Disassembly of Valves
After the valve is received and checked it is ready for shop inspection and 
repair. The valve should be carefully dismantled. If you are unfamiliar with 
this line of Farris valves carefully study the cross-sectional drawings in 
Figures 4.1 through 4.5 to familiarize yourself with part terminology and 
location. Proper facilities should be available for segregating parts as the 
valve is dismantled. At each stage in the dismantling process, all parts of 
the valve should be visually inspected for evidence of wear and corrosion. 
If parts are worn, replace them. See Appendix G for necessary tools. 

The following general points will provide a brief checklist to follow during 
disassembly. Detailed discussion will follow for specific critical parts. 

	 Check for the presence of wire seals at all 
points of adjustment. 

	 Check for complete and properly identified 
nameplates and tags. 

	 Check the condition of flanges; look for 
evidence of pitting, roughening, deterioration 
of gasket surface, distortion, etc. 

	 Visually inspect springs for evidence of 
corrosion, cracking, and correct selection. 

	 Visually inspect bellows (if the valve is of 
bellows type). 

	 Examine o-ring condition (if applicable). 

	 Visually inspect inlet and outlet openings; look for evidence of deposits 
of foreign material and for corrosion. Note the condition of external 
surfaces and look for any indication of corrosion or evidence of 
mechanical damage. 

	 Check and note the body, nozzle and bonnet wall thickness, thread  
and stud condition. 

	 Verify valve components and material and check against  
nameplate information. 

Disassembly Instructions: 
Farris 2600 Series valves should be disassembled 
as described below. Parts identification may be 
found in Figure 4.1 on page 8. The parts from 
each valve should be properly marked and 
segregated to keep them separate from parts 
used in other valves.

1.	Cut the wire seals and remove the Cap [3] and 
Cap Gasket [21]. For valves equipped with a 
lifting lever, follow the instructions in Appendix D. 
(Figure 6.1)

2.	Before loosening the Jam Nut [11], measure the location of the Spring 
Adjusting Screw (SAS) [10] by marking the SAS [10] above the Jam 
Nut [11]; or by counting the number of counter clockwise revolutions of 
the SAS [10] until the Spring [20] is no longer compressed. This will 
allow the approximate set pressure to be re-established when 
reassembling the valve. (Figure 6.2)

3.	Remove the Jam Nut [11] and SAS [10]. 

Figure 6.2

Stem

Jam Nut

Bonnet

Spring 
Adjusting 
Screw

Mark with 
Paint or 
Marker

Measure

Figure 6.1

Be aware that process 
fluids may be trapped inside 
the cap and bonnet. Use 
appropriate PPE as required.

WARNING

A PRV is under spring load.
Ensure disassembly 
procedures are followed 
carefully to avoid serious 
injury or death.

DANGER
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Figure 6.4

Stem Retainer
Sleeve Guide

Stem

Disc Holder

4.	 Remove the Blow Down Ring Lock Screw assembly [12,13, 25] and Lock 
Screw Gasket [24]. Record the position of the Blow Down Ring [7] with 
respect to the Disc Holder [6] by counting the number of notches required to 
raise the ring until it just touches the Disc Holder [6]. This information will be 
needed again when reassembling the valve. (Figure 6.3)

5.	Remove the Body Hex Nuts [19]

6.	Record the position of the bonnet drain relative to the valve outlet and 
remove the Bonnet [2]. 

	 a.	�On larger valves, the combination of bonnet weight and the height that it 
must be lifted to clear the Stem [9] requires that a hoist be used to remove 
the Bonnet [2]. During this operation, the valve Body [1] should be 
secured to prevent it from tipping over once the Bonnet [2] is removed. 

	 b.	�Use care when lifting the Bonnet [2] as the Spring [20] and Stem [9] 
will be able to tip over.

7.	Remove the spring assembly (Spring [20] and Spring Buttons [17]) 
from the Stem [9]. The spring assembly must be kept together. The 
Spring Buttons [17] should be tagged for later identification as the 
upper and lower buttons may not be identical. 

8.	Using the Stem [9] as a handle, lift the complete internal assembly 
from the valve Body [1]. (Figure 6.4)

	 a.	� On larger valves a hoist is advisable due to the weight of the  
internal assembly. 

	 b.	� An eye bolt may be attached to the stem test washer thread at the 
end of the Stem [9] to assist in lifting. 

	 c.	� For balanced bellows valves, use care not to damage the  
bellows assembly.

	 d.	� If parts are difficult to remove due to the presence of corrosive or 
foreign material soaking in a suitable solvent may be required.

9.	Remove the Body Gasket [22] and Bonnet Gasket [23].

10.	 To remove the Stem [9] from the Stem Retainer [14], lift up on the 
Stem [9] while holding the Stem Retainer [14] down and rotate 
counter-clockwise at the same time. This will engage the thread. 
Continue rotating until the Stem [9] is removed. (Figure 6.5)

Figure 6.3

Lock Screw Stud

Hex Nut 
(B.D.R.L.S.)

Lock Screw 
Gasket

Lock Screw 
(B.D.R.)

Figure 6.5

Stem

Stem Retainer
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Figure 6.6

Stem Retainer

Disc

Disc Holder

Figure 6.8

Stem Retainer

Disc Holder

Lock Screw

11.	 Remove the Disc [4] from the Disc Holder [6] (Figure 6.6). 

	 a.	� Hold the assembly and rotate the Disc [4] with the tip of your finger. 

	 b.	� For o-ring seat type valves, refer to Appendix C for instructions.

12.	 To separate the Disc Holder [6] from the Stem Retainer [14], first 
thread the lock screw up into the Stem Retainer [14] using the fixture 
shown in Figure 6.7 to hold the assembly. 

	 a.	� Except for the D & E orifice bellows (A11) designs which have a one 
piece stem retainer/disc holder, the Stem Retainer [14] and Disc 
Holder [6] are held together with a Disc Holder Lock Screw [26]. 

	 b.	� The Disc Holder Lock Screw [26] has a hex socket requiring the 
use of an Allen key (Figure 6.8). 

	 c.	� Locking tension is relieved by threading the lock screw UP INTO the 
Stem Retainer [14]. 

	 d.	� Allen key wrench sizes are shown in Table 6.1. 

	 e.	� Be careful not to damage the guiding surface of the  
Stem Retainer [14] during disassembly.

	 f.	 For bellows valves see Appendix B.

13.	 Remove the Blow Down Ring [7] from the Nozzle [5].

14.	 Turn the valve Body [1] over and re-clamp to the work bench. With a 
spanner wrench and mallet, remove the Nozzle [5] from the Body [1]

	 a.	� Some valves may use wrenching flats instead of spanner holes.

NOTES:
1.	For BalanSeal Bellows construction, please see Appendix B for 

disassembly instructions.

2.	For O-Ring seat construction, please see Appendix C for disassembly 
instructions.

3.	For open lever, packed lever and bolted cap construction, please 
see Appendix D for disassembly Instructions.

Allen Key Sizes
Disc Holder Lock Screw

Orifices Allen Key Size
D thru J 3/16"
K thru P 7/32"
Q thru T 3/8"

Figure 6.7

Table 6.1
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7. Cleaning and Inspection
7.1 Cleaning

Blast Cleaning
2600 Series body, bonnet and cap castings can be sand or bead blasted. When 
blast cleaning, exercise caution to protect internal and machined surfaces to 
avoid causing damage. Protect the nameplate prior to blast cleaning. It is not 
recommended to blast internal parts.

Brush Cleaning
Internal parts (except for guiding surfaces) and the inside of the body and 
bonnet castings can be cleaned with a wire brush and/or grinder until they are 
clean. Exercise caution when brush cleaning to avoid damaging or eroding the 
parts. Only clean stainless steel brushes should 
be used on stainless steel components.

Immersion/Washing
Castings and internal parts should be 
thoroughly cleaned with an appropriate 
solvent or cleaning solution. After immer-
sion/washing, ensure that any residue is 
removed and parts are dried completely. 

Polishing
Guiding surfaces on the stem, stem retainer and 
guide can be polished using a fine emery cloth. 

7.2 Inspection
Check all valve parts for wear and corrosion. 
Inspection of valve components is important to 
ensure proper valve performance. Damaged 
valve parts must be repaired or replaced 
with OEM parts.

The valve seat (nozzle and disc) must be 
examined to determine if they have been 
damaged. Typically, lapping the nozzle and/or 
disc is all that is needed to restore these parts to 
their original condition. Prior to lapping, or If 
machining is necessary, consult section 8 and 
Appendix E, Critical Dimensions.

The valve spring should be inspected for evidence of cracking, pitting, corrosion 
or deformation. If any of these are found, the spring should be replaced. 

The guiding surfaces on the sleeve guide and stem retainer should be 
checked for evidence of pitting, corrosion, distortion or galling. If found, 
these parts should be replaced. 

Stems should be inspected as follows:

1.	Check the bearing point on the stem tip for a smooth surface. Lap if 
necessary against the mating part to improve the surface. If the 
spherical contact is destroyed, the stem should be replaced.

2.	Check the critical stem areas for concentricity using the following 
procedures (Figure 7.1 and 7.2): 

	 a.	 Using “V”-Blocks or bench rollers, check the stem at the midpoint 
and also at the lower spring button radius for any runout.

	 b.	 By applying a machinist’s dial indicator and rotating the stem,  
the total indicator reading should not exceed 0.007 inches.  
Straighten if necessary.

3.	The top area of the stem just below the threads serves as the valve’s 
upper guiding surface in conjunction with the spring adjusting screw. 
This area is supplied from the factory with a 63 AARH finish. This area 
should be free from any signs of galling, corrosion, distortion or pitting. 
If seen, the stem should be replaced. 

For BalanSeal valves, the bellows should be inspected for evidence of 
cracking, pitting, corrosion or deformation that might develop into a leak.

Check and inspect all gaskets for evidence of damage or corrosion. 
Typically, gaskets should be replaced prior to assembly.

Figure 7.2

Figure 7.1

Bench Rollers

Stem

Place Dial 
Indicator 
HereSpring  

Button 
Seat

A

When using cleaning solvents, 
take precautions to protect 
yourself from potential danger 
from breathing fumes, 
chemical burns, or explosion. 
Dispose of the waste 
according to applicable 
rules and regulations.

CAUTION

OEM parts only!

NOTICE

Failure to use Farris OEM 
parts can create dangerous 
operating conditions, poor 
valve performance and will 
void the warranty.
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8. Maintenance and Repair Procedures
Nozzle Refacing 
1.	Prior to refacing the nozzle seating area, grip 

the nozzle flange in a lathe chuck fitted with 
soft jaws (preferably with removable top 
jaws), and bored on each set-up to fit the 
nozzle flange outside diameter. 

2.	True up the nozzle by means of an indicator, 
ensuring that the nozzle bore and the 
machined surface between the nozzle 
threads and body sealing surface are 
concentric with each other, within 0.002" 
full indicator reading. 

3.	Machine a light cut across the seat until the damaged areas are removed, 
ensuring compliance with Appendix E. The seat should be machined to the 
smoothest possible finish. Rigidity of the cutting tool is critical. 

4.	Relap to the required finish. 

5.	Discard and replace the nozzle when the length from the seat to the 
flange becomes less than the minimum specified by the manufacturer. 
Do not reduce the nozzle flange thickness in an attempt to maintain the 
“L” dimension. The valve center to face dimension will be altered as a 
result and nozzle strength may be impaired. 

6. See Appendix E for Critical Dimensions.

Disc Refacing 
1.	Prior to refacing the disc seating area, grip the disc outside diameter in 

a universal three-jaw lathe chuck fitted with soft jaws (preferably with 
removable jaws), and bored on each set-up to the disc outside diameter. 
Avoid excessive chucking force. 

2.	True up the disc by means of an indicator, ensuring that the disc outside 
diameter and seat face are true with each other within 0.002" full 
indicator reading. 

3.	Machine light cuts across the seat at 90° to the axis until the damaged 
areas are removed, facing to the smoothest possible finish. Rigidity of 
the cutting tool is critical. 

4.	Relap flat across the full width of the raised seating surface. 

5.	Discard and replace the disc when the thickness is less than the value 
in Appendix E.

6. See Appendix E for Critical Dimensions.

Lapping Compounds 
The three grades of Farris Lapping Compounds are prepared especially for 
the requirements of pressure relief valves. These are the only compounds 
recommended for achieving extreme valve tightness, These compounds 
are available in 2 ounce tubes. Use sparingly. 

Lapping Procedures (Manual) 
1.	Use a cast iron lapping block or Pyrex lapping glass which is known to 

have a perfectly flat face. 

2.	Select the appropriate lapping compound. When lapping the disc, 
operate with a light figure eight motion over entire block surface. In this 
way complete contact will be made (Figure 8.1).

Farris Lapping Compounds
Part No. Grade Finish Size

18632X1 (055) 3F Roughing 1/2 oz. tube

18633X1 (075) 38-500 Medium 1/2 oz. tube

18634X1 (105) 38-1200 Final 1/2 oz. tube

Figure 8.1

Lapping Plate Part

SAFETY
INSTRUCTIONS

Maintenance and repair 
should only be performed 
by properly trained and 
authorized individuals.

PRV
10

1
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3.	Lap the disc until all blemishes and score marks have been removed. As 
the figure eight motion is executed, frequently lift the disc away from 
the block to get a fresh bite on the compound. Most important, do not 
contaminate compounds with dirt. Store lapping blocks and lapping 
glass in a clean, dust-free area. 

4.	Follow the same procedure for lapping the nozzle. When lapping 
nozzles, the nozzle can be placed on a table and a lapping block placed 
on the nozzle. Be sure that the lapping block does not tip over the side 
of the nozzle (which would cause rounding of the edges). Use a light, 
rapid figure eight stroke, lifting the block from the nozzle occasionally. 

5.	When finished, be sure that all parts are carefully cleaned of all lapping 
compound using a suitable solvent. Residual compound may damage 
the seating surfaces during valve operation. When reassembling the 
parts in the valve be careful not to scratch or score the seating surfaces. 

6.	 If the nozzle or disc is badly scored or pitted a fine machine cut should 
be made to reface the surfaces following instructions in the refacing 
section of this manual. 

Lapping Procedures (Machine) 
Lapping machines come in a variety of styles. There are limitations to the 
parts that can be lapped, which may be due to constraints of the lapping 
machine or the nature of the part to be lapped. 

Limitations: 
1.	The size of the lapping machine.  

Obviously, you will be limited by the size of the lapping plate on the 
machine. A part that is larger than the lapping plate capacity will have 
to be hand lapped. 

2.	The weight of the part to be lapped.  
Some parts will be too heavy to lap on the machine, relative to the area 
to be lapped. These parts will have to be hand lapped. 

3.	How well the part can be balanced on the lapping machine.  
Due to geometry and weight distribution of the part, the part may  
tend to wobble or fall over in the lapping machine. For these types  
of parts a holding fixture should be designed or the part should be  
lapped by hand. 

General Operation 
This is a general procedure for the use of lapping machines. ALWAYS 
FOLLOW THE MANUFACTURER’S OPERATING INSTRUCTIONS. 

Thoroughly clean all contaminates from the seat area of the nozzle or disc 
to be lapped. Place the nozzle or disc seating area on the lapping plate. 
Turn on the machine and adjust the flow of lapping fluid which should be 
enough to keep the lapping plate covered with a thin film. The lapping 
plate should be neither dry nor overly lubricated. 

The duration of time that the nozzle or disc should be lapped is dependent 
on the weight of the part, the hardness of the material, and the area to be 
lapped. A combination of a heavy part with a small area to be lapped made 
from a soft material will take the shortest time to lap. A combination of a 
light part with a large area to be lapped made from a hard material will 
take the longest time to lap. 

Once the lapping is complete, remove the nozzle or disc from the lapping 
plate and remove the lapping fluid with soft tissue and suitable solvent. 
Protect the seating areas with soft tissue covered by a plastic cap. 

Lapping Machine Maintenance and Seat Inspection 
Seat flatness is critical to achieving leak tight seats. As the width of most 
pressure relief valve seats is quite narrow, it is difficult to check seat 
flatness directly with a monochromatic light. Instead, a standard test  
block should be kept on the lapping machine that can be periodically 
checked to determine the condition of the lapping plate. If the test block 
“reads” flat then all parts lapped on the machine will also be flat. Since  
the lapped surface needs to be reflective in order to “read” the surface 
flatness using a monochromatic light source and optical flat, a polishing 
stand is a needed accessory. Remove the test block from the lapping 
machine and clean off all lapping fluid. Rub the test block on the polishing 
stand as if you were hand lapping the test block. Only a few strokes will be 
necessary to make the surface reflective enough to allow reading the lines 
produced by the monochromatic light. For full details on how to read these 
lines and the subsequent adjustments of the machine consult the lapping 
machine manufacturer. 

The quality of the lapped surface produced by the lapping machine can 
only be as good as the level of maintenance of the machine itself.
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9. Assembly Instructions 
Lubrication and Sealant: 
Threaded parts should be lubricated to prevent galling, especially parts 
made of similar materials. In addition, guides and pivot points should 
contain lubricant which is compatible with the service conditions. Sealant 
should also be applied to prevent fluid from escaping valve boundaries, 
especially if back pressure is present. The adjacent table lists the 
suggested lubricant and sealant for air, steam, and liquid service.  
Service conditions may dictate that other lubricant or sealant be used. 

Code for Above Recommended Lubrication and Sealant
A = Bostic Never Seez
B = Molykote 3452
D = No Lubrication

* Service conditions may require an alternate lubricant or sealant

Item Thread Lubrication Air Steam Liquid

1 Pipe Plug/Body A A A

2 Lock Screw (BDR) Body A A A

3 Blowdown Ring/Nozzle D D D

4 Lock Screw Stud/Jam Nut (BDRLS) A A A

5 Disc/Disc Holder A A A

6 Stem Retainer/Disc Holder (if Applicable) A A A

7 Lock Screw (DH)/Stem Retainer A A A

8 Stem Retainer/Stem A A A

9 Pipe Plug/Bonnet (if applicable) A A A

10 Spring Adjusting Screw/Bonnet/Jam Nut A A A

11 Plain Cap/Bonnet (if applicable) A A A

12 Body Stud/Body/Hex Nut A A A

Guiding and Pivot Lubrication

13 Disc/Disc Holder A A A

14 Sleeve Guide/Stem Retainer D D D

15 Stem Retainer/Stem A A A

16 Spring Button/Stem A A A

17 Spring Button/Spring Adjusting Screw A A A

Sealant

18 Body/Nozzle A A A

19 Body/Bonnet/Sleeve Guide/Gaskets A A A

20 Bonnet/Gasket/Cap (if applicable) A A A

21 Bellows Gasket B B B

Assembly Instructions 
Farris 2600 Series valves should be assembled as described below.  
Parts identification may be found in Figure 4.1 on page 8.

For torque requirements, please refer to Appendix H.

1.	 Thread the Nozzle [5] into the Body [1]. 

2.	 Thread the Pipe Plug [28] into the Body [1]. 

3.	 Thread the Blow Down Ring [7] onto the Nozzle [5]. 

4.	 Thread the Hex Nut [25] onto the Lock Screw Stud [13]. Thread the 
Lock Screw Stud [13] into the Lock Screw (BDR) [12]. 

5.	 Thread the Lock Screw Assembly into the Body [1] including the 
Lock Screw Gasket [24]. Adjust the position of the Lock Screw Stud 
[13] so that it prevents rotation of the Blow Down Ring [7] yet does 
not bind it. Use the position noted during disassembly. (Figure 9.1)

6.	 Thread the Body Studs into the Body [1]. 

7.	 Place the Body Gasket [22] in the Body [1] counter-bore. 

8.	 Thread the Lock Screw [19] into the Stem Retainer [14]. (Figure 9.2)

Figure 9.2

Stem Retainer

Disc Holder

Lock Screw

Figure 9.1

Lock Screw Stud

Hex Nut 
(B.D.R.L.S.)

Lock Screw 
Gasket

Lock Screw 
(B.D.R.)

NOTICE

Only a light film lubricant 
should be applied to the 
guiding surfaces. Too much 
lubricant will hinder valve 
performance.

NOTICE

Always use new gaskets 
and packing when 
reassembling valves.
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Figure 9.3

9.	Thread the Disc Holder [6] onto the Stem Retainer [14] using a 
special assembly block (see Figure 9.3). Do not attempt to hold the 
Stem Retainer [14] on the guiding surface. Thread the Lock Screw 
[19] counter clockwise until contact is made with the Disc Holder [6]. 
Tighten to lock the assembly together. 

10.	Thread the Disc [4] into the Disc Holder [6]. Be sure the Disc [4] is 
free-floating. (Figure 9.4)

11.	Place the Sleeve Guide [8] over the Stem Retainer [14] with the long 
lift stop facing down. Be sure that the guiding motion is smooth. 

12.	Thread the Stem [9] and Stem Retainer [14] together. Be sure this 
connection is free-floating. (Figure 9.5)

13.	Lower the Assembly (Stem [9], Sleeve Guide [8], and Disc Holder 
[6]) into the Body [1] counter-bore. (Figure 9.6)

14.	Place the Bonnet Gasket [23] on the Sleeve Guide [8], or secure with 
sealant in the Bonnet [2] counter-bore. 

15.	Place the lower Spring Button [17] on the Stem [9]. Caution – in 
some valve sizes the upper and lower Spring Buttons [17] are 
different. 

16.	Place the Spring [20] on the lower Spring Button [17]. 

Figure 9.6

Stem Retainer
Sleeve Guide

Stem

Disc Holder

Figure 9.4

Stem Retainer

Disc

Disc Holder

Figure 9.5

Stem

Stem Retainer
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17.	Place the upper Spring Button [17] on the Spring [20]. 

18.	Thread the Pipe Plug [27] into the Bonnet [2]. Skip this step for 
Bellows Construction. 

19.	Place the Bonnet [2] onto the Body [1], making sure to align the Pipe 
Plug [27] to the position indicated in disassembly notes. Normal 
convention is to position the Pipe Plug [27] opposite of the valve outlet. 

20.	Thread the Hex Nuts (Body) onto Body Studs and tighten. Ensure that 
the Body Gasket [22] and Bonnet Gasket [23] are properly positioned 
in the respective counter-bores. 

21.	Thread the Jam Nut (SAS) [11] onto the Spring Adjusting Screw 
(SAS) [10]. 

22.	Thread the SAS [10] into the Bonnet [2] to the position indicated in 
disassembly notes. 

23. Valve should now be ready for testing, final assembly and sealing.

24. Following testing, place the Cap Gasket [21] on the Bonnet [2]. 

25. Thread the Cap [3] onto the Bonnet [2] and wire-seal. 

NOTES:
1.	For Balanseal Bellows construction please see Appendix B for 

assembly instructions.

2.	For O-Ring seat construction please see Appendix C for assembly 
instructions.

3.	For open lever, packed lever and bolted cap construction please see 
Appendix D for assembly Instructions.
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10. Setting, Testing and Adjustments 
Equipment 
Air testing is the usual method of testing and 
setting pressure relief valves; however, valves 
should be set and tested using the approved 
media according to applicable codes and 
standards. A pressure source supplies air to a test 
drum usually 1-1/2 cubic feet internal volume. 
The air pressure to the test drum is controlled by a 
quick opening valve (approximately 1 inch). The 
valve being tested is mounted directly on the test 
drum without restrictions. If considerable 
numbers·of valves are tested, it is advisable to 
provide an air receiver between the compressor 
and the quick opening valve. This arrangement 
allows a small-volume high-pressure compressor to store  
air during off-hours. 

Adjustments & Performance 
The use of the correct spring is a matter of critical importance. Attempting 
to employ a spring below its rated pressure range may result in a loss of lift 
with resulting loss of capacity and a generally sluggish valve action. Using a 
spring above or below its rated temperature range may cause a change in 
spring characteristics and possibly failure of the spring itself. Before 
changing the set pressure of any valve verify that the new pressure is 
within the range of the spring and valve construction. When raising the set 
pressure, check the applicable design code and the design pressure of the 
protected equipment to ensure compliance with equipment design and 
local requirements. Before reducing the set pressure, make certain that the 
capacity at the reduced pressure is sufficient for the protection of your 
equipment. Valves which are properly installed on steam, gas, or vapor 
services will relieve with a pronounced pop when opening. After the excess 
pressure has been relieved, the valve will generally reseat at approximately 
5% to 7% below the set pressure. Actual blowdown will vary with each 
valve and installation. There is generally no distinct pop with liquid service 
relief valves as the opening will generally be proportional to the rise in 
pressure. It is important for blowdown rings to be adjusted carefully and 
accurately in accordance with the table values. 

Procedure 
To properly test a valve, the test drum 
pressure is brought up to about 90% of the set 
pressure of the valve. The quick opening valve 
is now opened sufficiently to cause the test 
drum pressure to continue to increase  
2 psi/sec until the valve pops. A test gauge 
connected to the test drum in a static pressure 
zone will indicate the pressure the valve pops. 
Further spring setting adjustments may be 
necessary to achieve the desired set pressure 
of the valve. The tightness of a pressure relief 
valve on gas or vapor service is closely 
connected with the operation of the valve i.e. 
unless a valve opens and closes sharply, it 
may leak. The action of such a valve depends upon the expansive and 
reactive forces of the flowing medium (gas or vapor only) which in turn 
depends upon the location of the blowdown ring. Since the capacity of the 
test stand is considerably less than the actual valve capacity, it is essential 
that the blowdown ring be adjusted for good test stand operation. The 
lowest ring position that can be tolerated for a given size test drum 
depends upon the valve size and its set pressure relative to the test drum 
size. Raising the nozzle ring to within two notches from touching the disc 
holder will obtain the maximum reaction from the smallest amount of the 
test fluid. However, this position may produce excessive impact and seat 
damage to small valves set at high pressures. Using a test gag while 
testing valves can reduce the damage to the seating surfaces. 

Adjusting Valve to Required Set Pressure 
After the valve has been reconditioned and reassembled minus the cap 
and/or lever assembly, it is ready for a final spring adjustment to the 
required set pressure. If a new set pressure is required, the limits for 
adjustment of the spring must be observed. It may be necessary to provide 
a different spring. After the jam nut is tightened, the valve should be 
popped at least once more to prove the accuracy of the setting. 

Air Test Stand Settings 
For spring adjustment or checking set point on air test stands, raise the ring 
to a position 2 notches down from contact with the disc holder. Return ring 
to tabulated field setting or setting established through in-place testing 
before installation. Be sure to include temperature compensation of set 
pressure where applicable. 

Setting, testing & 
adjustment of PRVs should 
be performed in accordance 
with all applicable codes 
and standards.

ASME 
Code 

SAFETY
INSTRUCTIONS

Testing equipment should 
follow a regular prevetative 
maintenance schedule. All 
testing should be performed
within the range of the 
equipment to avoid serious 
injury or death. 

Air Testing Equip. 
Main. Schedule

DANGER
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Liquid Service 
Liquid service valves must be set on water with set pressure indicated as 
the first steady stream of water perpendicular to the outlet of the valve. 
Intermittent opening and closing indicates leakage. The reduction in inlet 
pressure required to reseat the valve depends on the rate of flow and 
operator manipulation. Set the blow down ring to the position indicated in 
Table 10.3. Do not attempt to adjust the blow down ring without gagging 
the valve first (or reducing inlet pressure to zero). Remove the gag. When 
the valve is first mounted there will be some air under the disc of the 
valve. This may cause the valve to pop open suddenly. To remove the air, 
lift up on the stem to let the air slowly seep out, 
if possible. Pressure may need to be added 
under the valve to assist in lifting the stem. Next, 
raise the pressure to the desired set point. When 
the pressure is within 90% of the set pressure, 
raise the pressure at a rate of 1 psig per 2 
seconds. Adjust the spring adjusting screw until 
the desired set pressure is reached. We define 
set pressure for a liquid valve as the first 
continuous flow which is flowing 90 degrees 
from the outlet. Confirm that you have the set 
pressure correct by raising the pressure to 
where the first steady stream is evident. Then, 
lower the pressure until the valve re-seats. 
Repeat this procedure until the valve shows a 
consistent opening pressure.

Securing The Blowdown Ring 
The adjusted position of the ring is maintained by a blow down ring lock 
screw which threads into the valve body from the outside and engages 
notches (like gear teeth) on the outside diameter of the blowdown ring.  
To make an adjustment, loosen and remove the blow down ring lock screw 
assembly. Insert a screw driver and rotate the nearest notch toward the 
left to lower the ring or toward the right to raise it, counting the notches as 
they are moved. Reinstall the lock screw assembly, ensuring that it 
intercepts a notch without exerting side-pressure on the ring. 

Seat Tightness Testing (Figure 10.1)
After the valve is satisfactorily checked for set pressure, it is necessary  
to check the valve for seat leakage. It is important to minimize leakage 
from pressure relief valves. Excessive leakage could lead to fouled and 
inoperable valves, serious product loss and could also be hazardous to 
personnel and equipment. The valve can be tested for tightness on the test 
stand by increasing the pressure on the valve to 90 percent or more of the 
set pressure and observing the discharge side of the valve for evidence of 
leakage. Methods of determining leakage are covered by applicable 
standards and specific user requirements. 

API Standard 527 is a widely accepted standard for the procedure and 
acceptance criteria for assessing the seat tightness of pressure relief 
valves. The user should be familiar with this standard, in addition to any 
information presented therein. The following seat tightness methods and 
requirements are in general compliance with API Standard 527. 

Air Testing
All openings from the secondary pressure zone shall be closed before 
counting the bubble rate. This includes such items as caps, drain holes, 
vents and outlets. A soap solution or equivalent test shall be applied to 
secondary joints to detect escape of air other than that being measured. 
Seat tightness tests are normally conducted with pressure at the pressure 
relief valve inlet held at 90 percent of the set pressure immediately after 
popping. For valves set at 50 psig or below, the pressure shall be held a 5 
psig below the set pressure immediately after popping. Before starting the 
bubble count, the test pressure shall be applied for a minimum of: 1 
minute for valves of inlet sizes 2 inches and smaller; 2 minutes for sizes 
2-1/2, 3, and 4 inches; 5 minutes for sizes 6 inches and larger.

Tube 5/16" (7.9 millimeters)  
OD x 0.035 inch  
(0.89 millimeter) Wall

Note: The cover plate should be 
fitted with a suitable device to relieve 
body pressure in case of accidental 
popping of the valve.

1/2" (12.7 millimeters)

Water

Air Receiver

Figure 10.1

When making the adjust-
ments under pressure, be 
sure the valve is lightly gag-
ged to avoid accidental 
popping. The gag screw must 
be removed immediately 
after use. Failure to do so will 
render the valve inoperable. 

NOTICE



24

Air at ambient temperature shall be used as the pressure medium. The 
valve shall be observed for leakage for at least 1 minute. The leakage rate 
in bubbles per minutes shall not exceed the numbers listed in Table 10.1. 
For an 0-ring seated valve, there shall be no leakage for 1 minute  
(Zero bubbles per minute @ 95% of set pressure). (Figure 10.1) 

Steam Testing 
Steam service pressure relief valves which are set and adjusted on steam 
shall be leak-tested on steam visualIy using a black background. There 
shall be no visible leakage from the valve outlet when the inlet pressure is 
held at 90% of the set pressure after popping and reseating. For set 
pressure below 50 psig this test shall be conducted at 5 psig below set 
pressure. The valve shall be observed for leakage for at least 1 minute. 
This criteria applies to both metal and o-ring seated valves. 

Liquid Testing 
Liquid service pressure relief valves are set and adjusted on water shall be 
leak-tested on water at near ambient conditions. Before starting the seat 
tightness test, the set pressure shall be verified, and the outlet body bowl 
shall be filled with water, which shall be allowed to stabilize with no visible 
flow from the valve outlet. The inlet pressure shall be increased to the test 
pressure. The valve shall be observed for 1 minute at the test pressure. For 
valves set at 50 psig or below, the pressure shall be held at 5 psig below 
the set pressure. Above 50 psig set pressure hold the pressure at 90% of 
the set pressure. 

Maximum Seat Leakage Rates for  
Metal-Seated Pressure Relief Valves

Set Pressure 
psig

Leakage Rate (Bubbles per Minute)

F Orifice and Smaller G Orifice and Larger

15-1000 40 20

1500 60 30

2000 80 40

2500 100 50

3000 100 60

4000 100 80

5000 100 100

6000 100 100

Table 10.1

Table 10.2
Note 1: Use the second row only for “D” & “E” orifice valves purchased before July 1, 1993

Blow Down Ring Settings: Air, Gas, and Vapor Applications
Orifice

Set Pressure Range, psig
15 - 100 101 - 200 201 - 300 301 - 400 401 - 500 501 - 600 601 - 800 801 - 1000 1001 & Up

D1
3 
2

4 
2

6 
3

7 
4

7 
4

9 
5

9 
5

9 
6

10 
7

E1
5 
2

9 
2

12 
3

15 
4

15 
4

18 
5

18 
5

19 
6

20 
7

F 
G 
H

2 
3 
3

3 
4 
4

4 
5 
5

5 
6 
6

5 
6 
6

7 
8 
8

8 
9 
9

9 
10 
10

10 
11 
11

J 
K 
L

3 
4 
4

5 
5 
6

5 
6 
9

6 
7 
9

6 
7 
9

8 
9 
10

9 
10 
10

10 
11 
11

11 
12 
12

M 
N 
P

4 
5 
6

6 
10 
16

12 
15 
20

12 
15 
20

12 
15 
20

12 
15 
20

12 
15 
20

12 
15 
20

12 
15 
20

Q 
R

6 
4

16 
16

20 
20

20 
20

20 
–

20 
–

20 
–

20 
–

– 
–

T 
U

4 
4

16 
16

20 
20

– 
–

– 
–

– 
–

– 
–

– 
–

– 
–

Blow Down Ring Settings: Steam Applications
Orifice

Set Pressure Range, psig
15 - 100 101 - 200 201 - 300 301 - 400 401 - 500 501 - 600 601 - 800 801 - 1000 1001 & Up

D1
3 
2

4 
3

6 
4

7 
5

7 
6

9 
7

9 
8

9 
9

10 
10

E1
5 
2

3 
2

12 
4

15 
5

15 
6

18 
7

18 
8

19 
9

20 
10

F 
G 
H

2 
3 
3

4 
5 
5

5 
6 
6

6 
7 
7

7 
8 
8

8 
9 
9

9 
10 
10

10 
11 
11

12 
13 
13

J 
K 
L

3 
4 
4

6 
6 
7

6 
7 
7

7 
8 
8

8 
9 
9

9 
10 
10

10 
11 
11

11 
12 
12

13 
14 
14

M 
N 
P

4 
4 
4

7 
7 
7

7 
7 
7

8 
8 
8

9 
9 
11

10 
10 
10

11 
11 
11

12 
12 
12

14 
14 
14

Q 
R

4 
4

8 
8

9 
9

10 
10

11 
–

12 
–

13 
–

15 
–

– 
–

T 
U

4 
4

8 
8

9 
9

– 
–

– 
–

– 
–

– 
–

– 
–

– 
–
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For both metal and O-Ring seated valves in liquid service, Farris’ standard 
acceptance criteria is no visible leakage at 90% of set pressure for valves 
with a set pressure of 50 psig and higher. For valves with a set pressure 
below 50 psig, the test is performed at a 5 psig differential. API Standard 
527, Seat Tightness of Pressure Relief Valves, does allow for a more liberal 
leakage acceptance criteria of 10 cubic centimeters per hour per inch of 
inlet size. Ultimately, the acceptance criteria selected and the amount of 
leakage that can be tolerated is the responsibility of the end user based on 
his experience with the specific application.

Blowdown Ring Setting 
Tables 10.2 and 10.3 give blow down ring settings in the number of 
notches down from disc holder contact. The higher the ring, the sharper 
the pop and longer the blowdown. The lower the ring, the poorer the pop, 
the shorter the blowdown. 

The 2600L series is now ASME Code Section VIII Certified for use in air, steam 
and vapor service. Regardless of the service, 2600L Series valves should be 
adjusted using the liquid service blowdown ring settings in Table 10.3.

Field Settings 
The above settings are final average field settings for good performance 
under actual operating conditions on the installation. Use recommended 
number of notches, or maximum adjustment possible if less than table. 
Finer adjustments may be desirable or necessary because of individual 
piping and service differences. On applications where the valve will 
operate at substantially reduced flow, fewer notches may help eliminate 
chatter and ensure seat tightness. 

Compensation for Temperature 
Any increase in temperature causes a reduction in set pressure of a 
safety-relief valve. The primary factors are the linear expansion of the body 
and top works, which reduces the spring loading, and the direct effect of 
temperature on the spring itself. 

It is customary to compensate for this effect by increasing the setting 
when a valve is set at ambient conditions on a test stand and the valve is 
intended for a higher operating temperature in service. Although the 
adjustment is approximate and may be outweighed by other differences 
caused by variations in media and blowdown ring adjustments, compen-
sation for temperature as an independent variable improves the accuracy 
of the setting. It is not recommended to reduce a spring setting for valves 
intended for sub-zero service. (Table 10.4) 

COLD DIFFERENTIAL TEST PRESSURE (CDTP) is the inlet pressure at which 
the valve is adjusted to open on a test stand at ambient temperature 
conditions, discharging to atmosphere. Computation includes compensa-
tion for constant back pressure (if required) and inlet operation tempera-
ture. Cold Differential Test Pressure is the sum of the Spring Selection and 
the Increase in Setting to compensate for temperature. The abbreviation is 
Cold Set. (Table 10.4) 

Compensation for Backpressure 
Back Pressure is the pressure existing at the valve outlet and in the valve 
outlet and in the downstream portion of the valve body. It may be 
superimposed, built-up, constant, or variable. The spring setting should be 
compensated for constant and superimposed back pressure, except for 
BalanSeal valves. For these type valves, variable back pressure is not com-
pensated for, but the maximum pressure limit of the bellows is stamped on 
BalanSeal tag (Figure 1.1).

Liquid Service Applications
Orifice Notches

D/ E 2

F 3

G/H/J 4

K/L 8

M/N/P 12

Q/R/T/U 20

Table 10.3

CDTP Temperature Compensation
Normal Operating Temperature % Increase in Set Pressure at 

Atmospheric Temp.°F °C

-400 to 300 
301 to 600

-240 to 149 
150 to 316

none 
1%

601 to 900 
901 to 1200 

317 to 482 
483 to 649 

2% 
3%

Table 10.4
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Operating Differentials 
The variety of service conditions which a pressure relief valve is subjected 
to precludes a rigid set of rules. Operating difficulties can be minimized by 
providing as much differential as possible for known conditions on a 
particular application. Table 10.5 lists the suggested minimum differentials. 

Set Pressure Tolerance And Operating Differentials: Gases, Vapors, and Liquids

Set Pressure psig Set Pressure Tolerance 
(+) or (-)

Minimum Differential 
Suggested  

(Gases & Vapors)

Minimum Differential 
Suggested (Liquids)

Metal Seat 
Soft Seat 15 to 70 2 psi 5 psi 5 psi

Metal Seat 
Soft Seat 71 to 1000 3% 10% 10%

Metal Seat 
Soft Seat 1001 to 6000 3% 10% 10%

Final Notes 
Once your valve has been assembled and tested make sure that you have 
completed all necessary records before placing it back in service. These 
records are important for the effective future use of the valve. They will 
provide some guidance as to when to retire valves and replace components 
as well as providing the historical record of the conditions and services 
under which the valve operated. A sample maintenance record appears in 
Appendix F which can be photocopied and used for this purpose. 

The valve should be properly installed in service or prepared for storage. If 
the valve is to be stored the inlet and outlet of the valve should be covered 
to protect against any foreign matter entering the valve.

Table 10.5
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11. Troubleshooting
Chatter 
The valve is oversized for installation. 
If the inlet capacity is less than 25% of the valve capacity there will be a 
tendency for the valve to chatter. 

The inlet piping is of excessive length or the inlet pipe diameter is less 
than the inlet size of the valve. 
Design inlet piping systems so that the pressure drop to the valve is  
less than 3%. The inlet pipe diameter should be at least the inlet size  
of the valve. 

The outlet piping is of excessive length or the diameter is less than the 
valve flange size. 
Design outlet piping so that the diameter is at least the outlet size of the 
valve and that pressure on the outlet does not build up causing the valve 
to shut. 

Incorrect Set Pressure 
Misreading the nameplate 
Always compensate for backpressure and temperature when bench 
testing the safety-relief valve by following the Cold Differential Test 
Pressure. 

The blowdown ring position changed 
Check that the lock screw stud has engaged between the teeth on the 
blowdown ring to prevent rotation. This could also cause erratic blowdown 
characteristics as well as leakage. 

Internals are misaligned. 
See section on leakage. 

Jam nut is loose. 
Tighten jam nut. 

Rough handling. 
A safety-relief valve is a precision instrument and should be handled with 
care. It is also recommended that the valve be popped once or twice to 
realign the parts after rough handling. 

Pressure surge at inlet. 
Sudden impact of a fluid may cause the valve to open prematurely. 
Pressure build-up should be gradual. 

The valve contains a bellows and the bonnet is not vented. 
Remove bonnet pipe plug so that the bonnet is exposed  
to atmospheric pressure. 

Leakage 
The seats are damaged. 
Lap the seats to remove the damage. If the scratches are deep, machining 
may be required. Remove any foreign particles from the system to prevent 
scoring the seats. 

The system operating pressure is too close to the valve set pressure. 
Always have at least 10% (or 5 psig, whichever is greater) differential 
between operating pressure vs. set pressure for metal seated and soft 
seated valves. See Table 10.5. 

Misaligned lifting gear. 
Adjust the stem test washer so that there is 1/8 inch clearance between 
either the cam or lever and the stem test washer. See Appendix D.

Horizontal mounting. 
Safety-relief valves must be mounted with the stem in the vertical plane. If 
mounted horizontally the valve will experience excessive friction on the 
guides and will not align properly. 

Lock screw stud not adjusted properly. 
Adjust the length of the lock screw stud so that it does not press into the 
blowdown ring causing misalignment. 

Misaligned internals. 
Disassemble valve and check all universal ball joints, flatness of disc and 
nozzle seat and repair or replace. 

Other. 
Check for bent stem, springs with uneven ends or out of alignment. A com-
mon cause of bent stems is overgagging. Test gags are designed to be 
finger tightened only. 

Blowdown 
Blowdown is excessive/the valve is hanging up 
Lower the blowdown ring until the desired blowdown is achieved. Also 
check for dirt or other foreign material in the seating area or on the guiding 
surfaces. 

Blowdown is too short. 
Raise the blowdown ring to lengthen the desired blowdown.
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Safety Valve - An automatic pressure relieving device actuated by the 
static pressure upstream of the valve, and characterized by rapid full 
opening or pop action. It is used for steam, gas, or vapor service. 

Relief Valve - An automatic pressure relieving device actuated by the 
static pressure upstream of the valve which opens in proportion to the 
increase in pressure over the opening pressure. It is used primarily for 
liquid service. 

Safety Relief Valve - An automatic pressure actuated relieving device 
Suitable for use as either a safety or relief valve, depending on application. 

Pressure Relief Valve - A pressure relief valve is a pressure relief device 
which is designed to reclose and prevent the further flow of fluid after 
normal conditions have been restored. 

Set Pressure - Set pressure, in pounds per square inch gauge, is the inlet 
pressure at which the pressure relief valve is adjusted to open under 
service conditions. In a pressure or safety relief valve in gas, vapor, or 
steam service, the set pressure is the inlet pressure at which the valve 
starts to discharge under service conditions. 

Differential Set Pressure - The pressure differential in pounds per square 
inch between the set pressure and the constant superimposed back 
pressure. It is applicable only when a conventional type safety relief valve 
is being used in service against constant superimposed back pressure. 

Cold Differential Test Pressure - Cold differential test pressure, in 
pounds per square inch gauge, is the inlet static pressure at which the 
pressure relief valve is adjusted to open on the test stand. This pressure 
includes the corrections for service conditions of back pressure or 
temperature, or both. 

Operating Pressure - The operating pressure of a vessel is the pressure, 
in pounds per square inch gauge, to which the vessel is usually subjected 
in service. A vessel is usually designed for a maximum allowable working 
pressure, in pounds per square inch gauge, which will provide a suitable 
margin above the operating pressure in order to prevent any undesirable 
operation of the relief device. (It is suggested that this margin be as great 
as possible consistent with economical vessel and other equipment 
design, system operation and the performance characteristics of the 
pressure relieving device.) 

Appendix A: Valve Terminology
Maximum Allowable Working Pressure - Maximum allowable working 
pressure is the maximum gauge pressure permissible at the top of a 
completed vessel in its operating position for a designated temperature. 
This pressure is based on calculations for each element in a vessel using 
nominal thicknesses, exclusive of allowances for corrosion and thickness 
required for loadings other than pressure. It is the basis for the pressure 
setting of the pressure-relieving devices protecting the vessel. The design 
pressure may be used in place of the maximum allowable working 
pressure in cases where calculations are not made to determine the value 
of the latter. 

Overpressure - Overpressure is a pressure increase over the set pressure of 
a pressure relief valve, usually expressed as a percentage of set pressure. 

Accumulation - Accumulation is the pressure increase over the maximum 
allowable working pressure of the vessel during discharge through the 
pressure relief valve, expressed as a percent of that pressure or in pounds 
per square inch. 

Blowdown - Blowdown is the difference between actual popping pressure 
of a pressure relief valve and actual reseating pressure expressed as a 
percentage of set pressure or in pressure units. 

Lift - Lift is the actual travel of the disk away from closed position when a 
valve is relieving. 

Back Pressure - Back pressure is the static pressure existing at the outlet 
of a pressure relief device due to pressure in the discharge system. 

Superimposed Back Pressure - Superimposed back pressure is the 
static pressure existing at the outlet of a pressure relief device at the time 
the device is required to operate. It is the result of pressure in the 
discharge system from other sources when the valve is closed. Superim-
posed back pressure can be constant, variable or both: 

Constant Superimposed Back Pressure - Back pressure which does 
not change appreciably under any condition of operation whether the 
pressure relief valve is closed or open. 

Variable Superimposed Back Pressure - The pressure existing at the 
outlet of a pressure relief device, which does not remain constant 
when the pressure relief valve is closed. 

Built-Up Back Pressure - Built-up back pressure is pressure existing at 
the outlet of a pressure relief device occasioned by the flow through that 
particular device into a discharging system. 
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Appendix B: Bellows Construction
Bellows require very thin materials to provide 
the required flexibility. This results in a delicate 
assembly which should be carefully handled. Do 
not attempt to repair a bellows assembly. Any 
pitting or surface corrosion are sure signs of 
limited service life even though the bellows may 
be pressure tight. All bellows assemblies should 
be pressure tested in accordance with Figure 
B.1. Any leakage should be cause for bellows 
replacement. For BalanSeal bellows equipped 
valves use the assembly fixture shown in Figure 
B.2. Exercise care in handling the internal 
assembly when equipped with a bellows as any 
damage to the bellows in the form of a nick or dent will render the bellows 
unfit for service. Bellows are not repairable.

1.	Place bellows/stem retainer/disc holder assembly into bellows leak 
test fixture with the bellows flange at the base. 

2.	Seal the flange of the bellows to the base of the bellows test fixture as 
illustrated in Figure B.1. 

3.	Compress the bellows approximately 1/8 inch with a securing bar so 
that the bellows does not elongate when pressure is applied as in 
Figure B.1. 

4.	Fill the disc holder with water. Omit this step for D & E Balanseal 
designs as these designs have a one piece disc holder/stem retainer. 

5.	Apply 30 psig pressure to the back side of the bellows.

6.	Apply soapy water to bellows exterior to check  
for bellows integrity. 

7.	 If bubbles appear on bellows exterior there are pin holes  
or a tear. Replace bellows and repeat the procedure.

8.	Check to be sure the bellows/disc holder connection is leak tight. If 
water in disc holder bubbles or the connection bubbles, tighten the 
connection or replace gasket.

9.	Vent pressure.

10.	Release bellows assembly.

11.	Air dry bellows assembly to remove soapy water.

Figure B.1 Bellows Assembly Leak Test

Restraining Bar

Bellows Flange

Flange Clamp

Rubber Gasket

Inlet Pressure Source

Bellows  
Assembly

Figure B.2

NOTICE

Bellows are not repairable
and should be replaced
if damaged.
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BalanSeal® Bellows Construction  
Assembly/Disassembly Instructions
The following instructions are assembly instructions. For disassembly, 
reverse the order. Parts identification may be found below. Follow the 
same procedures as for conventional type valves except as follows: 

For D and E orifice valves only (Refer to B.3 below): 

1.	Place the Bellows Gasket [16] on Disc Holder [6]. 

2.	Thread the Bellows [15] onto the Disc Holder [6] and securely tighten.

3.	Do not thread Pipe Plug (Bonnet) into Bonnet [2]. Bonnet [2] must be 
vented In accordance with ASME Code.

For all other orifices (Refer to B.4 below):

1.	Place the Bellows Gasket [16] on the Stem Retainer [14]. 

2.	Place the Bellows [15] on the Stem Retainer [14]. 

3.	Thread the Disc Holder [6] to the Stem Retainer [14] using the special 
assembly block. 

4.	Thread the Lock Screw [19] counter clockwise until contact is made 
with the Disc Holder [6]. See Figure B.1 for bellows leak test. 

5.	Do not thread Pipe Plug (Bonnet) into Bonnet [2]. Bonnet [2] must be 
vented In accordance with ASME Code.

Note: �For F - K orifices, O-ring seat construction only, an additional Disc 
Holder Lock Screw Gasket must be placed between the Stem 
Retainer [14] and the Disc Holder [6].

2

2

1 1

4 4

8 8

6

6

16
16

15

19

15 14
22

22

9 9

23
23

Figure B.3 Figure B.4



Figure C.1 – O-ring Detail D-K Orifice

Figure C.2 – O-ring Detail L-U Orifice
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Appendix C: O-Ring Construction
Due to corrosion, metal-to-metal seats can eventually leak. With the proper 
selection of the Farris O-ring seat pressure seal, seat tightness can be 
improved and maintained. Because O-rings are elastomeric, they should 
be handled carefully. Typically, O-rings should be replaced during your 
normal maintenance interval. O-rings are not repairable. 

Standard seat tightness for O-ring seated valves is no leakage at 90% of 
set pressure for both conventional and bellows valves following Farris 
standard seat tightness test procedure. At set pressures of 50 psig and 
below, leakage test shall be made at 5 psig below set pressure.

The O-ring seat seal option is available for 
2600/2600L/2600S Series valves in both 
conventional and bellows construction. Farris 
Engineering has two different O-ring designs 
which depend on the orifice of the pressure 
relief valve. 

Stem Retainer

Disc Holder

Disc

O-ring

Flat Head Machine Screw

Nozzle

Stem Retainer

Disc Holder

Disc

O-ring Retainer

O-ring

Flat Head Machine Screw

Nozzle

Jack Screw Plug

NOTICE

O-rings are not repairable
and should be replaced
if worn or damaged.
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O-Ring Material Selection Table

Material Temperature 
Range °F

D to K Orifice L to T Orifice
Set 

Pressure 
(psig)

Durometer 
(Shore A)

Set 
Pressure 

(psig)

Durometer 
(Shore A)

Viton4

-20 to 450 15 to 100 50 15 to 150 50
-20 to 450 101 to 650 75 150 to 450 75
-20 to 125

650 to 950
75

450 to 750
75

125 to 450 90 90

-20 to 450 950 to 1500 90 750 to 
1500 90

Ethylene 
Propylene

0 to 350 15 to 100 50 15 to 150 50
0 to 350 101 to 650 70 150 to 450 70
0 to 125

650 to 950
70

450 to 750
70

125 to 350 80 80

0 to 350 950 to 1500 80 750 to 
1500 80

Buna N

0 to 200 15 to 100 50 15 to 100 50
0 to 200 101 to 650 70 100 to 450 70
0 to 125

650 to 950
70

150 to 750
70

125 to 200 90 90

0 to 200 950 to 1500 90 750 to 
1500 90

Silicone

-150 to 450 15 to 100 50 15 to 100 50
-150 to 0

101 to 600
50

100 to 200
50

0 to 450 70 70
-150 to 450 600 to 850 70 200 to 450 70
-150 to 125

850 to 1100
70

450 to 750
70

125 to 450 80 80

-150 to 450 1100 to 
1500 80 750 to 

1500 80

Kalrez

-20 to 550 15 to 200 65 15 to 150 65
-20 to 550 201 to 650 80 150 to 450 80
-20 to 200

650 to 950
80

450 to 750
80

200 to 550 90 90

-20 to 550 950 to 1500 90 750 to 
1500 90

Neoprene
-45 to 300 50 to 750 70 50 to 750 70

-45 to 300 751 to 1500 80 751 to 
1500 80

Allen Key Sizes
Disc Holder Lock Screw

Orifices Allen Key Size
D thru K 1/8"
L thru U See Table 6.1

O-Ring Seat Construction  
Assembly/Disassembly Instructions 
The following instructions are assembly instructions. For disassembly, 
reverse the order. Parts identification can be found on page 31. Follow the 
same procedures as for conventional type valves except as follows: 

To connect the Disc Holder to the Stem Retainer for O-ring valves, use 
the allen key sizes found in Table C.1

For D and E orifice (Bellows Construction only)(See Figure C.1): 
1.	Place the O-ring in the Disc Holder groove. 

2.	Thread the Disc into the Disc Holder/Stem Retainer. 

For orifices D and E (Conventional) through K only (See Figure C.1): 
1.	Place the O-ring in the Disc Holder groove. 

2.	Place the Disc into the Disc Holder. 

3.	Thread the Flat Head Machine Screw through the Disc into  
the Disc Holder. 

For orifices L through U only (See Figure C.2)
1.	Place Disc in a vice with soft jaws or in a 3-jaw chuck. Be careful not to 

hold too tight as the Disc can be damaged. 

2.	Place the O-ring into the Disc groove. 

3.	Place the O-ring Retainer on the Disc. 

4.	Thread the Flat Head Machine Screws through the O-ring  
Retainer into the Disc. 

5.	Thread the Jack Screw Plug into the O-ring Retainer. 

6.	Thread the Disc into the Disc Holder (ensure the Disc is free floating). 

General Notes:
1. �Viton and Kalrez are registered trademarks of DuPont Performance Elastomers.  

We reserve the right to substitute comparable fluorocarbon materials. 
2. �PTFE seat seals available on an application basis. Consult the factory

Table C.1
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Hex Jam Nut

Test Lever

Gland

Packing Rings

Cam Shaft Ring

Retaining Ring

Cam Shaft

Plain Washer

Appendix D: Cap Construction

Figure D.1 – Packed Lever Cap Construction
2600 Series, All Sizes

Hex Jam Nut

Plain Washer

Gland

Packing Ring

Cam Shaft

Stem Jam Nut

Stem Test Nut

Cap

Cam

Cap Hex Nut

Cap Stud

Test Lever

Section VIII of the ASME Code requires the use of a lifting device on all steam, air and hot water (over 140°F/60°C) applications. Packed levers should be 
used on all liquid applications or where cap tightness is a requirement. Levers should be inspected for proper operation and parts replaced as needed. 

Packed Levers

1.	 Thread the Stem Test Nut onto the Stem.

2.	 Thread the Stem Jam Nut onto the Stem.

3.	 Place the Cap Gasket on the Bonnet.

4.	 Place the counter-bored side of the Retaining Ring onto the Cam Shaft.

5.	 Place the Packing Rings over the Cam Shaft and into the Retaining 
Ring cavity.

6.	 While holding the Cam in-place inside the Cap, slide the Cam Shaft 
through the hole in the side of the Cap and through the Cam.

7.	 Place the Cap onto the Bonnet ensuring that the cap protrusion is 
facing the valve outlet. 

Packed Lever Construction Assembly/Disassembly Instructions
The following instructions are assembly instructions. For disassembly, reverse the order. Parts identification may be found above. Assembly procedures  
for the balance of valve is identical for all cap design options: plain cap, open lever, bolted cap and packed lever.

8.	 Thread the Cap Studs through the Cap into the Bonnet and tighten.

9.	 Adjust the Stem Test Nut until there is 1/8" clearance between Stem 
Test Nut and the Cam.

10.	Tighten the Stem Jam Nut.

11.	Thread the Gland into the Cap.

12.	Place the Test Lever on the Cam Shaft. Ensure that the Test Lever Is 
oriented away from the valve outlet.

13.	Place the Plain Washer over the Cam Shaft.

14.	Thread the Lever Hex Jam Nut onto the Cam Shaft.
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Open Lever Cap Construction Assembly/Disassembly Instructions 
The following instructions are assembly instructions. For disassembly, reverse the order. Parts identification may be found above.  
Assembly procedures for the balance of valve is identical for all cap design options: plain cap, open lever, bolted cap and packed lever.

For single acting lever only: 

1.	Thread the Stem Test Nut onto the Stem. 

2.	Thread the Stem Jam Nut onto the Stem.

3.	Place the Cap onto the Bonnet ensuring that the cap protrusion is 
facing the outlet of the valve. 

4.	Thread the Cap Studs through the Cap into the Bonnet and tighten.

5.	Place the Lever Round Head Rivet through the Test Lever and Cap 
hole and secure with the Cotter Pin. 

6.	Adjust the Stem Test Nut so there is 1/8" clearance between  
the Test Lever fulcrum and the Stem Test Nut. 

7.	Tighten the Stem Jam Nut.

For double acting lever only:

1.	Thread the Stem Test Nut onto the Stem. 

2.	Thread the Stem Jam Nut onto the Stem.

3.	Place the Cap onto the Bonnet ensuring that the cap protrusion  
is facing the outlet of the valve. 

4.	Thread the Cap Studs through the Cap into the Bonnet and tighten.

5.	Place the Fork Round Head Rivet through the Test Lever Fork and 
Cap hole and secure with a Cotter Pin.

6.	Place the Lever Round Head Rivet through the Test Lever and Cap 
hole and secure with the Cotter Pin. 

7.	Adjust the Stem Test Nut so there is 1/8" clearance between the Test 
Lever Fork and the Stem Test Nut.

8.	Tighten the Stem Jam Nut.

Figure D.2 – Open Lever (Single Acting)
2600 Series, Types 26(  )A10, A11, A20, A21, All Sizes Except 8x10

Figure D.3 – Open Lever (Double Acting)
2600 Series, Sizes 1x2 Thru 6x10 Except

Types 26(  )A10, A11, A20, A21, Sizes 8x10, All Types

Cap

Stem Jam Nut

Stem Test Nut

Cotter Pin

Lever RD. HD. Rivet

Cap Screw

Test Lever

Cap
Stem 
Jam Nut

Test Lever

Test Lever Fork

Cap Screw

Cotter Pin

Stem 
Test Nut

Fork RD. 
HD. Rivet

Lever RD.  
HD. Rivet

Open Levers
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Cap Constructions
Standard Material & Material for Corrosive/Low  
Temperature Service - Stainless Steel

Cap 
Description Part Name

Std. Materials 
S1, N1 

-20°F to 800°F

S3 
-75°F to  
800°F

S4 
-450 °F to  

450°F

Packed Lever

Cap Carbon Steel 316 St. 316 St.
Test Lever Carbon Steel
Cam 316 St. St.
Cam Shaft 316 St. St.
Gland 316 St. St.
Stem Jam Nut 316 St. St.
Stem Test Nut 316 St. St.
Packing Ring Graphite
Plain Washer Steel
Lever Hex. Jam Nut Steel

Cap Stud Alloy Steel Stainless  
Steel

Stainless  
Steel

Cap Hex. Nut Alloy Steel Stainless  
Steel

Stainless  
Steel

Open Lever 
(Single or  
Double Acting)

Cap Iron
Test Lever Iron
Test Lever Fork Iron
Stem Jam Nut 316 St. St.
Stem Test Nut 316 St. St.
Cap Screw Steel, Plated
Fork Rd. Hd. Rivet Steel
Lever Rd. Hd. Rivet Steel
Cotter Pin Steel, Plated

Table D.1
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Appendix E: Critical Dimensions
These dimensions apply to 2600 Series valves with “A10” through “A15” serial numbers and supersede any dimensions 
provided in previous revisions to the manual. 

General Notes:
1. �Z column designates flange class number to be inserted in type number, example: 26D( )( )3 would designate any of the D orifice 2600 designs 

(conventional or bellows) with a 600# inlet flange.
2. �For type 2600 (A10 & A11 Serials) see Figure 2. For type 2600L (A14 & A15 serials) see Figure 3.
3. �Does not apply to valve type numbers designated for use at a temperature range of 801 to 1000 F.
4. �For serial numbers suffixes; A10/G, A11/G, A14/G, A15/G, please consult factory for critical dimensions.

Table E.1: Metal Seats - Serial Number Suffixes: A10 & A11 / A14 & A15

Type Z1

Nozzle Dimensions Disc Dimensions

A 
+.010 
-.000

B 
+.000 
-.005

C 
+.005 
-.000

D 
min

E 
min

F 
min

L 
min

Nozzle 
Fig.

H 
+.000 
-.005

J 
+.005 
-.000

N 
min.

Disc 
Fig.

26D( )( )z 0 - 3 0.437 0.520 0.580 0.010 0.005 0.010 4.125 2, 32 0.480 – 0.156 1

4 - 6 0.437 0.520 0.614 0.005 – 0.010 4.375 1

26E( )( )z 0 - 3 0.535 0.585 0.645 0.010 0.005 0.010 4.062 2 0.545 0.725 0.234 2

4 - 6 0.535 0.585 0.685 0.005 0.005 0.010 4.375 2

26F( )( )z4 0 - 1 0.687 0.720 0.780 0.005 0.005 0.010 4.250 2

2 - 5 0.687 0.720 0.780 0.005 0.005 0.010 4.375 2 0.680 – 0.265 1

6 0.687 0.720 0.820 0.005 0.005 0.010 4.375 2

26G( )( )z 0 - 1 0.844 0.885 0.945 0.010 – 0.010 4.093 1

2 - 4 0.844 0.885 0.945 0.005 – 0.010 4.234 1 0.845 – 0.296 1

5 0.844 0.885 0.995 0.005 – 0.010 5.031 1

6 0.844 0.885 0.995 0.005 0.010 0.010 5.031 2

26H( )( )z 0 - 1 1.054 1.110 1.170 0.005 – 0.010 4.937 1

2 1.054 1.110 1.170 0.010 – 0.010 4.156 1

33 1.054 1.110 1.210 0.005 – 0.010 5.031 1 1.070 – 0.296 1

4 - 5 1.054 1.110 1.210 0.005 – 0.010 5.031 1

26H( )( )33 1.054 1.110 1.170 0.010 – 0.010 4.156 1

26J( )( )z 0 - 1 1.350 1.416 1.476 0.005 – 0.010 4.125 1

2 - 3 1.350 1.416 1.496 0.005 – 0.010 5.187 1

43 1.350 1.416 1.516 0.010 – 0.010 6.562 1 1.376 – 0.296 1

5 1.350 1.416 1.516 0.010 – 0.010 6.562 1

26J( )( )34 1.350 1.416 1.496 0.005 – 0.010 5.187 1

26K( )( )z 0 - 3 1.612 1.730 1.830 0.010 0.010 0.010 6.546 2

43 1.612 1.730 1.830 0.005 0.010 0.010 7.921 2 1.570 – 0.296 1

5 1.612 1.730 1.830 0.005 0.010 0.010 7.921 2

26K( )( )34 1.612 1.730 1.830 0.010 0.010 0.010 6.546 2

26L( )( )z 0 - 1 2.009 2.106 2.166 0.005 0.010 0.010 6.484 2 2.056 – 0.312 1

2 - 5 2.009 2.106 2.196 0.010 0.020 0.010 7.609 2

26M( )( )z 0 - 4 2.257 2.366 2.446 0.005 0.030 0.010 7.546 2 2.306 – 0.375 1

26N( )( )z 0 - 4 2.478 2.598 2.678 0.010 0.030 0.010 7.546 2 2.538 – 0.375 1

26P( )( )z 0 - 4 3.004 3.080 3.200 0.010 0.030 0.010 7.500 2 3.020 – 0.421 1

26Q( )( )z 0 - 3 3.952 4.080 4.220 0.010 0.030 0.010 8.750 2 4.020 – 0.453 1

H26Q( )( )3 3.952 4.080 4.220 0.010 0.030 0.010 8.750 2

26R( )( )z 0 - 3 4.758 4.985 5.145 0.005 0.030 0.010 8.031 2 4.895 – 0.703 1

H26R( )( )3 4.758 4.985 5.145 0.005 0.030 0.020 8.031 2

26T( )( )z 0 - 2 6.070 6.366 6.546 0.005 0.030 0.010 10.406 2 6.256 – 0.953 1

H26T( )( )3 6.070 6.366 6.546 0.005 0.030 0.010 10.406 2
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Metal Seats A10, A11, A14, A15 Critical Dimensions
Refer to Table E.1

L

C C C

B B B

A 

H H

J

A A 

D
D

D

E

30˚ 30˚

30˚

45˚

Mirror 
Finish

Mirror 
Finish

Mirror 
Finish

.005 - .030 .005 - .030

Mirror 
Finish

Mirror 
Finish

C C
C

L L
L

F F F

N

(minimum length) (minimum thickness)

Nozzle Figure 1

Disc Figure 1

Nozzle Disc

Disc Figure 2

Nozzle Figure 2 Nozzle Figure 3

United States
A10 serial numbers 30000 and above.
A11 serial numbers 4000 and above.

Canada
A10 & A11 serial numbers C12001 and above.
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General Notes:
1. �Z column designates flange class number to be inserted in type number, example: 26D( )( )3 would designate any of the “D” orifice 2600 designs  

(conventional or bellows) with a 600# inlet flange.
2. �Applies to valves with the A10 & A11 serial number suffix only. All others apply to both the A10 & A11 as well as the A14 & A15 Serial numbers.
3. �For serial numbers suffixes; A10/H, A11/H, A14/H, A15/H, please consult factory for critical dimensions.

Table E.2: O-ring Seats - Serial Number Suffixes:  
A10 & A11 / A14 & A15

Type Z1

Nozzle Dimensions

B 
+.000 
-.005

C 
+.000 
-.002

D 
min

F 
min

L 
min Figure

26D( )( )z
0 - 3

0.520 0.615 0.078 0.01
4.141

4
42 4.375

26E( )( )z
0 - 3

0.585 0.800 – 0.01
4.081

5
42 4.375

26F( )( )z3

0

0.720 0.880 0.078 0.01

4.219

42 - 3 4.344

42 4.344

26G( )( )z

0

0.885 1.052 – 0.01

4.063

52 - 3 4.203

42 4.203

26H( )( )z

0

1.110 1.255 0.078 0.01

4.906

4
2 4.125

3 5.000

42 5.000

26J( )( )z

0

1.416 1.568 0.094 0.01

4.094

42 - 3 5.156

42 6.531

26K( )( )z
0 - 3

1.730 1.937 0.094 0.01
6.516

4
42 7.891

26L( )( )z

0

2.106 2.312 0.094 0.01

6.438

42 - 3 7.563

42 7.563

26M( )( )z
0 - 3

2.366 2.566 0.094 0.01 7.531 4
42

26N( )( )z
0 - 3

2.598 2.824 0.094 0.01 7.531 4
42

26P( )( )z
0 - 3

3.080 3.317 0.094 0.01 7.516 4
42

26Q( )( )z 0 - 3 4.045 4.191 0.094 0.01 8.734 4

26R( )( )z 0 - 3 4.985 5.191 0.094 0.02 8.016 4

26T( )( )z 0 - 2 6.366 6.581 0.094 0.01 10.375 4
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L

(minimum length)

Nozzle

C

B

D

15˚ 60˚

45˚

CL

F

Nozzle Figure 4

C

B

60˚

45˚

CL

F

Nozzle Figure 5

O-ring Seats A10, A11, A14, A15 Critical Dimensions
Refer to table E.2
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Table E.3: O Ring Seats - Serial Number Suffixes:  
A10/M, A11/M, A14/M, A15/M, A10/R and A11/R

Type Z1

Nozzle Dimensions

/M3 /R3

B 
+.000 
-.003

C 
+.003 
-.000

L 
min

B 
+.000 
-.003

C 
+.003 
-.000

L 
min

26D( )( )z 0 - 3 
42 0.520 0.564 4.145 

4.390 0.520 0.560 4.145 
4.390

26E( )( )z 0 - 3 
42 0.585 0.635 4.081 

4.390 0.585 0.625 4.081 
4.390

26F( )( )z4
0 

2 - 3 
42

0.720 0.828
4.260 
4.390 
4.390

0.720 0.760
4.294 
4.294 
4.294

26G( )( )z
0 

2 - 3 
42

0.885 0.985
4.100 
4.260 
4.260

0.885 0.925
4.100 
4.260 
4.260

26H( )( )z

0 
2 
3 
42

1.110 1.204

4.950 
4.170 
5.040 
5.040

1.110 1.150

4.950 
4.170 
5.040 
5.040

26J( )( )z
0 

2, 3 
42

1.416 1.536
4.170 
5.230 
6.600

1.416 1.456
4.170 
5.230 
6.600

26K( )( )z 0 - 3 
42 1.730 1.877 6.590 

7.960 1.730 1.770 6.590 
7.960

General Notes:
1. �Z column designates flange class number to be inserted in type number, example: 26D( )( )3 would designate any of the D orifice 2600 designs  

(conventional or bellows) with a 600# inlet flange.
2. �Applies to valves with the A10 & A11 serial number suffix only. All others apply to both the A10 & A11 as well as the A14 & A15 Serial numbers.
3. �For valves with serial number suffix “/M” use figure “M”. Use figure “R” for valves with serial number suffix “/R”.
4. �For serial numbers suffixes; A10/H, A11/H, A14/H, A15/H, please consult factory for critical dimensions.
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L
(minimum length)

Nozzle

C

B

0.025 min 60˚

45˚

CL

0.01 min

Nozzle Figure M

C

B

60˚

45˚

45˚

CL

0.01 min

Nozzle Figure R

O Ring Seats A10/M, A11/M, A14/M, A15/M, A10/R and A11/R Critical Dimensions
Refer to table E.3
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Table E.4: Metal Seats - Serial Number Suffixes: A10 & A11 Interim

Type

Nozzle Dimensions Disc Dimensions
A 

+.010 
-.000

B 
+.000 
-.005

C 
+.005 
-.000

D 
min

E 
+.005 
-.005

F 
min

L 
min

Nozzle 
Fig.

H 
+.000 
-.005

J 
+.005 
-.000

N 
min.

Disc 
Fig.

26D( )( )0 0.437 0.520 0.580 0.005 – .010 4.125 1 0.480 0.653* 0.156 1, 21

26D( )( )1 0.437 0.520 0.580 0.005 – .010 4.125 1 0.480 0.653* 0.156 1, 21

26D( )( )2 0.437 0.520 0.580 0.005 – .010 4.125 1 0.480 0.653* 0.156 1, 21

26D( )( )3 0.437 0.520 0.580 0.005 – .010 4.125 1 0.480 0.653* 0.156 1, 21

26D( )( )4 0.437 0.520 0.613 0.005 0.015 .010 4.375 2 0.480 – 0.156 2
26D( )( )5 0.437 0.520 0.613 0.005 0.015 .010 4.375 2 0.480 – 0.156 2
26D( )( )6 0.437 0.520 0.613 0.005 0.015 .010 4.375 2 0.480 – 0.156 2
26E( )( )0 0.535 0.585 0.645 0.005 – .010 4.062 1 0.545 0.725 0.234 1
26E( )( )1 0.535 0.585 0.645 0.005 – .010 4.062 1 0.545 0.725 0.234 1
26E( )( )2 0.535 0.585 0.645 0.005 – .010 4.062 1 0.545 0.725 0.234 1
26E( )( )3 0.535 0.585 0.645 0.005 – .010 4.062 1 0.545 0.725 0.234 1
26E( )( )4 0.535 0.585 0.685 0.005 0.015 .010 4.375 2 0.545 0.725 0.234 1
26E( )( )5 0.535 0.585 0.685 0.005 0.015 .010 4.375 2 0.545 0.725 0.234 1
26E( )( )6 0.535 0.585 0.685 0.005 0.015 .010 4.375 2 0.545 0.725 0.234 1

General Notes:
1. �Only bellows valves use Disc Figure 2 and the 0.653 inch dimension. Conventional valves use Disc Figure 1.

These dimensions only apply to “D” and “E” 
orifice valves as follows:

United States
A10 serial numbers below 30000.

A11 serial numbers below 4000.

Canada
A10 & A11 serial numbers C12001 and above.
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L

C C

B B
A 

H H
J

A 

D
DE

30˚ 30˚

Mirror 
Finish

Mirror 
Finish

Mirror 
Finish

.015 - .030 .015 - .030

Mirror 
Finish

C CL L

F F

N

(minimum length) (minimum thickness)

Nozzle Figure 1

Disc Figure 1

Nozzle Disc

Disc Figure 2

Nozzle Figure 2

Metal Seats A10, A11 Interim Critical Dimensions
Refer to Table E.4
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Appendix F: Maintenance & Inspection Specification Record

Valve Type S/N:

Manufacturer:

Body and Bonnet Material:

Nozzle and Disc Material:

Trim Material:

Spring Material Spring No.

Carbon Steal:

Alloy:

Inlet:

Orifice:

Back Pressure:

Spring Set Pressure

Relieving Pressure:

Remarks:

Maintenance Engineers Phone:

No Unit Location

Historical Record
Date Tested Popped Reseat Disposition Condition Repairs Remarks

The information in the below form is typical of the data that should be 
recorded for all valves. This information should be compiled for new valves 

as well as valves removed from service for maintenance. This form should 
be photocopied and used as part of any repair shops’ proper record 
keeping system on maintenance of valves.
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Appendix G: Required Tools 

Required Tools Orifice

D E F G H J K L M N P Q R T

Open End Wrenches

7/16" • • • • • • • • • • • • • •

9/16" • • • • • • • • • • • • • •

3/4" • • • • • • • • • • •

13/16" • • • • • • • • • • •

7/8" • • • • • • • • • • • • • •

1" • • • • • • • • • • • • • •

1-1/16" • • • • • • • • • • • • •

1-1/8" • • • • • • •

1-1/4" • • • • • • • • • • • •

1-3/8" • • • • •

1-1/2" •

1-5/8" •

1-3/4" • • • • • •

2" • • • • • • •

2-1/4" • • • • • • • • • • •

2-3/4" •

3-1/4" • • • • • • • • •

3-1/2" • •

3-11/16" • •

3-3/4" •

5" • •

5-1/4" •

5-3/4" •

6" •

6-3/16" • • • • • • •

Allen Wrenches

3/16" • • • • • •

7/32" • • • • •

3/8" • • •

Adjustable Pin Spanners

1-1/4" to 3" • • • •

2" to 4-3/4" • • •

4-1/2" to 6-1/4" • • • • • • •

8-1/2" • •

10-5/8" •

Adjustable Hook Spanners

2" to 4-3/4" • • •

4-1/2" to 6-1/4" •

6-1/8" to 8-3/4" • •

9-1/4" •

Adjustable Wrenches • • • • • • • • • • • • • •

Flat Head Screw Drivers • • • • • • • • • • • • • •

Wire Cutters • • • • • • • • • • • • • •

Super Joint Pliers • • • • • • • • • • • • • •

Pipe Wrench • •

O-Ring Pick • • • • • • • • • • • • • •

Flashlight • • • • • • • • • • • • • •
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Torque Values

Stud Thread

Torque (Ft. Lbs.) to Produce Stress in Stud Bolts

30 Ksi Stress  
(B8M, B8MA)

45 Ksi Stress  
(B7M)

60 Ksi Stress  
(B7)

Material Codes 
069, 269, D53, D59

Material Codes 
235, 551

Material Codes 
114

7/16 - 20 20 30 40

1/2 - 13 30 45 60

5/8 - 11 60 90 120

3/4 - 10 100 150 200

7/8 - 9 160 240 320

1 - 8 240 370 500

1 1/8 - 8 355 533 710

Table H.1

Valve Component Bolting Procedure:
1.	Blow down Ring Lock screw: 

Lubricate lock screw with Bostik Never-Seez, except in oxygen service 
where Holocarbon 25-5s or equivalent is used. Torque lock screw to: 
80-100 Ft. Lbs.

2.	½"-14 NPT Pipe Plug (P/N: 5098): 
Lubricate threads with: Bostic Never-Seez. Torque pipe plug to:  
18-22 Ft. Lbs.

3.	SAS Jam Nut to Bonnet: 
Lubricate threads with Bostik Never-Seez, except in oxygen service 
where Holocarbon 25-5s or equivalent is used. Torque jam nut to:  
25-30 Ft. Lbs.

Appendix H: Torque Requirements
This appendix contains the minimum torquing requirements for body/
bonnet and bolted/packed cap for Farris pressure relief valves.

Valve: Body/Bonnet - Bolted/Packed Cap Procedure  
(See figures to the right): 

1.	Valve studs, nuts and bolts shall be visually inspected to ensure they are 
free of rust, dirt, or physical damage.

2.	 Install nuts on the studs finger-tight.

3.	Tighten the nuts per the sequence shown in the diagram to the right to 
approximately one-half the torque value shown in Table H.1. Repeat the 
same sequence of tightening to the torque value shown in Table H.1. 
Then starting with the Nut Number 1, tighten each nut in order in a 
clockwise or counterclockwise direction to the value shown in Table H.1. 
(16 stud pattern, similar to 12 stud pattern).

4.	Bolting torque tolerance: ±10%. Measure torque with a calibrated 
torque wrench or torque device.

4 Studs

1

2

3 4

6 Studs

1

2

3

4

6

5

8 Studs

1

2

3

8

4

6

75

12 Studs

1

2

3

8

4

9

6

75

10 11

12
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Notes
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valves in service and your plant safe. Our FAST Centers are: 

Responsive. Farris Engineering and its FAST Centers understand the 

need to quickly and efficiently respond to customer needs.
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627 SeriesInstruction Manual
Form 5252

627 Series Pressure Reducing Regulators

! WARNING

Failure to follow these instructions or 
to properly install and maintain this 
equipment could result in an explosion 
and/or fire causing property damage and 
personal injury or death.

Fisher® regulators must be installed, 
operated, and maintained in accordance 
with federal, state, and local codes, rules 
and regulations, and Emerson Process 
Management Regulator Technologies, Inc. 
(Regulator Technologies) instructions.

If the regulator vents gas or a leak 
develops in the system, service to the unit 
may be required.  Failure to correct trouble 
could result in a hazardous condition.

Call a gas service person to service the 
unit.  Only a qualified person must install 
or service the regulator.

Introduction

Scope of the Manual

This manual provides instructions for the installation, 
adjustment, maintenance, and parts ordering information 
for the 627 Series regulators.  These regulators are 
usually shipped separate for line installation, although 
sometimes they are shipped installed on other 
equipment.  Refer to the Instruction Manual of the other 
equipment for installation and operating instructions.

Description

The 627 Series direct-operated pressure reducing 
regulators (Figure 1) are for high and low pressure 
systems.  These regulators can be used with natural 
gas, air, or a variety of other gases.  Performance 
characteristics vary according to construction. 

W4793

Figure 1.  Typical 627 Direct-Operated  
Pressure Reducing Regulator

! WARNING

Personal injury, property damage, 
equipment damage, or leakage due to 
escaping gas or bursting of pressure-
containing parts may result if this  
regulator is overpressured or is installed 
where service conditions could exceed 
the limits given in the Specifications 
section, Tables 1, 2, 3, and 4, or where 
conditions exceed any ratings of the 
adjacent piping or piping connections.

To avoid such injury or damage, provide 
pressure-relieving or pressure-limiting 
devices (as required by the appropriate 
code, regulation, or standard) to prevent 
service conditions from exceeding 
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1.  The pressure/temperature limits in this Instruction Manual or any applicable standard limitation should not be exceeded.
2.  Types 627, 627H, 627R, and 627LR are limited by maximum diaphragm casing pressure.
3.  Stainless steel body is rated to -40°F / -40°C.  Steel and Ductile Iron bodies are rated to -20°F / -29°C.

Available Constructions
Type 627: Direct-operated pressure reducing 
regulator equipped with a pitot tube for greater 
regulated capacities (Figure 7).
Type 627R: Type 627 with internal relief and with 
an open throat (Figure 8).
Type 627LR: Type 627R with light rate relief spring
(Figure 9).
Type 627M: Type 627 with a stem seal between 
the body outlet pressure and diaphragm case. 
Pressure is measured under the diaphragm 
through the 1/4 NPT downstream control line 
connection (Figure 10).
Type 627MR: Type 627M with internal relief  
(Figure 11).
Type 627H: Type 627 with a diaphragm limiter to 
deliver a higher outlet pressure (Figure 12).
Type 627HM: Type 627H with a stem seal 
between the body outlet pressure and diaphragm 
case.  Pressure is measured under the diaphragm 
through the 1/4 NPT downstream control line 
connection (Figure 13).

Body Sizes and End Connection Styles
Body Size

End Connection STYLE Construction 
Availablenps dn

3/4 - - - - NPT

All1 25 NPT, CL150 RF, CL300 RF, 
CL600 RF, and Long Body

2 50 NPT, CL150 RF, CL300 RF, 
CL600 RF, and Long Body

Maximum Inlet Pressure(1) (Body Rating)
NPT Stainless Steel: 2000 psig / 138 bar
Flanged Stainless Steel: 1440 psig / 99.3 bar
NPT Steel: 2000 psig / 138 bar
Flanged Steel: 1500 psig / 103 bar
Ductile Iron: 1000 psig / 69.0 bar

Maximum Valve Disk Inlet Pressure Rating(1)

Nylon (PA) Disk: 2000 psig / 138 bar 
Nitrile (NBR) Disk: 1000 psig / 69.0 bar 
Fluorocarbon (FKM) Disk: 300 psig / 20.7 bar

Maximum Operating Inlet Pressure, Pressure 
Differential, and Outlet Pressure Ranges(1)

See Table 1 for pressures by orifice size and 
spring range

Maximum Spring and Diaphragm Casing Pressure(1)

See Table 2

Maximum Body Outlet Pressure(1)(2)  

(Types 627M, 627MR, and 627HM Only)
NPT Steel: 2000 psig / 138 bar
Flanged Steel: 1500 psig / 103 bar 
Ductile Iron: 1000 psig / 69.0 bar

Orifice Sizes
See Table 1

Internal Relief Performance
Type 627R: See Table 3
Type 627LR: See Table 4
Type 627MR: Limited by field-installed control  
line piping

Elastomer Temperature Capabilities(1)(3)

MATERIAL DISK/
DIAPHRAGM

TEMPERATURE
°F °C

Nitrile (NBR)
Disk

-40 to 180 -40 to 82
Diaphragm

Fluorocarbon (FKM)
Disk

0 to 180 -18 to 82
Diaphragm

Nylon (PA) Disk -40 to 180 -40 to 82
Neoprene (CR) for  

Types 627H and 627HM only Diaphragm -40 to 180 -40 to 82

Flow Coefficients
See Table 5

IEC Sizing Coefficients
See Table 6

Pressure Registration
Type 627, 627H, 627R, or 627LR: Internal
Type 627M, 627HM, or 627MR: External through
1/4 NPT control line connection in the
diaphragm casing

De-Icer System
See Figure 3 and Type 627M Regulator De-Icer 
System Application section

Relief Indicator
For Types 627R, 627LR, and 627MR 
(see Figures 8, 9, and 11)

Spring Case Vent Connection
3/4 NPT with removable screened vent assembly

Approximate Weights
Ductile Iron, Steel, or Stainless Steel Casings: 
10 pounds / 4 kg
Aluminum Casings: 6.3 pounds / 3 kg

Specifications

The Specifications section gives some general specifications for the 627 Series regulators.  The nameplates give 
detailed information for a particular regulator as it comes from the factory.
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those limits.  The Type 627R, 627LR, 
or 627MR regulator with internal relief 
will provide downstream overpressure 
protection within the limits given in 
the Specifications section, Tables 1, 2, 
3, and 4.  If these limits are exceeded, 
additional downstream overpressure 
protection must be provided by the user.

Additionally, physical damage to the 
regulator could cause personal injury or 
property damage due to escaping gas.  
To avoid such injury or damage, install 
the regulator in a safe location. 

Principle of Operation
Refer to Figure 2.  When downstream demand 
decreases, the pressure under the diaphragm 
increases.  This pressure overcomes the regulator 
setting (which is set by a spring).  Through the action 
of the pusher post assembly, lever, and valve stem 
the valve disk moves closer to the orifice and reduces 
gas flow.  If demand downstream increases, pressure 
under the diaphragm decreases.  Spring force pushes 
the pusher post assembly downward and the valve 
disk moves away from the orifice.

Product Description

Types 627 and 627H Direct-Operated Pressure 
Reducing Regulators—The Types 627 and 627H 
regulators provide economical pressure reducing 
control for a variety of residential, commercial, and 
industrial applications.  The regulator pitot tube located 
in a high velocity stream provides dynamic boost that 
compensates for outlet pressure drop.

Type 627 Long Body—The Type 627 Long Body 
regulator can be used as a drop-in replacement for 
existing Type 630 installations without the need to 
modify piping.

Internal Relief for Type 627R, 627LR, or 
627MR Regulator—The Type 627R internal relief 
performance values were obtained by removing the 
disk assembly from the regulator.  For the Type 627R, 
627LR, or 627MR regulator, the internal relief across 
the diaphragm provides overpressure protection in 
many applications.  As outlet pressures build up above 
the start-to-discharge point, the diaphragm moves off 
the relief valve seat allowing the excess pressure to 
bleed out through the screened vent.  

For extra protection, should failure conditions exist 
which would prevent normal operation of the regulator 

Figure 2.  Type 627 Operational Schematic INLET PRESSURE
OUTLET PRESSURE
ATMOSPHERIC PRESSURE

INLET PRESSURE
OUTLET PRESSURE
ATMOSPHERIC PRESSURE

inlet pressure
outlet pressure
aTMOSPHERIC pressure

A6557

control spring

stem

valve disk

orifice
lever

pusher post

diaphragm

adjusting screw
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TYPE

Outlet pressure 
RANGE, spring PART 

NUMBER, AND 
COLOR CODE

ORIFICE SIZE
Maximum Inlet Pressure(1)

Nylon (PA) Disk Nitrile (NBR) Disk Fluorocarbon (FKM) Disk
Inches mm psig bar psig bar psig bar

627 
and 

627M(3)

5(2) to 20 psig /  
0.34 to 1.4 bar

10B3076X012
Yellow

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000
1000
750   
500   
300   
250   

138 
69.0
51.7 
34.5 
20.7 
17.2

1000   
1000   
750   
500   
300   
250   

69.0 
69.0 
51.7
34.5 
20.7
17.2

300
300
300
300
300
250

20.7   
20.7   
20.7   
20.7   
20.7   
17.2

15 to 40 psig /  
1.0 to 2.8 bar

10B3077X012
Green

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000
1500   
1000   
750   
500   
300   

138 
103 
69.0 
51.7 
34.5 
20.7

1000   
1000   
1000   
750   
500   
300   

69.0 
69.0
 69.0 
51.7 
34.5 
20.7

300
300
300
300
300
300

20.7   
20.7   
20.7   
20.7   
20.7   
20.7

35 to 80 psig /  
2.4 to 5.5 bar

10B3078X012
Blue

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000
2000
1750
1500   
1000   
  750   

138 
138 
121 
103 
69.0 
51.7

1000   
1000   
1000   
1000   
1000
750   

69.0
69.0
69.0
69.0
69.0
 51.7

300
300
300
300
300
300

20.7   
20.7   
20.7   
20.7   
20.7   
20.7

70 to 150 psig /  
4.8 to 10.3 bar

10B3079X012
Red

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000
2000
2000
1750
1250
750

138 
138
138 
121
86.2
51.7

1000   
1000   
1000   
1000   
1000
750   

69.0
69.0
69.0
69.0
69.0
51.7

300
300
300
300
300
300

20.7   
20.7   
20.7   
20.7   
20.7   
20.7

627R 
and 

627MR

5(2) to 20 psig /  
0.34 to 1.4 bar

10B3076X012
Yellow

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

 2000
1000
750   
500   
300
200   

138 
69.0 
51.7 
34.5 
20.7
13.8

1000   
1000
750
500
300
200   

69.0
69.0
51.7 
34.5
20.7 
13.8

300
300
300
300
300
200

20.7   
20.7   
20.7   
20.7   
20.7   
13.8

15 to 40 psig /  
1.0 to 2.8 bar

10B3077X012
Green

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

 2000   
1500   
1000   
 750  
 300
 200 

138 
103 
69.0 
51.7   
20.7  
13.8

1000
1000
1000
750
300 
200  

69.0
69.0
69.0
51.7 
20.7 
13.8

300
300
300
300
300
200

20.7   
20.7   
20.7   
20.7   
20.7   
13.8

35 to 80 psig /  
2.4 to 5.5 bar

10B3078X012
Blue

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

 2000   
1750   
1000   
 750   
 300   
 200  

138
121
69.0 
51.7 
20.7
13.8

1000
1000
1000
750 
300
200   

69.0
69.0
69.0 
51.7
20.7 
13.8

300
300
300
300
300
200

20.7   
20.7   
20.7   
20.7   
20.7   
13.8

70 to 150 psig /  
4.8 to 10.3 bar

10B3079X012
Red

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000   
1000   
 500   
 300   
 200   
 200  

138 
69.0 
34.5 
20.7 
13.8 
13.8

1000   
1000
500   
300   
200   
200   

69.0
69.0 
34.5 
20.7 
13.8 
13.8

300
300
300
300
200
200

20.7   
20.7   
20.7   
20.7   
13.8   
13.8

627LR

15 to 40 psig /  
1.0 to 2.8 bar

10B3077X012  
Green

3/32  
1/8   
3/16   
1/4

2.4 
3.2 
4.8 
6.4

1000   
1000
750
500   

69.0
69.0 
51.7 
34.5

300
300
300
300

20.7  
20.7   
20.7   
20.7

627H 
and 

627HM(3)

140 to 250 psig /  
9.7 to 17.2 bar

10B3078X012
Blue

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000   
2000   
1750   
1500   
1000
750   

138 
138 
121 
103 
69.0 
51.7

1000   
1000   
1000   
1000
750
500   

69.0
69.0
69.0
69.0 
51.7 
34.5

240 to 500 psig /  
16.5 to 34.5 bar

10B3079X012
Red

3/32  
1/8   
3/16   
1/4   
3/8   
1/2   

2.4 
3.2 
4.8 
6.4
9.5
13

2000   
2000   
1750   
1500   
1000
750   

138 
138 
121 
103 
69.0 
51.7

1000   
1000   
1000   
1000   
1000
750   

69.0
69.0
69.0
69.0
69.0 
51.7

1.  For inlet pressure in excess of 1000 psig / 69.0 bar, refer to the maximum body and disk pressure ratings in the Specifications section.
2.  For pressure settings under 10 psig / 0.69 bar, inlet pressure should be limited to approximately 100 psig / 6.9 bar so the setpoint adjustment can be obtained.
3.  The unbalance forces change from the wide-open monitor mode to an active regulator mode such that the Type 627M or 627HM should have a 3/8 inch / 9.5 mm or larger orifice.

 - Shaded areas indicate that Fluorocarbon (FKM) and Nylon (PA) disk material are not available.

Table 1.  Maximum Inlet Pressures and Outlet Pressure Ranges
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Table 2.  Maximum Spring and Diaphragm Casing Pressure(1)

MAXIMUM PRESSURE DESCRIPTION DIAPHRAGM 
CASING material

TYPE 627 TYPEs 627R 
and 627LR TYPE 627M TYPE 627MR TYPEs 627H 

and 627HM
psig bar psig bar psig bar psig bar psig bar

Maximum pressure to spring and diaphragm 
casings to prevent leak to atmosphere other than 
relief action (internal parts damage may occur)

Die cast aluminum

250  17.2 250  17.2

Not Available
Not Available Not Available

Ductile iron
250  17.2

Steel or Stainless steel 250  17.2 800  55.2

Maximum pressure to spring and diaphragm 
casings to prevent burst of casings during 

abnormal operation (leak to atmosphere and 
internal parts damage may occur)

Die cast aluminum 375  25.9 375  25.9 Not Available Not Available
Not Available

Ductile iron 465  32.1 465  32.1 465  32.1 465  32.1

Steel or Stainless steel 1500  103 1500  103 1500  103 1500  103 1500  103

Maximum diaphragm casing overpressure (above 
setpoint) to prevent damage to internal parts All materials 60  4.1 120  8.3 60  4.1 120  8.3 120  8.3

1.  If the spring case is pressurized, a metal adjusting screw cap is required.  Contact your local Sales Office for details.

(for example, disk broken off or disk erosion), the 
pusher post contacts the lever retainer causing the 
relief valve assembly to open.  Since the diaphragm 
continues to rise as downstream pressure builds, it 
opens the relief valve; thereby, opening the valve.  
This internal relief may be adequate for the application.

Downstream Control Line for Type 627M, 627HM, 
or 627MR Regulator—A Type 627M, 627HM, or 
627MR regulator has a blocking throat stem seal 
with O-rings and a 1/4 NPT control line connection in 
the diaphragm case.  A regulator with a downstream 
control line is used for monitoring applications or 
other applications where other equipment is installed 
between the regulator and the pressure control point.  
The stem seal separates the body outlet pressure 
from the diaphragm case.

Installation
Regulator operation within ratings does not preclude 
the possibility of damage from debris in the lines 
or from external sources.  A regulator should be 
inspected for damage periodically and after any 
overpressure condition.  Key numbers referenced 
in this section are shown in Figures 7 through 13.  
Ensure that the operating temperature capabilities 
listed in Specifications section are not exceeded.

Note

If the regulator is shipped mounted on 
another unit, install that unit according 
to the appropriate Instruction Manual.

Perform steps 1 through 6 for all types of regulators:

1.	 Only personnel qualified through training and 
experience should install, operate, or maintain  
this regulator.

2.	 For a regulator that is shipped separately, make 
sure that there is no damage to or foreign material 
in the regulator.

3.	 Ensure that all tubing and piping have been blown 
free of foreign debris.

4.	 The regulator may be installed in any position as 
long as the flow through the body is in the direction 
indicated by the arrow cast on the body.

5.	 If continuous operation is required during 
inspection or maintenance, install a three-valve 
bypass around the regulator.

! WARNING

A regulator may vent some gas to the 
atmosphere.  In hazardous or flammable 
gas service, vented gas may accumulate 
and cause personal injury, death, or 
property damage due to fire or explosion. 
Vent a regulator in hazardous gas service 
to a remote, safe location away from air 
intakes or any hazardous area.  The vent 
line or stack opening must be protected 
against condensation or clogging.

6.	 Position the body (key 1) and/or diaphragm spring 
case (key 29) so it will not collect moisture or 
debris into the screened vent.  If the regulator 
requires repositioning, refer to the Body Area 
Maintenance Procedures and/or the Diaphragm 
and Spring Case Area Maintenance Procedures 
in the Maintenance section to reposition the 
screened vent for the application.
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Perform steps 7 through 9 for Types 627M, 627HM, 
and 627MR regulators only:

7.	 A Type 627M, 627HM, or 627MR regulator requires 
a downstream control line.  Install the control line 
before putting the regulator into operation.

8.	 Ensure that the downstream control line piping  
is at least 3/8 inch / 9.5 mm or larger outside 
diameter tubing and connected to a straight  
section of outlet piping 10 diameters downstream 
of the regulator.

9.	 A hand valve should be installed in the control line.  
This hand valve can be used to throttle down and 
dampen outlet pulsations in control pressure which 
may cause instability or cycling of the regulator.

Remote Vent Line Installation

All 627 Series regulators have a vent assembly 
installed in the 3/4 NPT spring case vent opening.  
The vent assembly can be removed to install a 
remote vent line if necessary.  Remote vent lines 
must have the largest practical diameter.  It should be 
as short as possible with minimum number of bends 
or elbows.

Protect the remote vent opening against entrance of 
rain, snow, or any other foreign material that may plug 

the vent or vent line and prevent proper operation of 
the regulator.  Periodically check the vent opening to 
be sure it is not plugged with foreign debris.

Type 627M or 627HM Regulator  
De-Icer System Application

For the Type 627M or 627HM regulator de-icer 
system, refer to the application shown in Figure 3.  
With a large pressure drop across the working 
regulator, ice can form within this regulator.  The 
formation of ice decreases the size of the orifice, so 
the regulator is unable to supply enough flow to satisfy 
the downstream demand.  When the downstream 
pressure falls below the outlet pressure setting of the 
Type 627M or 627HM regulator, the disk assembly 
of the Type 627M or 627HM regulator moves off its 
orifice, permitting alcohol to flow into the main gas 
line.  The alcohol carried to the main regulator by the 
flowstream prevents additional ice from forming on the 
orifice.  When normal flow resumes, and as pressure 
in the downstream system is restored, the Type 627M 
or 627HM regulator shuts off.

Overpressure Protection
627 Series regulators have outlet pressure ratings that 
are lower than their inlet pressure ratings.  A pressure-

Figure 3.  De-Icer System Operational Schematic
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Startup and Adjustment

Startup

! WARNING

To avoid personal injury or property 
damage due to explosion or damage to 
regulator or downstream components 
during startup, release downstream 

relieving or pressure-limiting device must be provided 
by the user for the Types 627, 627H, 627M, and 
627HM regulators if the inlet pressure can exceed the 
outlet pressure rating, since these regulators do not 
have internal relief.

Types 627R and 627LR regulators provide internal 
relief which limits the total outlet pressure buildup over 
setpoint.  Use Tables 3 and 4 to determine the total 
outlet pressure.  This internal relief may be adequate 
for the application, if not, provide additional pressure 
relief or a pressure-limiting device downstream.

Table 3.  Type 627R Internal Relief Performance(1)

- continued -

Outlet 
pressure RANGE, 

spring PART 
NUMBER, AND 
COLOR CODE

OUTLET 
PRESSURE 

SETTING 

MAXIMUM 
ALLOWABLE 

DOWNSTREAM 
SYSTEM 

PRESSURE

Maximum Inlet Pressure To Keep Maximum Allowable Downstream 
System Pressure From Being Exceeded(2)

Orifice Size, Inches / mm

3/32 / 2.4 1/8 / 3.2 3/16 / 4.8 1/4 / 6.4 3/8 / 9.5 1/2  / 13

psig bar psig bar psig bar psig bar psig bar psig bar psig bar psig bar

5(3) to 20 psig /  
0.34 to 1.4 bar

10B3076X012
Yellow

10  0.69

 60
100
125 
175  
 200  
 250  

4.1 
6.9 
8.6 
12.1 
13.8 
17.2

1250  
2000  
2000  
2000  
2000   
2000  

86.2 
138 
138 
138 
138 
138

740  
1500  
1900  
2000  
2000  
2000  

51.0 
103 
131 
138 
138 
138

320  
620  
830  
1100  
1300  
1600  

22.1 
42.7 
57.2 
75.8 
89.6 
110

190  
390  
480  
670  
770  
960  

13.1 
26.9 
33.1 
46.2 
53.1 
66.2

95  
180  
220  
320  
360  
450  

6.6 
12.4 
15.2 
22.1 
24.8 
31.0

75  
130  
160  
220  
260  
320  

5.2 
9.0 
11.0 
15.2 
17.9 
22.1

15  1.0

 60
100
125
175
200
250

4.1 
6.9 
8.6 
12.1 
13.8 
17.2

1000  
2000  
2000  
2000  
2000   
2000

69.0 
138 
138 
138 
138 
138

620  
1400  
1900  
2000  
2000  
2000  

42.7 
96.5 
131 
138 
138 
138

260  
610 
810 
1100  
1300  
1600  

17.9 
42.1 
55.8 
75.8 
89.6 
110

170  
370  
480  
670  
770  
960  

11.7 
25.5 
33.1 
46.2 
53.1 
66.2

90  
170  
220  
320  
360  
450  

6.2 
11.7 
15.2 
22.1 
24.8 
31.0

70  
130  
160  
220  
260  
320  

4.8 
9.0 
11.0 
15.2 
17.9 
22.1

20  1.4

60
100
125
175
200
250  

4.1 
6.9 
8.6 
12.1 
13.8 
17.2

  850  
2000  
2000  
2000  
2000   
2000

58.6 
138 
138 
138 
138 
138

490  
1300  
1800  
2000  
2000  
2000  

33.8 
89.6 
124 
138 
138 
138

210  
600  
800 
1100 
1300  
1600  

14.5 
41.4 
55.2 
75.8 
89.6 
110

130  
360  
480  
670  
770  
960  

9.0 
24.8 
33.1 
46.2 
53.1 
66.2

80  
170  
220  
320  
360  
450  

5.5 
11.7 
15.2 
22.1 
24.8 
31.0

65  
120 
160  
220  
260  
320  

4.5 
8.3 
11.0 
15.2 
17.9 
22.1

15 to 40 psig /  
1.0 to 2.8 bar

10B3077X012
Green

15  1.0

 60
100
125
175
200
250

4.1 
6.9 
8.6 
12.1 
13.8 
17.2

1000  
2000  
2000  
2000  
2000   
2000

69.0 
138 
138 
138 
138 
138

380  
1300  
1800  
2000  
2000  
2000  

26.2 
89.6 
124 
138 
138 
138

210  
590  
800  
1100  
1300  
1600  

14.5 
40.7 
55.2 
75.8 
89.6 
66.2

130  
350  
470  
640  
780  
960  

9.0 
24.1 
32.4 
44.1 
53.8 
66.2

80  
170  
220  
320  
370  
450  

5.5 
11.7 
15.2 
22.1 
25.5 
31.0

65  
120 
160  
220  
260  
320  

4.5 
8.3 
11.0 
15.2 
17.9 
22.1

20  1.4

60
100
125 
175  
200  
250  

4.1 
6.9 
8.6 
12.1 
13.8 
17.2

630  
2000  
2000  
2000
2000
2000

43.4 
138 
138 
138 
138 
138

200 
1200  
1700  
2000
2000  
2000  

13.8 
82.7 
117 
138 
138 
138

150  
550  
760  
1100  
1300  
1600  

10.3 
37.9 
52.4 
75.8 
89.6 
66.2

100  
330  
450  
630  
770  
960  

6.9 
22.8 
31.1 
43.4 
53.1 
66.2

70  
160  
210  
320  
360  
460  

4.8 
11.0 
14.5 
22.1 
24.8 
31.7

65  
120 
160  
220  
260  
320  

4.5 
8.3 
11.0 
15.2 
17.9 
22.1

30  2.1

100
125 
175  
 200  
 250 

6.9 
8.6 
12.1 
13.8 
17.2

2000  
2000  
2000  
2000   
2000

138 
138 
138 
138 
138

950  
1500  
2000  
2000  
2000  

65.5 
103 
138 
138 
138

450  
670 

1000 
1200  
1600  

31.1 
46.2 
69.0 
82.7 
110

260  
400  
610  
760  
970  

17.9 
27.6 
42.1 
52.4 
66.9

140  
190  
300  
360  
460  

9.7 
13.1 
20.7 
24.8 
31.7

110  
150  
220  
260  
320  

7.6 
10.3 
15.2 
17.9 
22.1

40  2.8 

100
125 
175  
 200  
 250 

6.9 
8.6 
12.1 
13.8 
17.2

1500  
2000  
2000  
2000   
2000

103 
138 
138 
138 
138

700 
1300  
1800  
2000  
2000  

48.3 
89.6 
124 
138 
138

330  
560 

1000  
1200  
1600  

22.8 
38.6 
69.0 
82.7 
110

200  
340  
550  
730  
970  

13.8 
23.4 
37.9 
50.3 
66.9

120  
180  
290  
350  
460  

8.3 
12.4 
20.0 
24.1 
31.7

108  
140  
220  
250  
320  

7.4 
9.7 
15.2 
17.2 
22.1

1.  The internal relief performance values are obtained by removing the disk assembly.
2.  For inlet pressures in excess of 1000 psig / 69.0 bar, refer to the maximum body and disk pressure ratings in the Specifications section.
3.  For pressure settings under 10 psig / 0.69 bar, inlet pressure should be limited to approximately 100 psig / 6.9 bar so the setpoint adjustment can be obtained.

 - Shaded areas indicate maximum inlet pressures allowed during system malfunction only.  Table 1 gives the maximum inlet pressure for normal regulator operation.
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Outlet pressure RANGE, 
spring PART NUMBER, 

AND COLOR CODE

OUTLET 
PRESSURE 
SETTING 

MAXIMUM ALLOWABLE 
DOWNSTREAM 

SYSTEM PRESSURE

Maximum Inlet Pressure To Keep Maximum Allowable  
Downstream System Pressure From Being Exceeded(2)

Orifice Size, Inches / mm
3/32  / 2.4 1/8  / 3.2 3/16  / 4.8 1/4  / 6.4

psig bar psig bar psig bar psig bar psig bar psig bar

15 to 40 psig /  
1.03 to 2.8 bar

10B3077X012
Green

30 2.1
55  3.8 500  34.5 270 18.6 110 7.6 80 5.5
60  4.1 850  58.6 480 33.1 200 13.8 120 8.3
66  4.5 1000  69.0 660 45.5 290 20.0 175 12.1

40 2.8
66  4.5 380 26.2 190 13.1 85 5.9 80 5.5
70  4.8 700 48.3 370 25.5 150 10.3 115 7.9
75  5.2 1000 69.0 560 38.6 240 16.5 160 11.0

1.  The internal relief performance values are obtained by removing the disk assembly.
2.  For inlet pressures in excess of 1000 psig / 69.0 bar, refer to the maximum body and disk pressure ratings in the Specifications section.

 

Table 3.  Type 627R Internal Relief Performance(1) (continued)

Table 4.  Type 627LR Internal Relief Performance(1)

Outlet pressure RANGE, 
spring PART NUMBER,  

AND COLOR CODE

OUTLET 
PRESSURE 

SETTING 

MAXIMUM 
ALLOWABLE 

DOWNSTREAM 
SYSTEM 

PRESSURE

Maximum Inlet Pressure To Keep Maximum Allowable Downstream 
System Pressure From Being Exceeded(2)(3)

Orifice Size, Inches / mm

3/32 / 2.4 1/8 / 3.2 3/16 / 4.8 1/4 / 6.4 3/8 / 9.5 1/2 / 13

psig bar psig bar psig bar psig bar psig bar psig bar psig bar psig bar

35 to 80 psig /  
2.4 to 5.5 bar

10B3078X012
Blue

40  2.8

125
150
175
200  
250  

8.6 
10.3 
12.1 
13.8 
17.2

2000  
2000  
2000  
2000  
2000  

138 
138 
138 
138 
138

 1100  
1600  
2000  
2000  
2000  

75.8 
110 
138 
138 
138

500 
750 
980  

1200  
1600  

34.5 
51.7 
67.6 
82.7 
110

300  
440  
580  
720  
940  

20.7 
30.3 
40.0 
49.6 
64.8

170  
230  
290  
340  
450  

11.7 
15.9 
20.0 
23.4 
31.0

  140  
180  
220  
250  
320  

9.7 
12.4 
15.2 
17.2 
22.1

50  3.4

125
150
175
200  
250  

8.6 
10.3 
12.1 
13.8 
17.2

1400  
2000  
2000  
2000  
2000  

96.5 
138 
138 
138 
138

820  
1400  
1900  
2000  
2000  

56.5 
96.5 
131 
138 
138

400 
650 
700  
1100  
1500  

27.6 
44.8 
48.3 
75.8 
103

230  
370  
530  
670  
920  

15.9 
25.5 
36.5 
46.2 
63.4

150  
210  
270  
330  
430  

10.3 
14.5 
18.6 
22.8 
29.6

  140  
170  
210  
240  
320  

9.7 
11.7 
14.5 
16.5 
22.1

60  4.1

125
150
175
200  
250  

8.6 
10.3 
12.1 
13.8 
17.2

900  
1700  
2000  
2000  
2000  

62.1 
117 
138 
138 
138

450 
1100  
1700  
2000  
2000  

31.0 
75.8 
117 
138 
138

270  
540  
780  

1000  
1400  

18.6 
37.2 
53.8 
69.0 
96.5

190  
300  
470  
610  
880  

13.1 
20.7 
32.4 
42.1 
60.7

  140  
190  
250  
310  
420  

9.7 
13.1 
17.2 
21.4 
29.0

  130  
160  
200  
230  
310  

9.0 
11.0 
13.8 
15.9 
21.4

70  4.8

150
175
200  
250  

10.3 
12.1 
13.8 
17.2

1200  
2000  
2000  
2000  

82.7 
138 
138 
138

850  
1400  
2000  
2000  

58.6 
96.5 
138 
138

430 
670 
920  

1300  

29.6 
46.2 
63.4 
89.6

250  
400  
550  
830  

17.2 
27.6 
37.9 
57.2

170  
230  
280  
400  

11.7 
15.9 
19.3 
27.6

160  
190  
230  
310  

11.0 
13.1
15.9
21.4

80  5.5

150
175
200  
250  

10.3 
12.1 
13.8 
17.2

800  
1500  
2000  
2000  

55.2 
103 
138 
138

500  
1200  
1700  
2000  

34.5 
82.7 
117 
138

300  
550 
800  

1200  

20.7 
37.9 
55.2 
82.7

200  
330  
480  
770  

13.8 
22.8 
33.1 
53.1

160  
210  
270  
390  

11.0 
14.5 
18.6 
26.9

150  
190  
220  
300  

10.3 
13.1 
15.2 
20.7

70 to 150 psig /  
4.8 to 10.3 bar

10B3079X012
Red

70  4.8
175
200  
250 

12.1 
13.8 
17.2

1900  
2000  
2000  

131 
138 
138

600  
1200  
2000  

41.4 
82.7 
138

400 
630  
1100  

27.6 
43.4 
75.8

260  
380  
680  

17.9 
26.2 
46.9

200  
250  
360  

13.8 
17.2 
24.8

175  
210  
290  

12.1 
14.5 
20.0

80  5.5
175
200  
250 

12.1 
13.8 
17.2

1400  
2000  
2000  

96.5 
138 
138

250  
960  

2000  

17.2 
66.2 
138

240 
520  

1000  

16.5 
35.9 
69.0

200  
330  
620  

13.8 
22.8 
42.7

190  
240  
350  

13.1 
16.5 
24.1

175  
210  
280  

12.1 
14.5 
19.3

100  6.9 200  
250

13.8 
17.2

1500  
2000  

103 
138

250  
1600  

17.2 
110

240 
770  

16.5 
53.1

230  
520  

15.9 
35.9

210  
320  

14.5 
22.1

210  
270  

14.5 
18.6

125  8.6 250  17.2 2000  138 1000  69.0 500  34.5 390  26.9 290  20.0 260  17.9
150  10.3 250  17.2  1200  82.7 260  17.9 260  17.9   260  17.9 260  17.9 260  17.9

1.  The internal relief performance values are obtained by removing the disk assembly.
2.  For inlet pressures in excess of 1000 psig / 69.0 bar, refer to the maximum body and disk pressure ratings in the Specifications section.
3.  For pressure settings under 10 psig / 0.69 bar, inlet pressure should be limited to approximately 100 psig / 6.9 bar so the setpoint adjustment can be obtained.

 - Shaded areas indicate maximum inlet pressures allowed during system malfunction only.  Table 1 gives the maximum inlet pressure for normal regulator operation.



627 Series

9

pressure to prevent an overpressure 
condition on the diaphragm of 
the regulator.
In order to avoid an overpressure 
condition and possible equipment 
damage, pressure gauges should 
always be used to monitor pressures 
during startup.

1.	 Slowly open the upstream shut-off valve.

2.	 Slowly open the downstream shut-off valve.

3.	 Check all connections for leaks.

4.	 Make final control spring adjustments 
according to the adjustment procedures.

Adjustment

The range of allowable pressure settings is marked on 
the nameplate.  If a pressure setting beyond this range 
is necessary, substitute the appropriate regulator 
control spring.  Change the nameplate to indicate the 
new pressure range.

Before increasing the setting, refer to Table 1, 2, 3, or 4.  
Review the pressure limits for the control spring range 
being used and be certain that the new pressure setting 
will not result in an overpressure condition.

Note

Always use a pressure gauge to monitor 
pressure when making adjustments.

key number(1) Description
Maximum torque

foot-pounds N•m
2 Orifice 25 34

3
Cap screw (with aluminum diaphragm casing) 16 22

Cap screw (with ductile iron or steel/stainless steel diaphragm casing) 25 34
18 Lever cap screw 7 9.5
22 Diaphragm connector nut 17 23
26 Guide retainer (for Types 627R, 627LR, and 627MR only) 3 4.1

37
Spring case cap screw (with aluminum or ductile iron diaphragm casing) 7 9.5
Spring case cap screw (with steel/stainless steel diaphragm casing) 35 47

46
Diaphragm cap screw (with Type 627 or 627M) 7 9.5

Diaphragm cap screw (with Type 627H or 627HM) 14 19
1.  Refer to Figures 7 through 13 for key number locations.

Table 7.  Maximum Torque Values

Table 5.  Flow Coefficients

orifice 3/4 NPT NPS 1 / DN 25 bODY NPS 2 / DN 50 BODY

Inch mm

Wide-Open 
Cg for 

External 
Relief Sizing

Wide-Open 
Cv for 

External 
Relief Sizing

C1

Wide-Open 
Cg for 

External 
Relief Sizing

Wide-Open 
Cv for 

External 
Relief Sizing

C1

Wide-Open 
Cg for 

External 
Relief Sizing

Wide-Open 
Cv for 

External 
Relief Sizing

C1

3/32 2.4 6.9 0.24 29.2 6.9 0.24 28.5 6.9 0.23 29.7
1/8 3.2 12.5 0.43 29.1 12.5 0.43 29.4 12.5 0.42 29.5

3/16 4.8 29 1.01 28.6 29 0.93 31.2 29 1.02 28.5
1/4 6.4 50 1.63 30.6 50 1.71 29.3 52 1.66 31.3
3/8 9.5 108 2.99 36.1 108 3.42 31.6 115 3.39 33.9
1/2 13 190 4.87 39.0 190 5.29 35.9 200 5.01 39.9

ORIFICE SIZE X t FD FLInch mm 3/4 NPT Body NPS 1 / DN 25 Body NPS 2 / DN 50 Body
3/32 2.4 0.539 0.514 0.558

0.50

0.85
1/8 3.2 0.536 0.547 0.539 0.79
3/16 4.8 0.517 0.616 0.514 0.85
1/4 6.4 0.592 0.543 0.620 0.87
3/8 9.5 0.824 0.632 0.727 0.89
1/2 13 0.962 0.815 1.01 0.86

Table 6.  IEC Sizing Coefficients
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Refer to Figures 7 through 13 for key number locations.

1.	 Remove the adjusting screw cap (key 36).

2.	 Loosen the locknut (key 34).

3.	 Increase the outlet pressure setting by turning the 
adjusting screw (key 35) clockwise.  Decrease the 
outlet pressure setting by turning the adjusting 
screw counterclockwise.

4.	 When the desired pressure is obtained, hold the 
adjusting screw (key 35) in place and tighten the 
locknut (key 34).

Shutdown

! WARNING

To avoid personal injury or property 
damage due to explosion or damage to 
regulator or downstream components 
during shutdown, release downstream 
pressure to prevent an overpressure 
condition on the diaphragm of 
the regulator.

1.	 Close the nearest upstream shut-off valve.

2.	 Close the nearest downstream shut-off valve.

3.	 Open the vent valve between the regulator and 
the downstream shut-off valve nearest to it.

4.	 For a Type 627, 627H, 627R, or 627LR regulator, 
the regulator will open to release pressure between 
the upstream shut-off valve and the regulator.

5.	 A Type 627M, 627HM, or 627MR regulator requires 
venting the control line and downstream pressure 
from the regulator before maintenance.  The 
pressure between these shut-off valves is released 
through the open regulator because the disk 
assembly remains open in response to the decrease 
in control line pressure.

Maintenance
Unless otherwise specified, the following maintenance 
procedures apply to all types of regulators.  For a 
summary of maximum torque values required for all 
types of regulators, refer to Table 7.

Due to normal wear, damage from external sources, 
or debris in the air or gas line, regulator parts such 
as the disk assembly, orifice, and diaphragm must 

Figure 4.  Relief Indicator

W4665

RELIEF
INDICATOR
CAP (KEY 49)

be inspected periodically and replaced as necessary 
to ensure correct performance.  The frequency of 
inspection and replacement depends upon the severity 
of conditions and the requirements of state and federal 
laws.  Normal wear of the orifice and disk assembly is 
accelerated with high pressure drops and with large 
amounts of impurities in the flowstream.  Instructions 
are given below for replacing the disk assembly, 
orifice, diaphragm, and O-rings.  These procedures 
may also be used for disassembly required for 
inspection and replacement of other parts.

Problem Indication for Types 627R, 
627LR, and 627MR Regulators

! WARNING

Isolate the regulator from all pressure 
to avoid personal injury and equipment 
damage due to explosion or sudden 
release of process pressure.  Cautiously 
release pressure from the regulator 
before attempting disassembly.

The vent assembly is equipped with a relief indicator 
(key 49, Figure 4).  The cap for the relief indicator 
snaps over the vent assembly opening.  If the 
relief valve opens wide, exhaust gas pops the cap 
off the screen vent assembly opening indicating a 
problem with the regulator.  If the cap pops off, refer 
to the shutdown and to the Body Area Maintenance 
Procedures to inspect the disk assembly and orifice.

If the disk assembly and orifice are not damaged, refer 
to the Diaphragm and Spring Case Area Maintenance 
Procedures in this section.
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Blocked Throat  
Back-up Rings (key 45)

Blocked Throat 
(key 43)

BloCked Throat 
O-Rings (key 44)W4791

Types 627M, 627HM, and 627MR

Figure 5.  Stem Assemblies

The disk assembly and orifice can be inspected, 
removed, and replaced without removing the regulator 
body from the line connections.  Refer to the Body 
Area Maintenance Procedures.

Body Area Maintenance Procedures

These procedures are for gaining access to the disk 
assembly, orifice, diaphragm casing O-ring, and stem 
assembly.  All pressure must be released from the 
diaphragm casing before performing these steps.

While using the following procedures, refer to  
Figures 7 through 13 for key number locations.

Replacing the Disk Assembly or Orifice
1.	 To inspect and replace the disk assembly (key 9) 

or orifice (key 2), remove the cap screws (key 3, 
Figure 5), and separate the diaphragm casing  
(key 5) from the body (key 1).

2.	 Inspect and, if necessary, remove the orifice 
(key 2).  If removed, coat the threads of the 
replacement orifice with lubricant and torque to 
25 foot-pounds / 34 N•m.

3.	 Inspect the disk assembly (key 9) and, if necessary, 
remove the hair pin clip (key 13) that holds the disk 
assembly (key 9) in place.  If replacing the disk 
assembly is the only maintenance required, skip to 
step 16.

Replacing the Stem Assembly

If it is necessary to perform maintenance on the stem 
assembly, continue with steps 4 through 8 and 15 
through 19 for Types 627, 627H, 627R, and 627LR 
regulators, or steps 9 through 19 for Types 627M, 
627HM, and 627MR regulators.

Perform steps 4 through 8 for Types 627, 627H, 
627R, and 627LR Regulators only:

4.	 Use steps 5 through 8 to remove and replace the 
stem assembly.

5.	 Remove the boost body (key 6), stabilizer (key 7), 
and stem guide (key 8) from the diaphragm casing 
(key 5).  Unhook and remove the stem (key 10) 
from the diaphragm casing (key 5).

6.	 Remove and inspect the diaphragm casing  
O-ring (key 4, Figure 7, 8, 9, or 12) and replace  
it if necessary.

W4792

Types 627, 627H, 627R, and 627LR

Pitot tube  
and Tab for 
Type 627 Only orifice

(Key 2)

Body 
(key 1)

Cap 
Screw 
(key 3)

Lever 
(key 15)

Diaphragm 
Casing (key 5)

Stem Back-up 
Rings 
(key 12)

Stem O-Ring 
(key 11)

Stem (key 10)

Stem Guide 
(key 8)

Stabilizer 
(key 7)

Diaphragm Casing 
O-Ring (key 4)

Boost Body 
(key 6)

Disk 
Assembly 
(key 9)

Hair Pin Clip 
(key 13)
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7. Apply lubricant to a replacement diaphragm casing 
O-ring (key 4, Figure 7, 8, 9, or 12) and install it onto 
the boost body (key 6).  Skip to step 14.

8. For the Type 627 or 627H regulators, be sure to 
insert the pitot tube (tab) into the outlet side of the 
body (see Figure 7 or 12).  Skip to step 14.

Perform steps 9 through 19 for Types 627M, 
627HM, and 627MR Regulators only:

9. Use steps 10 through 14 to remove and replace  
the stem assembly.

10. To remove the blocked throat (key 43), insert a 
screw driver blade into the groove provided in the 
throat and pry it out of the diaphragm casing 
(key 5).  Inspect and replace parts as necessary.

11. Inspect and, if necessary, replace the blocked 
throat O-rings (key 44, Figure 5) and back-up rings 
(key 45, Figure 5).

12. Apply lubricant to replacement blocked throat 
O-rings (key 44) and back-up rings (key 45).

13. Apply lubricant to the replacement stem O-ring 
(key 11) and stem back-up rings (key 12) and 
install them on the stem (key 10).

14. For assembly, lubricate the stem (key 10) and 
insert the diaphragm casing (key 5) and hook it 
on the lever (key 15).

15. Lubricate the contact points of the lever (key 15).

16. Insert parts into the diaphragm casing (key 5) 
that were removed in steps 5 and 6 or step 10 
(see Figure 5).

17. Install the disk assembly (key 9), line up the hole 
in the disk assembly and stem (key 10) and insert 
the hair pin clip (key 13).

18. Position the diaphragm casing (key 5) plus 
attached parts in relation to the body (key 1) so 
that they are correct for the application.

W5433-1

Figure 6.  Diaphragm Assemblies

RELIEF vALvE o-RING 
(KEy 28)

PuSHER PoST 
(KEy 19)

DIAPHRAGM 
HEAD (KEy 24)

DIAPHRAGM 
(KEy 23)

DIAPHRAGM CoNNECToR 
NuT (KEy 22)

RELIEF vALvE 
SPRING (KEy 27)

RELIEF SEAL 
RETAINER (KEy 47) DIAPHRAGM CoNNECToR 

ASSEMBLy (KEy 21)
LoWER SPRING 
SEAT (KEy 31)

RELIEF SPRING 
SEAT (KEy 25)

W4668

TyPE 627, 627R, 627LR, 627M, oR 627MR

PuSHER PoST 
(KEy 19)

DIAPHRAGM 
(KEy 23)

PuSHER PoST 
o-RING (KEy 52)

DIAPHRAGM 
HEAD (KEy 24)

DIAPHRAGM LIMITER 
o-RING (KEy 51)

DIAPHRAGM 
LIMITER (KEy 50)

DIAPHRAGM 
HEAD CAP 
SCREW (KEy 46)

TyPES 627H AND 627HM

GuIDE RETAINER 
o-RING (KEy 48)

GuIDE RETAINER 
(KEy 26)
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19.	 Secure the diaphragm casing (key 5) to the body 
with the cap screws (key 3, Figure 5).  For an 
aluminum diaphragm casing, torque the cap screws 
(key 3) to 16 foot-pounds / 22 N•m.  For ductile iron 
or steel diaphragm casings, torque the cap screws 
(key 3) to 25 foot-pounds / 34 N•m.

20.	 It may be necessary to reposition the diaphragm 
spring case to prevent rain, ice, and foreign 
debris from entering the spring case.  Refer to the 
Diaphragm and Spring Case Area Maintenance 
Procedures, steps 1, 2, and 21 through 25.

Diaphragm and Spring Case Area 
Maintenance Procedures

These procedures are for gaining access to the control 
spring, diaphragm assembly, and lever assembly.  All 
spring pressure must be released from the diaphragm 
casing before these steps can be performed.

While using the following procedures, refer to  
Figures 7 through 13 for key number locations.

1.	 Remove the adjusting screw cap (key 36), loosen 
the lock nut (key 34), and turn the adjusting screw 
(key 35) counterclockwise until all compression is 
removed from the control spring (key 32).

2.	 Remove the spring case cap screws (key 37), the 
nameplates, and lift off the spring case (key 29).  If 
changing the control spring (key 32) or repositioning 
the spring case (key 29) is the only maintenance 
required, install the replacement control spring 
or rotate the spring case so it is correct for the 
application.  Skip to step 21.  For diaphragm area 
maintenance, continue with step 3.  

3.	 Remove the diaphragm limiter O-ring and 
diaphragm limiter (keys 51 and 50, on the  
Type 627H or 627HM only).  Remove the 
diaphragm assembly by tilting it so that the pusher 
post (key 19) slips off the lever (key 15).

4.	 If it is necessary to replace the lever assembly, 
remove the lever cap screws (key 18).

5.	 Install the replacement lever (key 15) into the lever 
retainer (key 16) by inserting the lever pin (key 17).  
Secure the lever assembly into the diaphragm casing 
with the cap screws (key 18) and torque the cap 
screws to 7 foot-pounds / 9.5 N•m.

If it is necessary to perform maintenance on 
the diaphragm assembly, continue with steps 6 
through 11 and step 20 for Types 627, 627H, 
627M, and 627HM regulators, or steps 12 through 
19 for Types 627R, 627LR, and 627MR regulators.

Perform steps 6 through 11 for Types 627, 627H, 
627M, and 627HM Regulators only:

6.	 For Types 627, 627H, 627M, and 627HM 
regulators (Figures 5 and 6), use steps 7  
through 11 to disassemble and reassemble the 
diaphragm assembly.

7.	 Remove the diaphragm head cap screw (key 46), 
lower spring seat (key 31, Type 627 or 627M only), 
and diaphragm head (key 24).  On the Type 627H 
or 627HM, remove the pusher post O-rings  
(key 52).  Separate the diaphragm (key 23) from 
the pusher post (key 19).

8.	 Install the diaphragm (key 23), in reverse order 
in step 7, on the pusher post (key 19), insert and 
finger tighten the diaphragm head cap screw  
(key 46).

9.	 Hook the pusher post on the lever (key 15), then 
turn the diaphragm (key 23) to match the holes in 
the diaphragm with the holes in the spring casing.

10.	Unhook the pusher post from the lever (key 15) 
and torque the diaphragm head cap screw  
(key 46) to 7 foot-pounds / 9.5 N•m for the  
Type 627 or  627M.  On the Type 627H or 627HM, 
torque the diaphragm head cap screw to  
14 foot-pounds / 19 N•m.

11.	 Hook the pusher post on the lever (key 15) and 
check the hole alignment.  If necessary, loosen the 
cap screw (key 46) and reposition the diaphragm 
(key 23) on the pusher post (key 19).  Retorque 
the screw (see step 10).  Skip to step 20.

Perform steps 12 through 19 for Types 627R, 
627LR, and 627MR Regulators only:

12.	For Types 627R, 627LR, and 627MR  
regulators (Figure 6), use steps 13 through  
19 to disassemble and reassemble the  
diaphragm assembly.

13.	Remove the guide retainer (key 26) and separate 
the diaphragm parts.  Refer to Figure 6 for the 
sequence of parts.

14.	To remove the diaphragm (key 23), remove the 
diaphragm connector nut (key 22) and lift off the 
diaphragm head (key 24) and diaphragm (key 23) 
from the connector assembly (key  21).  Do not 
attempt to disassemble the connector assembly 
(key 21).
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15.	Position the replacement diaphragm (key 23)
on the connector assembly (key 21), install the 
diaphragm head (key 24) and connector nut  
(key 22), then torque to 17 foot-pounds / 23 N•m.

16.	 If necessary, replace the guide retainer O-ring 
(key 48) and, set the guide retainer (key 26) aside, 
ready for assembly.

17.	On the pusher post (key 19) install the relief 
seal O-ring (key 28) and apply lubricant.  Also, 
install the relief seal retainer (key 47), diaphragm 
connector assembly (key 21, with attached parts) 
relief spring (key 27), upper relief spring seat  
(key 33), and guide retainer (key 26).  Torque the 
guide retainer (key 26) to 3 foot-pounds / 4.1 N•m.

18.	Hook the pusher post (key 19) (with attached 
parts) on the lever (key 15) to check the  
alignment of the holes in the diaphragm with the 
holes in the spring casing.  If the holes do not  
line up, unhook the pusher post from the lever, 
hold the pusher post, and rotate the diaphragm  
to the correct position.

19.	 Install the lower spring seat (key 31) over the relief 
spring so it rests flat on the connector nut (key 22).

20.	 Insert the diaphragm assembly into the diaphragm 
casing (key 5) and hook the pusher post on the 
lever (key 15).

21.	 Install the control spring (key 32) and upper spring 
seat (key 33), and apply lubricant to the upper 
spring seat (key 33).

22.	 Install the spring case (key 29) so that the 
screened vent assembly (key 30) is in the correct 
position for the application.  Place the nameplates 
over the screw holes, insert the spring case cap 
screws (key 37), and finger tighten.

23.	Screw in the adjusting screw (key 35) to put slack 
into the diaphragm (key 23).

24.	Using a crisscross pattern, finish tightening the 
spring case cap screws (key 37) to 7 foot-pounds / 
9.5 N•m of torque.

25.	 If necessary, refer to the installation and/or the 
Startup and Adjustment procedures.

26.	 Install the adjusting locknut (key 34) after  
regulator adjustment.

Parts List
Note

In this parts list, parts marked NACE are 
intended for corrosion-resistant service 
as detailed in the NACE International 
Standard MR0175.

Key	 Description	 Part Number

	 Type 627 Parts Kit with Aluminum/Nitrile (NBR) trim
	   (include keys 4, 9, 11, 12, and 23) 	 R627X000A12
	 Type 627 Parts Kit with Stainless steel/ 
	   Nitrile (NBR) trim 
	     (include keys 4, 9, 11, 12, and 23) 	 R627X000S12
	 Type 627H Parts Kit with SST/Nylon (PA) trim	 R627HX00S12
	 Type 627R Parts Kit with Aluminum/ 
	   Nitrile (NBR) trim  
	     (include keys 4, 9, 11, 12, 23, 28, and 48) 	 R627RX00A12
	 Type 627R Parts Kit with Stainless steel/ 
	   Nitrile (NBR) trim  
	     (include keys 4, 9, 11, 12, 23, 28, and 48) 	 R627RX00S12
  1 	 Body(1) 
  	   Ductile iron 
	     1000 psig / 69.0 bar maximum inlet pressure 
	       3/4 NPT 	 30B3046X012 
	       1 NPT  	 30B3048X012 
	     2 NPT  	 30B3096X012 
	   Ductile iron (Long Body) 
	   1000 psig / 69.0 bar maximum inlet pressure 
	     1 NPT  	 39B2451X012 
	     2 NPT  	 39B0414X012 
	   Steel 
	     2000 psig / 138 bar maximum inlet pressure 
	     3/4 NPT  	 30B3050X012 
	     1 NPT  	 30B3051X012 
	     2 NPT  	 30B7452X012
	   Steel (Long Body)
	     2000 psig / 138 bar maximum inlet pressure 
	     1 NPT  	 39B0412X012 
	     2 NPT  	 39B0415X012 	
	   Steel, CL600 RF flanged 
	     1500 psig / 103 bar maximum inlet pressure 
	     NPS 1 / DN 25  	 40B6754X012 
	     NPS 2 / DN 50	 40B6756X012	
	   Steel, CL300 RF flanged
	     750 psig / 51.7 bar maximum inlet pressure
	     NPS 1 / DN 25	 41B8978X012
	     NPS 2 / DN 50	 41B8080X012

1.  Bodies can be used for both standard and NACE constructions. 

Parts Ordering
When corresponding with your local Sales Office about 
this equipment, always reference the equipment serial 
number or FS number that can be found on 
the nameplate.

When ordering replacement parts, reference the key 
number of each needed part as found in the following 
parts list.  Separate kits containing all recommended 
spare parts are available.
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Key	 Description	 Part Number

  4*	 Diaphragm Case O-ring
	   Nitrile (NBR)  
	     For Type 627, 627H, or 627R only 	 17A2325X022
	   Fluorocarbon (FKM)	
	     For Types 627, 627R, and 627LR only 	 10A0037X012
  5	 Diaphragm Case
	   For Type 627, 627R, or 627LR
	     Aluminum without 1/8-inch / 3.2 mm gauge tap	 40B3084X012
	     Aluminum with 1/8-inch / 3.2 mm gauge tap 
	       for 627 Series (except Types 627H and 627HM)	 11B5380X012
	     Ductile iron without 1/8-inch / 3.2 mm gauge tap	 30B3053X012
	     Ductile iron with 1/8-inch / 3.2 mm gauge tap
	       for 627 Series (except Types 627H and 627HM)	 31B0641X012
	   For Type 627, 627R, or 627LR
	     Steel	 30B3104X012
	       Ductile iron with 1/4 NPT gauge tap for 
	         627 Series (except Types 627H and 627HM)	 39A5987X012
	       Steel with 1/4 NPT gauge tap for 627 Series 
	         (except Type 627H)	 30B8734X012
	   For Type 627M or 627MR
	     Ductile iron 	 39A5987X012
	     Steel 	 30B8734X012
	   For Type 627H, Steel 	 30B3104X012
	   For Type 627, Stainless steel 	 30B3104X082
	   For Type 627HM, Steel	 30B8734X012
  6	 Boost Body (not for Type 627M, 627HM,  
	   or 627MR), Delrin®

	     For Type 627 or 627H 	 30B3056X012
	     For Type 627R or 627LR	 30B3057X012
  7	 Stabilizer 
	   Nitrile (NBR) 
	     For Types 627, 627H, 627R, and 627LR only	 10B3060X012
	   Fluorocarbon (FKM) 
	     For Types 627, 627R, and 627LR only	 10B3060X022  
  8	 Stem Guide (for Types 627, 627H, 627R, and 
	   627LR only), Powdered metal 	 20B3061X012
  9*	 Disk Assembly (for all Orifice Size)
	   Aluminum holder and Nitrile (NBR) disk	 1C4248X0212
	   303 Stainless steel holder and Nitrile (NBR) disk 	 1C4248X0202
	   Aluminum holder and Nylon (PA) disk 	 1C4248X00A2
	   303 Stainless steel holder and Nylon (PA) disk 	 1C4248X0062
	   316 Stainless steel holder and Nylon (PA) disk 	 1C4248X0262
	   316 Stainless steel holder and Nitrile (NBR) disk	 1C4248X0252
	   303 Stainless steel holder and 
	     Fluorocarbon (FKM) disk 	 1C4248X0052
	   Aluminum holder and Fluorocarbon (FKM) disk	 1C4248X0182
	   316 Stainless steel holder and 
	     Fluorocarbon (FKM) disk 	 1C4248X0192
  10	 Stem
	   303 Stainless steel 	 10B3059X012
	   316 Stainless steel (NACE) 	 10B3059X022
  11*	 Stem O-ring
	   Nitrile (NBR) 	 1D687506992
	   Fluorocarbon (FKM) For Types 627, 627R, 
	     627LR, 627M, and 627MR only	  1N430406382
  12*	 Stem Back-up Ring,  
	   Polytetrafluoroethylene (PTFE) (2 required) 	 1K786806992
  13	 Hair Pin Clip, Stainless steel 	 10B3058X012
  14	 Drive Pin, Plated steel 	 1H3671X0012
  15	 Lever, Plated steel 	 20B3063X012
  16	 Lever Retainer, Plated steel 	 30B3097X012
  17	 Lever Pin
	   Stainless steel 	 10B3083X012
	   316 Stainless steel (NACE) 	 10B3083X022

Key	 Description	 Part Number

  1 	 Body(1) (continued)
	   Steel, CL150 RF flanged
	     290 psig / 20.0 bar maximum inlet pressure
	     NPS 1 / DN 25	 43B8656X022
	     NPS 2 / DN 50	 44B0666X012
	   Steel, BWE
	     1000 psig / 69.0 bar maximum inlet pressure
	       NPS 1 / DN 25	 33B6723X012
	       NPS 2 / DN 50	 38B1688X012	
	   Steel, PN 16/25/40 RF
	     580 psig / 40.0 bar maximum inlet pressure
	       NPS 1 / DN 25 	 44B0386X012
	     NPS 2 / DN 50 	 44B3342X012
	   Stainless Steel(2), NPT
	     2000 psig / 138 bar maximum inlet pressure 
	       3/4 NPT	 30B3050X062
	       1 NPT 	 30B3051X092
	       2 NPT 	  30B7452X052
	   Stainless Steel(2), CL150 RF flanged
	     275 psig / 18.9 bar maximum inlet pressure 
	       NPS 1 / DN 25	 43B8656X052
	       NPS 2 / DN 50 	 44B0666X022
	   Stainless Steel(2), CL300 RF flanged
	     720 psig / 49.6 bar maximum inlet pressure 
	       NPS 1 / DN 25	 41B8978X072
	       NPS 2 / DN 50 	 41B8080X072
	   Stainless Steel(2), CL600 RF flanged
	     1440 psig / 99.2 bar maximum inlet pressure 
	       NPS 1 / DN 25	 40B6754X102
	       NPS 2 / DN 50 	 40B6756X062
	   Stainless Steel(2), PN 16/25/40 RF 
	     580 psig / 40.0 bar maximum inlet pressure 
	       NPS 1 / DN 25 	 44B0386X032
	       NPS 2 / DN 50	 44B3342X032
  2*	 Orifice
	     Aluminum
	     3/32 inch / 2.4 mm 	 0R044109022
	     1/8 inch / 3.2 mm 	 1A936709012
	     3/16 inch / 4.8 mm 	 00991209012
	     1/4 inch / 6.4 mm 	 0B042009012
	     3/8 inch / 9.5 mm 	 0B042209012
	     1/2 inch / 13 mm 	 1A928809012
	   303 Stainless steel
	     3/32 inch / 2.4 mm 	 0R044135032
	     1/8 inch / 3.2 mm 	 1A936735032
	     3/16 inch / 4.8 mm 	 00991235032
	     1/4 inch / 6.4 mm 	 0B042035032
	     3/8 inch / 9.5 mm 	 0B042235032
	     1/2 inch / 13 mm	 1A928835032
	   316 Stainless steel, NACE construction only
	     3/32 inch / 2.4 mm  	 0R0441X0012
	     1/8 inch / 3.2 mm  	 1A9367X0022
	     3/16 inch / 4.8 mm  	 009912X0012
	     1/4 inch / 6.4 mm 	 0B0420X0012
	     3/8 inch / 9.5 mm 	 0B0422X0012
	     1/2 inch / 13 mm 	 1A9288X0012
  3	 Cap Screw (not shown), (2 required)
	   627 Series
	     For Ductile iron/Steel diaphragm case	 1A560724052
	     For Aluminum diaphragm case 
	       (not applicable for Types 627H and 627HM)	 1A352524052
	   Type 627 Only
	     For Ductile iron/Steel diaphragm case 	 1A5607X0052
 	     For Aluminum case with Steel diaphragm case 	 10A3869X012
	     For SST Case and body	 1A5607X0052
	     For Aluminum Case and SST body 	 10A3869X022

*Recommended spare part.
1.  Bodies can be used for both standard and NACE constructions.
2.  Stainless steel body material can be used for applications in temperature ranges down to -40°F / -40°C and are only available for Types 627, 627R, and 627H.
Delrin® is a mark owned by E.I. du Pont de Nemours and Co.
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*Recommended spare part.

Key	 Description	 Part Number

  30	 Screened Vent Assembly, Plastic 	 10B3093X012
  31	 Lower Spring Seat, Plated steel
	   For Type 627 or 627M 	 1D666625072
	   For Type 627R, 627LR, or 627MR 	 20B3073X012
  32	 Control Spring, Plated steel
	   5 to 20 psig / 0.34 to 1.4 bar, Yellow 	 10B3076X012
	   15 to 40 psig / 1.0 to 2.8 bar, Green 	 10B3077X012
	   35 to 80 psig / 2.4 to 5.5 bar, Blue 	 10B3078X012
	   70 to 150 psig / 4.8 to 10.3 bar, Red 	 10B3079X012
	   140 to 250 psig range / 9.7 to 17.2 bar, Blue,  
	     used for Type 627H or 627HM 	 10B3078X012
	   240 to 500 psig range / 16.5 to 34.5 bar, Red,  
	     used for Type 627H or 627HM 	 10B3079X012
  33	 Upper Spring Seat, Plated steel 	 1D667125072
  34	 Locknut, Plated steel 	 1D667728982
  35	 Adjusting Screw, Plated steel
	   For Type 627, 627M, 627H, or 627HM 	 10B3081X012
	   For Type 627R, 627LR, or 627MR 	 10B3080X012
  36	 Adjusting Screw Cap, Plastic	  20B3082X012
  37	 Spring Case Cap Screw, Plated steel 
	   (8 required) 
	     For Aluminum or ductile iron diaphragm case 	 1A391724052
	     For Steel diaphragm case 	 1A368324052
	     For Stainless steel case and body 	 1A3683X0062
	     For Aluminum case and SST body 	 1A3917X0062
	     For Type 627H/HM, steel diaphragm case 	 1A346424052
	     For Type 627H, Stainless steel case and body 	 1A3464X0022
  43	 Blocked Throat (For Type 627M, 627HM, or
	   627MR only), Stainless steel 	 10B3085X012
  44*	 Blocked Throat O-ring 
	   Nitrile (NBR) For Type 627M, 627HM, or 
	     627MR only (2 required) 	 1E264306992
	   Fluorocarbon (FKM) 
	     For Types 627M and 627MR only	 1E2643X0022 
  45*	 Blocked Throat Back-up Ring (For Type 627M,
	   627HM, or 627MR only), PTFE (2 required) 	 10B3106X012
  46	 Diaphragm Head Cap Screw, Steel
	   For Type 627 or 627M 	 1B290524052
	   For Type 627H or 627HM 	 1C379124052
  47	 Relief Seal Retainer (For Type 627R, 627LR, or
	   627MR only), Stainless steel 	 10B7445X012
  48*	 Guide Retainer O-ring 
	   Nitrile (NBR) 
	     For Type 627R, 627LR, or 627MR only	  1D682506992
	   Fluorocarbon (FKM) 
	     For Types 627R, 627LR, and 627MR only 	  1N423906382 
  49	 Relief Indicator (For Type 627R, 627LR, or
	   627MR only), Rubber (not shown) 	 30B3100X012
  50	 Diaphragm Limiter  
	   (For Types 627H and 627HM only)	 22B0176X012
  51*	 Diaphragm Limiter O-ring 
	   For Types 627H and 627HM only	 1K877606992
  52*	 Pusher Post O-ring (2 required) 
	   For Types 627H and 627HM only	 1C853806992
  58	 Pipe Plug, Zinc	 1D8293T0022
  67	 Drive Screw, 18-8 Stainless steel	 1A368228982
  72	 Pipe Plug, Zinc-plated steel	 1A767524662

Key	 Description	 Part Number

  18	 Lever Cap Screw (2 required)
	   Plated steel 	 10B7454X012
	   316 Stainless steel (NACE) 	 1B2905X0012
  19	 Pusher Post, Aluminum
	   For Type 627 or 627M 	 10B3098X012
	   For Type 627R, 627LR, or 627MR 	 10B3098X022
	   For Type 627H or 627HM,
	     416 Stainless steel	 10B3098X032
	     Stainless steel (NACE) 	 10B3098X102
  21	 Diaphragm Connector (for Type 627R, 627LR,
	   or 627MR only), Stainless steel 	 28B8832X012
  22	 Diaphragm Connector Nut (for Type 627R, 627LR,  
	   or 627MR only), Stainless steel 	 10B7449X012
  23*	 Diaphragm 
	   Nitrile (NBR)
	     For Type 627 or 627M with Aluminum or
	       Ductile iron diaphragm case 	 10B3069X012
	     For Type 627 or 627M with  
	       Steel diaphragm case 	 10B8735X012
	     For Type 627R, 627LR, or 627MR with  
	       Aluminum or Ductile iron diaphragm case	 10B3068X012
	     For Type 627R, 627LR, or 627MR with  
	       Steel diaphragm case 	 10B8736X012
	     For Type 627H or 627HM with Steel
	       diaphragm case (diaphragm is Neoprene (CR)
	         with Nylon (PA) fabric) 	 12B0178X012
	   Fluorocarbon (FKM) 
	     For Types 627R, 627LR, and 627MR 
	       with Steel case 	 10B8736X022
	     For Types 627 and 627M with Steel case	 10B8735X042
	     For Types 627R, 627LR, and 627MR 
	       with Ductile Iron and Aluminum Casing	 10B3068X022
	     For Types 627 and 627M 
	       with Ductile Iron and Aluminum Casing	 10B3069X032
  24	 Diaphragm Head, Plated steel
	   For Type 627 or 627M, Plated steel	 1D666428982
	   For Type 627R, 627LR, or 627MR, Plated steel	 10B3071X012
	   For Type 627H or 627HM, 416 Stainless steel 	 12B0175X012
  25	 Relief Spring Seat (For Type 627R or	
	   627MR only), Steel 	 10B7446X012
  26	 Guide Retainer (For Type 627R, 627LR, or 
	   627MR only), Stainless steel 	 10B7450X012
  27	 Relief Spring (For Type 627R or 627MR only),  
	   Plated steel 	 10B6757X012
	   For Type 627LR	 1B541327022
  28*	 Relief Seal O-ring 
	   Nitrile (NBR) 
	     For Type 627R, 627LR, or 627MR only	 1J108506992
	   Fluorocarbon (FKM) 
	     For Types 627R, 627LR, and 627MR only	 1J1085X0042
  29	 Spring Case
	   For Type 627, 627R, or 627LR
	     Aluminum 	 40B3086X012
	     Ductile iron 	 30B3055X012
	     Steel 	 30B3102X012
	     Stainless steel (Types 627 and 627R only) 	 30B3102X092
  29	 Spring Case (continued)
	   For Type 627M or 627MR
	     Ductile iron 	 30B3055X012
	     Steel 	 30B3102X012
	   For Type 627H or 627HM
	     Steel 	 30B3102X012
	     Stainless steel (Type 627H only) 	 30B3102X092
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Figure 7.  Type 627 Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.
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Figure 8.  Type 627R Regulator Assembly
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1.  Lubricants must be selected such that they meet the temperature requirements.
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Figure 9.  Type 627LR Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.



627 Series

20

Figure 10.  Type 627M Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.
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Figure 11.  Type 627MR Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.
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Figure 12.  Type 627H Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.
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Figure 13.  Type 627HM Regulator Assembly
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apply lubricant(1)

L1 = multi-purpose lithium polymer type grease
l2 = extreme low-temperature bearing grease
parts not shown: 3

1.  Lubricants must be selected such that they meet the temperature requirements.
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• Visual indication from 100 ft.

• No process liquid in contact with glass

• Metallic flags or shuttle indicator

(hermetically sealed)

• Welding specifications to boiler/
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• Non–invasive alarms and transmitters
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FLIPPER/ROLLER INDICATION (OPTIONAL) (Cont.)

The LG Series Level Gage consists of a glass (or polycarbonate)

indicator or Flipper/Roller and float chamber, which is mounted directly

to the process vessel. Standard gages are normally flanged or coupled

to the process vessel, but a variety of mounting styles are available to

suit most any vessel or piping requirements. (See Table 1 of the

brochure for more details.)

Gages are manufactured to meet the exact specifications of the

process such as operating pressure, temperature, specific gravity,

etc. Standard materials are stainless steel, however most any non-

magnetic material may be used including PVC, Kynar, Hastelloy,

Monel, Alloy 20, and many others.  A magnetized float is contained

inside the chamber, which is designed to meet the requirements of

the process conditions. (For this reason, floats are not interchangeable

unless process conditions are similar.) The float moves freely inside

the gage chamber as level rises and falls. Under normal conditions,

the float should be about 70% submerged in the process fluid, but it is

important to note that the position of the float in the fluid will vary with

different process conditions.

STANDARD INDICATION

The scale assembly used for indicating level consists of the clear

indicator tube with the red magnetic follower or “bird” and a graduated

scale marked with feet and inches (special scales are available, i.e.:

metric, gallons, 0-100%, etc.). The scale is mounted parallel and

immediately next to the indicator tube. The tube is hermetically sealed

to prevent moisture and dirt accumulation. A rubber “bumper” is sealed

inside the bottom of the tube to cushion the impact of the “bird” against

the glass.  The bright red bird provides maximum visibility (even at

night), however light kits for illuminating gages are available. A black

reference line around the bird allows the operator to match the

graduated scale with the actual level of the process fluid. Positive

zero indication is provided by a nameplate at the lower end of the

scale. If the bird is de-coupled from the float, the bird will fall down

behind this nameplate and will not be visible. Thus, when the vessel

is empty, the level gage will read zero and the bird is still visible. To

prevent the float from losing magnetic coupling with the bird, a spring

or stop plate is mounted into the top and bottom of the gage chamber.

This cushions the impact of the float against the chamber when the

process vessel is completely full or empty.

FLIPPER/ROLLER INDICATION (OPTIONAL)

Flipper assemblies are offered as an option to the standard MagTech

indicator where surging or turbulent levels may cause “de-coupling”

problems. They have higher visibility than the standard indicator. They

come with or without the scale in feet and inches.

INSTALLATION

LG Series gages are securely packed in specially designed crates to

provide maximum protection of the glass tube and float chamber during

shipment. It is important to unpack and inspect each gage upon receipt

to insure the glass tube and chamber are free from damage. If you

should find bent or broken parts, contact MagTech immediately. All

MagTech gages are fully insured against damage or loss (unless

otherwise specified by customer), however claims must be filed within

15 days from date of receipt of shipment.

The float chamber should always be leveled vertically. If it is not leveled

vertically, the float may become magnetically uncoupled from the bird.

Should this happen during installation, simply use a permanent magnet

or magnet tool (available from MagTech) to pull the bird back up to

the float’s magnetic field. See the TROUBLESHOOTING section of

this manual for more details on re-coupling float and birds.

Valves should be installed between the process vessel and level gage

to allow draining, cleaning, etc. Standard block valves may be used

and can be ordered with the gage from MagTech or supplied by the

customer. All gages are shipped complete with 0.125 inch composition

gaskets. NOTE: IF COMPOSITION GASKETS ARE NOT

COMPATIBLE WITH YOUR PROCESS CONDITIONS,

APPROPRIATE GASKETS SHOULD BE USED IN PLACE OF

THOSE SHIPPED WITH THE GAGE.

PRESSURE TESTING

All MagTech gages are hydrostatically tested to 1.5 times the specified

flange/pressure rating prior to shipment to insure pressure tolerance.

However, the gage should be blocked in or the float removed if the

process vessel is to be pressure tested in the field by the customer as

most vessels are tested at much higher pressures than the maximum

operating process pressure. While the float chamber is capable of

withstanding these higher pressures, the float is not and may collapse

under vessel tests. Should floats be damaged during testing,

replacements are supplied at the customer’s expense.

MagTech offers a flipper/roller style indicator as an option to the

standard tube/follower indicator. “Flippers” are industrial grade

indicators, which consist of a series of metal flags, silver on one side

and red on the other. As the magnetic float moves up and down with

the level, each flag will rotate 180° to show the other color. MagTech

flippers are housed in a rugged, hermetically sealed aluminum housing

with a recessed glass window.  Each flag rotates on a ceramic and

stainless steel bearing surface, which eliminates “sticking” or hanging

up. Flipper assemblies are built to the length of the level gage in one

continuous piece up to 20 feet with no joints or blind spots.

FLANGES & CONNECTIONS

Process connections and vent/drain flanges are designed to meet

each customer’s specifications. The graduated scale assembly is

based on the length of the float chamber from center to center of the

process connections. All flange bolt holes straddle the center lines

unless otherwise specified. On STYLE A Level Gages “stop plates”

are supplied to insure the float is contained inside the chamber. For

more information on dimensions, flanges, etc., see Table 1-3 in the

brochure.
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IMPORTANT!!!
IF YOU DON’T READ ANY OTHER
PART OF THIS MANUAL, PLEASE

REMOVING THE GAGE FROM SERVICE

To remove the gage from service, the following steps should be

READ THIS PAGE. ITWILL SAVE YOU followed carefully:

TIME, MONEY AND MUCH
FRUSTRATION.

PLACING THE GAGE IN SERVICE

To insure proper operation of the level gage, the following steps should

be taken:

1. Make sure that operating conditions (temperature, pressure,

specific gravity, etc.) are within maximum rating of the gage.

Each gage has a permanent nameplate at the bottom of the

scale indicating process specifications, serial number, tag

number, etc.

2. Install float. The float is marked “TOP” to insure proper

orientation.

2a. On STYLE E Level Gages (Top Mount) remove float stop.

2b. STYLE A Level Gages are supplied with float stops which

should be installed between top and bottom process

connections.

3. The float chamber should be closed with no openings to the

atmosphere. Check to see that all drain and vent plugs are

securely in place and any vent and drain valves are closed.

IMPORTANT NOTE: THIS STEP IS VERY IMPORTANT IN HIGH

PRESSURE APPLICATIONS. IF THE BOTTOM VALVE IS OPENED

FIRST AND THE VESSEL IS UNDER PRESSURE, THE FLOAT

INSIDETHE CHAMBERWILL SHOOT UP LIKE A“CANNONBALL”

AND COULD LODGE IN THE TOP OF THE CHAMBER CAUSING

SEVERE DAMAGE TO THE FLOAT AND CHAMBER.

4. When the gage is mounted and ready to be put into service,

the TOP process connection valve should be opened first

and should be opened slowly to allow any pressure to

equalize. This allows process fluid or vapor to enter the

gage slowly and reach operating pressure and temperature

at a reasonable rate.

5. When the gage has reached process pressure, then open

the bottom process connection and installation should be

complete.

CAUTION: NEVER USE THE VENT OR DRAIN ON THE GAGE AS

A PRESSURE RELIEF FOR THE PROCESS. DOING SO MAY

PERMANENTLY DAMAGE GAGE AS WELL AS CAUSING

HAZARD TO PERSONNEL.

1. Close the BOTTOM process connection valve to prevent

further filling of the gage. Then close the TOP process

connection valve to completely isolate the gage from the

process pressure.

2. Attach proper vapor collection equipment to the gage vent

connection if required. Open the top vent to relieve pressure

in the gage and allow air to flow when the bottom drain is

opened.

3. Attach the proper liquid collection equipment to the bottom

drain and remove liquid. After all process fluid is out of the

gage, the gage is then ready to be removed from service.

ROUTINE MAINTENANCE

Standard MagTech gages have a ½ inch vent and drain plug in the

top and bottom of the float chamber to allow cleaning and removal of

the process fluid as required. Some gages are connected by the

customer to a solvent or steam line, which allows them to be

decontaminated or “blown down” periodically without taking the gage

out of service or removing the drain flange and float. MagTech gages

should be cleaned and inspected at least on an annual basis, or more

frequently depending on the severity of the process. To perform

maintenance and clean gage, follow these procedures:

1. Block in the float and chamber with the process connection

valves or wait until the vessel is empty or out of service.

Follow the steps on previous page for “Removing the Gage

from Service”.

2. When all the fluid has been drained from the gage chamber,

remove the drain flange and let the float slide out of the

chamber.  Be sure to examine the float for excessive wear

and clean as required.

3. Clean the inside wall of the chamber with a “bottle brush” or

similar scrubbing tool. Some processes may dictate the use

of suitable solvent for cleaning.

4. If the gage is located where the bottom drain is near the

floor or other equipment where it is difficult to reach, it is

possible to order gages with a top flange in place of the

standard vent plug, or inverted where drain flange would

become the top and the weld cap would be on the bottom.

This allows the gage to be cleaned and serviced through

the top end.

5. After cleaning the chamber, replace the float and drain flange.

A new flange gasket may be required. (Note: Make sure to

use gaskets compatible with the process fluid if replaced.)

6. Check the stainless steel pipe clamps to insure they are

tight and adjust the scale holder up or down on the float

chamber to make sure the positive zero is correctly

positioned.



ROUTINE MAINTENANCE (CONT.)

7. Use a permanent magnet or a magnet tool from MagTech to

attract the red “bird” until it is again coupled to the float inside

the chamber on standard indication.

LG SERIES PARTS LIST

When ordering replacement parts for MagTech Gages, the following

information is required:

1. Serial Number of gage or accessory item

2. Description of item

3. Original purchase order if possible

A. TYPICAL FLOAT CHAMBER PARTS

1. Vent plug and spring

2. Drain flange and spring

3. Drain plug

4. Magnetized float

5. Top float spring

6. (Style A Only) Float stop plates with spring

B. INDICATOR SCALE ASSEMBLY

1. Scale/Channel Assembly

2. Indicator Tube (glass or polycarbonate)

3. Pipe Clamps

4. Name Plate

5. Indicator Tube mounting blocks (top and bottom)

C. FLIPPER/ROLLER OPTION

FLIPPER/ROLLER RETROFIT

INSTALLATION & START-UP

When flipper indicators are purchased with a MagTech gage no

installation is necessary. However, if the indicator is removed or a

retrofit kit is purchased for a gage already in service, the following

should be noted:

1. The mounting clamps connecting the flipper

assembly to gage chamber, are adjustable to most

manufacturers’ standard (i.e.: 2" to 3" pipe).

2. If the gage is in service and there is liquid in the

tank, only the individual flippers adjacent to the float

will rotate to red when the indicator assembly is

clamped on.

3. To reset indicator to show true level, the operator

can

a. Run a magnet along window of indicator

from 0 to where red is showing as noted

in item 2

OR

b. Drain gage to empty to zero the indicator,

then fill again and as float rises with the

level indicator will then be set and read

properly

(red = liquid, silver = vapor space). 3

TROUBLESHOOTING

MAGTECH LEVEL GAGES

MagTech gages are a relatively simple to install and use. The following

troubleshooting tips may be of help during installation and startup but

reading the entire manual helps even more.

1. “Float magnetically de-couples from red indicator “bird”.

(Note: if bird is de-coupled, it will fall behind nameplate and

will not be visible.)

If this is a recurring problem, it could be caused by several things,

most of them resulting from improper installation of the gage.

a. Check to make sure that scale and channel assembly is tight

against the gage chamber the entire length of the scale so

that magnetic coupling is maintained from top to bottom of

the indicator tube. Sometimes, especially with longer gages

over 5-6 feet, the glass will bow out slightly and the float will

lose coupling with the bird at some point. Stainless steel tie-

wires are supplied with gages over 5 feet long to keep the

glass from bowing out. Make sure these tie-wires are in

place, tightened and secure.

b. Check to make sure the float inside the chamber is right

side up. If the float has been placed in the chamber upside

down, it has only half-normal magnetic strength and will de-

couple from the indicator bird. All floats are clearly marked

“TOP”.

c. If float-stop springs or plates mounted in the top and bottom

of the gage chamber have been removed, the float will

continue to rise past the top of the indicator tube and will

lose coupling with the bird at that point.

d. Sudden violent surges of process fluid could cause de-

coupling. If this is a common problem, de-coupling may be

minimized by partially closing the process connection valves

(or retrofit gage with flipper/roller option).

e. If the center-to-center dimension has been miscalculated

and the gage is slightly too long, do not force it into place as

this may cause the chamber to bow slightly and the float will

not be able to pass freely through the entire length of

chamber. This will also cause de-coupling.

If none of the above tips applies to your de-coupling problem, contact

MagTech for more information or for replacement floats and/or

indicators. Also note that magnets exposed to extreme temperatures

(over 1100°) will lose their magnetic properties. Other problems that

could damage float causing de-coupling problems include over

pressurization, solids or large particulate lodged in the chambers or

even dropping the float.

2. “MagTech gage’s level differs from true level in the tank.”

This is a fairly common problem during start-up and is easily

corrected. Under normal conditions, most floats are about

70% submerged in the process fluids (magnets are in upper

portion of the float).

It is important to note that the position of the float in the fluid

will vary with different process conditions. To get a true

reading, simply loosen the pipe clamps that mount the

indicator scale and tube and adjust the scale up or down the

chamber as required to get an exact reading (within ½ inch).



TROUBLESHOOTING (Cont.)
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MLS-3 Red Green Yellow Green

MLS-3EX B(NC) C A(NO) C

3. “Indicator tube is cracked or broken.”

If the glass indicator tube is cracked or broken replacement

can be shipped usually within 24 hours after ordered. One

of the advantages of the MagTech gage is the glass is easily

replaced without taking the gage out of service or shutting

down the process. To replace the glass, loosen the two

screws in the PVC or Teflon block located in the top or bottom

of the scale assembly, remove the block and slide out the

broken glass. If the gage is over 6 feet tall, it may be easier

to remove the entire scale and channel by loosening the

pipe clamps and taking it off the gage. This will protect the

new glass when replacing it and remounting it to the gage

chamber.

4. “Level switches don’t trip properly.”

All level switches may be wired to trip on rising or falling level. After

the switch is wired for the desired alarm action (see instructions in

this manual), it is necessary to set the switch. This is easily

accomplished by passing the float either manually or by filling the

gage chamber till it passes the highest switch. This will trip the switch

to the desired setting so it will alarm properly with rise or fall of level.

GAGE MOUNT LEVEL SWITCHES

MLS-3, MLS-3EX LEVEL SWITCHES

SPECIFICATIONS WIRING DETAILS

Deadband: .50 Inches
Max. Temperature: 650°F - HT Version

350°F - STD Version

RISING LEVEL ALARM

MLS-3 Yellow Green Red Green
Min. Temperature: -40°F MLS-3EX A(NC) C B(NO) C
Contacts: Form C SPDT

Maximum Ratings:
Switching Voltage: 150 Volts AC/DC
Current: 1.0 Amps AC/DC
Power: 25 Watts DC/VA

FALLING LEVEL ALARM

SWITCH OPERATION/MOUNTING SCHEMATIC MLS-3 / MLS-3EX

To mount the MLS Series Level Switch simply clamp it directly to the
side of the level gage chamber using the adjustable pipe clamps
provided. Alarm set points may be changed by simply loosening the
clamps and sliding the switch to the desired alarm level. To set up
desired starting state follow the steps below:

YELLOW A

RED B

GREEN C
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GAGE MOUNT LEVEL SWITCHES (CONT.)

MLS-5EX LEVEL SWITCH MLS-10EX LEVEL SWITCH

SPECIFICATIONS SPECIFICATIONS

Deadband: .50 Inches
Max. Temperature: 650°F - HT Version

350°F - STD Version
Min. Temperature: -40°F
Contacts: Form C DPDT

Maximum Ratings:
Switching Voltage: 240V/30V AC/DC
Current : 5 Amps
Power: 1KVA/150W

Contact Ratings:
5A @ 240VAC resistive
5A @ 120VAC resistive
5A @ 30VDC resistive
1/8HP @ 250VAC

1.5A @ 240VAC inductive (cosec=0.4)
1.5A @ 120VAC inductive (cosec=0.4)
1.5A @ 24VDC inductive (L/R=7msec)

Deadband: .50 Inches
Max. Temperature: 650°F - HT Version

350°F - STD Version
Min. Temperature: -40 °F
Contacts: Form C DPDT

Maximum Ratings:
Switching Voltage: 240V/30V AC/DC
Current : 10 AMPs
Power: 1KVA/150W

Contact Ratings:
10A @ 240VAC resistive
10A @ 120VAC resistive
10A @ 30VDC resistive
1/8HP @ 250VAC

8A @ 240VAC inductive (cosec=0.4)
8A @ 120VAC inductive (cosec=0.4)

8A @ 24VDC inductive (L/R=7msec)

MLS-5EX & MLS-10EX

Neutral
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GAGE MOUNT LEVEL SWITCHES (Cont.)

PS-2 PNEUMATIC SWITCH

PS-2 SPECIFICATIONS

Deadband 0.7 inch

Max. Temperature 300°F

Min. Temperature 0°F

Supply Pressure @ 70°F 15 - 100 psi

Supply Pressure @ 300°F 15 - 35 psi

(Dry, Filtered air or gas)

Housing 316SS, Nema 4

SWITCH OPERATION/MOUNTING

To mount the MLS Series Level Switch simply clamp it directly to the
side of the level gage chamber using the adjustable pipe clamps
provided. Alarm set points may be changed by simply loosening the
clamps and sliding the switch to the desired alarm level.

After the switches are mounted and wired, they need to be set to the
desired state for rising or falling level as noted previously. This is
easily accomplished by either manually pushing the float or magnet
past the highest switch, or filling the gage chamber with fluid until all

switches are properly set.

PS-2 Mounting Diagram

Mounting Clamp

3.910

6.03

Supply

Exhaust

Output

PS-2 Side view

Note: The switch should be mounted to the side of the

gage as shown.

Note: PS-2 Switch is factory set for rising or falling

level. This must be specified at time of order (Not field

adjustable).



USING FLOAT IN LEVEL CHAMBER

A quick check of the calibration is accomplished (with gage mounted)

by draining the level chamber, checking the mechanical zero and then

adjusting the sensor tube up or down until it reads 4 mA. Refill the

gage chamber or fill it to a point that corresponds to the top range of

the transmitter. The output should now read 20 mA.

If a complete calibration is to be performed, remove the transmitter

and sensor tube from the level gage and follow the steps below:

1. Normal operation/Dip Switch 1,2,3 OFF 4 ON

2. Place magnet (float) at 0% (or 4mA mark) on sensor tube.

3. Adjust P2 to read 4mA on 24 VDC current loop.

LT-1/LT-2 2-WIRE TRANSMITTER

DESCRIPTION

The LT-1 Level Transmitter is designed for use with the LG Series

Level gage to provide a 4-20 mA control signal proportional to level.

The transmitter consists of a sensor tube made up of a string of

resistors and magnetically operated reed switches. There is a switch

and resistor every ½ inch or ¼ inch along the length of the sensor

tube.

The circuit board containing the resistors and switches may be the

same length as the measured range or any portion thereof. The sensor

circuit is enclosed in the stainless steel sensor tube. A threaded

connection at the top of the tube is for mounting the transmitter housing.

This housing is rated for Class 1, Division 1, Groups C & D hazardous

areas. The LT-1 assembly may be made intrinsically safe by remote

mounting of the transmitter in a safe area and operating the sensor

through an approved safety barrier.

As the magnetic float inside the gage chamber rises with increasing

fluid level, the switches close, thereby changing the resistance in the

circuit. A two-wire transmitter converts this resistance change to a 4-

20 mA current signal corresponding to fluid level. Resolution of the

transmitter is ¼ or ½ inch (proportional to the spacing of the sensor

switches).

SPECIFICATIONS

SENSOR TRANSMITTER

Length: Up to 30 Feet Output: 4-20 mA

Resolution: ½ Inch LT1-4/20-L-½ Power: 24 VDC Nominal

¼ Inch LT1-4/20-L-¼ Load: 750 Max

Sensor Tube: 304 Stainless Steel

Operating Temp.: to 500° F (Process Fluid)

Approvals: UL, CSA, Class 1 Div. 1 EXP.

LT1 CALIBRATION AND TROUBLESHOOTING

The following warnings must be considered when

installing the LT-1 Transmitter:

“Caution – To Reduce the Risk of Ignition of Hazardous Atmospheres,

Disconnect The  Device  From The  Supply  Circuit, or  Area  Must  Be

Known to be Nonhazardous, Before Opening.”

“Power Must be Supplied by an Isolating Supply”

Simulation procedure for the Magtech LT-1Transmitter:
The simulation procedure will help verify if the electronics are functioning properly.

1. Verify that you are looking at the correct board and the right orientation.

Make sure that you can see the, “Ise of Texas” and “LT-2-2/3/4” text right

side up, the text should be located in the bottom right side of the board.

2. Place an ammeter in series with a 24Vdc isolated power supply.

Power is applied on the terminal block positions 1 (+ 4/20mA) and 3 (- 4/20mA).

3. Verify if the LT-1 electronic card is working correctly by simulation

of current.

There is a dip-switch box on the left side of the electronics board. Position 4

should be ON and positions 1,2,3 should be OFF (this is normal operation).

a. To simulate 4mA: Turn OFF positions 1,2,4 and turn ON position 3. You

should see 4 mA on the ammeter.

b. To simulate 12mA: Turn OFF positions 1,3,4 and turn ON position 2.You

should see 12mA on the ammeter.

c. To simulate 20mA: Turn OFF positions 2,3,4 and turn ON position 1.You

should see 20mA on the ammeter.

4. If the 4, 12, 20 mA simulation is not accurate there are corresponding

potentiometers that can adjusted.

a. Simulate 4mA, then adjust P6 until the ammeter reads 4mA accurately.

b. Simulate 12mA, then adjust P5 until the ammeter reads 12mA accurately.

c. Simulate 20mA, then adjust P4 until the ammeter reads 20mA accurately.

5. Place electronics back to normal operation mode:Turn OFF positions

1, 2, 3 and Turn ON position 4.

NOTE: If unable to achieve any of the simulation points either a recali-

bration is required or the electronics are no longer working and need

to be replaced.

Recalibration procedure Magtech LT-1 Transmitter:
The recalibration procedure will help bring the unit back to the original factory
calibration settings. If anything else is required please contact the factory for

verification.

1. Verify that you are looking at the correct board and the right orientation.

Make sure that you can see the, “Ise of Texas” and “LT-2-2/3/4” text right

side up, the text should be located in the bottom right side of the board.

2. NOTE:

a. It is recommended that this procedure be done in an electronics shop if

at all possible.

b. A voltmeter and an ammeter are required.

c. Level simulation is also required for recalibration, meaning the float

inside the level gage (chamber) will have to be moved from 0% to 100%

OR the LT-1 transmitter can be removed from the level gage and an

external magnet can be used to simulate level. Make sure the transmitter

reacts to the magnet.

d. Power the LT-1 at positions 1 (+4/20mA) and 3 (-4/20mA) on the terminal

block and make sure the wires from the sensor probe are in positions 4

and 5 on the terminal block.

3. Place the magnet (or float level inside gage) at the 0% or 4mA point.

4. Place the negative lead of the voltmeter on position 2 of the terminal

lock. This is circuit ground.

5. Locate U1 (it is the only 14pin chip on the board).

On pin 7 of U1 (bottom left) place the positive lead of the voltmeter and

adjust P1 until there is 0.00 Vdc on the voltmeter.

6. Place an ammeter in series with the power supply.

Note: The voltmeter is no longer needed.

7. Adjust P2 until the ammeter reads 4mA

8. Move the magnet (or float level in the gage) to the 100% or 20mA point.

9. Adjust P3 until the ammeter reads 20mA.

If this procedure is successful the unit has been recalibrated successfully.

If this procedure is unsuccessful please contact the factory for further assistance.

NOTE:The simulation potentiometers (P4, P5, P6) may have to readjusted

after the recalibration procedure has been completed successfully.

Troubleshoot the sensor probe:
Troubleshooting the sensor probe will verify if the sensor probe has gone bad

and needs to be replaced or reworked by the factory.

1. NOTE: An Ohmmeter is required for this procedure.

2. Disconnect the transmitter from the power supply.

3. Remove the sensor probe wires from positions from 4 and 5 of the term-

inal block.

4. Place the ohmmeter on the two wires from the sensor probe.

5. Place a magnet at the 0% or 4mA point and slowly raise the magnet along

the sensor probe.

6. Carefully was the resistance increase. Make sure that there are no large

jumps in resistance or that the resistance does not get stuck after a certain

point as the magnet is raised along the sensor probe.

7. If the magnet has been raised all the way to 100% or 20mA point without

any issues then the sensor probe is good. Place the sensor wires back into

positions 4 and 5 on the terminal block. (Note: polarity is not an issue with

the sensor wires)

8. If any issues discussed in step 6 occur please contact the factory for further

assistance.

NOTE: If actual level in the gage can be moved from 0 to 100% then the

magnet is not necessary. The magnetic float within the level gage will actuate

7 the sensor probe.
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+24 VDC

Test Point

Ground

+

-

Term 1 + 4/20 mA

Term 3 - 4/20 mA

Term 4 Sensor

Term 5 Sensor

WIRING
Dip Switch Settings

SENSOR TUBE ORIENTATION

The LT1 sensor tube comes pre-mounted to the level gage chamber.

Transmitters with ¼" resolution, as indicated on the back of the

condulet, will have a black line located at the top of the sensor tube.

If removed in the field it is VERY IMPORTANT to re-attached the tube

with black line facing the float chamber. The black line is located at

the top of the sensor tube and must be parallel with the chamber.

LT-1 TRANSMITTER WIRING AND MOUNTING

Transmitter
Head

4/20 mA

1
2

Sensor 3
4

5

PIN 7
(0 VDC Ref.)

1/2” NPT

Gage Chamber

Calibration Switches

Zero
High Level

Span

Sensor Tube
(1/2” SS Pipe)

Transmitter
Head

Fine
Zero

Clamp

Mounting
Bracket

Sensor Tube

+

Transmitter

Typical Installation

4-20 MA

+ 24 VDC
Power

- - Supply

Low Level

250 Ω
1+5 VDC

Rec.
Device

LT-1 Mounting Detail

NOTE: For information on insulating gages with

transmitters see section on field insulation.
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Gage and Transmitter Installation

1. Visually inspect mag gage and transmitter installation to insure

transmitter is positioned with the 4 mA and 20 mA labels directly

adjacent to the process connections. Make sure transmitter is

securely clamped and parallel to gage chamber.

2. Remove bottom flange and install float. Each float is clearly

tagged with serial number of the mag gage and process

parameters. Top of float is clearly marked “TOP” to insure float

is in right side up.

3. Inspect bottom flange for proper gasket and spring. This spring

protects float and keeps it from dropping below the bottom

process connection. To determine proper spring length measure

“A” dimension of gage. This is the length from the center of the

bottom process connection to face of the bottom drain flange.

Length of spring should be

(“A” DIMENSION) (-) minus (Float Length + 2 inches)

EXAMPLE:  “A” Dimension is 14”, Float length is 12”, + 2” = 4”

Spring Length.

14 – 12 + 2 = 4” spring

4. Float is properly installed if the bottom 2-3 flippers on

gage indicator have flipped.

NOTE: there is a top spring in the mag gage to protect float and

prevent it from passing the top process connection. DO NOT

REMOVE EITHER SPRING.

Transmitter Check-out and Calibration

NOTE: The LTM Series Transmitters are 24VDC Loop powered (2-

wire) and require a minimum of 15 Volts at 20 mA.

1. Using a loop calibrator (HART compatible if LTM has HART)

connect red wire from the LTM to positive lead of calibrator and

white wire from LTM to negative lead of calibrator.

2. With float in the gage at 4mA, the output of the LTM should be

4mA. For units with HART connect the HART communicator to

HART terminals on the LTM control board (see I/O manual for

details). Upon power up, the HART Communicator should read

the LRV (lower range value) or 0 inches at 4mA.

3. With float in the gage at 20mA, the output of the LTM should be

20mA.  HART should also display URV (upper range value) or

span length in inches at 20mA.

4. To insure complete functionality of gage and transmitter, fill the

gage chamber with liquid and drain slowly to observe transmitter

and gage are tracking properly.

5. If no float is present, or magnetic field is lost, HART Communicator

will display:

Generic Mode - “More Status Indicated, but Inaccessable.”

Device Description - “Check Float”

6. For push-button calibration without using HART, or to change

range consult the LTM instruction manual.

Note: In service over 400 Deg F (204 C) Gages and Transmitters

should be properly insulated with transmitter OUTSIDE the

blanket. See LTM Transmitter Instruction Manual for details.

NOTE:

During the installation or calibration of the LTM level transmitter, the

technician should be very careful not to move the magnet

perpendicular to the sensor tube as this could leave magnetic

indentation in the sensor wire. The LTM level transmitter has an

inductor located inside the bulkhead of the sensor tube. During

operation of the transmitter, this inductor emits a magnetic field as

current passes through the sensor wire. If an external magnet or the

float comes in contact with the bulkhead, this can cause magnetization

of the coil, which means the coil is biased. In other words, the phase

is reversed. If this occurs, the inductor should quickly recover. It may

be manually reversed or de-magnetized very simply by “swiping” a

magnet parallel to the bulkhead in an arching motion. For complete

information regarding LTM Magnetostrictive Transmitters consult LTM

I/O Manual.

FIELD INSULATION OF GAGES WITH TRANSMITTERS

We strongly recommend that experienced MagTech personnel do

any insulation of the magnetic level gages with externally mounted

transmitters.

If Cryogenic “Hard Skin” cold service type insulation is required, it

MUST be done at the factory due to the custom “Tube in Tube” design

necessary for removal of the transmitter if needed.

If insulation is going to be done in the field, then the following

guidelines MUST be followed:

1. Flexible type insulation jackets (NOT HARD SKIN) are required

and must be installed around the Mag Gage chamber only. DO

NOT cover the transmitter tube, as this may burn up the sensor

and possibly the electronics.

2. After the insulation jacket is installed, the sensor tube must be

re-mounted at its factory-preset distance from the Mag Gage

chamber and must be parallel to the chamber as well. (Small

cut-outs in the jacket are required to re-attach the transmitter

properly)

3. Make sure the 4mA and 20mA marking’s on the sensor tube are

re-aligned at the centers of the process connections.

ERMS AND CONDITIONS OF SALE

Gage-Mounted LTM MagnetostrictiveTransmitters



 
 

  
 
 
 

Mid-West Instrument 
BULLETIN NO. 120/11 

                          (SUPERSEDES BULLETIN NO. 120/02) 

“Piston Type”  
Differential Pressure Gauges  

Switches & Transmitters 
Model 120

®   

 
 
 
 
 A low cost differential pressure gauge for use in measuring the pressure drop across filters, 

strainers, separators, valves, pumps, chillers, etc., and for local flow indication and control.  
 
 

 

 

• Simple, rugged, compact design. 
• Working pressures up to 6,000 PSIG (400 bar) 
• Over-range protection to maximum pressure. 
• Body Materials: Aluminum or 316L Stainless Steel 

with 316 stainless steel internals.  
Aluminum Bronze & Monel available upon request. 

• Weather-resistant construction standard. 
• Shatter resistant acrylic lens. 
• Variety of Dial type and Sizes: 2-1/2”, 3-1/2” & 4-1/2” 
   (Uni-directional or Bi-directional) 
• Available DP Ranges: Inches H2O, PSID, bar, and Kpa 
• ¼” FNPT & ½” FNPT Process Connections 
• Multiple mounting options available 
• Temperature Limits: -40°F(-40°C) to +200°F(+93°C) 

 
 
 
 
 
 
 
 

Model 120 
0-50 PSID  
2-1/2” Dial 

 
 

Due to precision sizing of piston and 
body bore, leakage across piston will 
not exceed 15 SCFH air at 100 PSID 
at ambient temperature. 

Model 120 
0-50 PSID 
4-1/2” Dial 

Model 120  
0-50 PSID 

With Special 3 Color Dial 

An optional maximum indication follower pointer provides automatic indication of 
maximum differential occurring during a time period or system cycle.  
Reversed pressure ports are optionally available to facilitate installation and 
readability depending on which side of a filter, etc., the instrument must be installed. 

Model 120 0-30 PSID 
With Maximum Follower Pointer 

Model Body Material Accuracy Min. ΔP Range 
Max. ΔP 
Range 

MWP              
PSIG (Bar) Switch Options 

120 
Aluminum  &     

316L S.S. ±3/2/3% 
0-5 PSID           

(0-0.35 bar) 
0-110 PSID  

(0-7 bar) 
ALM.= 3,000 (200) 
S.S. =  6,000 (400) 

1 & 2 switch          
Hermetically Sealed 

Proof Pressure: Two times rated working pressure at ambient temperature 

Standards: Model 120 Gauge either conforms to and/or is designed to the requirements of the following standards: 
                   ASME B1.20.1                              NACE MR0175 
                   ASME B40.100                             NEMA Std. No. 250 
                   CSA-C22.2 No. 14.25 and 30       SAE J514 
                   EN-61010-1                                   UL Std. No. 50,508 and 1203 

http://www.midwestinstrument.com/piston/120.asp


“Piston Type”  
Differential Pressure Gauge  

Switch & Transmitter Options 
Models 120, 122, 123 & 124 

                
 
 
 
 
 
 
 
 
 
 
 
 
 

The Model 120-124 Series DP gauges are available with one or two hermetically sealed reed switches or 4-20mA transmitter 
depending on model. (See chart below) 

 
 
 

The switches are adjustable (see table for adjustment range) within a defined percentage of the full scale range of the gauge and 
are available in SPDT and SPST, normally open or normally closed configurations for various load power ratings. The switches can 
be set to activate or deactivate on rising or falling pressure.  

 
 

The standard reed switch is enclosed in a weather-resistant plastic housing.  Adjustment of the switch setting is made with an 
external screw adjustment.  

 
 

The switch functionality will be different for gauges with bi-directional operation for positive and negative delta pressure. For 
example a SPDT switch with positive .P applied to the gauge, the red wire will be N.O. and the black will be N.C.. For negative .P 
the functionality will be reversed.  

 
 
 

Location for a single SPDT (grommet or conduit) switch will be on the bottom of the gauge body for a normal port and on the top for 
a reverse port. Locations for a single SPST (grommet or conduit) N.O. or SPST N.C. switch will be on the bottom and top 
respectively for a normal port gauge. The locations will be reversed for a reverse port gauge.  

 A non-indicating (no dial) differential pressure switch is also available.  

 
 
 
 
 

 

 

 

 

 

Hazardous Location switches are 3rd Party Certified Class I Div 2 or Class I Div 1 dependant on type of switch. Listings are for the 
entire design and not just the enclosure. Standard and weatherproof units are CE marked for conformance with the Low Voltage 
Directive to harmonized standard EN 61010-1.  
 

Transmitters feature Microprocessor based, external zero interface, 8-28 Vdc loop powered, 2 wire interface. Standard output of 
4-20mA with a max loop resistance of 1000 Ohms. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Model 

•120,  
^122,+123, 

+124 
•120,^122, 

•123, 

•120,           
^122,+123, 

+124 
•120, 

•123,•124 
•120, 

•123,•124 121, 124 
Type SPDT SPDT SPST NO SPST NC SPST NO/NC 4-20mA  
Power 3 W 60 W 60 W 60 W 60 W 4-20 mA Loop Power  

Max Current 0.25 Amps 1.0 Amps 3.0 Amps 3.0 Amps 3.0 Amps 

8-28 VDC Loop 
Powered              

2-Wire interface  
Max Voltage 
VAC/VDC 125 240 240 240 240 

 1000 Ohm max Loop 
resistance at 28 vdc  

•10-90% •25-100% •25-95%   

^10-100% ^25-100% ^25-100%   Setting         
Full Scale +15-90%   +25-95% •25-95% •25-95% 20-100% 
Hysterisis       

(Max / Norm) 10% / 5% (FS) 20% / 13% (FS) 15% / 8% (FS) 15% / 8% (FS) 15% / 8% (FS)  N/A 

Repeatability 1% F.S. 1% F.S. 1% F.S. 1% F.S. 1% F.S. 1% F.S  

Leads 22 Awg (3) 24" (3) 24" (2) 24" (2) 24" (2) 24" N/A  
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Standard Dial Ranges: Model 120, 122, 123, 124 

®  Mid-West Instrument 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The above mentioned ranges are some of the most popular requested today. Mid-West Instrument 
can provide special un-cataloged dial range requirements. As well as multiple scale dials, multiple 
color dials and special decals. Please consult factory for complete information. 

Model Min. ΔP Range Max. ΔP Range 
120 0-5 PSID (0-0.35 bar) 0-110 PSID (0-7 bar) 
122 0-5 PSID (0-0.35 bar) 0-100 PSID (0-7 bar) 

**123 0-150 PSID (0-10 bar) 0-400 PSID (0-27.0 bar) 

**124 
0-5 PSID (0-0.35 bar)    
0-150 PSID (0-10 bar) 

0-110 PSID (0-7 bar)        
0-400 PSID (0-27.0 bar) 

                                                      Range Type 
PSID Kpa Bar Dual Scale 

0-5 PSID 0-35 Kpa 0-1.0 Bar 0-5 PSID & 0-0.35 Kg/Cm2 
0-10 PSID 0-70 Kpa 0-1.6 Bar 0-5 PSID & 0-35 KPA 
0-15 PSID 0-100 Kpa 0-2.0 Bar 0-10 PSID & 0-0.7 BAR 
0-20 PSID 0-160 Kpa 0-2.5 Bar 0-10 PSID & 0-0.7 KG/CM2 
0-25 PSID 0-250 kpa 0-4.0 Bar 0-10 PSID & 0-70 KPA 
0-30 PSID 0-400 Kpa 0-6.0 Bar 0-100 PSID & 0-7 BAR 
0-50 PSID 0-600 Kpa 0-7.0 Bar 0-100 PSID & 0-7 KG/CM2 
0-60 PSID 0-700 Kpa   0-100 PSID & 0-700 KPA 
0-75 PSID     0-15 PSID & 0-1 BAR 
0-100 PSID     0-15 PSID & 0-1 KG/CM2 
0-110 PSID     0-15 PSID & 0-100 KPA 
**0-150 PSID     0-20 PSID & 0-1.4 BAR 
**0-200 PSID     0-20 PSID & 0-140 KPA 
**0-250 PSID     0-25 PSID & 0-1.75 BAR 
**0-300 PSID     0-25 PSID & 0-1.75 KG/CM2 
**0-400PSID     0-25 PSID & 0-175 KPA 
      0-30 PSID & 0-2 BAR 
Bi-Directional Bi-Directional Bi-Directional 0-30 PSID & 0-2 KG/CM2 
5-0-5 PSID 40-0-40 Kpa 0.4-0-0.4 Bar 0-30 PSID & 0-200 KPA 
10-0-10 PSID 60-0-60 Kpa 0.6-0-0.6 Bar 0-50 PSID & 0-3.5 BAR 
15-0-15 PSID 100-0-100 Kpa 1-0-1 Bar 0-50 PSID & 0-3.5 KG/CM2 
20-0-20 PSID 160-0-160 Kpa 1.6-0-1.6 Bar 0-50 PSID & 0-350 KPA 
25-0-25 PSID 250-0-250 Kpa 2.5-0-2.5 Bar 0-75 PSID & 0-500 KPA 
30-0-30 PSID 400-0-400 Kpa 4-0-4 Bar   
50-0-50 PSID 600-600 Kpa 6-0-6 Bar   
60-0-60 PSID       
100-0-100 PSID           

Bi-Directional ranges available for Model 120 4-1/2” Dials only.

Proof Pressure: Two times rated working pressure at ambient temperature 

Temperature Limits: -40°F (-40°C) to +200°F (+93°C) - These limits are based on the entire 
instrument being saturated to these temperatures. System (process) temperatures may exceed these 
limitations with proper installation. Contact our customer service representative for details. 
  

Standards: Model 120 -124 Series gauges either conform to and/or are designed to the requirements 
of the following standards:  
ASME B1.20.1                              NACE MR0175 
ASME B40.100                             NEMA Std. No. 250 
CSA-C22.2 No. 14.25 and 30       SAE J514 
EN-61010-1                                   UL Std. No. 50,508 and 1203 



 
 
 
 
 

 

Standard Model Specifications: 120-AA-00-OO 
 

3000 PSIG Working Pressure, Aluminum Body & End Plugs, Stainless Steel Piston,                         
Ceramic Magnet, Buna-N Seals, ¼” FNPT Back Connections,                                            

2-1/2” round dial, Engineered Plastic Case with Shatter Resistant Acrylic Lens,  
Accuracy ±3/2/3% Full Scale (Ascending)  

 
Range 0-5 PSID to 0-110PSID (0.35 to 7.0 bar) Mid-West Instrument 

1-800-648-5778 

                
 

              
 

 
 

 
 

   
 

 
 

   
 

 
 

   
 

 
 

 
 

 
 

   
 

 
 

  
 
 
 

Range:_________________ 
Basic Model 

1       2      0 

7        8 6 4         5   2          3 1 

2 Material 
A Aluminum Body / Stainless Steel Piston 
S 316 S.S Body / Stainless Steel Piston 
M Monel Body / Monel Piston 
N Aluminum Bronze Body / Aluminum Bronze Piston 
Z Special (Un-coded Options) 

3 Dial Size & Type 
A 2-1/2" Round Uni-Directional Dial w/Engineered Plastic Dial Case 
C 4-1/2" Round Uni-Directional Dial w/Engineered Plastic Dial Case 
D 4-1/2" Round Bi-Directional Dial w/Engineered Plastic Dial Case 
E 3-1/2" Round Uni-Directional Dial w/Anodized Aluminum Housing Dial Case 
G 4-1/2" Round Uni-Directional Dial w/Anodized Aluminum Housing Dial Case 
H 4-1/2" Round Bi-Directional Dial w/Anodized Aluminum Housing Dial Case 
T Non-Indicating DP Switch Only 
Z Special (Un-coded Options) 

4 Seal Materials 
0 Buna-N (Standard) 
1 Viton®-A Registered Trademark of Dupont  
2 Neoprene 
4 Teflon®-A Registered Trademark of Dupont  
5 Ethylene Propylene 
6 Perfluorelastomers 
9 Special (Un-coded Options) 

5 Process Connections 
0 1/4" FNPT Back Connections (Standard) (Not available on M & N body materials) 
2 1/4" FNPT End Connections 
3 1/4" FNPT Bottom Connections  
4 1/2" FNPT End Connections  
6 7/16"-20 Straight Thread "O" Ring Port (Back Connection) 
9 Special (Un-coded Options) 

Factory preset switches at no charge (Specify Setting) 



Standard Model Specifications – continued Model 120 
 6 Additional Options  

O None 
A Reversed High / Low Process Connections. (Not available with Electrical options J & K)  
C Mounting Holes in Gauge Body for Field Mounting Electrical Configurations Options A & B  
D Mounting Holes in Gauge Body for Field Mounting Electrical Configurations Options L & M  
E Two (2) 1/4-20 Mounting Holes (not available with C, D, E or F electrical switch options) 
F Carbon Steel 2" Pipe Mounting Kit (not available with C, D, E or F electrical switch options)  
G  Stainless Steel 2" Pipe Mounting Kit  (not available with C, D, E or F electrical switch options)                                       
K 1/2" FNPT S.S. Adapter (not available with E or F switch option combined w/back connections) 
L Liquid Fill (4-1/2" available with "G" option Aluminum Dial Case only) (not available with shatterproof lens) 
M Maximum Indicator Follower Pointer (not available with Liquid fill option) (not available with shatterproof lens) 
N NACE (Available for Aluminum, Stainless Steel and Monel Gauge Bodies Only) 
Q CRN (Canadian Registration Number) Available on Aluminum or S.S. Body only 
S Shatter Proof Glass Lens (Available only with option “G” 4-1/2” Aluminum Dial Case) (not available with liquid fill) 
T Oxygen Cleaning 
U Stainless Steel Tag with S.S. Wire 

V 
Stainless Steel Tag and S.S. Screw                                                                                                                       
(Contact Factory on Switch Options) Not on Gauge Body for Hazardous Locations                                                             

W Wall Mount Kit  (not available with back connections or with C, D, E or F switch options) 
Z Special (Un-coded Options) 
  NOTE: Not All Options Available in Combination with other Options 

7 Electrical Configurations (CE marked, except E, F, J & K) (6) 
A One (1) Switch in standard enclosure with grommet Wire Seal  
B Two (2) Switch in standard enclosures with grommet Wire Seal  
C One (1) Switch in standard enclosure with 1/4” FNPT electrical connection NEMA 4X  
D Two (2) Switch in standard enclosures with 1/4” FNPT electrical connection NEMA 4X  
E One (1) Switch in general purpose enclosure, Division 2 Hazardous Locations (1) (3) (4) (5) 
F Two (2) Switches in general purpose enclosure, Division 2 Hazardous Locations (1) (3) (4) (5) 
G One (1) Switch & gauge in NEMA 4X plastic enclosure (Not available with end connections)  
H Two (2) Switches & gauge in NEMA 4X plastic enclosure (Not available with end connections) 
J One (1) Switch in explosion proof enclosure w/glass window cover, Div. 1 Hazardous Locations (2) (3) (4) (5) 
K Two (2) Switches in explosion proof enclosure w/glass window cover, Div.1 Hazardous Locations (2) (3) (4) (5) 
L One (1) Switch in standard enclosure with plug-in connector (DIN 43650/IP65-PG11)  
M Two (2) Switch in standard enclosures with plug-in connector (DIN 43650/IP65-PG11) 
Z Special (Un-coded Options) 

              (1) Complete assembly 3rd Party Certified Class I, Div.2, Groups A, B, C, & D; Class II, Div.2, Groups F and G.  
              (2) Complete assembly 3rd Party Certified Class I, Div.1, Groups C & D; Class II, Div. 1, Groups E, F, & G.  
              (3) 5000 PSIG SWP for Stainless Steel: 3000 PSIG SWP for Aluminum 
                (4) Not available in M and N material options 
                (5) 1/2" FNPT conduit connection 
                (6) Contact factory for Bi-directional scales with switches 

8 Electrical Specifications (For Resistive Loads) 
A SPDT 3W, 0.25 Amp, 125 VAC/VDC (standard) (Switch adjustable range of 10-90%)  
E SPST 60W, 3.0 Amp, 240 VAC/VDC (Normally Open) (Switch adjustable range of 25-95%)  
F SPST 60W, 3.0 Amp, 240 VAC/VDC (Normally Closed) (Switch adjustable range of 25-95%)  

G 
SPST 60W, 3.0 Amp, 240 VAC/VDC (1) Normally Open, (1) Normally Closed (Switch adjustable range of 25-
95%) 

H SPDT 60W, 1.0 Amp, 240 VAC/VDC (Switch adjustable range of 25-100%)  
Z Special (Un-coded Options) 

If you are in need of additional information please visit our web site at www.midwestinstrument.com or contact 
us toll free at 1-800-648-5778 and one of our knowledgeable sales coordinators will be happy to assist you… 

6500 Dobry Dr. • Sterling Heights, 48314 MI  USA  • Tel: 800-648-5778  Tel: 586-254-6500   Fax: 586-254-6509 
Web Site: www.midwestinstrument.com     •  Email: sales@midwestinstrument.com 

http://www.midwestinstrument.com/
http://www.midwestinstrument.com/
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Technical Information

Proline Promass 80F, 80M, 83F, 83M

Coriolis Mass Flow Measuring System

The universal and multivariable flowmeter for liquids and gases

Application

The Coriolis measuring principle operates independently 

of the physical fluid properties, such as viscosity and 

density.

• Extremely accurate measurement of liquids and gases 

such as oils, lubricants, fuels, liquefied gases, solvents, 

foodstuffs and compressed gases

• Fluid temperatures up to +350 °C

• Process pressures up to 350 bar

• Mass flow measurement up to 2200 t/h

Approvals for hazardous area:

• ATEX, FM, CSA, TIIS, IECEx, NEPSI

Approvals in the food industry/hygiene sector:

• 3A, FDA, EHEDG

Connection to all common process control systems:

• HART, PROFIBUS DP/PA, FOUNDATION Fieldbus, 

MODBUS

Relevant safety aspects:

• Secondary containment (up to 100 bar), 

Pressure Equipment Directive, AD 2000, SIL-2

• Purge connections or rupture disk (optional)

Your benefits

The Promass measuring devices make it possible 

to simultaneously record several process variables 

(mass/density/temperature) for various process 

conditions during measuring operation.

The Proline transmitter concept comprises:

• Modular device and operating concept resulting 

in a higher degree of efficiency

• Software options for batching and concentration 

measurement for extended range of application

• Diagnostic ability and data back-up for increased 

process quality

The Promass sensors, tried and tested in over 100000 

applications, offer:

• Best performance due to PremiumCal

• Multivariable flow measurement in compact design

• Insensitivity to vibrations thanks to balanced 

two-tube measuring system

• Immune from external piping forces due 

to robust design

• Easy installation without taking inlet and outlet 

runs into consideration
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Function and system design

Measuring principle The measuring principle is based on the controlled generation of Coriolis forces. These forces are always present 

when both translational and rotational movements are superimposed.

FC = 2 · Δm (v · ω)

FC = Coriolis force 

Δm = moving mass

ω = rotational velocity

v = radial velocity in rotating or oscillating system

The amplitude of the Coriolis force depends on the moving mass Δm, its velocity v in the system, and thus on 

the mass flow. Instead of a constant angular velocity ω, the Promass sensor uses oscillation.

In the Promass F and M sensors, two parallel measuring tubes containing flowing fluid oscillate in antiphase, 

acting like a tuning fork. The Coriolis forces produced at the measuring tubes cause a phase shift in the tube 

oscillations (see illustration):

• At zero flow, in other words when the fluid is at a standstill, the two tubes oscillate in phase (1).

• Mass flow causes deceleration of the oscillation at the inlet of the tubes (2) and acceleration at the outlet (3).

a0003385

The phase difference (A-B) increases with increasing mass flow. Electrodynamic sensors register the tube 

oscillations at the inlet and outlet.

System balance is ensured by the antiphase oscillation of the two measuring tubes. The measuring principle 

operates independently of temperature, pressure, viscosity, conductivity and flow profile.

Density measurement

The measuring tubes are continuously excited at their resonance frequency. A change in the mass and thus the 

density of the oscillating system (comprising measuring tubes and fluid) results in a corresponding, automatic 

adjustment in the oscillation frequency. Resonance frequency is thus a function of fluid density. The 

microprocessor utilizes this relationship to obtain a density signal.

Temperature measurement

The temperature of the measuring tubes is determined in order to calculate the compensation factor due to 

temperature effects. This signal corresponds to the process temperature and is also available as an output.

1 2 3

A

B

A

B

A

B
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Measuring system The measuring system consists of a transmitter and a sensor. Two versions are available:

• Compact version: transmitter and sensor form a mechanical unit

• Remote version: transmitter and sensor are mounted physically separate from one another

Transmitter

Sensor

Other sensors can be found in the separate documentation

Promass 80

a0003671

• Two-line liquid-crystal display

• Operation with push buttons

Promass 83

a0003672

• Four-line liquid-crystal display

• Operation with "Touch control"

• Application-specific Quick Setup

• Mass flow, volume flow, density and temperature measurement as well as 

calculated variables (e.g. fluid concentrations)

F

a0003673

• Universal sensor for fluid temperatures up to 200 °C

• Nominal diameters DN 8 to 250

• Material: Stainless Steel EN 1.4539/ASTM 904L, 

EN 1.4404/ASTM 316L, Alloy C-22 DIN 2.4602

Documentation

No. TI 053D/06/en

F (High-temperature)

a0003675

• Universal high-temperature sensor for fluid temperatures 

up to 350 °C

• Nominal diameters DN 25, 50, 80

• Material: Alloy C-22, DIN 2.4602, 

EN 1.4404/ASTM 316L

M

a0003676

• Robust sensor for extreme process pressures, high 

requirements for the secondary containment and fluid 

temperatures up to 150 °C

• Nominal diameters DN 8 to 80

• Material: Titanium, Ti Grade 2, Ti Grade 9

A

a0003679

• Single-tube system for highly accurate measurement of 

very small flows

• Nominal diameters DN 1 to 4

• Material: Stainless Steel EN 1.4539/ASTM 904L, 

EN 1.4404/ASTM 316L (process connection),

Alloy C-22 DIN 2.4602

Documentation

No. TI 054D/06/en

Esc

E- +

Esc

E- +
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E

a0002271

• General purpose sensor, ideal replacement for volumetric 

flowmeters.

• Nominal diameters DN 8 to 50

• Material: Stainless Steel EN 1.4539/ASTM 904L, 

EN 1.4404/ASTM 316L

Documentation No. 

TI 061D/06/en

H

a0003677

• Single bent tube. Low pressure loss and chemically 

resistant material

• Nominal diameters DN 8 to 50

• Material: Zirconium 702/R 60702

Documentation No. 

TI 074D/06/en

I

a0003678

• Straight single-tube instrument. Minimal shear stress on 

fluid, hygienic design, low pressure loss

• Nominal diameters DN 8 to 80

• Material: Titanium, Ti Grade 2, Ti Grade 9

Documentation No. 

TI 075D/06/en

P

a0006828

• Single bent tube, minimal shear stress on fluid.

Hygienic design with documents for Life Science 

Industries applications, low pressure loss, for fluid 

temperatures up to 200 °C

• Nominal diameters DN 8 to 50

• Material: Stainless Steel EN 1.4435/ASTM 316L

Documentation No. 

TI 078D/06/en

S

a0006828

• Single bent tube.

Hygienic design, low pressure loss, for fluid temperatures 

up to 150 °C

• Nominal diameters DN 8 to 50

• Material: Stainless Steel EN 1.4539/ASTM 904L, 

EN 1.4435/ASTM 316L

Documentation No. 

TI 076D/06/en
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Input

Measured variable • Mass flow (proportional to the phase difference between two sensors mounted on the measuring tube to 

register a phase shift in the oscillation)

• Fluid density (proportional to resonance frequency of the measuring tube)

• Fluid temperature (measured with temperature sensors)

Measuring range Measuring ranges for liquids

Measuring ranges for gases

The full scale values depend on the density of the gas. Use the formula below to calculate the full scale values:

gmax(G) = gmax(F) · ρ(G) ÷ x [kg/m³]

gmax(G) = max. full scale value for gas [kg/h]

gmax(F) = max. full scale value for liquid [kg/h]

Here, gmax(G) can never be greater than gmax(F)

Calculation example for gas:

• Sensor type: Promass F, DN 50

• Gas: air with a density of 60.3 kg/m³ (at 20 °C and 50 bar)

• Measuring range (liquid): 70000 kg/h

• x = 90 (for Promass F, DN 50)

Max. possible full scale value:

gmax(G) = gmax(F) · ρ(G) ÷ x [kg/m³] = 70000 kg/h · 60.3 kg/m³ ÷ 90 kg/m³ = 46900 kg/h

Recommended measuring ranges:

See information in the "Limiting flow" Section → Page 22 ff.

DN Range for full scale values (liquids) gmin(F) to gmax(F)

8 0 to 2000 kg/h

15 0 to 6500 kg/h

25 0 to 18000 kg/h

40 0 to 45000 kg/h

50 0 to 70000 kg/h

80 0 to 180000 kg/h

100 (only Promass F) 0 to 350000 kg/h

150 (only Promass F) 0 to 800000 kg/h

250 (only Promass F) 0 to 2200000 kg/h

DN x

8 60

15 80

25 90

40 90

50 90

80 110

100 (only Promass F) 130

150 (only Promass F) 200

250 (only Promass F) 200
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Operable flow range Greater than 1000 :1. Flow rates above the preset full scale value do not overload the amplifier, i.e. the totalizer 

values are registered correctly.

Input signal Status input (auxiliary input)

U = 3 to 30 V DC, Ri = 5 kΩ, galvanically isolated.

Configurable for: totalizer reset, positive zero return, error message reset, zero point adjustment start, batching 

start/stop (optional), totalizer reset for batching (optional).

Status input (auxiliary input) with PROFIBUS DP

U = 3 to 30 V DC, Ri = 3 kΩ, galvanically isolated.

Switch level: ±3…±30 V DC, independent of polarity.

Configurable for: positive zero return, error message reset, zero point adjustment start, batching start/stop 

(optional), totalizer reset for batching (optional).

Status input (auxiliary input) with MODBUS RS485

U = 3 to 30 V DC, Ri = 3 kΩ, galvanically isolated.

Switch level: ±3…±30 V DC, independent of polarity.

Configurable for: totalizer reset, positive zero return, error message reset, zero point adjustment start.

Current input (only Promass 83)

Active/passive selectable, galvanically isolated, resolution: 2 μA

• Active: 4 to 20 mA, RL < 700 Ω, Uout = 24 V DC, short-circuit proof

• Passive: 0/4 to 20 mA, Ri = 150 Ω, Umax = 30 V DC

Output

Output signal Promass 80

Current output:

Active/passive selectable, galvanically isolated, time constant selectable (0.05 to 100 s), full scale value 

selectable, temperature coefficient: typically 0.005% o.f.s./°C, resolution: 0.5 μA

• Active: 0/4 to 20 mA, RL < 700 Ω (for HART: RL ≥ 250 Ω)

• Passive: 4 to 20 mA; supply voltage US 18 to 30 V DC; Ri ≥ 150 Ω

Pulse/frequency output:

Passive, open collector, 30 V DC, 250 mA, galvanically isolated.

• Frequency output: full scale frequency 2 to 1000 Hz (fmax = 1250 Hz), on/off ratio 1:1, pulse width max. 2 s

• Pulse output: pulse value and pulse polarity selectable, pulse width configurable (0.5 to 2000 ms)

PROFIBUS PA interface:

• PROFIBUS PA in accordance with EN 50170 Volume 2, IEC 61158-2 (MBP), galvanically isolated

• Profile Version 3.0

• Current consumption: 11 mA

• Permitted supply voltage: 9 to 32 V

• Bus connection with integrated reverse polarity protection

• Error current FDE (Fault Disconnection Electronic) = 0 mA

• Data transmission rate: 31.25 kBit/s

• Signal encoding: Manchester II

• Function blocks: 4 × Analog Input, 1 × Totalizer

• Output data: Mass flow, Volume flow, Density, Temperature, Totalizer

• Input data: Positive zero return (ON/OFF), Zero point adjustment, Measuring mode, Totalizer control

• Bus address can be configured via miniature switches or via the local display (optional)
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Promass 83

Current output:

Active/passive selectable, galvanically isolated, time constant selectable (0.05 to 100 s), full scale value 

selectable, temperature coefficient: typically 0.005% o.f.s./°C, resolution: 0.5 μA

• Active: 0/4 to 20 mA, RL < 700 Ω (for HART: RL ≥ 250 Ω)

• Passive: 4 to 20 mA; supply voltage US 18 to 30 V DC; Ri ≥ 150 Ω

Pulse/frequency output:

active/passive selectable, galvanically isolated

• Active: 24 V DC, 25 mA (max. 250 mA during 20 ms), RL > 100 Ω
• Passive: open collector, 30 V DC, 250 mA

• Frequency output: full scale frequency 2 to 10000 Hz (fmax = 12500 Hz), on/off ratio 1:1, pulse width max. 

2 s

• Pulse output: pulse value and pulse polarity selectable, pulse width configurable (0.05 to 2000 ms)

PROFIBUS DP interface:

• PROFIBUS DP in accordance with EN 50170 Volume 2

• Profile Version 3.0

• Data transmission rate: 9.6 kBaud to 12 MBaud

• Automatic data transmission rate recognition

• Signal encoding: NRZ Code

• Function blocks: 6 × Analog Input, 3 × Totalizer

• Output data: Mass flow, Volume flow, Corrected volume flow, Density, Reference density, Temperature, 

Totalizers 1 to 3

• Input data: Positive zero return (ON/OFF), Zero point adjustment, Measuring mode, Totalizer control

• Bus address can be configured via miniature switches or via the local display (optional)

• Available output combination→ Page 11

PROFIBUS PA interface:

• PROFIBUS PA in accordance with EN 50170 Volume 2, IEC 61158-2 (MBP), galvanically isolated

• Data transmission rate:

31.25 kBit/s

• Current consumption: 11 mA

• Permitted supply voltage: 9 to 32 V

• Bus connection with

integrated reverse polarity protection

• Error current FDE (Fault Disconnection Electronic): 0 mA

• Signal encoding: Manchester II

• Function blocks: 6 × Analog Input, 3 × Totalizer

• Output data: Mass flow, Volume flow, Corrected volume flow, Density, Reference density, Temperature, 

Totalizers 1 to 3

• Input data: Positive zero return (ON/OFF), Zero point adjustment, Measuring mode, Totalizer control

• Bus address can be configured via miniature switches or via the local display (optional)

• Available output combination→ Page 11

MODBUS interface:

• MODBUS device type: slave

• Address range: 1 to 247

• Supported function codes: 03, 04, 06, 08, 16, 23

• Broadcast: supported with the function codes 06, 16, 23

• Physical interface: RS485 in accordance with EIA/TIA-485 standard

• Supported baud rate: 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200 Baud

• Transmission mode: RTU or ASCII

• Response times:

Direct data access = typically 25 to 50 ms

Auto-scan buffer (data range) = typically 3 to 5 ms

• Possible output combinations → Page 11



Proline Promass 80F, 80M, 83F, 83M

Endress+Hauser 9

FOUNDATION Fieldbus interface:

• FOUNDATION Fieldbus H1, IEC 61158-2, galvanically isolated

• Data transmission rate: 31.25 kBit/s

• Current consumption: 12 mA

• Permitted supply voltage: 9 to 32 V

• Error current FDE (Fault Disconnection Electronic): 0 mA

• Bus connection with integrated reverse polarity protection

• Signal encoding: Manchester II

• ITK Version 4.01

• Function blocks: 7 × Analog Input, 1 × Digital Output, 1 × PID

• Output data: Mass flow, Volume flow, Corrected volume flow, Density, Reference density, Temperature, 

Totalizers 1 to 3

• Input data: Positive zero return (ON/OFF), Zero point adjustment, Measuring mode, Reset totalizer

• Link Master (LM) function is supported

Signal on alarm Current output:

Failsafe mode selectable (e.g. in accordance with NAMUR Recommendation NE 43)

Pulse/frequency output:

Failsafe mode selectable

Status output (Promass 80)

Nonconductive in the event of a fault or if the power supply fails

Relay output (Promass 83)

Dead in the event of a fault or if the power supply fails

Load see "Output signal"

Low flow cutoff Switch points for low flow are selectable.

Galvanic isolation All circuits for inputs, outputs, and power supply are galvanically isolated from each other.

Switching output Status output (Promass 80)

Open collector, max. 30 V DC / 250 mA, galvanically isolated.

Configurable for: error messages, Empty Pipe Detection (EPD), flow direction,

limit values.

Relay output (Promass 83)

Normally closed (NC or break) or normally open (NO or make) contacts available (factory setting: 

relay 1 = NO, relay 2 = NC), max. 30 V / 0.5 A AC; 60 V / 0.1 A DC, galvanically isolated.
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Power supply

Electrical connection 

Measuring unit

a0002441

Connecting the transmitter, cable cross-section: max. 2.5 mm2

A View A (field housing)

B View B (Stainless Steel field housing)

C View C (wall-mount housing)

*) fixed communication board

**) flexible communication board

a Connection compartment cover

b Cable for power supply: 85 to 260 V AC, 20 to 55 V AC, 16 to 62 V DC

Terminal No. 1: L1 for AC, L+ for DC

Terminal No. 2: N for AC, L- for DC

c Ground terminal for protective ground

d Signal cable: see Terminal assignment → Page 11

Fieldbus cable:

Terminal No. 26: DP (B) / PA (+) / FF (+) / MODBUS RS485 (B) / (PA, FF: with reverse polarity protection)

Terminal No. 27: DP (A) / PA (–) / FF (–) / MODBUS RS485 (A) / (PA, FF: with reverse polarity protection)

e Ground terminal for signal cable shield / fieldbus cable / RS485 line

f Service adapter for connecting service interface FXA 193 (Fieldcheck, FieldCare)

g Signal cable: see Terminal assignment → Page 11

g Cable for external termination (only for PROFIBUS DP with permanent assignment communication board):

Terminal No. 24: +5 V 

Terminal No. 25: DGND

a
a

d

b

a

HART*

PROFIBUS DP**

MODBUS RS485**

27

25

23

21

2
1

26

24

22

20

L1 (L+)
N (L-)

–

–

–

+

+

+

PROFIBUS PA*

FOUNDATION Fieldbus*

PA(–)/FF(–)

27

25

23

21

2
1

26

24

22

20

L1 (L+)
N (L-)

–

–

–

+

+

+

A (RxD/TxD-N)
B (RxD/TxD-P)

PA(+)/FF(+)
d

c

e

b

– 27

– 25

– 23

– 21

+ 26

+ 24

+ 22

+ 20

N (L-) 2
L1 (L+)1

25

23

21

2
1

24

22

20

L1 (L+)
N (L-)

–

–

–

+

+

+

27
26

A (RxD/TxD-N)
B (RxD/TxD-P)

A B C

g

d

b

g

d

c

e

b

d

c

e

b

g

d

c

e

b

g

PROFIBUS DP*

(d)b d/(g)

f f

f f
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Electrical connection, 

terminal assignment

Promass 80

Promass 83

The inputs and outputs on the communication board can be either permanently assigned (fixed) or variable 

(flexible), depending on the version ordered (see table). Replacements for modules which are defective or 

which have to be replaced can be ordered as accessories.

Terminal No. (inputs/outputs)

Order version 20 (+) / 21 (–) 22 (+) / 23 (–) 24 (+) / 25 (–) 26 (+) / 27 (–)

80***-***********A - - Frequency output Current output, HART

80***-***********D Status input Status output Frequency output Current output, HART

80***-***********H - - - PROFIBUS PA

80***-***********S - -
Frequency output

Ex i, passive

Current output Ex i

Active, HART

80***-***********T - -
Frequency output

Ex i, passive

Current output Ex i

Passive, HART

80***-***********8 Status input Frequency output Current output 2 Current output 1, 

HART

Terminal No. (inputs/outputs)

Order version 20 (+) / 21 (–) 22 (+) / 23 (–) 24 (+) / 25 (–) 26 (+) / 27 (–)

Fixed communication boards (permanent assignment)

83***-***********A - - Frequency output Current output, HART

83***-***********B Relay output Relay output Frequency output Current output, HART

83***-***********F - - - PROFIBUS PA, Ex i

83***-***********G - - -
FOUNDATION

Fieldbus Ex i

83***-***********H - - - PROFIBUS PA

83***-***********J - -
+5V

(ext. termination)

PROFIBUS DP

83***-***********K - -
- FOUNDATION

Fieldbus

83***–***********Q - - Status input MODBUS RS485

83***-***********R - - Current output 2

Ex i, active

Current output 1

Ex i active, HART

83***-***********S - -
Frequency output

Ex i, passive

Current output Ex i

Active, HART

83***-***********T - -
Frequency output

Ex i, passive

Current output Ex i

Passive, HART

83***-***********U - - Current output 2

Ex i, passive

Current output 1

Ex i passive, HART

Flexible communication boards

83***-***********C Relay output 2 Relay output 1 Frequency output Current output, HART

83***-***********D Status input Relay output Frequency output Current output, HART

83***-***********E Status input Relay output Current output 2 Current output, HART

83***-***********L Status input Relay output 2 Relay output 1 Current output, HART

83***-***********M Status input Frequency output 2 Frequency output 1 Current output, HART

83***–***********N Current output Frequency output Status input MODBUS RS485

83***–***********P Current output Frequency output Status input PROFIBUS DP
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Electrical connection Remote 

version

a0003681

Connecting the remote version

a Wall-mount housing: non-hazardous area and ATEX II3G / zone 2 → see separate "Ex documentation"

b Wall-mount housing: ATEX II2G / Zone 1 /FM/CSA → see separate "Ex documentation"

c Remote version, flanged version 

d Cover for connection compartment or connection housing

e Connecting cable

Terminal No.: 4/5 = gray; 6/7 = green; 8 = yellow; 9/10 = pink; 11/12 = white; 41/42 = brown

Supply voltage 85 to 260 V AC, 45 to 65 Hz

20 to 55 V AC, 45 to 65 Hz

16 to 62 V DC

Cable entries Power-supply and signal cables (inputs/outputs):

• Cable entry M20 × 1.5 (8 to 12 mm)

• Thread for cable entries, ½" NPT, G ½"

Connecting cable for remote version:

• Cable entry M20 × 1.5 (8 to 12 mm)

• Thread for cable entries, ½" NPT, G ½"

83***–***********V Relay output 2 Relay output 1 Status input PROFIBUS DP

83***-***********W Relay output Current output 3 Current output 2 Current output 1, HART

83***-***********0 Status input Current output 3 Current output 2 Current output 1, HART

83***-***********2 Relay output Current output 2 Frequency output Current output 1, HART

83***-***********3 Current input Relay output Current output 2 Current output 1, HART

83***-***********4 Current input Relay output Frequency output Current output, HART

83***-***********5 Status input Current input Frequency output Current output, HART

83***-***********6 Status input Current input Current output 2 Current output 1, HART

83***–***********7 Relay output 2 Relay output 1 Status input MODBUS RS485

Terminal No. (inputs/outputs)

Order version 20 (+) / 21 (–) 22 (+) / 23 (–) 24 (+) / 25 (–) 26 (+) / 27 (–)

4 5 6 7 8 9 10 11 12 41 42

4 5 6 7 8 9 10 11 12 41 42

S1 S1 S2 S2 GND TM TM TT TT
+ + + +

+ + + +
S1 S1 S2 S2 GND TM TM TT TT

a b

c

d

d

d

e
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Cable specification

Remote version

• 6 × 0.38 mm2 (PVC cable with common shield and individually shielded cores

• Conductor resistance: ≤ 50 Ω/km

• Capacitance: core/shield: ≤ 420 pF/m

• Cable length: max. 20 m

• Permanent operating temperature: max. +105 °C

Operation in zones of severe electrical interference:

The measuring device complies with the general safety requirements in accordance with EN 61010, the EMC 

requirements of IEC/EN 61326, and NAMUR recommendation NE 21/43.

Power consumption AC: <15 VA (including sensor)

DC: <15 W (including sensor)

Switch-on current:

• Max. 13.5 A (<50 ms) at 24 V DC

• Max. 3 A (<5 ms) at 260 V AC

Power supply failure Promass 80

Lasting min. 1 power cycle:

• EEPROM saves measuring system data if the power supply fails

• HistoROM/S-DAT: exchangeable data storage chip with sensor specific data (nominal diameter, serial 

number, calibration factor, zero point, etc.)

Promass 83

Lasting min. 1 power cycle:

• EEPROM and T-DAT save the measuring system data if the power supply fails.

• HistoROM/S-DAT: exchangeable data storage chip with sensor specific data (nominal diameter, serial 

number, calibration factor, zero point, etc.)

Potential equalization No special measures for potential equalization are required. For instruments for use in hazardous areas, observe

the corresponding guidelines in the specific Ex documentation.

Performance characteristics

Reference operating 

conditions

Error limits following ISO/DIS 11631:

• 20 °C to 30 °C; 2 to 4 bar

• Accuracy based on accredited calibration rigs according to ISO 17025

• Zero point calibrated under operating conditions

• Field density calibrated (or special density calibration)

Maximum measured error The following values refer to the pulse/frequency output. The additional measured error at the current output 

is typically ±5 μA.

o.r. = of reading

Mass flow (liquid)

Promass 80 F, M:

±0.15% ± [(zero point stability ÷ measured value) · 100]% o.r.

Optional Promass 80F: ±0.10% ± [(zero point stability ÷ measured value) · 100]% o.r.

Promass 83 F, M:

±0.10% ± [(zero point stability ÷ measured value) · 100]% o.r.

PremiumCal (optional) Promass 83F: ±0.05% ± [(zero point stability ÷ measured value) · 100]% o.r.
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Mass flow (gas)

Promass 80/83 F:

±0.35% ± [(zero point stability ÷ measured value) · 100]% o.r.

Promass 80/83 M:

±0.50% ± [(zero point stability ÷ measured value) · 100]% o.r.

Volume flow (liquid)

Promass 80 F:

±0.20% ± [(zero point stability ÷ measured value) · 100]% o.r.

Promass 83 F:

±0.15% ± [(zero point stability ÷ measured value) · 100]% o.r.

Promass 80/83 M:

±0.25% ± [(zero point stability ÷ measured value) · 100]% o.r.

Zero point stability (Promass F, M)

Sample calculation

a0004604

Max. measured error in % of measured value (example: Promass 83 F / DN 25)

Calculation example (mass flow, liquid):

Given: Promass 83 F / DN 25, measured value flow = 8000 kg/h

Max. measured error: ±0.10% ± [(zero point stability ÷ measured value) · 100]% o.r.

Max. measured error: ±0.10% ± 0.54 kg/h ÷ 8000 kg/h · 100% = ±0.107%

DN Max.

full scale value

[kg/h] or [l/h]

Zero point stability

Promass F

[kg/h] or [l/h]

Promass F (high-temperature)

[kg/h] or [l/h]

Promass M

[kg/h] or [l/h]

8 2000 0.030 − 0.100

15 6500 0.200 − 0.325

25 18000 0.540 1.80 0.90

40 45000 2.25 − 2.25

50 70000 3.50 7.00 3.50

80 180000 9.00 18.00 9.00

100 350000 14.00 − −

150 800000 32.00 − −

250 2200000 88.00 − −

0

±0.5

±0.2

±1.0

[%]

0 2 4 6 8 10 12 14 16 18 t/h
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Density (liquid)

1 g/cc = 1 kg/l

Standard calibration:

Promass F

±0.01 g/cc

Promass M

±0.02 g/cc

Special density calibration (optional), not for high-temperature version 

(calibration range = 0.8 to 1.8 g/cc, 5 °C to 80 °C):

Promass F

±0.001 g/cc

Promass M

±0.002 g/cc

After field density calibration or under reference conditions:

Promass F

±0.0005 g/cc

Promass M

±0.0010 g/cc

Temperature

Promass F, M:

±0.5 °C ± 0.005 · T (T = medium temperature in °C)

Repeatability Mass flow (liquid)

±0.05% ± [½ · (zero point stability ÷ measured value) · 100]% o.r.

Mass flow (gas)

±0.25% ± [½ · (zero point stability ÷ measured value) · 100]% o.r.

Volume flow (liquid)

Promass F:

±0.05% ± [½ · (zero point stability ÷ measured value) · 100]% o.r.

Promass M:

±0.10% ± [½ · (zero point stability ÷ measured value) · 100]% o.r.

o.r. = of reading

Zero point stability: see "Max. measured error"→ Page 13 ff.

Calculation example (mass flow, liquid):

Given: Promass 83 F / DN 25, measured value flow = 8000 kg/h

Repeatability: ±0.05% ± [½ · (zero point stability ÷ measured value) · 100]% o.r.

Repeatability: ±0.05% ± ½ · 0.54 kg/h ÷ 8000 kg/h · 100% = ±0.053%
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Density measurement (liquid)

1 g/cc = 1 kg/l

Promass F:

±0.00025 g/cc 

Promass M:

±0.0005 g/cc

Temperature measurement

±0.25 °C ± 0.0025 · T (T = medium temperature in °C)

Influence of medium 

temperature

When there is a difference between the temperature for zero point adjustment and the process temperature, 

the typical measured error of the Promass sensor is ±0.0002% of the full scale value/°C. 

Influence of medium pressure The table below shows the effect on accuracy of mass flow due to a difference between calibration pressure 

and process pressure.

DN Promass F

Promass F high-temperature

[% o.r./bar]

Promass M

[% o.r./bar]

Promass M (high pressure)

[% o.r./bar]

8 No influence 0.009 0.006

15 No influence 0.008 0.005

25 No influence 0.009 0.003

40 −0.003 0.005 −

50 −0.008 No influence −

80 −0.009 No influence −

100 −0.012 − −

150 −0.009 − −

250 −0.009 − −

o.r. = of reading
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Operating conditions: Installation

Installation instructions Note the following points:

• No special measures such as supports are necessary. External forces are absorbed by the construction of the 

instrument, for example the secondary containment.

• The high oscillation frequency of the measuring tubes ensures that the correct operation of the measuring 

system is not influenced by pipe vibrations.

• No special precautions need to be taken for fittings which create turbulence (valves, elbows, T-pieces, etc.), 

as long as no cavitation occurs.

• For mechanical reasons and to protect the pipe, support is recommended for heavy sensors.

Mounting location

Entrained air or gas bubbles in the measuring tube can result in an increase in measuring errors. 

Avoid the following mounting locations in the pipe:

• Highest point of a pipeline. Risk of air accumulating.

• Directly upstream from a free pipe outlet in a vertical pipeline

a0003605

Mounting location

Notwithstanding the above, the installation proposal below permits installation in an open vertical pipeline. 

Pipe restrictions or the use of an orifice with a smaller cross-section than the nominal diameter prevent the 

sensor running empty while measurement is in progress.

a0003597

Installation in a down pipe (e.g. for batching applications)

1 = Supply tank, 2 = Sensor, 3 = Orifice plate, pipe restriction (see Table), 4 = Valve, 5 = Batching tank

1

2

3

4

5

DN 8 15 25 40 50 80 1001) 1501) 2501)

∅ Orifice plate, pipe restriction [mm] 6 10 14 22 28 50 65 90 150 

1) only Promass F
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Orientation

Make sure that the direction of the arrow on the nameplate of the sensor matches the direction of flow 

(direction of fluid flow through the pipe).

Vertical (View V)

Recommended orientation with upward direction of flow. When fluid is not flowing, entrained solids will sink 

down and gases will rise away from the measuring tube. The measuring tubes can be completely drained and 

protected against solids buildup.

Horizontal

The measuring tubes must be horizontal and beside each other. When installation is correct the transmitter 

housing is above or below the pipe (Views H1/H2). Always avoid having the transmitter housing in the same 

horizontal plane as the pipe.

Please note the special installation instructions! → Page 19

In order to ensure that the maximum permissible ambient temperature for the transmitter

(–20 °C to +60 °C, optional –40 °C to +60 °C) is not exceeded, we recommend the following orientations:

m = For fluids with very high temperatures (>200 C), we recommend the horizontal orientation with the 

transmitter head pointing downwards (Fig. H2) or the vertical orientation (Fig. V).

n = For fluids with low temperatures, we recommend the horizontal orientation with the transmitter head 

pointing upwards (Fig. H1) or the vertical orientation (Fig. V).
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Vertical orientation

a0004572

ÃÃ ÃÃ ÃÃ ÃÃ

Fig. H1

Horizontal orientation 

Transmitter head up

a0004576

ÃÃ ÃÃ
✘

TM = >200 °C

m

Ã
TM = >200 °C

m

Fig. H2

Horizontal orientation 

Transmitter head down

a0004580

ÃÃ
n

ÃÃ
n

ÃÃ
n

ÃÃ
n

ÃÃ = Recommended orientation

Ã = Orientation recommended in certain situations

✘ = Impermissible orientation
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Special installation instructions for Promass F

" Caution! 

Both measuring tubes of Promass F are slightly curved. The position of the sensor, therefore, has to be matched 

to the fluid properties when the sensor is installed horizontally.

a0004581

Horizontal installation with Promass F

1 Not suitable for fluids with entrained solids. Risk of solids accumulating.

2 Not suitable for outgassing fluids. Risk of air accumulating.

Heating

Some fluids require suitable measures to avoid heat transfer at the sensor. Heating can be electric, e.g. with 

heated elements, or by means of hot water or steam pipes made of copper or heating jackets.

" Caution! 

• Risk of electronics overheating! Make sure that the maximum permissible ambient temperature for the 

transmitter is not exceeded. Consequently, make sure that the adapter between the sensor and transmitter 

and the connection housing of the remote version always remain free of insulating material. Note that a 

certain orientation might be required, depending on the fluid temperature. → Page 18

• With a fluid temperature between 200 °C to 350 °C the remote version of the high-temperature version is 

preferable.

• If using an electric trace heating system whose heating is regulated via phase angle control or pulse packages, 

influence on the measured values cannot be ruled out due to magnetic fields (i.e. for values that are greater 

than the values approved by the EN standard (sine 30 A/m)). In such instances, it is necessary to 

magnetically shield the sensor (apart from Promass M).

The secondary containment can be shielded with tin plate or electric sheets without privileged direction

(e.g. V330-35A) with the following properties:

– Relative magnetic permeability μr ≥ 300

– Plate thickness d ≥ 0.35 mm

• Information on permitted temperature ranges → Page 21

Special heating jackets, which can be ordered separately from Endress+Hauser as an accessory, are available 

for the sensors.

1 2
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Thermal insulation

Some fluids require suitable measures to avoid heat transfer at the sensor. A wide range of materials can be 

used to provide the required thermal insulation.

a0004614-en

In the case of the Promass F high-temperature version, a maximum insulation thickness of 60 mm must be observed in the 

area of the electronics/neck.

If the Promass F high-temperature version is installed horizontally (with transmitter head pointing upwards), 

an insulation thickness of min. 10 mm is recommended to reduce convection. The maximum insulation 

thickness of 60 mm must be observed.

Zero point adjustment

All Promass devices are calibrated to state-of-the-art technology. The zero point determined in this way is 

imprinted on the nameplate. 

Calibration takes place under reference conditions. → Page 13 ff. 

Promass therefore does not require zero point adjustment!

Experience shows that the zero point adjustment is advisable only in special cases:

• To achieve highest measuring accuracy also with very low flow rates

• Under extreme process or operating conditions (e.g. very high process temperatures or very high-viscosity 

fluids).

Please note the following before carrying out the adjustment:

• The adjustment can only be performed with fluids that have no gas or solid contents.

• Zero point adjustment is performed with the measuring tubes completely filled and at zero flow 

(v = 0 m/s). This can be achieved, for example, with shutoff valves upstream and/or downstream of the 

sensor or by using existing valves and gates.

– Normal operation → valves 1 and 2 open

– Zero point adjustment with pump pressure → valve 1 open / valve 2 closed

– Zero point adjustment without pump pressure → valve 1 closed / valve 2 open

a0003601

Zero point adjustment and shutoff valves
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Inlet and outlet runs There are no installation requirements regarding inlet and outlet runs.

Length of connecting cable Max. 20 meters (remote version)

System pressure It is important to ensure that cavitation does not occur, because it would influence the oscillation of the 

measuring tube. No special measures need to be taken for fluids which have properties similar to water under 

normal conditions.

In the case of liquids with a low boiling point (hydrocarbons, solvents, liquefied gases) or in suction lines, it is 

important to ensure that pressure does not drop below the vapor pressure and that the liquid does not start to 

boil. It is also important to ensure that the gases that occur naturally in many liquids do not outgas. Such effects 

can be prevented when system pressure is sufficiently high.

For this reason, the following mounting locations are preferred:

• Downstream from pumps (no risk of partial vacuum)

• At the lowest point in a vertical pipe

Operating conditions: Environment

Ambient temperature range Standard: –20 °C to +60 °C (sensor, transmitter)

Optional: –40 °C to +60 °C (sensor, transmitter)

! Note! 

• Install the device at a shady location. Avoid direct sunlight, particularly in warm climatic regions.

• At ambient temperatures below –20 °C the readability of the display may be impaired.

Storage temperature –40 °C to +80 °C (preferably +20 °C)

Degree of protection Standard: IP 67 (NEMA 4X) for transmitter and sensor

Shock resistance In accordance with IEC 68-2-31

Vibration resistance Acceleration up to 1 g, 10 to 150 Hz, following IEC 68-2-6

Electromagnetic compatibility 

(EMC)

To IEC/EN 61326 and NAMUR Recommendation NE 21

Operating conditions: Process

Medium temperature range Sensor

Promass F:

–50 °C to +200 °C

Promass F (high-temperature version):

–50 °C to +350 °C

Promass M:

–50 °C to +150 °C
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Seals

Promass F:

No internal seals

Promass M:

Viton –15 °C to +200 °C; EPDM –40 °C to +160 °C; silicone –60 °C to +200 °C; Kalrez –20 °C to +275 °C;

FEP sheathed (not for gas applications): –60 °C to +200 °C

Medium pressure range 

(nominal pressure)

Flanges

Promass F:

according to DIN PN 16 to 100 /according to ASME B16.5 Cl 150, Cl

300, Cl 600 / JIS 10K, 20K, 40K, 63K

Promass F (high-temperature version):

according to DIN PN 40, 64, 100 /according to ASME B16.5 Cl 150,

Cl 300, Cl 600 / JIS 10K, 20K, 63K

Promass M:

according to DIN PN 40 to 100 /according to ASME B16.5 Cl 150, Cl

300, Cl 600 / JIS 10K, 20K, 40K, 63K

Promass M (high-pressure version)

Measuring tubes, connector, couplings: max. 350 bar

Pressure ranges of secondary containment

• Promass F

– DN 8 to 50: 40 bar

– DN 80: 25 bar

– DN 100 to 150: 16 bar

– DN 250: 10 bar

• Promass M

– 100 bar

# Warning! 

In case a danger of measuring tube failure exists due to process characteristics, e.g. with corrosive process 

fluids, we recommend the use of sensors whose secondary containment is equipped with special pressure 

monitoring connections (ordering option). With the help of these connections, fluid collected in the secondary 

containment in the event of tube failure can be bled off. This is especially important in high pressure gas 

applications. These connections can also be used for gas circulation and/or gas detection. Dimensions 

→ Page 31 ff.

Rupture disk (optional, only 

Promass F)

Further informationen → Page 56.

Limiting flow See information in the "Measuring range" Section → Page 6

Select nominal diameter by optimizing between required flow range and permissible pressure loss. An overview 

of max. possible full scale values can be found in the "Measuring range" Section.

• The minimum recommended full scale value is approx. 1/20 of the max. full scale value.

• In most applications, 20 to 50% of the maximum full scale value can be considered ideal.

• Select a lower full scale value for abrasive substances such as fluids with entrained solids (flow velocity 

<1 m/s).

• For gas measurement the following rules apply:

– Flow velocity in the measuring tubes should not be more than half the sonic velocity (0.5 Mach).

– The maximum mass flow depends on the density of the gas: formula → Page 6
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Pressure loss Pressure loss depends on the fluid properties and on the flow rate. The following formulae can be used to 

approximately calculate the pressure loss:

Pressure loss coefficient for Promass F

a0001396

Pressure loss diagram for water

Reynolds number

a0004623

Re ≥ 23001)

a0004626

Re < 2300

a0004628

Δp = pressure loss [mbar]

ν = kinematic viscosity [m2/s]

g = mass flow [kg/s]

ρ = fluid density [kg/m3]

d = inside diameter of measuring tubes [m]

K to K2 = constants (depending on nominal diameter)

1) To compute the pressure loss for gases, always use the formula for Re ≥ 2300.

DN d [m] K K1 K2

8 5.35 · 10–3 5.70 · 107 9.60 · 107 1.90 · 107

15 8.30 · 10–3 5.80 · 106 1.90 · 107 10.60 · 105

25 12.00 · 10–3 1.90 · 106 6.40 · 106 4.50 · 105

40 17.60 · 10–3 3.50 · 105 1.30 · 106 1.30 · 105

50 26.00 · 10–3 7.00 · 104 5.00 · 105 1.40 · 104

80 40.50 · 10–3 1.10 · 104 7.71 · 104 1.42 · 104

100 51.20 · 10–3 3.54 · 103 3.54 · 104 5.40 · 103

150 68.90 · 10–3 1.36 · 103 2.04 · 104 6.46 · 102

250 102.26 · 10–3 3.00 · 102 6.10 · 103 1.33 · 102

Re =
2 · g

� � �· d · ·

� �p = K · · ·
0.25 1.85 –0.86

g�

�p = K1 · · +g�
K2 · ·

0.25 2
g�

�

DN 50DN 40
DN 25

DN 8

10000

1000

100

10

1

0.1

0.001 0.01 0.1 1 10 100 1000

DN 15

DN 80

DN 100

[mbar]

[t/h]

DN 150

DN 250
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Pressure loss coefficient for Promass M

a0004605

Pressure loss diagram for water

1 Promass M

2 Promass M (high-pressure version)

DN d [m] K K1 K2

8 5.53 · 10–3 5.2 · 107 8.6 · 107 1.7 · 107

15 8.55 · 10–3 5.3 · 106 1.7 · 107 9.7 · 105

25 11.38 · 10–3 1.7 · 106 5.8 · 106 4.1 · 105

40 17.07 · 10–3 3.2 · 105 1.2 · 106 1.2 · 105

50 25.60 · 10–3 6.4 · 104 4.5 · 105 1.3 · 104

80 38.46 · 10–3 1.4 · 104 8.2 · 104 3.7 · 104

High-pressure version

8 4.93 · 10–3 6.0 · 107 1.4 · 108 2.8 · 107

15 7.75 · 10–3 8.0 · 106 2.5 · 107 1.4 · 106

25 10.20 · 10–3 2.7 · 106 8.9 · 106 6.3 · 105

DN 50DN 40

DN 25
DN 8

10000

1000

100

10

1

0.1

0.001 0.01 0.1 1 10 100 1000

DN 15

DN 80

[mbar]

[t/h]

1
2



Proline Promass 80F, 80M, 83F, 83M

Endress+Hauser 25

Mechanical construction

Design, dimensions
Dimensions:

Field housing compact version, powder-coated die-cast aluminum → Page 26

Transmitter compact version, Stainless Steel field housing → Page 27

Transmitter connection housing remote version (II2G/Zone 1) → Page 27

Transmitter wall-mount housing (non Ex-zone and II3G/Zone 2) → Page 28

Connection housing remote version → Page 29

Connection housing remote version for heating → Page 29

Process connections Promass F → Page 31 ff.

Promass F: Flange connections EN (DIN), ASME B16.5, JIS → Page 31

Promass F: Tri-Clamp → Page 37

Promass F: DIN 11851 (threaded hygienic connection) → Page 38

Promass F: DIN 11864-1 Form A (threaded hygienic connection) → Page 39

Promass F: DIN 11864-2 Form A (flat flange with groove) → Page 40

Promass F: ISO 2853 (threaded hygienic connection) → Page 41

Promass F: SMS 1145 (threaded hygienic connection) → Page 42

Promass F: VCO → Page 43

Process connections Promass M → Page 44 ff.

Promass M: Flange connections EN (DIN), ASME B16.5, JIS → Page 44

Promass M: Tri-Clamp → Page 48

Promass M: DIN 11851 (threaded hygienic connection) → Page 49

Promass M: DIN 11864-1 Form A (threaded hygienic connection) → Page 49

Promass M: DIN 11864-2 Form A (flat flange with groove) → Page 50

Promass M: ISO 2853 (threaded hygienic connection) → Page 51

Promass M: SMS 1145 (threaded hygienic connection) → Page 51

Process connections Promass M (high pressure) → Page 52 ff.

Promass M (high pressure): ½"-NPT, 3/8"-NPT and G 3/8" → Page 52

Promass M (high pressure): ½"-SWAGELOK → Page 53

Promass M (high pressure): Connector with internal thread 7/8-14 UNF → Page 53

Promass M without process connections → Page 54

Purge connections / secondary containment monitoring → Page 55

Rupture disk → Page 56
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Field housing compact version, powder-coated die-cast aluminum

a0003165

Promass F

a0003165

Promass M

! Note! 

Dimensions for transmitters II2G/Zone 1 → Page 27.
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A B

A* C

E
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D

G
A A* B C D

227 207 187 168 160

All dimensions in [mm]; 

* Blind version (without local display)

Promass F Promass M

DN E F G L di DN E F G L di

8 75 266 341 1) 1) 8 35 266 301 1) 1)

15 75 266 341 1) 1) 15 37 268 305 1) 1)

25 75 266 341 1) 1) 25 40 272 312 1) 1)

40 105 271 376 1) 1) 40 49 283 332 1) 1)

50 141 283 424 1) 1) 50 58 293 351 1) 1)

80 200 305 505 1) 1) 80 76 309 385 1) 1)

100 247 324 571 1) 1)
All dimensions in [mm]; 

* dependent on respective process connection 

→ For dimensions, see the following pages
150 378 362 740 1) 1)

250 548 390 938 1) 1)
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Transmitter compact version, Stainless Steel field housing

a0002245

Transmitter connection housing remote version (II2G/Zone 1)

a0002128

A B C

225 153 168

All dimensions in [mm]

A A* B B* C D E

265 242 240 217 206 186 167

* Blind version (without local display)

F G H J K L M

∅ 8.6 (M8) 100 123 100 133 188 355

All dimensions in [mm]
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Transmitter wall-mount housing (non Ex-zone and II3G/Zone 2)

a0001150

A B C D E F G H J

215 250 90.5 159.5 135 90 45 >50 81

K L M N O P Q R S

53 95 53 102 81.5 11.5 192 8 × M5 20

All dimensions in [mm]
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Connection housing remote version

a0002516

Connection housing remote version for heating

! Note! 

Use this version in case of insulation or application of heating jacket.

a0002517

Promass F Promass M

DN A B C DN A B C

8 118.5 137.5 113 8 118.5 137.5 113

15 118.5 137.5 113 15 118.5 137.5 115

25 118.5 137.5 113 25 118.5 137.5 119

40 118.5 137.5 118 40 118.5 137.5 130

50 118.5 137.5 130 50 118.5 137.5 140

80 118.5 137.5 152 80 118.5 137.5 156

100 118.5 137.5 171 All dimensions in [mm]

150 118.5 137.5 209

250 118.5 137.5 237

B

C

A

A B C D E

129 80 110 102 292

All dimensions in [mm]

E

B
C

D

A
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Dimensions: High-temperature version (compact)

a0002518

Dimensions: High-temperature version (remote)

a0002519

DN A B C D E

25 187 168 100 350 455

50 187 168 141 365 506

80 187 168 200 385 585

All dimensions in [mm]

DN A C D E

25 129 105 292 397

50 129 141 307 448

80 129 200 327 527

All dimensions in [mm]
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Promass F: Flange connections EN (DIN), ASME B16.5, JIS

a0002501-en

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 16: 1.4404/316L 

Surface roughness (flange): EN 1092-1 Form B1 (DIN 2526 Form C), Ra 3.2 to 12.5 μm

DN G L N S LK U di

100 220 1128 8 × Ø18 20 180 107.1 51.20

150 285 1330 8 × Ø22 22 240 159.3 68.90

2502) 405 1780 12 × Ø26 26 355 260.4 102.26

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available
2) Not available in Alloy

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 40: 1.4404/316L, Alloy C-22 

Surface roughness (flange): EN 1092-1 Form B1 (DIN 2526 Form C), Ra 3.2 to 12.5 μm

DN G L N S LK U di

8 95 370 4 × Ø14 16 65 17.3 5.35

15 95 404 4 × Ø14 16 65 17.3 8.30

25 115 440 4 × Ø14 18 85 28.5 12.00

40 150 550 4 × Ø18 18 110 43.1 17.60

50 165 715 4 × Ø18 20 125 54.5 26.00

80 200 840 8 × Ø18 24 160 82.5 40.50

100 235 1128 8 × Ø22 24 190 107.1 51.20

150 300 1370 8 × Ø26 28 250 159.3 68.90

2502) 450 1850 12 × Ø33 38 385 258.8 102.26

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available
2) Not available in Alloy

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501) / PN 40 (mit DN 25-Flanges): 1.4404/316L

Surface roughness (flange): EN 1092-1 Form B1 (DIN 2526 Form C), Ra 3.2 to 12.5 μm

DN G L N S LK U di

8 115 440 4 × Ø14 18 85 28.5 5.35

15 115 440 4 × Ø14 18 85 28.5 8.30

All dimensions in [mm]
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*DN 150…250: ±3.5
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Flange according to EN 1092-1 (DIN 2501 / DIN 2512N ) extension-reduction / PN 16: 1.4404/316L

Only for nominal diameter DN 250 (on request)

Surface roughness (flange): Ra 0.8 to 3.2 μm

DN G L N S LK U di

150 285 1980 8 × Ø22 22 240 159.3 102.26

200 340 1940 12 × Ø22 24 295 207.3 102.26

300 460 1940 12 × Ø26 28 410 309.7 102.26

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N ) extension-reduction / PN 40: 1.4404/316L

Only for nominal diameter DN 250 (on request)

Surface roughness (flange): Ra 0.8 to 3.2 μm

DN G L N S LK U di

150 300 1980 8 × Ø26 28 250 159.3 102.26

200 375 1940 12 × Ø30 34 320 206.5 102.26

300 515 1940 16 × Ø33 42 450 307.9 102.26

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 63: 1.4404/316L, Alloy C-22

Surface roughness (flange): EN 1092-1 Form B2 (DIN 2526 Form E), Ra 0.8 to 3.2 μm

DN G L N S LK U di

50 180 724 4 × Ø22 26 135 54.5 26.00

80 215 875 8 × Ø22 28 170 81.7 40.50

100 250 1128 8 × Ø26 30 200 106.3 51.20

150 345 1410 8 × Ø33 36 280 157.1 68.90

2502) 470 1890 12 × Ø36 46 400 255.4 102.26

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available
2) Not available in Alloy

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 100: 1.4404/316L, Alloy C-22

Surface roughness (flange): EN 1092-1 Form B2 (DIN 2526 Form E), Ra 0.8 to 3.2 μm

DN G L N S LK U di

8 105 400 4 × Ø14 20 75 17.3 5.35

15 105 420 4 × Ø14 20 75 17.3 8.30

25 140 470 4 × Ø18 24 100 28.5 12.00

40 170 590 4 × Ø22 26 125 42.5 17.60

50 195 740 4 × Ø26 28 145 53.9 26.00

80 230 885 8 × Ø26 32 180 80.9 40.50

100 265 1128 8 × Ø30 36 210 104.3 51.20

150 355 1450 12 × Ø33 44 290 154.0 68.90

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available

All dimensions in [mm]
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Flange according to ASME B16.5 / Cl 150: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 88.9 370 4 × Ø15.7 11.2 60.5 15.7 5.35

15 ½" 88.9 404 4 × Ø15.7 11.2 60.5 15.7 8.30

25 1" 108.0 440 4 × Ø15.7 14.2 79.2 26.7 12.00

40 1½" 127.0 550 4 × Ø15.7 17.5 98.6 40.9 17.60

50 2" 152.4 715 4 × Ø19.1 19.1 120.7 52.6 26.00

80 3" 190.5 840 4 × Ø19.1 23.9 152.4 78.0 40.50

100 4" 228.6 1128 8 × Ø19.1 23.9 190.5 102.4 51.20

150 6" 279.4 1398 8 × Ø22.4 25.4 241.3 154.2 68.90

2501) 10" 406.4 1836.8 12 × Ø25.4 30.2 362 254.5 102.26

1) Not available in Alloy

All dimensions in [mm]

Flange according to ASME B16.5 / Cl 300: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 95.2 370 4 × Ø15.7 14.2 66.5 15.7 5.35

15 ½" 95.2 404 4 × Ø15.7 14.2 66.5 15.7 8.30

25 1" 123.9 440 4 × Ø19 17.5 88.9 26.7 12.00

40 1½" 155.4 550 4 × Ø22.3 20.6 114.3 40.9 17.60

50 2" 165.1 715 8 × Ø19 22.3 127.0 52.6 26.00

80 3" 209.5 840 8 × Ø22.3 28.4 168.1 78.0 40.50

100 4" 254.0 1128 8 × Ø22.3 31.7 200.1 102.4 51.20

150 6" 317.5 1417 12 × Ø22.3 36.5 269.7 154.2 68.90

2501) 10" 444.5 1868.2 16 × Ø28.4 47.4 387.3 254.5 102.26

1) Not available in Alloy

All dimensions in [mm]

Flange according to ASME B16.5 / Cl 600: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 95.3 400 4 × Ø15.7 20.6 66.5 13.9 5.35

15 ½" 95.3 420 4 × Ø15.7 20.6 66.5 13.9 8.30

25 1" 124.0 490 4 × Ø19.1 23.9 88.9 24.3 12.00

40 1½" 155.4 600 4 × Ø22.4 28.7 114.3 38.1 17.60

50 2" 165.1 742 8 × Ø19.1 31.8 127.0 49.2 26.00

80 3" 209.6 900 8 × Ø22.4 38.2 168.1 73.7 40.50

100 4" 273.1 1158 8 × Ø25.4 48.4 215.9 97.3 51.20

150 6" 355.6 1467 12 × Ø28.4 47.8 292.1 154.2 68.90

2501) 10" 508.0 1951.2 16 × Ø35.1 69.9 431.8 254.5 102.26

1) Not available in Alloy

All dimensions in [mm]



Proline Promass 80F, 80M, 83F, 83M

34 Endress+Hauser

Flange according to ASME B16.5 extension-reduction / Cl 150: 1.4404/316L

Only for nominal diameter DN 250 /10" (on request)

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

150 6" 279.4 1980 8 × Ø22.4 25.4 241.3 154.2 102.26

200 8" 342.9 1940 8 × Ø22.4 28.4 298.5 202.7 102.26

300 12" 482.6 1940 12 × Ø25.4 31.8 431.8 304.80 102.26

All dimensions in [mm]

Flange according to ASME B16.5 extension-reduction / Cl 300: 1.4404/316

Only for nominal diameter DN 250 /10" (on request)

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

150 6" 317.5 1980 12 × Ø22.4 36.5 269.7 154.2 102.26

200 8" 381.0 1940 12 × Ø25.4 41.1 330.2 202.7 102.26

300 12" 520.7 1940 16 × Ø31.7 50.8 450.8 304.80 102.26

All dimensions in [mm]

Flange according to ASME B16.5 extension-reduction / Cl 600: 1.4404/316L

Only for nominal diameter DN 250 /10" (on request)

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

150 6" 355.6 1980 12 × Ø28.4 54.2 292.1 154.2 102.26

200 8" 419.1 1940 12 × Ø31.8 62.0 349.3 202.7 102.26

All dimensions in [mm]

Flange JIS B2220 / 10K: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

50 155 715 4 × Ø19 16 120 50 26.00

80 185 832 8 × Ø19 18 150 80 40.50

100 210 1128 8 × Ø19 18 175 100 51.20

150 280 1354 8 × Ø23 22 240 150 68.90

2501) 400 1780 12 × Ø25 24 355 250 102.26

1) Not available in Alloy

All dimensions in [mm]
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Flange JIS B2220 / 20K: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 1.6 to 3.2 μm

DN G L N S LK U di

8 95 370 4 × Ø15 14 70 15 5.35

15 95 404 4 × Ø15 14 70 15 8.30

25 125 440 4 × Ø19 16 90 25 12.00

40 140 550 4 × Ø19 18 105 40 17.60

50 155 715 8 × Ø19 18 120 50 26.00

80 200 832 8 × Ø23 22 160 80 40.50

100 225 1128 8 × Ø23 24 185 100 51.20

150 305 1386 12 × Ø25 28 260 150 68.90

2501) 430 1850 12 × Ø27 34 380 250 102.26

1) Not available in Alloy

All dimensions in [mm]

Flange JIS B2220 / 40K: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 1.6 to 3.2 μm

DN G L N S LK U di

8 115 400 4 × Ø19 20 80 15 5.35

15 115 425 4 × Ø19 20 80 15 8.30

25 130 485 4 × Ø19 22 95 25 12.00

40 160 600 4 × Ø23 24 120 38 17.60

50 165 760 8 × Ø19 26 130 50 26.00

80 210 890 8 × Ø23 32 170 75 40.50

100 250 1168 8 × Ø25 36 205 100 51.20

150 355 1498 12 × Ø33 44 295 150 68.90

All dimensions in [mm]

Flange JIS B2220 / 63K: 1.4404/316L, Alloy C-22

Surface roughness (flange): Ra 1.6 to 3.2 μm

DN G L N S LK U di

8 120 420 4 × Ø19 23 85 12 5.35

15 120 440 4 × Ø19 23 85 12 8.30

25 140 494 4 × Ø23 27 100 22 12.00

40 175 620 4 × Ø25 32 130 35 17.60

50 185 775 8 × Ø23 34 145 48 26.00

80 230 915 8 × Ø25 40 185 73 40.50

100 270 1168 8 × Ø27 44 220 98 51.20

150 365 1528 12 × Ø33 54 305 146 68.90

All dimensions in [mm]
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Flange JIS B2220 extension-reduction / 10K: 1.4404/316L

Only for nominal diameter DN 250 (on request)

Surface roughness (flange): Ra 1.6 to 3.2 μm

DN G L N S LK U di

150 280 1980 8 × Ø23 22 240 150 102.26

200 330 1940 12 × Ø23 22 290 200 102.26

300 445 1940 16 × Ø25 24 400 300 102.26

All dimensions in [mm]

Flange JIS B2220 extension-reduction / 20K: 1.4404/316L

Only for nominal diameter DN 250 (on request)

Surface roughness (flange): Ra 1.6 to 3.2 μm

DN G L N S LK U di

150 305 1980 12 × Ø25 28 260 150 102.26

200 350 1940 12 × Ø25 30 305 200 102.26

300 480 1940 16 × Ø27 36 430 300 102.26

All dimensions in [mm]
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Promass F: Tri-Clamp

a0002515-en

Tri-Clamp: 1.4404/316L 

DN Clamp G L U di

8 1" 50.4 367 22.1 5.35

15 1" 50.4 398 22.1 8.30

25 1" 50.4 434 22.1 12.00

40 1½" 50.4 560 34.8 17.60

50 2" 63.9 720 47.5 26.00

80 3" 90.9 900 72.9 40.50

100 4" 118.9 1128 97.4 51.20

3A version also available (Ra ≤ 0.8 μm/150 grit. Option: Ra ≤ 0.4 μm/240 grit)

All dimensions in [mm]

½"-Tri-Clamp: 1.4404/316L 

DN Clamp G L U di

8 ½" 25.0 367 9.5 5.35

15 ½" 25.0 398 9.5 8.30

3A version also available (Ra ≤ 0.8 μm/150 grit. Option: Ra ≤ 0.4 μm/240 grit)

All dimensions in [mm]
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Promass F: DIN 11851 (threaded hygienic connection)

a0002520-en

Threaded hygienic connection DIN 11851: 1.4404/316L 

DN G L U di

8 Rd 34 × 1/8" 367 16 5.35

15 Rd 34 × 1/8" 398 16 8.30

25 Rd 52 × 1/6" 434 26 12.00

40 Rd 65 × 1/6" 560 38 17.60

50 Rd 78 × 1/6" 720 50 26.00

80 Rd 110 × 1/4" 900 81 40.50

100 Rd 130 × 1/4" 1128 100 51.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]
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Promass F: DIN 11864-1 Form A (threaded hygienic connection)

a0002521-en

Threaded hygienic connection DIN 11864-1 Form A: 1.4404/316L 

DN G L U di

8 Rd 28 × 1/8" 367 10 5.35

15 Rd 34 × 1/8" 398 16 8.30

25 Rd 52 × 1/6" 434 26 12.00

40 Rd 65 × 1/6" 560 38 17.60

50 Rd 78 × 1/6" 720 50 26.00

80 Rd 110 × 1/4" 900 81 40.50

100 Rd 130 × 1/4" 1128 100 51.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]
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Promass F: DIN 11864-2 Form A (flat flange with groove)

a0002522-en

DIN 11864-2 Form A (flat flange with groove): 1.4404/316L 

DN G L N S LK U di

8 54 387 4 × Ø9 10 37 10 5.35

15 59 418 4 × Ø9 10 42 16 8.30

25 70 454 4 × Ø9 10 53 26 12.00

40 82 560 4 × Ø9 10 65 38 17.60

50 94 720 4 × Ø9 10 77 50 26.00

80 133 900 8 × Ø11 12 112 81 40.50

100 159 1128 8 × Ø11 14 137 100 51.20

3A version also available (Ra ≤ 0.8 μm/150 grit. Option: Ra ≤ 0.4 μm/240 grit)

All dimensions in [mm]
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Promass F: ISO 2853 (threaded hygienic connection)

a0002523-en

Threaded hygienic connection ISO 2853: 1.4404/316L 

DN G 1) L N di

8 37.13 367 22.6 5.35

15 37.13 398 22.6 8.30

25 37.13 434 22.6 12.00

40 52.68 560 35.6 17.60

50 64.16 720 48.6 26.00

80 91.19 900 72.9 40.50

100 118.21 1128 97.6 51.20

1) Max. thread diameter to ISO 2853 Annex A

3A version also available (Ra ≤ 0.8 μm/150 grit. Option: Ra ≤ 0.4 μm/240 grit)

All dimensions in [mm]
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Promass F: SMS 1145 (threaded hygienic connection)

a0002524-en

Threaded hygienic connection SMS 1145: 1.4404/316L 

DN G L U di

8 Rd 40 × 1/6" 367 22.6 5.35

15 Rd 40 × 1/6" 398 22.6 8.30

25 Rd 40 × 1/6" 434 22.6 12.00

40 Rd 60 × 1/6" 560 35.6 17.60

50 Rd 70 × 1/6" 720 48.6 26.00

80 Rd 98 × 1/6" 900 72.9 40.50

100 Rd 132 × 1/6" 1128 97.6 51.20

3A version also available (Ra ≤ 0.8 μm/150 grit. Option: Ra ≤ 0.4 μm/240 grit)

All dimensions in [mm]
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Promass F: VCO

a0004552-en

8-VCO-4 (½"): 1.4404/316L 

DN G L U di

8 AF 1" 390 10.2 5.35

All dimensions in [mm]

12-VCO-4 (3/4"): 1.4404/316L 

DN G L1) U di

15 AF 1½" 430 15.7 8.30

All dimensions in [mm]

di

GU
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Promass M: Flange connections EN (DIN), ASME B16.5, JIS

a0002525-en

Flange according to EN 1092-1 (DIN 2501) / PN 16: PVDF 

DN G L N S LK U di

8 95 370 4 × Ø14 16 65 16.1 5.53

15 95 404 4 × Ø14 16 65 16.1 8.55

25 115 440 4 × Ø14 18 85 28.5 11.38

40 150 550 4 × Ø18 18 110 43.1 17.07

50 165 715 4 × Ø18 20 125 54.5 25.60

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 40: 1.4404/316L, Titan

Surface roughness (flange): EN 1092-1 Form B1 (DIN 2526 Form C), Ra 3.2 to 12.5 μm

DN G L N S LK U di

8 95 370 4 × Ø14 16 65 17.3 5.53

15 95 404 4 × Ø14 16 65 17.3 8.55

25 115 440 4 × Ø14 18 85 28.5 11.38

40 150 550 4 × Ø18 18 110 43.1 17.07

50 165 715 4 × Ø18 20 125 54.5 25.60

80 200 840 8 × Ø18 24 160 82.5 38.46

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501) / PN 40 (mit DN 25-Flanschen): 1.4404/316L

Surface roughness (flange): EN 1092-1 Form B1 (DIN 2526 Form C), Ra 3.2 to 12.5 μm

DN G L N S LK U di

8 115 440 4 × Ø14 18 85 28.5 5.53

15 115 440 4 × Ø14 18 85 28.5 8.55

All dimensions in [mm]
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Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 63: 1.4404/316L, Titan

Surface roughness (flange): EN 1092-1 Form B2 (DIN 2526 Form E), Ra 0.8 to 3.2 μm

DN G L N S LK U di

50 180 724 4 × Ø22 26 135 54.5 25.60

80 215 875 8 × Ø22 28 170 81.7 38.46

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available

All dimensions in [mm]

Flange according to EN 1092-1 (DIN 2501 / DIN 2512N 1)) / PN 100: 1.4404/316L, Titan

Surface roughness (flange): EN 1092-1 Form B2 (DIN 2526 Form E), Ra 0.8 to 3.2 μm

DN G L N S LK U di

8 95 400 4 × Ø14 20 65 17.3 5.53

15 95 420 4 × Ø14 20 65 17.3 8.55

25 115 470 4 × Ø14 24 85 28.5 11.38

40 150 590 4 × Ø18 26 110 43.1 17.07

50 165 740 4 × Ø18 28 125 54.5 25.60

80 230 885 8 × Ø26 32 180 80.9 38.46

1) Flange with groove according to EN 1092-1 Form D (DIN 2512N) available

All dimensions in [mm]

Flange according to ASME B16.5 / Cl 150: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 88.9 370 4 × Ø15.7 11.2 60.5 15.7 5.53

15 ½" 88.9 404 4 × Ø15.7 11.2 60.5 15.7 8.55

25 1" 108.0 440 4 × Ø15.7 14.2 79.2 26.7 11.38

40 1½" 127.0 550 4 × Ø15.7 17.5 98.6 40.9 17.07

50 2" 152.4 715 4 × Ø19.1 19.1 120.7 52.6 25.60

80 3" 190.5 840 4 × Ø19.1 23.9 152.4 78.0 38.46

All dimensions in [mm]

Flange according to ASME B16.5 / Cl 150: PVDF

DN G L N S LK U di

8 3/8" 88.9 370 4 × Ø15.7 16 60.5 15.7 5.53

15 ½" 88.9 404 4 × Ø15.7 16 60.5 15.7 8.55

25 1" 108.0 440 4 × Ø15.7 18 79.2 26.7 11.38

40 1½" 127.0 550 4 × Ø15.7 21 98.6 40.9 17.07

50 2" 152.4 715 4 × Ø19.1 28 120.7 52.6 25.60

All dimensions in [mm]
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Flange according to ASME B16.5 / Cl 300: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 95.2 370 4 × Ø15.7 14.2 66.5 15.7 5.53

15 ½" 95.2 404 4 × Ø15.7 14.2 66.5 15.7 8.55

25 1" 123.9 440 4 × Ø19.0 17.5 88.9 26.7 11.38

40 1½" 155.4 550 4 × Ø22.3 20.6 114.3 40.9 17.07

50 2" 165.1 715 8 × Ø19.0 22.3 127.0 52.6 25.60

80 3" 209.5 840 8 × Ø22.3 28.4 168.1 78.0 38.46

All dimensions in [mm]

Flange according to ASME B16.5 / Cl 600: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 3/8" 95.3 400 4 × Ø15.7 20.6 66.5 13.8 5.53

15 ½" 95.3 420 4 × Ø15.7 20.6 66.5 13.8 8.55

25 1" 124.0 490 4 × Ø19.1 23.6 88.9 24.4 11.38

40 1½" 155.4 600 4 × Ø22.4 28.7 114.3 38.1 17.07

50 2" 165.1 742 8 × Ø19.1 31.8 127.0 49.3 25.60

80 3" 209.6 900 8 × Ø22.4 38.2 168.1 73.7 38.46

All dimensions in [mm]

Flange JIS B2220 / 10K: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

50 155 715 4 × Ø19 16 120 50 25.60

80 185 832 8 × Ø19 18 150 80 38.46

All dimensions in [mm]

Flange JIS B2220 / 10K: 1.4404/316L, PVDF

DN G L N S LK U di

8 95 370 4 × Ø15 16 70 15 5.53

15 95 404 4 × Ø15 16 70 15 8.55

25 125 440 4 × Ø19 18 90 25 11.38

40 140 550 4 × Ø19 21 105 40 17.07

50 155 715 4 × Ø19 22 120 50 25.60

All dimensions in [mm]
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Flange JIS B2220 / 20K: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 95 370 4 × Ø15 16 70 15 5.53

15 95 404 4 × Ø15 16 70 15 8.55

25 125 440 4 × Ø19 18 90 25 11.38

40 140 550 4 × Ø19 21 105 40 17.07

50 155 715 4 × Ø19 22 120 50 25.60

80 200 832 8 × Ø23 22 160 80 38.46

All dimensions in [mm]

Flange JIS B2220 / 40K: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 115 400 4 × Ø19 20 80 15 5.53

15 115 425 4 × Ø19 20 80 15 8.55

25 130 485 4 × Ø19 22 95 25 11.38

40 160 600 4 × Ø23 24 120 38 17.07

50 165 760 8 × Ø19 26 130 50 25.60

80 210 890 8 × Ø23 32 170 75 38.46

All dimensions in [mm]

Flange JIS B2220 / 63K: 1.4404/316L, Titan

Surface roughness (flange): Ra 3.2 to 6.3 μm

DN G L N S LK U di

8 120 420 4 × Ø19 23 85 12 5.53

15 120 440 4 × Ø19 23 85 12 8.55

25 140 494 4 × Ø23 27 100 22 11.38

40 175 620 4 × Ø25 32 130 35 17.07

50 185 775 8 × Ø23 34 145 48 25.60

80 230 915 8 × Ø25 40 185 73 38.46

All dimensions in [mm]
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Promass M: Tri-Clamp

a0002526-en

Tri-Clamp: 1.4404/316L 

DN Clamp G L U di

8 1" 50.4 367 22.1 5.53

15 1" 50.4 398 22.1 8.55

25 1" 50.4 434 22.1 11.38

40 1½" 50.4 560 34.8 17.07

50 2" 63.9 720 47.5 25.60

80 3" 90.9 801 72.9 38.46

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

½"-Tri-Clamp: 1.4404/316L 

DN Clamp G L U di

8 ½" 25.0 367 9.5 5.53

15 ½" 25.0 398 9.5 8.55

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]
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Promass M: DIN 11851 (threaded hygienic connection)

a0002527-en

Promass M: DIN 11864-1 Form A (threaded hygienic connection)

a0002528-en

Threaded hygienic connection DIN 11851: 1.4404/316L 

DN G L U di

8 Rd 34 × 1/8" 367 16 5.53

15 Rd 34 × 1/8" 398 16 8.55

25 Rd 52 × 1/6" 434 26 11.38

40 Rd 65 × 1/6" 560 38 17.07

50 Rd 78 × 1/6" 720 50 25.60

80 Rd 110 × 1/4" 815 81 38.46

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

Threaded hygienic connection DIN 11864-1 Form A: 1.4404/316L 

DN G L U di

8 Rd 28 × 1/8" 367 10 5.53

15 Rd 34 × 1/8" 398 16 8.55

25 Rd 52 × 1/6" 434 26 11.38

40 Rd 65 × 1/6" 560 38 17.07

50 Rd 78 × 1/6" 720 50 25.60

80 Rd 110 × 1/4" 815 81 38.46

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]
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Promass M: DIN 11864-2 Form A (flat flange with groove)

a0002529-en

DIN 11864-2 Form A (flat flange with groove): 1.4404/316L 

DN G L N S LK U di

8 54 367 4 × Ø9 10 37 10 5.53

15 59 398 4 × Ø9 10 42 16 8.55

25 70 434 4 × Ø9 10 53 26 11.38

40 82 560 4 × Ø9 10 65 38 17.07

50 94 720 4 × Ø9 10 77 50 25.60

80 133 815 8 × Ø11 12 112 81 38.46

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]
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Promass M: ISO 2853 (threaded hygienic connection)

a0002530-en

Promass M: SMS 1145 (threaded hygienic connection)

a0002531-en

Threaded hygienic connection ISO 2853: 1.4404/316L 

DN G 1) L N di

8 37.13 367 22.6 5.53

15 37.13 398 22.6 8.55

25 37.13 434 22.6 11.38

40 52.68 560 35.6 17.07

50 64.16 720 48.6 25.60

80 91.19 815 72.9 38.46

1) Max. thread diameter to ISO 2853 Annex A

3A version also available (Ra ≤ 0.8 μm/150 grit)

All dimensions in [mm]

Threaded hygienic connection SMS 1145: 1.4404/316L 

DN G L U di

8 Rd 40 × 1/6" 367 22.5 5.53

15 Rd 40 × 1/6" 398 22.5 8.55

25 Rd 40 × 1/6" 434 22.5 11.38

40 Rd 60 × 1/6" 560 35.5 17.07

50 Rd 70 × 1/6" 720 48.5 25.60

80 Rd 98 × 1/6" 792 72.0 38.46

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

Esc

E- +

GU

di
+1.5
–2.0L

Esc

E- +

GU

di
+1.5
–2.0L
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Promass M (high pressure): ½"-NPT, 3/8"-NPT and G 3/8"

a0002532-en

½"-NPT: 1.4404/316L 

DN G L U di

8 AF 1 1/16" 370 10.2 4.93

15 AF 1 1/16" 400 10.2 7.75

25 AF 1 1/16" 444 10.2 10.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

3/8"-NPT: 1.4404/316L 

DN G L U di

8 AF 1 5/16" 355.8 10.2 4.93

15 AF 1 5/16" 385.8 10.2 7.75

25 AF 1 5/16" 429.8 10.2 10.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

G 3/8": 1.4404/316L 

DN G L U di

8 AF 24 355.8 10.2 4.93

15 AF 24 385.8 10.2 7.75

25 AF 24 429.8 10.2 10.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

GU

Esc

E- +

di
+1.5
–2.0L
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Promass M (high pressure): ½"-SWAGELOK

a0002533-en

Promass M (high pressure): Connector with internal thread 7/8-14 UNF

a0002534-en

½"-SWAGELOK: 1.4404/316L 

DN G L U di

8 7/8" 366.4 10.2 4.93

15 7/8" 396.4 10.2 7.75

25 7/8" 440.4 10.2 10.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

Internal thread 7/8-14-UNF: 1.4404/316L 

DN G L U V W di

8 7/8-14UNF 304 10.2 3 14 4.93

15 7/8-14UNF 334 10.2 3 14 7.75

25 7/8-14UNF 378 10.2 3 14 10.20

3A version also available (Ra ≤ 0.8 μm/150 grit.)

All dimensions in [mm]

GU

Esc

E- +

di
+1.5
–2.0L

Esc

E- +

GU

W

V

di
+1.5
–2.0L
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Promass M: Without process connections

a0002535

DN L J K M bmax. bmin.

8 256 27 54 6 × M 8 12 10

81) 256 27 54 6 × M 8 12 10

15 286 35 56 6 × M 8 12 10

151) 286 35 56 6 × M 8 12 10

25 310 40 62 6 × M 8 12 10

251) 310 40 62 6 × M 8 12 10

40 410 53 80 8 × M 10 15 13

50 544 73 94 8 × M 10 15 13

80 644 102 128 12 × M 12 18 15

1) High-pressure version; permitted screws: A4 - 80; lubricant: Molykote P37

All dimensions in [mm]

Tightening torque Lubricated thread O-ring

DN Nm YES/NO Thickness Inside Ø

8 30.0 NO 2.62 21.89

81) 19.3 YES 2.62 21.89

15 30.0 NO 2.62 29.82

151) 19.3 YES 2.62 29.82

25 30.0 NO 2.62 34.60

251) 19.3 YES 2.62 34.60

40 60.0 NO 2.62 47.30

50 60.0 YES 2.62 67.95

80 100.0 YES 3.53 94.84

1) High-pressure version; permitted screws: A4 - 80; lubricant: Molykote P37

All dimensions in [mm]

b

DN DN DN

M M M

30°
22,5° 30°

6
0
°

45°

30°

J J J

K K K

A

+1.5
–2.0L

A DN 40 - 50 A DN 80A DN 8 - 25
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Purge connections / secondary containment monitoring

" Caution! 

• The secondary containment is filled with dry nitrogen (N2). Do not open the purge connections unless the 

containment can be filled immediately with a dry inert gas. Use only low gauge pressure to purge. 

Maximum pressure: 5 bar.

• Purge connections or secondary containment monitioring can not be combined with separately available 

heating jacket.

Promass F: (not available for the Promass F high-temperature version)

a0002537

Promass F DN 8 to DN 150

1 =  Flow direction

a0009734

Promass F DN 250

G

L L H 45°

1

F

G
E

Z

Z

L H

G

L

E

DN F G H L

8

AF 1" ½"-NPT

62 108

15 62 110

25 62 130

40 67 155

50 79 226

80 101 280

100 120 342

150 141 440

All dimensions in [mm]
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Promass M:

a0002536

Rupture disk

Sensor housings with integrated rupture disks are optionally available.

# Warning! 

• Make sure that the function and operation of the rupture disk is not impeded through the installation. 

Triggering overpressure in the housing as stated on the indication label. Take adequate precautions to ensure 

that no damage occurs, and risk to human life is ruled out, if the rupture disk is triggered.

Rupture disk: Burst pressure 10 to 15 bar.

• Please note that the housing can no longer assume a secondary containment function if a rupture disk is used.

• It is not permitted to open the connections or remove the rupture disk.

" Caution! 

• Rupture disks can not be combined with separately available heating jacket.

• The existing connection nozzles are not designed for a rinse or pressure monitoring function.

! Note! 

• Before commissioning, please remove the transport protection of the rupture disk.

• Please note the indication labels.

A0008361

Promass F DN 8 to DN 150

1 = Indication label for the rupture disk, 2 = Transport protection, 3 = ½" NPT internal screw thread with 1" width across 

flats

DN L H G

8 85 44.0

½"-NPT

15 100 46.5

25 110 50.0

40 155 59.0

50 210 67.5

80 210 81.5

All dimensions in [mm]

G

L L

H

2

1

3
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A0009734

Promass F DN 250

1 = Indication label for the rupture disk, 2 = Transport protection, 3 = ½" NPT internal screw thread with 1" width across 

flats

A0008788

Indication label for the rupture disk

Promass F: (not available for the Promass F high-temperature version)

a0002537

Promass F DN 8 to DN 150

1 =  Flow direction

a0009374

Promass F DN 250

1

2 3

RUPTURE DISK

12,5 BAR +/-10%@80°C

i

G

L L H 45°

1

F

G
E

Z

Z

L H

G

L

E
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Weight • Compact version: see table below

• Remote version

– Sensor: see table below

– Wall-mount housing: 5 kg

Weight information in [kg].

All values (weight) refer to devices with EN/DIN PN 40 flanges.

DN E F G H L

8

approx. 42 AF 1" ½"-NPT

62 108

15 62 110

25 62 130

40 67 155

50 79 226

80 101 280

100 120 342

150 141 440

All dimensions in [mm]

Promass F / DN 8 15 25 40 50 80 100 150 250 1)

Compact version 11 12 14 19 30 55 96 154 400

High-temperature compact version − − 14.7 − 30.7 55.7 − − −

Compact version Ex d 20 21 23 28 39 64 105 163 409

Remote version 9 10 12 17 28 53 94 152 398

High-temperature remote version − − 13.5 − 29.5 54.5 − − −

1) With 10" according to ASME B16.5 Cl 300 flanges

Promass M / DN 8 15 25 40 50 80

Compact version 11 12 15 24 41 67

Remote version 9 10 13 22 39 65
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Material Transmitter housing

• Compact housing: stainless steel 1.4301/304

• Compact housing: powder coated die-cast aluminum

• Compact housing Ex d: stainless steel CF3M

• Wall-mount housing: powder coated die-cast aluminum

• Remote field housing: powder-coated die-cast aluminum

Sensor housing / containment

Promass F:

Acid and alkali-resistant outer surface

Stainless steel 1.4301/1.4307/304L

Promass M:

Acid and alkali-resistant outer surface

DN 8 to 50: steel, chemically nickel-plated

DN 80: stainless steel

Connection housing, sensor (remote version)

• Stainless steel 1.4301/304 (standard)

• Powder coated die-cast aluminum (high-temperature version and version for heating)

Process connections

Promass F:

• Flanges according to EN 1092-1 (DIN 2501) / according to ASME B16.5 / JIS B2220 

→ Stainless Steel 1.4404/316L

• Flanges according to EN 1092-1 (DIN 2501) /according to ASME B16.5 / JIS B2220 

→ Alloy C-22 2.4602/N 06022

• DIN 11864-2 Form A (flat flange with groove) → Stainless Steel 1.4404/316L

• Threaded hygienic connection DIN 11851 / threaded hygienic connection SMS 1145 

→ Stainless Steel 1.4404/316L

• Threaded hygienic connection ISO 2853 / threaded hygienic connection DIN 11864-1 

→ Stainless Steel 1.4404/316L

• Tri-Clamp (OD-Tubes)→ Stainless Steel 1.4404/316L

• VCO connection → Stainless Steel 1.4404/316L

Promass F (high-temperature version):

• Flanges according to EN 1092-1 (DIN 2501) /according to ASME B16.5 / JIS B2220 

→ Stainless Steel 1.4404/316L

• Flanges according to EN 1092-1 (DIN 2501) /according to ASME B16.5 / JIS B2220 

→ Alloy C-22 2.4602 (N 06022)

Promass M:

• Flanges according to EN 1092-1 (DIN 2501) /according to ASME B16.5 / JIS B2220 

→ Stainless Steel 1.4404/316L, titanium Grade 2

• Flange according to DIN 11864-2 Form A (flat flange with groove) → Stainless Steel 1.4404/316L

• PVDF coupling to DIN /according to ASME B16.5 / JIS

• Threaded hygienic connection DIN 11851 / threaded hygienic connection SMS 1145 

→ Stainless Steel 1.4404/316L

• Threaded hygienic connection ISO 2853 / threaded hygienic connection DIN 11864-1 

→ Stainless Steel 1.4404/316L

• Tri-Clamp (OD-Tubes) → Stainless Steel 1.4404/316L

Promass M (high-pressure version):

• Connector → Stainless steel 1.4404/316L

• Coupling → Stainless steel 1.4401/316
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Measuring tubes

Promass F:

• DN 8 to 100: stainless steel 1.4539 (904L)

• DN 150: stainless steel 1.4404/316L

• DN 250: stainless steel 1.4404/316L; manifold: CF3M

• DN 8 to 150: Alloy C-22 2.4602/N 06022

Promass F (high-temperature version):

• DN 25, 50, 80: Alloy C-22 2.4602/N 06022

Promass M:

• DN 8 to 50: Titanium grade 9

• DN 80: Titanium grade 2

Promass M (high-pressure version):

• Titanium Grade 9

Seals

Promass F:

Welded process connections without internal seals

Promass M:

Viton, EPDM, silicone, Kalrez 6375, FEP sheathing (not for gas applications)

Material load diagram

# Warning! 

The following material loade curves refer to the entire sensor and not just the process conection.

Promass F with flange connection according to EN 1092-1 (DIN 2501)

Flange material: 1.4404/316L, Alloy C-22

a0004654-en

The values for the temperature range from 200 °C to 350 °C are exclusively valid for Promass F (HT) high-temperature 

version.

PN 40

PN 16

PN 100

PN 63
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Promass F with flange connection according to ASME B16.5

Flange material: 1.4404/316L, Alloy C-22

a0004655-en

The values for the temperature range from 200 °C to 350 °C are exclusively valid for Promass F (HT) high-temperature 

version.

Promass F with flange connection to JIS B2220

Flange material: 1.4404/316L, Alloy C-22

a0004656-en

The values for the temperature range from 200 °C to 350 °C are exclusively valid for Promass F (HT) high-temperature 

version.

Promass F with threaded hygienic connection to DIN 11851 / SMS 1145

Connection material: 1.4404/316L

a0004657-en

1.4404/316L, Class 300

1.4404/316L, Class 150

Alloy C-22, Class 600

Alloy C-22, Class 300

Alloy C-22, Class 150

1.4404/316L, Class 600
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Promass F with Tri-Clamp process connection

The Clamp connections (e.g. Tri-Clamp ISO2852, DIN32676) are suited up to a maximum pressure of 16 bar. 

As these operating limits also depend on the clamp and the seal used, their specifications have to be observed. 

The clamp and the seal are not included in the scope of supply.

Promass F with threaded hygienic connection to DIN 11864-1

Connection material: 1.4404/316L

a0004658-en

Promass F with flange connection to DIN 11864-2 Form A (flat flange with groove)

Flange material: 1.4404/316L

a0004659-en

Promass F with threaded hygienic connection to ISO 2853

Connection material: 1.4404/316L

a0004660-en
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Promass F with VCO process connection

Connection material: 1.4404/316L

a0004553-en

Promass M with flange connection according to EN 1092-1 (DIN 2501)

Flange material: 1.4404/316L, titanium grade 2

a0003293-en

Promass M with flange connection according to ASME B16.5

Flange material: 1.4404/316L, titanium grade 2

a0003297-en
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Promass M with flange connection to JIS B2220

Flange material: 1.4404/316L, titanium grade 2

a0003304-en

Promass M with PVDF flange connection (to DIN 2501, according to  ASME B16.5, JIS B2220)

Flange material: PVDF

a0004661-en

Promass M with threaded hygienic connection to DIN 11851 / SMS 1145

Connection material: 1.4404/316L

a0003305-en
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Promass M with process connections for high-pressure version

Connector material: 1.4404/316L

Material of thread connections (G 3/8", VCO with ½" SWAGELOK, NPT 3/8"): 14401/316

a0004662-en

Material of thread connections (NPT ½"): 1.4401/316

a0004663-en

Promass M with Tri-Clamp process connection

The Clamp connections (e.g. Tri-Clamp ISO2852, DIN32676) are suited up to a maximum pressure of 16 bar. 

As these operating limits also depend on the clamp and the seal used, their specifications have to be observed. 

The clamp and the seal are not included in the scope of supply.

Promass M with threaded hygienic connection to DIN 11864-1

Connection material: 1.4404/316L

a0004664-en
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Promass M with flange connection to DIN 11864-2 Form A (flat flange with groove)

Flange material: 1.4404/316L

a0004665-en

Promass M with threaded hygienic connection to ISO 2853

Connection material: 1.4404/316L

a0003308-en

Process connections Promass F (welded process connections):

• Flanges according to EN 1092-1 (DIN 2501), according to ASME B16.5, JIS B2220, VCO connections

• Sanitary connections: Tri-Clamp, threaded hygienic connections (DIN 11851, SMS 1145, ISO 2853, 

DIN 11864-1), flange to DIN 11864-2 Form A (flat flange with groove)

Promass M (threaded process connections):

• Flanges according to EN 1092-1 (DIN 2501), according to ASME B16.5, JIS B2220

• Sanitary connections: Tri-Clamp, threaded hygienic connections (DIN 11851, SMS 1145, ISO 2853, 

DIN 11864-1), flange to DIN 11864-2 Form A (flat flange with groove)

Promass M (high-pressure version):

• Thread connections: 3/8", ½" NPT, 3/8" NPT and ½" SWAGELOK couplings; connector with 7/8-14UNF 

internal thread
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Human interface

Display elements • Liquid-crystal display: backlit, two lines (Promass 80) or four lines (Promass 83) with 16 characters per line

• Selectable display of different measured values and status variables

• At ambient temperatures below –20 °C the readability of the display may be impaired.

Unified control concept for 

both types of transmitter

Promass 80

• Local operation with three keys (–, +, E)

• Quick Setup menus for straightforward commissioning

Promass 83

• Local operation with three optical keys (S/O/F)

• Application-specific Quick Setup menus for straightforward commissioning

Language group

! Note! 

The language group is changed using the "FieldCare" operating program.

Language groups available for operation in different countries:

• Western Europe and America (WEA):

English, German, Spanish, Italian, French, Dutch and Portuguese

• Eastern Europe/Scandinavia (EES):

English, Russian, Polish, Norwegian, Finnish, Swedish and Czech

• South and Eastern Asia (SEA):

English, Japanese, Indonesian

Only Promass 83

• China (CN):

English, Chinese

Remote operation Promass 80

Remote operation via HART, PROFIBUS PA

Promass 83

Remote operation via HART, PROFIBUS DP/PA, FOUNDATION Fieldbus
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Certificates and approvals

CE mark The measuring system is in conformity with the statutory requirements of the EC Directives.

Endress+Hauser confirms successful testing of the device by affixing to it the CE mark.

C-Tick symbol The measuring system complies with the EMC requirements of the "Australian Communications and Media 

Authority (ACMA)"

Ex approval Information about currently available Ex versions (ATEX, FM, CSA, IECEx, NEPSI) can be supplied by your 

Endress+Hauser Sales Center on request. All explosion protection data are contained in separate explosion 

protection documentation which you can order if required.

Sanitary compatibility • 3A approval 

• EHEDG-tested

FOUNDATION Fieldbus 

certification 

The flowmeter has passed all the test procedures implemented and has been certified and registered by the 

Fieldbus Foundation. The flowmeter thus meets all the requirements of the specifications listed below:

• Certified to FOUNDATION Fieldbus specification

• The flowmeter meets all the specifications of the FOUNDATION Fieldbus-H1.

• Interoperability Test Kit (ITK), revision status 5.0: 

The device can also be operated in conjunction with other-make certified devices

• Physical Layer Conformance Test of the Fieldbus Foundation

PROFIBUS DP/PA 

certification

The flow device has successfully passed all the test procedures carried out and is certified and registered by the 

PNO (PROFIBUS User Organization). The device thus meets all the requirements of the following 

specifications:

• Certified to PROFIBUS Profile Version 3.0 (device certification number: on request)

• The device can also be operated with certified devices of other manufacturers (interoperability)

MODBUS certification The measuring device meets all the requirements of the MODBUS/TCP conformity and integration test and 

has the "MODBUS/TCP Conformance Test Policy, Version 2.0". The measuring device has successfully passed 

all the test procedures carried out and is certified by the "MODBUS/TCP Conformance Test Laboratory" of the 

University of Michigan.

Other standards and 

guidelines

• EN 60529

Degrees of protection by housing (IP code)

• EN 61010

Protection Measures for Electrical Equipment for Measurement, Control, Regulation and Laboratory 

Procedures.

• IEC/EN 61326

"Emission in accordance with Class A requirements".

Electromagnetic compatibility (EMC requirements).

• NAMUR NE 21

Electromagnetic compatibility (EMC) of industrial process and laboratory control equipment.

• NAMUR NE 43

Standardization of the signal level for the breakdown information of digital transmitters with analog output 

signal.

• NAMUR NE 53

Software of field devices and signal-processing devices with digital electronics

Pressure measuring device 

approval

Flowmeters with a nominal diameter smaller or equal DN 25 are covered by Art. 3(3) of the European directive 

97/23/EC (Pressure Equipment Directive) and are designed according to sound engineering practice. For 

larger nominal diameters, optional approvals according to Cat. II/III are available if required (depends on fluid 

and process pressure).

Optionally flowmeters in accordance to the guidelines AD 2000 are available on request.



Proline Promass 80F, 80M, 83F, 83M

Endress+Hauser 69

Functional safety SIL -2:

accordance IEC 61508/IEC 61511-1 (FDIS)

"4–20 mA" - output according to the following order code:

Promass 80

Promass 83

Ordering information
The Endress+Hauser service organization can provide detailed ordering information and information on the 

order codes on request.

Accessories
Various accessories, which can be ordered separately from Endress+Hauser, are available for the transmitter 

and the sensor.

Promass80***-************A

Promass80***-************D

Promass80***-************S

Promass80***-************T

Promass80***-************8

Promass83***-************A

Promass83***-************B

Promass83***-************C

Promass83***-************D

Promass83***-************E

Promass83***-************L

Promass83***-************M

Promass83***-************R

Promass83***-************S

Promass83***-************T

Promass83***-************U

Promass83***-************W

Promass83***-************Ø

Promass83***-************2

Promass83***-************3

Promass83***-************4

Promass83***-************5

Promass83***-************6
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Documentation
• Flow measuring technology (FA005D/06/en)

• Technical Information Promass 80E, 83E (TI061D/06/en)

• Technical Information Promass 80A, 83A (TI054D/06/en)

• Technical Information Promass 80H, 83H (TI074D/06/en)

• Technical Information Promass 80I, 83I (TI075D/06/en)

• Technical Information Promass 80P, 83P (TI078D/06/en)

• Technical Information Promass 80S, 83S (TI076D/06/en)

• Operating Instructions Promass 80 (BA057D/06/en)

• Operating Instructions Promass 80 PROFIBUS PA (BA072D/06/en)

• Operating Instructions Promass 83 (BA059D/06/en)

• Operating Instructions Promass 83 FOUNDATION Fieldbus (BA065D/06/en)
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For every responsibility you have, you are confronted with a number of challenges. You have aggressive 
production and quality targets, but inaccurate or unavailable temperature measurements create 
unscheduled downtime and off-spec products. Loops may be running in manual because you don’t trust 
your temperature measurement, requiring the attention of your maintenance staff and costing money in lost 
production. Additionally, improving safety and complying with government and company regulations is 
made more difficult when you don’t have the information or tools needed to prove your compliance.

That’s why companies are coming to Emerson™ – because they know they need reliable measurements and 
visibility into their temperature measurements in order to address these challenges and achieve their 
business objectives.With the Rosemount 3144P Temperature Transmitter, you gain greater visibility into 
your temperature processes so you can improve safety, comply with regulations, make the most of your 
limited resources, and reach your production and quality targets. By leveraging the diagnostic capabilities 
and the unparalleled reliability and accuracy of the Rosemount 3144P, you can minimize off-spec product, 
reduce maintenance and downtime, improve the usage of your limited resources, and meet regulatory 
demands. 

Rosemount® 3144P Temperature Transmitter
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Rosemount 3144P Temperature Transmitter

Industry-leading temperature transmitter delivers unmatched field reliability 
and innovative process measurement solutions 

 Superior accuracy and stability

 Dual and single sensor capability with universal sensor inputs (RTD, T/C, 
mV, ohms)

 Comprehensive sensor and process diagnostics offering

 SIL3 Capable: IEC 61508 certified by an accredited 3rd party agency for 
use in safety instrumented systems up to SIL 3 [Minimum requirement 
of single use (1oo1) for SIL 2 and redundant use (1oo2) for SIL 3] 

 Dual-compartment housing

 Large LCD display

 4-20 mA /HART® with Selectable Revisions (5 and 7)

 FOUNDATION™ fieldbus, compliant to ITK 6.0 and NE107 standards

Improve efficiency with best-in-class product specifications and capabilities

 Reduce maintenance and improve performance with industry leading accuracy and stability

 Improve measurement accuracy by 75% with Transmitter-Sensor Matching

 Ensure process health with system alerts and easy to use Device Dashboards 

 Easily check device status and values on local LCD display with large percent range graph

 Achieve high reliability and installation ease with the industry's most rugged dual compartment design

Optimize measurement reliability with diagnostics 

designed for any protocol on any host system

 Thermocouple Degradation Diagnostic monitors the health of a 
thermocouple loop, enabling preventative maintenance

 Minimum and Maximum Temperature Tracking tracks and records 
temperature extremes of the process sensors and the ambient environment 

 Sensor Drift Alert detects sensor drift and alerts the user

 The Hot Backup™ feature provides temperature measurement redundancy

Content
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Transmitter Specifications .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
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Explore the benefits of a complete point solution from Rosemount Temperature

 An “Assemble To Sensor” option enables Emerson to provide a complete 
point temperature solution, delivering an installation-ready transmitter and 
sensor assembly

 Emerson offers a selection of RTDs, thermocouples, and thermowells that 
bring superior durability and Rosemount reliability to temperature sensing, 
complementing the Rosemount Transmitter portfolio

Experience global consistency and local support 
from numerous worldwide Rosemount Temperature manufacturing sites

 World-class manufacturing provides globally consistent 
product from every factory and the capacity to fulfill the needs 
of any project, large or small

 Experienced Instrumentation Consultants help select the right 
product for any temperature application and advise on best 
installation practices

 An extensive global network of Emerson service and support 
personnel can be on-site when and where they are needed

 Looking for a wireless temperature solution? For wireless applications that require superior performance 
and unmatched reliability, consider the Rosemount 648 Wireless Temperature Transmitter.

 A demanding high temperature application requires an innovative temperature solution. Pair the 
Rosemount 3144P Thermocouple Diagnostic with the Rosemount 1075 High Temperature 
Thermocouple.
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Rosemount 3144P Temperature Transmitter

The industry-leading Rosemount 3144P Single Point Temperature Transmitter 
delivers unmatched field reliability and innovative process measurement 
solutions and diagnostics

Transmitter features include:

 Dual and Single Sensor Input Capabilities

 Transmitter-Sensor Matching (Option Code C2)

 Integral Transient Protector (Option Code T1)

 IEC 61508 Safety Certificate of Compliance (Option Code QT)

 Advanced Sensor and Process Diagnostics (Option Codes D01 and DA1)

 Large, Easy to Read LCD Display (Option Code M5)

 “Assemble to Sensor” option (Option Code XA

Specification and selection of product materials, options, or components must be made by the purchaser of the equipment. See 
page 8 for more information on Material Selection.

 Table 1. Rosemount 3144P Temperature Transmitter Ordering Information
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery.
__The Expanded offering is subject to additional delivery lead time.

Model Product description

3144P Temperature Transmitter

Housing style Material Conduit entry size

D1 Field Mount Housing, Dual-Compartment Housing Aluminum 1/2–14 NPT ★

D2 Field Mount Housing, Dual-Compartment Housing Aluminum M20 � 1.5 (CM20) ★

D3 Field Mount Housing, Dual-Compartment Housing Aluminum PG 13.5 (PG11) ★

D4 Field Mount Housing, Dual-Compartment Housing Aluminum JIS G 1/2 ★

D5 Field Mount Housing, Dual-Compartment Housing Stainless Steel 1/2–14 NPT ★

D6 Field Mount Housing, Dual-Compartment Housing Stainless Steel M20 � 1.5 (CM20) ★

D7 Field Mount Housing, Dual-Compartment Housing Stainless Steel PG 13.5 (PG11) ★

D8 Field Mount Housing, Dual-Compartment Housing Stainless Steel JIS G 1/2 ★

Transmitter output

A 4-20 mA with digital signal based on HART protocol ★

F FOUNDATION fieldbus digital signal (includes 3 AI function block and Backup Link Active Scheduler) ★

Measurement configuration

1 Single-Sensor Input ★

2 Dual-Sensor Input ★
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Product certifications

NA No Approval ★

E5 FM Explosion-proof, Dust Ignition-Proof, and Non-incendive approval ★

I5(1) FM Intrinsically Safe and Non-incendive (includes standard IS and FISCO for fieldbus units) ★

K5(1) FM IS, Non-incendive & Explosion-proof combo (includes standard IS and FISCO for fieldbus units) ★

KB(1) FM and CSA IS, Explosion-proof, and Non-incendive combo (includes standard IS and FISCO for FF units) ★

I6(1) CSA Intrinsically Safe/FISCO and Division 2 (includes standard IS and FISCO for fieldbus units) ★

K6(1) CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units) ★

E1 ATEX Flameproof approval ★

N1 ATEX type n approval ★

I1(1) ATEX intrinsic safety approval (includes standard IS and FISCO for fieldbus units) ★

K1(1) ATEX IS, Flameproof, Dust Ignition-Proof and type n combo (includes standard IS and FISCO for fieldbus units) ★

ND ATEX Dust Ignition-Proof approval ★

KA(1) ATEX/CSA intrinsic safety, Explosion-proof combo (includes standard IS and FISCO for fieldbus units) ★

E7 IECEx Flameproof approval ★

N7 IECEx Type 'n' approval ★

I7(1)(2) IECEx Intrinsic Safety ★

K7(1)(2) IECEx Intrinsic Safety, Flameproof, Dust Ignition-Proof and Type n combination ★

E2(2) INMETRO Flameproof ★

I2(2)(6) INMETRO Intrinsic safety ★

E4(2) TIIS Flameproof approval ★

E3(2) NEPSI Flameproof approval ★

I3(1)(2) NEPSI Intrinsic safety ★

KM  Technical Regulations Customs Union (EAC) Flameproof, Intrinsic Safety ★

IM Technical Regulations Customs Union (EAC) Intrinsic Safety ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Options (include with selected model number)

PlantWeb® control functionality

A01 FOUNDATION fieldbus Advanced Control Function Block Suite ★

PlantWeb advanced diagnostic functionality

D01 FOUNDATION fieldbus Sensor and Process Diagnostic Suite: Thermocouple Diagnostic, Min/Max Tracking ★

DA1 HART Sensor and Process Diagnostic Suite: Thermocouple Diagnostic, Min/Max Tracking ★

Enhanced performance

P8(3) Enhanced Transmitter Accuracy ★

 Table 1. Rosemount 3144P Temperature Transmitter Ordering Information
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery.
__The Expanded offering is subject to additional delivery lead time.
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Mounting bracket

B4 “U” Mounting Bracket for 2-inch pipe mounting - All SST ★

B5 “L” Mounting Bracket for 2-inch pipe or panel mounting - All SST ★

Display

M5 LCD Display ★

External ground 

G1 External Ground Lug Assembly ★

Transient protector

T1(4) Integral Transient Protector ★

Software configuration 

C1(5) Custom Configuration of Date, Descriptor and Message (requires CDS with order) ★

Line filter

F5 50 Hz Line Voltage Filter ★

Alarm level configuration

A1(4) NAMUR Alarm and Saturation Levels, High Alarm ★

CN NAMUR Alarm and Saturation Levels, Low Alarm ★

Low alarm

C8 Low Alarm (Standard Rosemount Alarm and Saturation Values) ★

Sensor trim

C2 Transmitter-Sensor Matching – Trim to PT100 RTD Calibration Schedule (CVD constants) ★

C7 Trim to Non-Standard Sensor (Special Sensor–Customer must provide sensor information)

5-point calibration

C4 5-Point Calibration (requires the Q4 option code to generate a Calibration Certificate) ★

Calibration certification

Q4 Calibration Certificate (3-Point Calibration) ★

QG Calibration Certificate and GOST Verification Certificate ★

QP Calibration Certificate and Tamper Evident Seal ★

Dual-input custom configuration (only with measurement type option code 2)

U1(5) Hot Backup ★

U2(5) Average temperature with Hot Backup and Sensor Drift Alert – warning mode ★

U3(6) Average temperature with Hot Backup and Sensor Drift Alert – alarm mode ★

U5 Differential temperature ★

U6(5) Average temperature ★

 Table 1. Rosemount 3144P Temperature Transmitter Ordering Information
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery.
__The Expanded offering is subject to additional delivery lead time.
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Dual-input custom configuration (only with measurement type option code 2)

U7(5) First good temperature ★

U4 Two independent sensors

Customer transfer

D3(5)(6) Custody Transfer Approval (Canada)

D4(6) MID Custody Transfer (Europe)

Quality certification for safety

QS Prior-use certificate of FMEDA data (HART only) ★

QT Safety-certified to IEC 61508 with certificate of FMEDA data (HART only) ★

Shipboard certification

SBS American Bureau of Shipping (ABS) Type Approval ★

SBV Bureau Veritas (BV) Type Approval ★

SDN Det Norske Veritas (DNV) Type Approval ★

SLL Lloyd's Register (LR) Type Approval ★

Conduit electrical connector

GE(6) M12, 4-pin, Male Connector (eurofast®) ★

GM(6) A size Mini, 4-pin, Male Connector (minifast®) ★

HART revision configuration

HR7 Configured for HART Revision 7 ★

Assemble to options

XA Sensor Specified Separately and Assembled to Transmitter ★

Extended product warranty

WR3 3-year limited warranty ★

WR5 5-year limited warranty ★

Typical model number: 3144P D1 A 1 E5 B4 M5

(1) When IS approval is ordered on a FOUNDATION fieldbus, both standard IS and FISCO IS approvals apply. The device label is marked appropriately.
(2) Consult factory for availability when ordering with HART or FOUNDATION fieldbus models.
(3) Enhanced accuracy only applies to RTDs, however the option can be ordered with any sensor type.
(4) Ambient temperature effect specification valid over minimum temperature span of 28 °C (50 °F).
(5) Consult factory for availability when ordering with FOUNDATION fieldbus models.
(6) Available with Intrinsically Safe approvals only. For FM Intrinsically Safe or non-incendive approval (option code I5), install in accordance with Rosemount drawing 

03151-1009 to maintain 4X rating.

 Table 1. Rosemount 3144P Temperature Transmitter Ordering Information
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery.
__The Expanded offering is subject to additional delivery lead time.
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Transmitter Specifications

HART and FOUNDATION fieldbus

Functional specifications

Inputs

User-selectable. See Table 2 on page 9 for sensor options.

Output

2-wire device with either 4–20 mA/HART, linear with 
temperature or input, or completely digital output with 
FOUNDATION fieldbus communication (ITK 6.0.1 compliant).

Isolation

Input/output isolation specified to 500 Vdc (500 Vrms 
707 V peak) at 50/60 Hz.

Humidity limits

0–99% relative humidity.

Update time

Approximately 0.5 seconds for a single sensor (1 second for 
dual sensors).

Physical specifications

Material selection

Emerson provides a variety of Rosemount product with various 
product options and configurations including materials of 
construction that can be expected to perform well in a wide 
range of applications. The Rosemount product information 
presented is intended as a guide for the purchaser to make an 
appropriate selection for the application. It is the purchaser’s 
sole responsibility to make a careful analysis of all process 
parameters (such as all chemical components, temperature, 
pressure, flow rate, abrasives, contaminants, etc.), when 
specifying product, materials, options and components for the 
particular application. Emerson Process Management is not in a 
position to evaluate or guarantee the compatibility of the 
process fluid or other process parameters with the product, 
options, configuration or materials of construction selected.

Conformance to specification (±3σ [Sigma])

Technology leadership, advanced manufacturing techniques, 
and statistical process control ensure specification conformance 
to at least ±3σ.

Conduit connections

The standard field mount housing has 1/2–14 NPT conduit 
entries. Additional conduit entry types are available, including 
PG13.5 (PG11), M20 � 1.5 (CM20), or JIS G 1/2. When any of 
these additional entry types are ordered, adapters are placed in 
the standard field housing so these alternative conduit types fit 
correctly. See “Dimensional drawings” on page 21 for 
dimensions.

Materials of construction

Electronics housing

Low-copper aluminum or CF-8M (cast version of 316 
Stainless Steel)

Paint

Polyurethane

Cover O-rings

Buna-N

Mounting

Transmitters may be attached directly to the sensor. Optional 
mounting brackets (codes B4 and B5) allow for remote 
mounting. See “Optional Transmitter Mounting Brackets” on 
page 23.

Weight

Enclosure ratings

Type 4X

IP66 and IP68

Stability 

 RTDs: - ±0.1% of reading or 0.1 °C, whichever is greater, for 24 
months.

 Thermocouples: - ±0.1% of reading or 0.1 °C, whichever is 
greater, for 12 months.

Aluminum(1)

(1) Add 0.5 lb (0.2 kg) for local display or 1.0 lb (0.5 kg) for bracket 
options.

Stainless steel(1)

3.1 lb (1.4 kg) 7.8 lb (3.5 kg)
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5 Year stability

 RTDs: - ±0.25% of reading or 0.25 °C, whichever is greater, for 
5 years.

 Thermocouples: - ±0.5% of reading or 0.5 °C, whichever is 
greater, for 5 years.

Vibration effect

Tested to the following with no effect on performance per IEC 
60770-1, 1999:

Self calibration

The analog-to-digital measurement circuitry automatically 
self-calibrates for each temperature update by comparing the 
dynamic measurement to extremely stable and accurate 
internal reference elements. 

RFI effect

Worst case RFI effect is equivalent to the transmitter’s nominal 
accuracy specification, according toTable 2 on page 9, 
when tested in accordance with IEC 61000-4-3, 30 V/m 
(HART)/20 V/m (HART T/C) /10 V/m (FOUNDATION fieldbus), 80 to 
1000 MHz, with unshielded cable.

CE electromagnetic compatibility compliance 
testing

The Rosemount 3144P meets or exceeds all requirements listed 
under IEC 61326: 2006.

External ground screw assembly

The external ground screw assembly can be ordered by 
specifying code G1. However, some approvals include the 
ground screw assembly in the transmitter shipment, hence it is 
not necessary to order code G1. The table below identifies which 
approval options include the external ground screw assembly.

Hardware tag

 No charge

 2 lines of 28 characters (56 characters total)

 Tags are stainless steel

 Permanently attached to transmitter

 Character height is 1/16-in. (1.6mm)

 A wire-on tag is available upon request. 5 lines of 12 
characters (60 characters total)

Software tag

 HART transmitter can store up to 8 characters in HART 5 
mode and 32 characters in HART 7 mode. FOUNDATION fieldbus 
transmitters can store up to 32 characters.

 Can be ordered with different software and hardware tags.

 If no software tag characters are specified, the first 8 
characters of the hardware tag are the default.

Frequency Acceleration

10–60 Hz 0.21 mm peak displacement

60–2000 Hz 3 g

Approval type
External ground screw 
assembly included?(1)

(1) The parts contained with the G1 option are included with the Integral 
Protector option code T1. When ordering T1, the G1 option code does 
not need to be ordered separately.

E5, I1, I2, I5, I6, I7, K5, K6, KB, NA No–Order option code G1 

E1, E2, E3, E4, E7, K1, K7, KA, N1, 
N7, ND, NF

Yes

 Table 2. Transmitter Accuracy

Sensor options Sensor reference Input ranges
Minimum 

span(1)
Digital 

accuracy(2)
Enhanced 

accuracy(3) D/A 
accuracy(4)(5)

2-, 3-, 4-wire RTDs °C °F °C °F °C °F °C

Pt 100 (α = 0.00385) IEC 751 –200 to 850 –328 to 1562 10 18 ± 0.10 ± 0.18 ± 0.08 ±0.02% of span

Pt 200 (α = 0.00385) IEC 751 –200 to 850 –328 to 1562 10 18 ± 0.22  ± 0.40 ± 0.176 ±0.02% of span

Pt 500 (α = 0.00385) IEC 751 –200 to 850 –328 to 1562 10 18 ± 0.14 ± 0.25 ± 0.112 ±0.02% of span

Pt 1000 (α = 0.00385) IEC 751 –200 to 300 –328 to 572 10 18 ± 0.10 ± 0.18 ± 0.08 ±0.02% of span

Pt 100 (α = 0.003916) JIS 1604 –200 to 645 –328 to 1193 10 18 ± 0.10 ± 0.18 ± 0.08 ±0.02% of span

Pt 200 (α = 0.003916) JIS 1604 –200 to 645 –328 to 1193 10 18 ± 0.22  ± 0.40 ± 0.176 ±0.02% of span

Ni 120 Edison Curve No. 7 –70 to 300 –94 to 572 10 18 ± 0.08 ± 0.14 ± 0.064 ±0.02% of span

Cu 10
Edison Copper 
Winding No. 15

–50 to 250 –58 to 482 10 18 ±1.00 ± 1.80 ± 0.8 ±0.02% of span

Pt 50 (α=0.00391) GOST 6651-94 –200 to 550 –328 to 1022 10 18 ±0.20 ±0.36 ± 0.16 ±0.02% of span

Pt 100 (α=0.00391) GOST 6651-94 –200 to 550 –328 to 1022 10 18 ±0.10 ±0.18 ± 0.08 ±0.02% of span
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Reference accuracy example (HART only)

When using a Pt 100 (α = 0.00385) sensor input with a 0 to 100 
°C span: Digital Accuracy would be ±0.10 °C, D/A accuracy 
would be ±0.02% of 100 °C or ±0.02 °C, Total = ±0.12 °C. 

Differential capability exists between any two 
sensor types (dual-sensor option)

For all differential configurations, the input range is X to Y where:

 X = Sensor 1 minimum – Sensor 2 maximum and

 Y = Sensor 1 maximum – Sensor 2 minimum

Cu 50 (α=0.00426) GOST 6651-94 –50 to 200 –58 to 392 10 18 ±0.34 ±0.61 ± 0.272 ±0.02% of span

Cu 50 (α=0.00428) GOST 6651-94 –185 to 200 –301 to 392 10 18 ±0.34 ±0.61 ± 0.272 ±0.02% of span

Cu 100 (α=0.00426) GOST 6651-94 –50 to 200 –58 to 392 10 18 ±0.17 ±0.31 ± 0.136 ±0.02% of span

Cu 100 (α=0.00428) GOST 6651-94 –185 to 200 –301 to 392 10 18 ±0.17 ±0.31 ± 0.136 ±0.02% of span

Thermocouples(6)

Type B(7) NIST Monograph 
175, IEC 584

100 to 1820 212 to 3308 25 45 ± 0.75 ± 1.35 N/A ±0.02% of span

Type E
NIST Monograph 
175, IEC 584

–50 to 1000 –58 to 1832 25 45 ± 0.20 ± 0.36 N/A ±0.02% of span

Type J
NIST Monograph 
175, IEC 584

–180 to 760 –292 to 1400 25 45 ± 0.25 ± 0.45 N/A ±0.02% of span

Type K(8) NIST Monograph 
175, IEC 584

–180 to 
1372

–292 to 2501 25 45 ± 0.25 ± 0.45 N/A ±0.02% of span

Type N
NIST Monograph 
175, IEC 584

–200 to 
1300

–328 to 2372 25 45 ± 0.40 ± 0.72 N/A ±0.02% of span

Type R
NIST Monograph 
175, IEC 584

0 to 1768 32 to 3214 25 45 ± 0.60 ± 1.08 N/A ±0.02% of span

Type S
NIST Monograph 
175, IEC 584

0 to 1768 32 to 3214 25 45 ± 0.50 ± 0.90 N/A ±0.02% of span

Type T
NIST Monograph 
175, IEC 584

–200 to 400 –328 to 752 25 45 ± 0.25 ± 0.45 N/A ±0.02% of span

DIN Type L DIN 43710 –200 to 900 –328 to 1652 25 45 ± 0.35 ± 0.63 N/A ±0.02% of span

DIN Type U DIN 43710 –200 to 600 –328 to 1112 25 45 ± 0.35 ± 0.63 N/A ±0.02% of span

Type W5Re/W26Re ASTM E 988-96 0 to 2000 32 to 3632 25 45 ± 0.70 ± 1.26 N/A ±0.02% of span

GOST Type L
GOST R 
8.585-2001

–200 to 800 –392 to 1472 25 45 ± 0.25 ± 0.45 N/A ±0.02% of span

Other input types

Millivolt Input –10 to 100 mV 3 mV ±0.015 mV N/A ±0.02% of span

2-, 3-, 4-wire Ohm Input 0 to 2000 ohms 20 ohm ±0.35 ohm N/A ±0.02% of span

(1) No minimum or maximum span restrictions within the input ranges. Recommended minimum span will hold noise within accuracy specification with damping 
at zero seconds.

(2) Digital accuracy: Digital output can be accessed by the Field Communicator.
(3) Enhanced accuracy can be ordered using the P8 Model Code.
(4) Total Analog accuracy is the sum of digital and D/A accuracies.
(5) Applies to HART/4-20 mA devices.
(6) Total digital accuracy for thermocouple measurement: sum of digital accuracy +0.25 °C (0.45 °F) (cold junction accuracy).
(7) Digital accuracy for NIST Type B is ±3.0 °C (±5.4 °F) from 100 to 300 °C (212 to 572 °F).
(8) Digital accuracy for NIST Type K is ±0.50 °C (±0.9 °F) from –180 to –90 °C (–292 to –130 °F).

 Table 2. Transmitter Accuracy

Sensor options Sensor reference Input ranges
Minimum 

span(1)
Digital 

accuracy(2)
Enhanced 

accuracy(3) D/A 
accuracy(4)(5)

2-, 3-, 4-wire RTDs °C °F °C °F °C °F °C
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Digital accuracy for differential configurations 
(dual-sensor option, HART only)

 Sensor types are similar (e.g., both RTDs or both T/Cs): Digital 
Accuracy = 1.5 times worst case accuracy of either sensor 
type

 Sensor types are dissimilar (e.g., one RTD, one T/C): Digital 
Accuracy = Sensor 1 Accuracy + Sensor 2 Accuracy

Ambient temperature effect

Transmitters may be installed in locations where the ambient 
temperature is between –40 and 85 °C (–40 and 185 °F). To 
maintain excellent accuracy performance, each transmitter is 
individually characterized over this ambient temperature range 
at the factory.

 Table 3. Ambient Temperature Effect on Digital Accuracy

Sensor options Sensor reference
Effect per 1.0 °C (1.8 °F) 
change in ambient(1)(2) Input temperature (T) D/A effect(3)

2-, 3-, or 4-wire RTDs

Pt 100 (α = 0.00385) IEC 751 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Pt 200 (α = 0.00385) IEC 751 0.0023 °C (0.00414 °F) Entire Sensor Input Range 0.001% of span

Pt 500 (α = 0.00385) IEC 751 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Pt 1000 (α = 0.00385) IEC 751 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Pt 100 (α = 0.003916) JIS 1604 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Pt 200 (α = 0.003916) JIS 1604 0.0023 °C (0.00414 °F) Entire Sensor Input Range 0.001% of span

Ni 120 Edison Curve No. 7 0.0010 °C (0.0018 °F) Entire Sensor Input Range 0.001% of span

Cu 10 Edison Copper Winding No. 15 0.015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Pt 50 (α = 0.00391) GOST 6651-94 0.003 °C (0.0054 °F) Entire Sensor Input Range 0.001% of span

Pt 100 (α = 0.00391) GOST 6651-94 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Cu 50 (α =0.00426) GOST 6651-94 0.003 °C (0.0054 °F) Entire Sensor Input Range 0.001% of span

Cu 50 (α =0.00428) GOST 6651-94 0.003 °C (0.0054 °F) Entire Sensor Input Range 0.001% of span

Cu 100 (α =0.00426) GOST 6651-94 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Cu 100 (α =0.00428) GOST 6651-94 0.0015 °C (0.0027 °F) Entire Sensor Input Range 0.001% of span

Thermocouples

Type B NIST Monograph 175, IEC 584
0.014 °C 

0.029 °C – 0.0021% of (T – 300)
0.046 °C – 0.0086% of (T – 100)

T ≥ 1000 °C
300 °C ≤ T < 1000 °C
100 °C ≤ T < 300 °C

0.001% of span

Type E NIST Monograph 175, IEC 584 0.004 °C + 0.00043% of T N/A 0.001% of span

Type J NIST Monograph 175, IEC 584
0.004 °C + 0.00029% of T

0.004 °C + 0.0020% of abs. val. T 
T ≥ 0 °C
T < 0 °C

0.001% of span

Type K NIST Monograph 175, IEC 584
0.005 °C + 0.00054% of T 

0.005 °C + 0.0020% of abs. val. T 
T ≥ 0 °C
T < 0 °C

0.001% of span

Type N NIST Monograph 175, IEC 584 0.005 °C + 0.00036% of T All 0.001% of span

Types R NIST Monograph 175, IEC 584
0.015 °C 

0.021 °C – 0.0032% of T 
T ≥ 200 °C
T < 200 °C

0.001% of span

Types S NIST Monograph 175, IEC 584
0.015 °C 

0.021 °C – 0.0032% of T 
T ≥ 200 °C
T < 200 °C

0.001% of span

Type T NIST Monograph 175, IEC 584
0.005 °C 

0.005 °C + 0.0036% of abs. val. T 
T ≥ 0 °C
T < 0 °C

0.001% of span

DIN Type L DIN 43710
0.0054 °C + 0.00029% of R 

0.0054 °C + 0.0025% of abs. val. T 
T ≥ 0 °C
T < 0 °C

0.001% of span

DIN Type U DIN 43710
0.0064 °C 

0.0064 °C + 0.0043% of abs. val. T 
T ≥ 0 °C
T < 0 °C

0.001% of span
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Temperature effects example
When using a Pt 100 (α = 0.00385) sensor input with a 0 to 
100 °C span at 30 °C ambient temperature, the following 
statements would be true:

Digital temp effects



D/A effects (HART / 4–20 mA only)%

 [0.001% / °C of span] � |(Ambient temp - Calibrated temp)| 
= D/A Effects

 [0.001% / °C � 100] �|(30 - 20)| = 0.01 °C

Worst case error

 Digital + D/A + Digital Temp Effects + D/A Effects 
= 0.10 °C + 0.02 °C + 0.015 °C + 0.01 °C = 0.145 °C

Total probable error

HART/4–20 mA specifications

Power supply

External power supply required. Transmitters operate on 12.0 to 
42.4 Vdc transmitter terminal voltage (with 250 ohm load, 
18.1 Vdc power supply voltage is required). Transmitter power 
terminals rated to 42.4 Vdc.

Wiring diagram

See Figure 5 on page 24.

Alarms

Custom factory configurations of alarm and saturation levels are 
available for valid values with option code C1. These values can 
also be configured in the field using a Field Communicator.

Transient protection (option code T1)

The transient protector helps to prevent damage to the 
transmitter from transients induced on the loop wiring by 
lightning, welding, heavy electrical equipment, or switch gears. 
The transient protection electronics are contained in an add-on 
assembly that attaches to the standard transmitter terminal 
block. The external ground lug assembly (code G1) is included 
with the Transient Protector. The transient protector has been 
tested per the following standard:

 IEEE C62.41-1991 (IEEE 587)/ Location Categories B3.
6kV/3kA peak (1.2 � 50 μS Wave 8 � 20 μS Combination 
Wave) 6kV/0.5kA peak (100 kHz Ring Wave)
EFT, 4kVpeak, 2.5kHz, 5*50nS

 Loop resistance added by protector: 22 ohms max.

 Nominal clamping voltages: 90 V (common mode), 77 V 
(normal mode)

Thermocouples

Type W5Re/W26Re ASTM E 988-96
0.016 °C 

0.023 °C + 0.0036% of T 
T ≥ 200 °C
T < 200 °C

0.001% of span

GOST Type L GOST R 8.585-2001
0.005 > 0 °C 

0.005 - 0.003% < 0 °C 
N/A 0.001% of span

Other input types

Millivolt Input 0.00025 mV Entire Sensor Input Range 0.001% of span

2-, 3-, 4-wire Ohm Input 0.007 Ω Entire Sensor Input Range 0.001% of span

(1) Change in ambient is in reference to the calibration temperature of the transmitter (20 °C [68 °F]).
(2) Ambient temperature effect specification valid over minimum temperature span of 28°C (50°F)
(3) Applies to HART / 4-20 mA devices.

 Table 3. Ambient Temperature Effect on Digital Accuracy

0.0015 °C
°C
-------  x 30 °C 20 °C–( ) 0.015 °C=

0.102 0.022 0.0152 0.012+ + + 0.10 °C=
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Local display

Optional five-digit LCD display includes 0–100% bar graph. 
Digits are 0.4 inches (8 mm) high. Display options include 
engineering units (°F, °C, °R, K, ohms, and millivolts), percent, 
and milliamperes. The display can also be set to alternate 
between engineering units/milliamperes, Sensor 1/Sensor 2, 
Sensor 1/Sensor 2/Differential Temperature, and Sensor 
1/Sensor2/Average Temperature. All display options, including 
the decimal point, may be reconfigured in the field using a Field 
Communicator or AMS® Device Manager.

Turn-on time

Performance within specifications is achieved less than 6 
seconds after power is applied to the transmitter when the 
damping value is set to 0 seconds.

Power supply effect

Less than ±0.005% of span per volt.

SIS safety transmitter failure values

IEC 61508 Safety Certified SIL 2 and SIL 3 Claim Limit

 Safety accuracy: Span ≥ 100 °C: ± 2% of process variable span

 Span < 100 °C: ± 2 °C

 Safety response time: 5 seconds

 Safety specifications and FMEDA Report available at 
www. rosemount.com/safety

 Software suitable for SIL3 Applications

Temperature limits 

Field Communicator connections

Field Communicator connections are permanently fixed to 
power/signal block.

Failure mode

The Rosemount 3144P features software and hardware failure 
mode detection. An independent circuit is designed to provide 
backup alarm output if the microprocessor hardware or 
software fails. 

The alarm level is user-selectable using the failure mode switch. 
If failure occurs, the position of the hardware switch determines 
the direction in which the output is driven (HIGH or LOW). The 
switch feeds into the digital-to-analog (D/A) converter, which 
drives the proper alarm output even if the microprocessor fails. 
The values at which the transmitter drives its output in failure 
mode depends on whether it is configured to standard, 
or NAMUR-compliant (NAMUR recommendation NE 43) 
operation. The values for standard and NAMUR-compliant 
operation are as follows:

Load limitations

Note
HART communication requires a loop resistance between 
250 and 1100 ohms. Do not communicate with the 
transmitter when power is below 12 Vdc at the 
transmitter terminals.

Description Operating limit Storage limit

Without LCD display
–40 to 185 °F
–40 to 85 °C

–60 to 250 °F
–50 to 120 °C

With LCD display(1)

(1) LCD display may not be readable and LCD display updates will be slower 
at temperatures below -4 °F (-20 °C).

–40 to 185 °F
–40 to 85 °C

–40 to 185 °F
–40 to 85 °C

 Table 4. Operation Parameters

Standard(1)

(1) Measured in milliamperes.

NAMUR-compliant(1)

Linear Output 3.9 ≤ I ≤ 20.5 3.8 ≤ I ≤ 20.5 

Fail HIGH 21.75 ≤ I ≤ 23 (default) 21.5 ≤ I ≤ 23 (default)

Fail Low I ≤ 3.75 I ≤ 3.6

Maximum load = 40.8 � (supply voltage - 12.0)(1)

(1) Without transient protection (optional).

1240

1000

750
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FOUNDATION fieldbus specifications

Fieldbus Foundation device registration

Device tested and registered to ITK 6.0.1

Power supply 

Powered over FOUNDATION fieldbus with standard fieldbus power 
supplies. Transmitters operate on 9.0 to 32.0 Vdc, 12 mA 
maximum. Transmitter power terminals are rated to 42.4 Vdc.

Wiring diagram

See Figure 6 on page 24.

Alarms

The AI function block allows the user to configure the alarms to 
HIGH-HIGH, HIGH, LOW, or LOW-LOW with a variety of priority 
levels and hysteresis settings.

Transient protection (option code T1)

The transient protector helps to prevent damage to the 
transmitter from transients induced on the loop wiring by 
lightning, welding, heavy electrical equipment, or switch gears. 
The transient protection electronics are contained in an add-on 
assembly that attaches to the standard transmitter terminal 
block. The transient terminal block is not polarity insensitive. 
The transient protector has been tested to the following 
standard:

 IEEE C62.41-1991 (IEEE 587)/ Location Categories B3.
6kV/3kA peak (1.2 � 50 μS Wave 8 � 20 μS Combination 
Wave)
6kV/0.5kA peak (100 kHz Ring Wave)
EFT, 4kVpeak, 2.5kHz, 5*50nS

 Loop resistance added by protector: 22 ohms maximum

 Nominal clamping voltages: 90 V (common mode), 77 V 
(normal mode)

Diagnostics suite for FOUNDATION fieldbus (option 
code D01)

The 3144P Diagnostics Suite for FOUNDATION fieldbus provides 
advanced functionality in the form of Statistical Process 
Monitoring (SPM), a thermocouple Diagnostic, and Sensor Drift 
Alert. SPM technology calculates the mean and standard 
deviation of the process variable and makes them available to 
the user. This may be used to detect abnormal process 
situations.

The Thermocouple Diagnostic enables the 3144P to measure 
and monitor the resistance of thermocouple loops in order to 
detect drift or changing wiring connections.

Sensor Drift Alert allows the user to monitor the difference in 
measurement between two sensors installed in one process 
point. A change in this differential value may indicate drifting 
sensors.

Local display

Displays all DS_65 measurements in the Transducer and 
Function Blocks including Sensor 1, Sensor 2, differential, and 
terminal temperatures. The display alternates up to four 
selected items. The meter can display up to five digits in 
engineering units (°F, °C, °R, K, Ω, and millivolts). Display settings 
are configured at the factory according to the transmitter 
configuration (standard or custom). These settings can be 
reconfigured in the field using a Field Communicator or 
DeltaV™. In addition, the LCD display provides the ability to 
display DS_65 parameters from other devices. In addition to the 
configuration of the meter, sensor diagnostic data is displayed. If 
the measurement status is Good, the measured value is shown. 
If the measurement status is Uncertain, the status indicating 
uncertain is shown in addition to the measured value. If the 
measurement status is Bad, the reason for the bad measurement 
is shown. 

Note
When ordering a spare electronics module assembly, the 
LCD display transducer block will display the default 
parameter.

Turn-on time

Performance within specifications is achieved less than 20 
seconds after power is applied to the transmitter when the 
damping value is set to 0 seconds.

Status

The device is compliant to NAMUR NE 107, ensuring consistent, 
reliable and standardized device diagnostic information.

The new standard is designed to improve the way device status 
and diagnostic information is communicated to operators and 
maintenance personnel in order to increase productivity and 
reduce costs.

If self-diagnostics detect a sensor burnout or a transmitter 
failure, the status of the measurement will be updated 
accordingly. The status may also send the PID output to a safe 
value.
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FOUNDATION fieldbus parameters

Backup Link Active Scheduler (LAS)

The transmitter is classified as a device link master, which means 
it can function as a Link Active Scheduler (LAS) if the current link 
master device fails or is removed from the segment. The host or 
other configuration tool is used to download the schedule for 
the application to the link master device. In the absence of a 
primary link master, the transmitter will claim the LAS and 
provide permanent control for the H1 segment.

Function blocks

 All blocks will ship with unique block names, e.g. 
AI_1400_XXXX.

 All blocks shall be instantiated to avoid invalid defaults.

 All Rosemount 3144P FF have parameter COMPATIBILITY_REV 
for backward compatibility.

 Parameters will be initialized to common values for easier 
bench configuration.

 All default block tags are less than or equal to 16 characters in 
length to avoid inconvenience of apparently identical tags.

 Default block tags include underscores, “_”, instead of 
whitespaces for easier configuration.

Resource block

 Contains physical transmitter information including available 
memory, manufacture identification, device type, software 
tag, and unique identification.

 PlantWeb Alerts enable the full power of the PW digital 
architecture by diagnosing instrumentation issues, 
communicating the details, and recommending a solution. 

Transducer block

 Contains the actual temperature measurement data, 
including sensor 1, sensor 2, and terminal temperature

 Includes information about sensor type and configuration, 
engineering units, linearization, range, damping, and 
diagnostics

 Device Revision 3 and above includes Hot Backup 
functionality in the transducer block

LCD display block (when an LCD display is used)

 Configures the local display.

Analog input (AI)

 Processes the measurement and makes it available on the 
fieldbus segment.

 Allows filtering, engineering unit, and alarm changes.

 All devices ship with the AI blocks scheduled, meaning no 
configuration is needed if the factory default channels are 
used

PID block (provides control functionality)

 Performs single loop, cascade, or feedforward control in the 
field.

Schedule Entries 25 (max.)

Links 30 (max.)

Virtual Communications Relationships (VCR) 20 (max.)

Block Execution time 

Resource N/A

Transducer N/A

LCD display Block N/A

Advanced Diagnostics N/A

Analog Input 1, 2, 3, 4 60 milliseconds

PID 1 and 2 with Autotune 90 milliseconds

Input Selector 65 milliseconds

Signal Characterizer 60 milliseconds

Arithmetic 60 milliseconds

Output Splitter 60 milliseconds
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Product Certifications
Rev 1.1

European Directive Information

A copy of the EC Declaration of Conformity can be found at the 
end of the Quick Start Guide. The most recent revision of the EC 
Declaration of Conformity can be found at 
www.rosemount.com.

Ordinary Location Certification

As standard, the transmitter has been examined and tested to 
determine that the design meets the basic electrical, 
mechanical, and fire protection requirements by a nationally 
recognized test laboratory (NRTL) as accredited by the Federal 
Occupational Safety and Health Administration (OSHA).

North America
E5 FM Explosionproof, Dust-Ignitionproof, and Nonincendive

Certificate: 3012752
Standards: FM Class 3600: 1998, FM Class 3611: 2004, 

FM Class 3615: 1989, FM Class 3810: 2005, 
NEMA-250: 1991, ANSI/ISA 60079-0: 2009, 
ANSI/ISA 60079-11: 2009

Markings:   XP CL I, DIV 1, GP A, B, C, D; 
T5(-50 °C ≤ Ta ≤ +85 °C); DIP CL II/III, DIV 1, GP E, 
F, G; T5(-50 °C ≤ Ta ≤ +75 °C); 
T6(-50 °C ≤ Ta ≤ +60 °C); when installed per 
Rosemount drawing 03144-0320; NI CL I, DIV 
2, GP A, B, C, D; T5(-60 °C ≤ Ta ≤ +75 °C); 
T6(-60 °C ≤ Ta ≤ +50 °C); when installed per 
Rosemount drawing 03144-0321, 
03144-5075;

I5 FM Intrinsic Safety and Nonincendive
Certificate: 3012752
Standards: FM Class 3600: 1998, FM Class 3610: 2010, 

FM Class 3611: 2004, FM Class 3810: 2005, 
NEMA-250: 1991, ANSI/ISA 60079-0: 2009, 
ANSI/ISA 60079-11: 2009

Markings:   IS CL I / II / III, DIV 1, GP A, B, C, D, E, F, G; 
T4(-60 °C ≤ Ta ≤ +60 °C); IS [Entity] CL I, Zone 0, 
AEx ia IIC T4(-60 °C ≤ Ta ≤ +60 °C); NI CL I, DIV 2, 
GP A, B, C, D; T5(-60 °C ≤ Ta ≤ +75 °C); 
T6(-60 °C ≤ Ta ≤ +50 °C); when installed per 
Rosemount drawing 03144-0321, 
03144-5075;

I6 CSA Intrinsic Safety and Division 2
Certificate: 1242650
Standards:  CAN/CSA C22.2 No. 0-M91 (R2001), 

CAN/CSA-C22.2 No. 94-M91, CSA Std C22.2 
No. 142-M1987, CAN/CSA-C22.2 No. 157-92, 
CSA Std C22.2 No. 213-M1987;

Markings:    Intrinsically Safe for Class I Groups A, B, C, D; 
Class II, Groups E, F, G; Class III;
[HART only zone markings]: Intrinsically Safe 
for Class I Zone 0 Group IIC; 
T4(-50 °C ≤ Ta ≤ +60 °C); Type 4X; Suitable for 
Class I, Div. 2, Groups A, B, C, D; 
[HART only zone markings]: Suitable for Class I 
Zone 2 Group IIC; T6(-60 °C ≤ Ta ≤ +60 °C); 
T5(-60 °C ≤ Ta ≤ +85 °C); when installed per 
Rosemount drawing 03144-5076;

K6 CSA Explosionproof, Intrinsic Safety and Division 2
Certificate: 1242650
Standards:  CAN/CSA C22.2 No. 0-M91 (R2001), CSA Std 

C22.2 No. 30-M1986; CAN/CSA-C22.2 No. 
94-M91, CSA Std C22.2 No. 142-M1987, 
CAN/CSA-C22.2 No. 157-92, CSA Std C22.2 
No. 213-M1987;

Markings:    Explosionproof for Class I, Groups A, B, C, D; 
Class II, Groups E, F, G; Class III;
[HART only zone markings]: Suitable for Class I 
Zone 1 Group IIC; Intrinsically Safe for Class I 
Groups A, B, C, D; Class II, Groups E, F, G; Class 
III; 
[HART only zone markings]: Suitable for Class I 
Zone 0 Group IIC; T4(-50 °C ≤ Ta ≤ +60 °C); Type 
4X; Suitable for Class I, Div. 2, Groups A, B, C, 
D;
[HART only zone markings]: Suitable for Class I 
Zone 2 Group IIC; T6(-60 °C ≤ Ta ≤ +60 °C); 
T5(-60 °C ≤ Ta ≤ +85 °C); when installed per 
Rosemount drawing 03144-5076;

Europe
E1 ATEX Flameproof

Certificate: FM12ATEX0065X 
Standards:  EN 60079-0: 2012, EN 60079-1: 2007, 

EN 60529:1991 +A1:2000
Markings:     II 2 G Ex d IIC T6…T1 Gb, 

T6(-50 °C ≤ Ta ≤ +40 °C), 
T5…T1(-50 °C ≤ Ta ≤ +60 °C);

See Table 5 at the end of the Product Certifications section 
for Process Temperatures.
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Special Conditions for Safe Use (X):

1. See certificate for ambient temperature range.

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments.

3. Guard the LCD display cover against impact energies 
greater than 4 joules.

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary.

I1 ATEX Intrinsic Safety
Certificate: BAS01ATEX1431X [HART]; 

Baseefa03ATEX0708X [Fieldbus];
Standards:  EN 60079-0: 2012; EN 60079-11:2012;
Markings:    HART:  II 1 G Ex ia IIC T5/T6 Ga; 

T6(-60 °C ≤ Ta ≤ +50 °C), 
T5(-60 °C ≤ Ta ≤ +75 °C); 

Fieldbus:  II 1 G Ex ia IIC T4 Ga; 
T4(-60 °C ≤ Ta ≤ +60 °C), 

See Table 6 at the end of the Product Certifications section 
for Entity Parameters

Special Conditions for Safe Use (X):

1. When fitted with the transient terminal options, the 
equipment is not capable of passing the 500 V insulation 
test. This must be taken into account during installation.

2. The enclosure may be made from aluminum alloy with a 
protective polyurethane paint finish; however, care should 
be taken to protect it from impact or abrasion when 
located in Zone 0.

N1 ATEX Type n
Certificate: BAS01ATEX3432X [HART]; 

Baseefa03ATEX0709X [Fieldbus]
Standards: EN 60079-0:2012, EN 60079-15:2010
Markings:   HART:  II 3 G Ex nA IIC T5/T6 Gc; 

T6(-40 °C ≤ Ta ≤ +50 °C), 
T5(-40 °C ≤ Ta ≤ +75 °C);

Fieldbus:  II 3 G Ex nA IIC T5 Gc; 
T5(-40 °C ≤ Ta ≤ +75 °C);

Special Condition for Safe Use (X):

1. When fitted with the transient terminal options, the 
equipment is not capable of withstanding the 500 V 
electrical strength test as defined in clause 6.5.1 of EN 
60079-15: 2010. This must be taken into account during 
installation.

ND ATEX Dust
Certificate: FM12ATEX0065X 
Standards:  EN 60079-0: 2012, EN 60079-31: 2009, 

EN 60529:1991 +A1:2000
Markings:     II 2 D Ex tb IIIC T130 °C Db, 

(-40 °C ≤ Ta ≤ +70 °C); IP66
See Table 5 at the end of the Product Certifications section 
for Process Temperatures.

Special Conditions for Safe Use (X):

1. See certificate for ambient temperature range

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments.

3. Guard the LCD display cover against impact energies 
greater than 4 joules.

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary.

International
E7 IECEx Flameproof

Certificate: IECEx FMG 12.0022X
Standards: IEC 60079-0:2011, IEC 60079-1:2007-04, 

IEC 60079-31:2008
Markings:   Ex d IIC T6…T1 Gb, T6(-50 °C ≤ Ta ≤ +40 °C), 

T5…T1(-50 °C ≤ Ta ≤ +60 °C);
Ex tb IIIC T130 °C Db, (-40 °C ≤ Ta ≤ +70 °C); 
IP66;

See Table 5 at the end of the Product Certifications section 
for Process Temperatures.

Special Conditions for Safe Use (X):

1. See certificate for ambient temperature range

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments

3. Guard the LCD display cover against impact energies 
greater than 4 joules

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary

I7 IECEx Intrinsic Safety
Certificate: IECEx BAS 07.0002X [HART]; 

IECEx BAS 07.0004X [Fieldbus] 
Standards:  IEC 60079-0: 2011; IEC 60079-11: 2011;
Markings:    HART: Ex ia IIC T5/T6 Ga; 

T6(-60 °C ≤ Ta ≤ +50 °C), 
T5(-60 °C ≤ Ta ≤ +75 °C);

Fieldbus: Ex ia IIC T4 Ga; 
T4(-60 °C ≤ Ta ≤ +60 °C), 

See Table 6 at the end of the Product Certifications section 
for Entity Parameters.

Special Conditions for Safe Use (X):

1. When fitted with the transient terminal options, the 
apparatus is not capable of withstanding the 500 V 
electrical strength test as defined in Clause 6.3.13 of IEC 
60079-11: 2011. This must be taken into account during 
installation.

2. The enclosure may be made from aluminum alloy with a 
protective polyurethane paint finish; however, care should 
be taken to protect it from impact or abrasion when 
located in Zone 0.
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N7 IECEx Type n
Certificate: IECEx BAS 070003X [HART]; 

IECEx BAS 07.0005X [Fieldbus]
Standards:  IEC 60079-0:2011, IEC 60079-15:2010
Markings:   HART: Ex nA IIC T5/T6 Gc; 

T6(-40 °C ≤ Ta ≤ +50 °C), 
T5(-40 °C ≤ Ta ≤ +75 °C);

Fieldbus: Ex nA IIC T5 Gc; 
T5(-40 °C ≤ Ta ≤ + 75 °C),

Brazil
E2 INMETRO Flameproof

Certificate: UL-BR 13.0535X
Standards: ABNT NBR IEC 60079-0:2008 + corrigendum 

1:2011, ABNT NBR IEC 60079-1:2009 + 
corrigendum 1:2011

Markings:   Ex d IIC T6...T1* Gb; T6…T1*: 
-50 °C ≤ Ta ≤ +40 °C, 
T5...T1*: - 50 °C ≤ Ta ≤ +60 °C)

Special Conditions for Safe Use (X):

1. See product description for ambient temperature limits 
and process temperature limits.

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments.

3. Guard the LCD cover against impact energies greater than 
4 joules.

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary.

I2 INMETRO Intrinsic Safety [HART]
Certificate: UL-BR 15.0088X
Standards: ABNT NBR IEC 60079-0:2008 + corrigendum 

1:2011, ABNT NBR IEC 60079-11:2009
Markings:   Ex ia IIC T6 Ga (-60 ° C ≤ Ta ≤ +50 °C), 

Ex ia IIC T6 Ga (-60 °C ≤ Ta ≤ +75 °C)
See Table 6 at the end of the Product Certifications section 
for Entity Parameters.

Special Conditions for Safe Use (X):

1. When fitted with the transient terminal options, the 
equipment is not capable of withstanding the 500 V 
electrical strength test as defined in ABNT NBR 
IEC60079-11. This must be taken into account during 
installation.

2. The enclosure may be made from aluminum alloy with a 
protective polyurethane paint finish; however, care should 
be taken to protect it from impact and abrasion when 
located in areas that require EPL Ga (Zone 0).

INMETRO Intrinsic Safety [Fieldbus/FISCO]
Certificate: UL-BR 15.0030X
Standards: ABNT NBR IEC 60079-0:2008 + corrigendum 

1:2011, ABNT NBR IEC 60079-11:2009
Markings:   Ex ia IIC T4 Ga (-60 ° C ≤ Ta ≤ +60 °C), 
See Table 6 at the end of the Product Certifications section 
for Entity Parameters.

Special Condition for Safe Use (X):

1. When mounted with the terminal options with transient 
protection, the equipment is not capable of withstanding 
the dielectric strength test with 500 V as defined in ISO IEC 
60079-11. This feature should be taken into account 
during installation.

China
E3 China Flameproof

Certificate: GYJ11.1650X
Standards:  GB3836.1-2000, GB3836.2-2010
Markings:    Ex d IIC T5/T6 Gb

Special Conditions for Safe Use (X):

1. Symbol “X” is used to denote specific conditions of use: For 
information on the dimensions of the flameproof joints the 
manufacturer shall be contacted. This shall be mentioned 
in the manual.

2. Relation between T code and ambient temperature range 
is:

3.  The earth connection facility in the enclosure should be 
connected reliably.

4.  During installation, there should be no mixture harmful to 
flameproof housing.

5. During installation in hazardous location. Cable glands, 
conduits and blanking plugs, certified by state-appointed 
inspection bodies with Ex d IIC Gb degree, should be used.

6. During installation, use and maintenance in explosive gas 
atmospheres, observe the warning “Do not open when 
energized”.

7. End users is not permitted to change any components 
insides, but to settle the problem in conjunction with 
manufacturer to avoid damage to the product.

8. When installation, use and maintenance of this product, 
observe following standards:
GB3836.13-1997 “Electrical apparatus for explosive gas 
atmospheres Part 13: Repair and overhaul for apparatus 
used in explosive gas atmospheres”
GB3836.15-2000 “Electrical apparatus for explosive gas 
atmospheres Part 15: Electrical installations in hazardous 
area (other than mines)”
GB3836.16-2006 “Electrical apparatus for explosive gas 
atmospheres Part 16: Inspection and maintenance of 
electrical installation (other than mines)”
GB50257-1996 “Code for construction and acceptance of 
electric device for explosion atmospheres and fire hazard 
electrical equipment installation engineering”

T code Ambient temperature 

T6 -40 °C ≤ Ta ≤ +70 °C

T5 -40 °C ≤ Ta ≤ +80 °C
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I3 China Intrinsic Safety
Certificate: GYJ11.1536X
Standards: GB3836.1-2000, GB3836.4-2010
Markings:   Ex ia IIC T4/T5/T6

Special Conditions for Safe Use (X):

1. Symbol “X” is used to denote specific conditions of use:
a. The enclosure may contain light metal, attention should 

be taken to avoid ignition hazard due to impact or 
friction when used in Zone 0.

b. When fitted with the “Transient Terminal Option”, this 
apparatus is not capable of withstanding the 500 V 
r.m.s. insulation test required by Clause 6.3.12 of 
GB3836.4-2010

2. Relation between T code and ambient temperature range 
is:

3. Parameters:

Power/loop terminals (+ and -)

Sensor terminal (1 to 5)

Load connected to sensor terminals (1 to 5)

Temperature transmitters comply to the requirements for 
FISCO field devices specified in GB3836.19-2010. FISCO 
parameters are as follows:

4. The product should be used with Ex-certified associated 
apparatus to establish explosion protection system that 
can be used in explosive gas atmospheres. Wiring and 
terminals should comply with the instruction manual of 
the product and associated apparatus.

5. The cables between this product and associated apparatus 
should be shielded cables (the cables must have insulated 
shield). The shielded has to be grounded reliably in 
non-hazardous area.

6. End users are not permitted to change any components 
insides, but to settle the problem in conjunction with 
manufacturer to avoid damage to the product.

7. When installation, use and maintenance of this product, 
observe following standards:
GB3836.13-1997 “Electrical apparatus for explosive gas 
atmospheres Part 13: Repair and overhaul for apparatus 
used in explosive gas atmospheres”
GB3836.15-2000 “Electrical apparatus for explosive gas 
atmospheres Part 15: Electrical installations in hazardous 
area (other than mines)”
GB3836.6-2006 “Electrical apparatus for explosive gas 
atmospheres Part 16: Inspection and maintenance of 
electrical installation (other than mines)”
GB50257-1996 “Code for construction and acceptance of 
electric device for explosion atmospheres and fire hazard 
electrical equipment installation engineering”

EAC - Belarus, Kazakhstan, Russia
EM Technical Regulation Customs Union (EAC) Flameproof

Certificate: RU C-US.GB05.B.00289
Markings:   1Ex d IIC T6…T1 Gb X

Special Condition for Safe Use (X):

1. See certificate for special conditions.

IM Technical Regulation Customs Union (EAC) Intrinsic Safety
Certificate: RU C-US.GB05.B.00289
Markings:   [HART]: 0Ex ia IIC T5, T6 Ga X;  

[Fieldbus/PROFIBUS®]: 0Ex ia IIC T4 Ga X

Special Condition for Safe Use (X):

1. See certificate for special conditions.

Output T code Ambient temperature 

HART
T6 -60 °C ≤ Ta ≤ +50 °C

T5 -60 °C ≤ Ta ≤ +70 °C

Fieldbus T4 -60 °C ≤ Ta ≤ +60 °C

Output

Maximum 
input

voltage: 

Maximum 
input 

current: 

Maximum 
input 

power: 

Maximum 
internal 

parameters

Ui (V) li (mA) Pi (W) Ci (nF) Li (μH)

HART 30 300 1 5 0

Fieldbus 30 300 1.3 2.1 0

Output

Maximum 
input

voltage: 

Maximum 
input 

current: 

Maximum 
input 

power: 

Maximum 
internal 

parameters

Uo (V) lo (mA) Po (W) Ci (nF) Li (μH)

HART 13.6 56 0.19 78 0

Fieldbus 13.9 23 0.079 7.7 0

Output Group
Maximum external parameters

Co (μF) Lo (μH) 

HART

IIC 0.74 11.7

IIB 5.12 44

IIA 18.52 94

Fieldbus

IIC 0.73 30.2

IIB 4.8 110.9

IIA 17.69 231.2

Maximum 
input

voltage: 

Maximum 
input current: 

Maximum 
input power: 

Maximum 
internal 

parameters

Ui (V) li (mA) Pi (W) Ci (nF) Li (μH)

17.5 380 5.32 2.1 0
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Japan
E4 TIIS Flameproof

Certificate: TC16120, TC16121
Markings:   Ex d IIB T6 (-20 °C ≤ Ta ≤ +55 °C)

Certificate: TC16127, TC16128, TC16129, TC16130
Markings:   Ex d IIB T4 (-20 °C ≤ Ta ≤ +55 °C)

Combinations
K1 Combination of E1, I1, N1, and ND

K2 Combination of E2 and I2

K5 Combination of E5 and I5

K7 Combination of E7, I7, N7

KA Combination of K1 and K6

KB Combination of K5, I6, and K6

KM Combination of EM and IM

Tables
 Table 5. Process Temperatures

T6 T5 T4 T3 T2 T1 T130

Max ambient + 40 °C + 60 °C + 60 °C + 60 °C + 60 °C + 60 °C + 70 °C

Se
n

so
r 

ex
te

n
si

o
n

Transmitter with LCD display

0-in. 55 °C 70 °C 95 °C 95 °C 95 °C 95 °C 95 °C

3-in. 55 °C 70 °C 100 °C 100 °C 100 °C 100 °C 100 °C

6-in. 60 °C 70 °C 100 °C 100 °C 100 °C 100 °C 100 °C

9-in. 65 °C 75 °C 110 °C 110 °C 110 °C 110 °C 110 °C

Transmitter without LCD display

0-in. 55 °C 70 °C 100 °C 170 °C 280 °C 440 °C 100 °C

3-in. 55 °C 70 °C 110 °C 190 °C 300 °C 450 °C 110 °C

6-in. 60 °C 70 °C 120 °C 200 °C 300 °C 450 °C 110 °C

9-in. 65 °C 75 °C 130 °C 200 °C 300 °C 450 °C 120 °C

 Table 6. Entity Parameters

HART Fieldbus/PROFIBUS FISCO

Voltage Ui (V) 30 30 17.5

Current Ii (mA) 300 300 380

Power Pi (W) 1 1.3 5.32

Capacitance Ci (nF) 5 2.1 2.1

Inductance Li (mH) 0 0 0
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Dimensional drawings

Figure 1. Rosemount 3144P Temperature Transmitter

Transmitter exploded view

Switch location LCD display faceplate

A. Housing with permanent terminal block
B. Cover with wiring diagram label
C. Nameplate
D. Electronics module

E. LCD display
F. Display cover
G. Switches(1)

H. LCD connector

(1) Alarm and Write Protect (HART), Simulate and Write Protect (FOUNDATION fieldbus)

Dimensions are in inches (millimeters).

B

A

C

D

E

F

 

G

4.4 (112)

4.4 (112)

H
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Figure 2. Transmitter Dimensional Drawing

Figure 3. Transmitter Dimensional Drawing for Conduits with M20 � 1.5, PG 13.5, and JIS G1/2 Entries

Top view Side view

A. Conduit entry
B. Display cover
C. Nameplate

Dimensions are in inches (millimeters).

Top view Front view

A. Clearance required to remove cover
B. Adapters for M20 � 1.5, PG 13.5, and JIS G1/2 entries

Dimensions are in inches (millimeters).

A B

C

4.4 (112)

2.0 
(51)

5.2 (132) with LCD display
4.4 (112)

4.4 (112)

A
/3 8-16 UN-2B

A5.20 (132)
4.20 (112)

0.85 (21.6)

B2.0
(50.8)

4.20 (112)

/3
8 -16 UN-2B

4.20 (112)

4.00 (102)

0.21 (5.3)0.5 (12.7)

0.94 (23.8)

1.17 (29.8)

B
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Figure 4. Optional Transmitter Mounting Brackets

Option code B4 bracket

Option code B5 bracket

Dimensions are in inches (millimeters).

1.04 (26)

1.55 (39)

3.65 
±0.06 (92)

1.0 (25)

2.81 ±0.03 
(71)

0.41 (10)
Diameter

0.375 (10)
Diameter
(2 Places)

2.0 ± 0.03 
(50)

1.0 (25.4)

7.15 (181.6)

2 (51) Diameter Washer
(Provided)

6.4 (162.6)

2.81 (71.4)
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Figure 5. HART/4–20 mA

Figure 6. FOUNDATION fieldbus

3144P single-sensor connections

3144P dual-sensor connections

(1) Transmitter must be configured for a 3-wire RTD in order to recognize an RTD with a compensation loop.
(2) Emerson Process Management provides 4-wire sensors for all single-element RTDs. Use these RTDs in 2-wire or 3-wire configurations by leaving the unneeded leads 

disconnected and insulated with electrical tape.

3144P single-sensor connections

3144P dual-sensor connections

(1) Transmitter must be configured for a 3-wire RTD in order to recognize an RTD with a compensation loop.
(2) Emerson Process Management provides 4-wire sensors for all single-element RTDs. Use these RTDs in 2-wire or 3-wire configurations by leaving the unneeded leads 

disconnected and insulated with electrical tape. 

4-wire RTD 
and Ohms

T/Cs and 
Millivolts

RTD with Compensation 
Loop(1)

2-wire RTD 
and Ohms

3-wire RTD 
and Ohms(2)

ΔT/Hot Backup/Dual 
Sensor with

2 RTDs

ΔT/Hot Backup/Dual 
Sensor with 2 

Thermocouples

ΔT/Hot Backup/Dual 
Sensor with RTDs/ 
Thermocouples(2)

ΔT/Hot 
Backup/Dual 

Sensor with RTDs/ 
Thermocouples(2)

ΔT/Hot Backup/Dual
Sensor with 2 RTDs with 
Compensation Loop(2)

4-wire RTD 
and Ohms

T/Cs and 
Millivolts

RTD with Compensation 
Loop(1)

2-wire RTD 
and Ohms

3-wire RTD 
and Ohms(2)

ΔT/Hot Backup/Dual 
Sensor with 2 RTDs

ΔT/Hot Backup/Dual 
Sensor with 2 

Thermocouples

ΔT/Hot Backup/Dual 
Sensor with RTDs/ 
Thermocouples(2)

ΔT/Hot Backup/Dual 
Sensor with RTDs/ 
Thermocouples(2)

ΔT/Hot Backup/Dual
Sensor with 2 RTDs with 
Compensation Loop(2)
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Standard configuration 

Both standard and custom configuration settings may be changed. Unless specified, the transmitter will be shipped as follows:

Custom configuration

The Rosemount 3144P Transmitter can be ordered with custom configuration. The table below lists the requirements necessary to 
specify a custom configuration.

Standard configuration

4 mA value/Lower Range (HART/4–20 mA) Measurement Point LO (FOUNDATION fieldbus) 0 °C

20 mA value/Upper Range (HART/4–20 mA) Measurement Point HI (FOUNDATION fieldbus) 100 °C

Damping 5 seconds

Output Linear with temperature 

Failure Mode (HART/4–20 mA) High

Line Voltage Filter 60 Hz

Software Tag See “Software tag” on page 9 

Optional Integral Display Units and mA/Sensor 1 units

Single-sensor option

Sensor Type 4-wire, Pt 100 α = 0.00385 RTD

Primary Variable (HART/4–20 mA) AI 1400 (FOUNDATION fieldbus) Sensor 1

Secondary Variable AI 1600 (FOUNDATION fieldbus) Terminal Temperature

Tertiary Variable Not Used

Quaternary Variable Not Used

Dual-sensor option

Sensor Type Two 3-wire, Pt 100 α = 0.00385 RTD

Primary Variable (HART/4–20 mA) AI 1400 (FOUNDATION fieldbus) Sensor 1

Secondary Variable AI 1500 (FOUNDATION fieldbus) Sensor 2

Tertiary Variable AI 1600 (FOUNDATION fieldbus) Terminal Temperature

Quaternary Variable Not Used

Option code Requirements/specification

C1:
Factory Data(1)

Date: day/month/year
Descriptor: 16 alphanumeric character
Message: 32 alphanumeric character
Custom Alarm Levels can be specified for configuration at the factory.

C2:
Transmitter-Sensor Matching

The 3144P transmitter is designed to accept Callendar-van Dusen constants from a calibrated 
RTD schedule and generate a custom curve to match any specific sensor curve. Specify a Series 
68, 65, or 78 RTD sensor on the order with a special characterization curve (V or X8Q4 option). 
These constants will be programmed into the 3144P when this option is selected.

C4:
Five Point Calibration

Will include five-point calibration at 0, 25, 50, 75, and 100% analog and digital output points.
Use with option code Q4 to obtain a Calibration Certificate.

C7:
Special Sensor

Used for non-standard sensor, adding a special sensor or expanding input.
Customer must supply the non-standard sensor information.
Additional special curve will be added to sensor curve input choices.
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To custom configure the 3144P with the dual-sensor option transmitter for one of the applications described below, indicate the 
appropriate option code in the model number. If a sensor type is not specified, the transmitter will be configured for two 3-wire Pt 
100 (α = 0.00385) RTDs if any of the following option codes are selected.

A1: NAMUR-
Compliant, high alarm

Analog output levels compliant with NAMUR. Alarm is set to fail high.

CN: NAMUR-
Compliant, low alarm

Analog output levels compliant with NAMUR. Alarm is set to fail low.

C8: Low Alarm Analog output levels compliant with Rosemount standard. Alarm is set to fail low.

F5: 50 Hz Line Voltage Filter Calibrated to 50 Hz line voltage filter.

(1) CDS required.

Option Code U1: Hot Backup 

Primary Usage
Primary usage sets the transmitter to automatically use sensor 2 as the primary input if sensor 1 fails. 
Switching from sensor 1 to sensor 2 is accomplished without any effect on the analog signal. A digital 
alert will be sent in the event of a failed sensor.

Primary Variable 1st good

Secondary Variable Sensor 1

Tertiary Variable Sensor 2

Quaternary Variable Terminal Temperature

Option Code U2: Average Temperature with Hot Backup and Sensor Drift Alert – Warning Mode

Primary Usage

Critical applications, such as safety interlocks and control loops. Outputs the average of two 
measurements and sends a digital alert if temperature difference exceeds the set maximum differential 
(Sensor Drift Alert – warning mode). If a sensor fails, an alert will be sent digitally and the primary 
variable will be reported as the remaining good sensor value.

Primary Variable Sensor Average

Secondary Variable Sensor 1

Tertiary Variable Sensor 2

Quaternary Variable Terminal Temperature

Option Code U3: Average Temperature with Hot Backup and Sensor Drift Alert – Alarm Mode

Primary Usage

Critical applications, such as safety interlocks and control loops. Outputs the average of two 
measurements and sets the analog output into alarm if temperature difference exceeds the set 
maximum differential (Sensor Drift Alert – alarm mode). If a sensor fails, an alert will be sent digitally 
and the primary variable will be reported as the remaining good sensor value.

Primary Variable Sensor Average

Secondary Variable Sensor 1

Tertiary Variable Sensor 2

Quaternary Variable Terminal Temperature

Option code Requirements/specification
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Option Code U4: Two Independent Sensors

Primary Usage
Used in non-critical applications where the digital output is used to measure two separate process 
temperatures.

Primary Variable Sensor 1

Secondary Variable Sensor 2

Tertiary Variable Terminal Temperature

Quaternary Variable Not Used

Option Code U5: Differential Temperature

Primary Usage
The differential temperature of two process temperatures is configured as the primary variable. If the 
temperature difference exceeds the maximum differential, the analog output will go into alarm. 
Primary Variable will be reported as a bad sensor value.

Primary Variable Differential Temperature

Secondary Variable Sensor 1

Tertiary Variable Sensor 2

Quaternary Variable Terminal Temperature

Option Code U6: Average Temperature

Primary Usage
When average measurement of two different process temperatures is required. If a sensor fails, the 
analog output will go into alarm and the primary variable will report the measurement of the remaining 
good sensor.

Primary Variable Sensor Average

Secondary Variable Sensor 1

Tertiary Variable Sensor 2

Quaternary Variable Terminal Temperature
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Rosemount® 2088 Absolute and Gage Pressure 
Transmitter

 Performance of 0.065% with High Accuracy option

 Lightweight, compact design for cost-effective installation

 Protocols available include 4-20 mA HART® and 1-5 Vdc HART Low Power

 Absolute and gage pressure ranges up to 4,000 psi (276 bar)

 Rangeability of 50:1
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Rosemount 2088 Pressure Transmitter Product Offering

Proven reliability for gage and absolute applications

 Available protocols include 4-20 mA HART and 1-5 Vdc HART Low Power

 Fully configurable LCD display to display process variable, percent of range, and diagnostic messages

 Lightweight, compact design enables easy installation

 Choice of stainless steel or Alloy C-276 wetted materials

Unlock the value of devices with the Smart Wireless THUM™ 
Adapter

 Gain access to field intelligence and improve quality, safety, availability, operations, and 
maintenance costs

 Remotely manage devices and monitor health

 Enable new wireless measurement points

 Utilize existing loop power

Proven, reliable, and innovative DP Level technologies

 Connect to virtually any process with a comprehensive offering of process connections, fill fluids, 
direct mount or capillary connections and materials

 Quantify and optimize total system performance with QZ option

Instrument manifolds – quality, convenient, and easy

 Designed and engineered for optimal performance with Rosemount transmitters

 Save installation time and money with factory assembly

 Offers a variety of styles, materials, and configurations
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Ordering Information

Rosemount 2088 In-Line Pressure Transmitter 

Additional information

Specifications : page 8

Product Certifications : page 11

Dimensional Drawings : page 16 

Specification and selection of product materials, options, or components must be made by the purchaser of the equipment. See 
page 10 for more information on Material Selection.

Configuration
Transmitter output 

code

4-20 mA HART
2088 with Selectable HART

S

1-5 Vdc Low Power
2088 with Selectable HART

N

 Table 1. Rosemount 2088 Pressure Transmitter Ordering Information
H The Standard offering represents the most common options. The starred options (H) should be selected for best delivery.

__The Expanded offering is manufactured after receipt of order and is subject to additional delivery lead time.

Model Product description

2088 Pressure Transmitter H

Measurement type

A Absolute H

G Gage H

Pressure ranges 

2088G 2088A

1 -14.7 to 30 psi /(-1,01 to 2,1 bar) 0 to 30 psi (0 to 2,1 bar) H

2 -14.7 to 150 psi (-1,01 to 10,3 bar) 0 to 150 psi (0 to 10,3 bar) H

3 -14.7 to 800 psi (-1,01 to 55,2 bar) 0 to 800 psi (0 to 55,2 bar) H

4 -14.7 to 4,000 psi (-1,01 to 275,8 bar) 0 to 4,000 psi (0 to 275,8 bar) H

Transmitter output

S(1) 4–20 mA dc/Digital HART Protocol H

N(1) 1-5 Vdc Low Power/Digital HART protocol H

Materials of construction

Process connection Isolating diaphragm Fill fluid

22(2) 316L SST 316L SST Silicone H

33(2) Alloy C-276 Alloy C-276 Silicone H

2B(2) 316L SST 316L SST Inert
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Process connection

A ½–14 NPT Female H

B(3) DIN 16288 G ½ Male H

D(3)(4) M20 3 1.5 Male H

C(3)(4) RC ½ Female

Conduit entry

1 ½–14 NPT H

2(3) M20 3 1.5 H

4(3)(5) G ½

Options (Include with selected model number)

Extended product warranty

WR3 3-year limited warranty H

WR5 5-year limited warranty H

Diaphragm seal assemblies

S1(6)(7) Assemble to one Rosemount 1199 Diaphragm Seal H

Display and interface

M4 LCD Display with Local Operator Interface H

M5 LCD Display, configured for Engineering Units H

Configuration buttons

D4 Analog Zero and Span H

DZ Digital Zero Trim H

Mounting brackets

B4 SST mounting bracket with SST Bolts H

Product certifications

C6 CSA Explosion-Proof, Dust-ignition-proof, Intrinsic Safe, and NonIncendive H

E2 INMETRO Flameproof H

E3 China Flameproof H

Product certifications

 E4(3)(8) TIIS Flameproof H

E5 FM Explosion-Proof (XP) and Dust Ignition-proof (DIP) H

E7 IECEx Flameproof H

ED ATEX Flameproof H

 Table 1. Rosemount 2088 Pressure Transmitter Ordering Information
H The Standard offering represents the most common options. The starred options (H) should be selected for best delivery.

__The Expanded offering is manufactured after receipt of order and is subject to additional delivery lead time.
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EM Technical Regulations Customs Union (EAC) Flameproof H

I1(3) ATEX Intrinsic Safety H

I2 INMETRO Intrinsic Safety H

I3 China Intrinsic Safety H

I5 FM Intrinsically safe (IS) and Nonincendive H

I7 IECEx Intrinsic Safety H

IM Technical Regulation Customs Union (EAC) Intrinsic Safety H

K1 ATEX Flameproof, Intrinsic Safety, Type n, Dust H

K2 INMETRO Flameproof, Intrinsic Safety H

K5 FM Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2 H

K6(3) ATEX and CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2 H

K7 IECEx Flameproof, Intrinsic Safety, Type n, Dust H

KB FM and CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2 H

KM Technical Regulation Customs Union (EAC) Flameproof and Intrinsic Safety H

KH(3) FM Approvals and ATEX Explosion-Proof and Intrinsically Safe H

N1(3) ATEX Type n H

N3 China Type n H

N7 IECEx Type n H

ND(3) ATEX Dust H

NK IECEx Dust H

Shipboard approvals

SBS American Bureau of Shipping (ABS) Type Approval H

SBV Bureau Veritas (BV) Type Approval H

SDN Det Norske Veritas (DNV) Type Approval H

SLL Lloyd's Register (LR) Type Approval H

Pressure testing

P1 Hydrostatic testing

Terminal blocks

T1 Transient protection H

Special cleaning

P2 Cleaning for special service

Calibration certificate

Q4 Calibration certificate H

 Table 1. Rosemount 2088 Pressure Transmitter Ordering Information
H The Standard offering represents the most common options. The starred options (H) should be selected for best delivery.

__The Expanded offering is manufactured after receipt of order and is subject to additional delivery lead time.
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Quality calibration certificate traceability certification

Q8 Material Traceability Certification per EN 10204 3.1 H

Q15 Certificate of Compliance to NACE® MR0175/ISO 15156 for wetted materials H

Q25 Certificate of Compliance to NACE MR0103 for wetted materials H

Digital signal 

C4(3) NAMUR alarm and saturation levels, high alarm H

CN(3) NAMUR alarm and saturation levels, low alarm H

C5 (9)(10) Custom alarm and saturation levels, high alarm, (requires C9 and Configuration Data Sheet) H

C7(9)(10) Custom alarm and saturation levels, low alarm (requires C9 and Configuration Data Sheet) H

C8(10) Low alarm (Standard Rosemount Alarm and Saturation Levels) H

Configuration

C9 Software configuration H

Manifold assemblies

S5(6)(7) Assemble to Rosemount 306 integral manifold H

Calibration accuracy

P8(11) 0.065% accuracy to 10:1 turndown H

Water approval

DW(12) NSF drinking water approval H

Surface finish

Q16 Surface finish certification for sanitary remote seals H

Toolkit total system performance reports

QZ Remote Seal System Performance Calculation Report H

HART Revision configuration

HR 5(10)(13) Configured for HART Revision 5 H

HR7 (10)(14) Configured for HART Revision 7 H

Typical model number: 2088 G 2 S 22 A 1 B4 M5

1. HART Revision 5 is the default HART output. The 2088 with selectable HART can be factory or field configured to HART Revision 7. To order HART Revision 7 
factory configured, add option code HR7.

2. Materials of Construction comply with recommendations per NACE MR0175/ISO 15156 for sour oil field production environments. Environmental limits apply to 
certain materials. Consult latest standard for details. Selected materials also conform to NACE MR0103 for sour refining environments.

3. Not available with low-power Transmitter Output code N.

4. Not available with Alloy C-276, Material of Construction code 33.

5. Consists of a 1/2-14 NPT housing with a G1/2 adapter.

6. Use 1/2 - 14 NPT Female Process Connection code A.

7. “Assemble-to” items are specified separately and require a completed model number.

 Table 1. Rosemount 2088 Pressure Transmitter Ordering Information
H The Standard offering represents the most common options. The starred options (H) should be selected for best delivery.

__The Expanded offering is manufactured after receipt of order and is subject to additional delivery lead time.
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8. Only available with Conduit Thread code 4.

9. Only available with 4-20 mA HART Output (Output Code A).

10. Select Configuration Buttons (option code D4 or DZ) or Local Operator Interface (option code M4) if local configuration buttons are required.

11. Requires Transmitter Output code S with either Materials of Construction code 22 or 23.

12. Requires Materials of Construction code 22 with Process Connection code A.

13. Configures the HART output to HART Revision 5. The device can be field configured to HART Revision 7 if needed.

14. Configures the HART output to HART Revision 7. The device can be field configured to HART Revision 5 if needed.
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Specifications

Performance specifications

For zero-based spans, reference conditions, silicone oil fill, 316L 
SST isolating diaphragm.

Reference accuracy

±0.075% of calibrated span. Includes combined effects of  
linearity, hysteresis, and repeatability

±0.065% of calibrated span (high accuracy option - P8)

For spans less than 10:1, accuracy = ± % of Span

Ambient temperature effect

Expressed as a total effect per 50 °F (28 °C)

Total effect includes zero and span effects.

± (0.15% URL + 0.15% of span)

Stability

Ranges 2-4: ±0.10% of URL for 3 years
Range 1: ±0.10% of URL for 1 year

Warranty(1)

All Rosemount 2088 models:

 1-year limited warranty is standard(2)

 Extended 3-year and 5-year limited warranties available if 
ordered.(3) (Select option WR3 or WR5 in model string 
respectively)

Vibration effect

Less than ±0.1% of URL when tested per the requirements of 
IEC60770-1 field or pipeline with high vibration level (10 - 60 Hz 
0.21 mm displacement peak amplitude / 60 - 2000 Hz 3g).

Power supply effect

Less than ±0.005% of calibrated span per volt change in voltage 
at the transmitter terminals.

Mounting position effect

Zero shifts to ±2.5 inH2O (6,22 mbar), which can be zeroed 
Span: no effect

Transient protection

Tested in accordance with IEEE C62.41.2-2002,

Location Category B

6 kV crest (0.5 s - 100 kHz)

3 kA crest (8 x 20 microseconds)

6 kV crest (1.2 x 50 microseconds)

General specifications

Tested to IEC 801-3

Functional specifications

Output

Code S: 4–20 mA
Code N: 1-5 Vdc, low power
(Outputs are directly proportional to the input pressure)

Selectable HART

Digital communications based on HART Revision 5 (default) or 
Revision 7 (option code HR7) protocol can be selected. The 
HART revision can be switched in the field using any HART based 
configuration tool or the optional local operator interface (LOI).

Service

Liquid, gas, and vapor applications

1. Warranty details can be found in Emerson™ Process Management Terms & 
Conditions of Sale, Document 63445, Rev G (10/6).

2. Goods are warranted for twelve (12) months from the date of initial instal-
lation or eighteen (18) months from the date of shipment by seller,
whichever period expires first.

3. 3-year and 5-year warranty period begins on date of shipment by seller.

0.009 URL
Span
------------- 
 

 Table 2. 2088 Range Values

Range
Minimum 

span
Upper
(URL)

Lower 
(LRL)

Lower(1)

(LRL) (gage)

1. Assumes atmospheric pressure of 14.70 psia (1,01 bar-a).

1
0.60 psi

(41,37 mbar)
30.00 psi
(2,07 bar)

0 psia
(0 bar)

–14.70 psig
(–1,01 bar)

2
3.00 psi

(206,85 mbar)
150.00 psi
(10,34 bar)

0 psia
(0 bar)

–14.70 psig
(–1,01 bar)

3
16.00 psi
(1,11 bar)

800.00 psi
(55,16 bar)

0 psia
(0 bar)

–14.70 psig
(–1,01 bar)

4
80.00 psi
(5,52 bar)

4000.00 psi
(275,79 bar)

0 psia
(0 bar)

–14.70 psig
(–1,01 bar)
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Power supply

External power supply required. Transmitter operates on 
10.5–42.4 Vdc with no load (5.8-28 V for Low Power). Reverse 
polarity protection is standard.

Load Limitations

Reverse polarity protection is standard. Maximum loop 
resistance is determined by the power supply voltage as 
described by the following equations:

Figure 1. Maximum Loop Resistance

Indication

Optional two line LCD/LOI Display.

Zero and span adjustment requirements

Zero and span values can be set anywhere within the range 
limits stated in Table 2. Span must be greater than or equal to 
the minimum span stated in Table 2.

Local operator interface

The LOI utilizes a two-button menu with internal and external 
configuration buttons. Internal buttons are always configured 
for Local Operator Interface. External buttons can be configured 
for either LOI, (option code M4), Analog Zero and Span (option 
code D4) or Digital Zero Trim (option code DZ) for LOI 
configuration menu.

Current draw

Output Code N: 3 mA.

Overpressure limits

Range 1: 120 psig max
All other ranges: two times the URL

Burst pressure

11,000 psi for all ranges

Zero elevation and suppression

Zero can be suppressed between atmosphere for gage 
transmitters or 0 psia for absolute transmitters and upper range 
limit, provided the calibrated span is equal to or greater than the 
minimum span, and the upper range value does not exceed the 
upper range limit.

Dynamic performance

Total Response Time: 145 milliseconds
Update rate: 20 times per second minimum

Temperature limits

Ambient: 

-40 to 185 °F (–40 to 85 °C)
With LCD display(1): -40 to 176 °F (–40 to 80 °C)

Storage(2): 

-50 to 230 °F (-46 to 110 °C)
With LCD display: –40 to 185 °F (–40 to 85 °C) 

Process

Silicone fill sensor: –40 to 250 °F (–40 to 121 °C)(3)

Inert fill sensor: –22 to 250 °F (–30 to 121 °C)(3)

Process temperatures above 185 °F (85 °C) require derating the 
ambient limits by a 1.5:1 ratio. For example, for process 
temperature of 195 °F (91 °C), new ambient temperature limit is 
equal to 170 °F (77 °C). This can be determined as follows: 
(195 °F - 185 °F) x 1.5 = 15 °F, 185 °F - 15 °F = 170 °F

Humidity limits

0–100% relative humidity 

Volumetric displacement

Less than 0.0005 in3 (0,008 cm3)

Damping

Analog output response time to a step change is user-selectable 
from 0 to 60 seconds for one time constant. Software damping 
is in addition to sensor module response time. 

Lo
ad

 (o
hm

s)

Operating 
Region

Voltage (Vdc)

Max. Loop Resistance = 43.5 (Power Supply Voltage – 10.5)

1387

1000

500

0

10.5 20 30 42.4

The Field Communicator requires a minimum loop resistance of 
250 for communication.

1. For the output code N, LCD display may not be readable and LCD display 
updates will be slower at temperatures below -22 °F (-30 °C).

2. If storage temperature is above 85 °C, perform a sensor trim prior to 
installation.

3. 220 °F (104 °C) limit in vacuum service; 130 °F (54 °C) for pressures below 
0.5 psia.
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Turn-on time

2.0 seconds, no warm-up required

Transmitter security

Activating the transmitter security function prevents changes to 
the transmitter configuration, including local zero and span 
adjustments. Security is activated by an internal switch.

Failure mode alarm

If self-diagnostics detect a sensor or microprocessor failure, the 
analog signal will be driven either high or low to alert the user. 
High or low failure mode is user-selectable with a jumper on the 
transmitter. The values to which the transmitter drives its 
output in failure mode depend on whether it is 
factory-configured to standard or NAMUR-compliant operation. 
The values for each are as follows:

Physical specifications

Material selection

Emerson Process Management provides a variety of Rosemount 
product with various product options and configurations 
including materials of construction that can be expected to 
perform well in a wide range of applications. The Rosemount 
product information presented is intended as a guide for the 
purchaser to make an appropriate selection for the application. 
It is the purchaser’s sole responsibility to make a careful analysis 
of all process parameters (such as all chemical components, 
temperature, pressure, flow rate, abrasives, contaminants, etc.), 
when specifying product, materials, options and components 
for the particular application. Emerson is not in a position to 
evaluate or guarantee the compatibility of the process fluid or 
other process parameters with the product, options, 
configuration or materials of construction selected.

Electrical connections

1/2–14 NPT, M20 3 1.5 (CM20), or 
G 1/2 female (PF 1/2 female) conduit entry

Process connections

1/2–14 NPT female, DIN 16288 G 1/2 male, RC 1/2 female

(PT 1/2 female), M20 3 1.5 (CM20) male

Process-wetted parts

Isolating diaphragm

316L SST (UNS S31603), Alloy C-276 (UNS N10276)

Process connector

316L stainless steel CF-3M (Cast version of 316L SST, material 
per ASTM_A743) or Alloy C-276

Non-wetted parts

Electronics housing

Low-copper aluminum, NEMA 4X, IP65, IP67,

CSA enclosure Type 4X

Paint for aluminum housing

Polyurethane

Cover O-rings

Buna-N

Fill fluid

Silicone or inert fill

Weight

Output Code S and N: Approximately 2.44 lb (1, 11 kg)

 Table 3. Standard Operation

Output code Linear output Fail high Fail low

S 3.9  I  20.8 I21.75 mA I  3.75 mA

N 0.97  V  5.2 V5.4 V V  0.95 V

 Table 4. NAMUR-Compliant Operation

Output code Linear output Fail high Fail low

S 3.8  I  20.5 I22.5 mA I  3.6 mA
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Product Certifications
Rev 1.1

European Directive Information
A copy of the EC Declaration of Conformity can be found at the 
end of the Quick Start Guide. The most recent revision of the EC 
Declaration of Conformity can be found at 
www.rosemount.com.

Ordinary Location Certification

As standard, the transmitter has been examined and tested to 
determine that the design meets the basic electrical, 
mechanical, and fire protection requirements by a nationally 
recognized test laboratory (NRTL) as accredited by the Federal 
Occupational Safety and Health Administration (OSHA).

North America

E5 USA Explosionproof (XP) and Dust-Ignitionproof (DIP)
Certificate: 1V2A8.AE
Standards: FM Class 3600 - 2011, FM, Class 3615 - 2006,

FM class 3616 - 2011, FM Class 3810 - 2005, 
ANSI/NEMA 250 - 1991

Markings: XP CL I, DIV 1, GP B, C, D; DIP CL II, DIV 1, GP E, 
F, G; CL III; T5(-40°C Ta +85°C); Factory 
Sealed; Type 4X

I5 USA Intrinsic Safety (IS) and Nonincendive (NI)
Certificate: 0V9A7.AX
Standards: FM Class 3600 - 1998, FM Class 3610 - 2010, 

FM Class 3611 - 2004, FM Class 3810 - 1989
Markings: IS CL I, DIV 1, GP A, B, C, D; CL II, DIV 1, GP E, F, 

G; Class III; DIV 1 when connected per 
Rosemount drawing 02088-1018; NI CL 1, 
DIV 2, GP A, B, C, D; T4(-40°C Ta +70°C); 
Type 4x

Special Condition for Safe Use (X):

1. The Model 2088 transmitter with the transient terminal 
block (Option code T1) will not pass the 500Vrms 
dielectric strength test and this must be taken into 
account during installation.

C6 CSA Explosionproof, Dust-Ignitionproof, Intrinsic Safety 
and Nonincendive
Certificate: 1015441

Standards: CAN/CSA C22.2 No. 0-M91 (R2001), CSA Std C22.2 
No. 25-1966, CSA Std C22.2 No. 30-M1986, 
CAN/CSA-C22.2 No. 94-M91, CSA Std C22.2 No. 
142-M1987, CAN/CSA-C22.2 No. 157-92, CSA Std 
C22.2 No. 213-M1987, ANSI-ISA-12.27.01–2003

Markings:   Explosionproof for Class I, Division 1, Groups B, 
C and D; Dust-Ignitionproof Class II, Division 1, 
Groups E, F, G; Class III Division 1; Intrinsically 
Safe Class I, Division 1 Groups A, B, C, D when 
connected in accordance with Rosemount 
drawing 02088-1024, Temperature Code T3C; 
Class I Division 2 Groups A, B, C and D; Type 4X; 
Factory Sealed; Single Seal 

Europe

ED ATEX Flameproof 
Certificate: KEMA97ATEX2378X
Standards: EN60079-0:2006, EN60079-1:2007, 

EN60079-26:2007
Markings:     II 1/2 G Ex d IIC T6/T4, 

T6(-40 °C  Ta  +40 °C), T4(-40 °C  Ta  +80 °C)

Special Conditions for Safe Use (X):

1. This device contains a thin wall diaphragm. Installation, 
maintenance and use shall take into account the 
environmental conditions to which the diaphragm will be 
subjected. The manufacturer’s instructions for installation 
and maintenance shall be followed in detail to assure 
safety during its expected lifetime.

2. For information on the dimensions of the flameproof joints 
the manufacturer shall be contacted.

I1 ATEX Intrinsic Safety
Certificate: BAS00ATEX1166X
Standards: EN60079-0:2012, EN60079-11:2012
Markings:    II 1 G Ex ia IIC T5/T4 Ga, 

T5(-55 °C  Ta  +40 °C), T4(-55 °C Ta  +70 °C) 

Special Condition For Safe Use (X): 
1. The apparatus is not capable of withstanding the 500V 

insulation test required by EN60079-11. This must be 
taken into account when installing the apparatus.

N1 ATEX Type n 
Certificate: BAS00ATEX3167X 
Standards:  EN60079-0:2012, EN60079-15:2010 

Markings:     II 3 G Ex nA IIC T5 Gc (–40 °C  Ta  +70 °C)

 Table 5. Input Parameters

Parameter HART

Voltage Ui 30 V

Current Ii 200 mA

Power Pi 0.9 W

Capacitance Ci 0.012 μF 
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Special Condition For Safe Use (X): 

1. The apparatus is not capable of withstanding the 500 V 
insulation test required by EN60079-15. This must be 
taken into account when installing the apparatus.

ND ATEX Dust 
Certificate: BAS01ATEX1427X
Standards:  EN60079-0:2012, EN60079-31:2009

Markings:   II 1 D Ex t IIIC T50 °C T500 60 °C Da

Special Conditions For Safe Use (X): 
1. The user must ensure that the maximum rated voltage and 

current (36 volts, 24 milliamps, d.c.) are not exceeded. All 
connection to other apparatus or associated apparatus 
shall have control over this voltage and current to a 
category 'ib' circuit.

2. Cable entries must be used which maintain the ingress 
protection of the enclosure to at least IP66.

3. Unused cable entries must be filled with suitable blanking 
plugs which maintain the ingress protection of the 
enclosure to at least IP66.

4. Cable entries and blanking plugs must be suitable for the 
ambient range of the apparatus and capable of 
withstanding a 7J impact test.

5. The 2088/2090 sensor module must be securely screwed 
in place to maintain the ingress protection of the 
enclosure.

International

E7 IECEx Flameproof
Certificate: IECEx KEM 06.0021X
Standards: IEC60079-0:2004, IEC60079-1:2003, 

IEC60079-26:2004,
Markings:   Ex d IIC T4…T6, T6(-20 °C Ta  +40 °C), 

T4(–20 °C  Ta  +80 °C)

Special Condition For Safe Use (x): 

1. The material of the diaphragm shall not be subjected to 
environmental conditions that might adversely affect the 
partition wall.

I7 IECEx Intrinsic Safety
Certificate: IECEx BAS 12.0071X 
Standards: IEC60079-0:2011, IEC60079-11:2011
Markings:   Ex ia IIC T5/T4 Ga, T5(-55 °C Ta  +40 °C),

T4(–55 °C  Ta  +70 °C)

Special Conditions for Safe Use (X):

1. When fitted with a transient suppression terminal block, 
the Model 2088 is incapable of passing the 500 V isolation 
test. This must be taken into account during installation.

2. The enclosure may be made of aluminum alloy and given a 
protective polyurethane paint finish; however, care should 
be taken to protect it from impact or abrasion if located in 
a Zone 0 environment.

N7 IECEx Type n
Certificate: IECEx BAS 12.0072X
Standards:  IEC60079-0:2011, IEC60079-15:2010
Markings: Ex nA IIC T5 Gc (-40 °C Ta  +70 °C)

Special Condition for Safe Use (X):

1. When fitted with a transient suppression terminal block, 
the Model 2088 is incapable of passing the 500 V isolation 
test. This must be taking into account during installation.

NK IECEx Dust
Certificate: IECEx BAS12.0073X
Standards: IEC60079-0:2011, IEC60079-31: 2008
Markings:  Ex t IIIC T50 °C T500 60 °C Da

Special Conditions For Safe Use (x):

1. Cable entries must be used which maintain the ingress 
protection of the enclosure to at least IP66.

2. Unused cable entries must be filled with suitable blanking 
plugs which maintain the ingress protection of the 
enclosure to at least IP66.

3. Cable entries and blanking plugs must be suitable for the 
ambient range of the apparatus and capable of 
withstanding a 7J impact.

Brazil 

I2 INMETRO Intrinsic Safety
Certificate: UL-BR 13.0246X
Standards:  ABNT NBR IEC60079-0:2008 + Errata 1:2011, 

ABNT NBR IEC60079-11:2009
Markings: Ex ia IIC T5/T4 Ga, 

T5(-55 °C  Ta  +40 °C); 
T4 (-55 °C Ta  +70 °C)

 Table 6. Entity Parameters

Parameter HART

Voltage Ui 30 V

Current Ii 200 mA

Power Pi 0.9 W

Capacitance Ci 0.012 μF 

 Table 7. Input Parameters

Parameter HART

Voltage Ui 36 V

Current Ii 24 mA

 Table 8. Input Parameters

Parameter HART

Voltage Ui 30 V

Current Ii 200 mA

Power Pi 0.9 W

Capacitance Ci 0.012 μF 
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Special Conditions For Safe Use (x):

1. When fitted with a transient suppression terminal block, 
the model 2088 is incapable of passing the 500 V isolation 
test. This must be taken into account during installation.

2. The enclosure may be made of aluminum alloy and given a 
protective polyurethane paint finish; however, care should 
be taken to protect it from impact or abrasion if located in 
a zone 0 environment.

China

E3 China Flameproof
Certificate: GYJ111062
Standards: GB3836.1-2000, GB3836.2-2010
Markings:   Ex d IIC T4/T6, T6(-20 °C  Ta  +40 °C),

T4(-20 °C  Ta +80 °C)

Special Conditions For Safe Use (X):

1. The ambient temperature is as follows:

2. The earth connection facility in the enclosure should be 
connected reliably.

3. During installation in hazardous location, cable glands, 
conduits, and blanking plugs, certified by state-appointed 
inspection bodies with Ex d IIC type of protection, should 
be used.

4. Obey the warning “Do not open when energized.”

5. Installation and maintenance should be done in a 
non-hazardous environment.

6. End user is not permitted to change any internal 
component.

7. During installation, use and maintenance of this product, 
observe the following standards:
GB3836.13-1997 “Electrical apparatus for explosive gas 
atmospheres Part 13: Repair and overhaul for apparatus 
used in explosive gas atmospheres”
GB3836.15-2000 “Electrical apparatus for explosive gas 
atmospheres Part 15: Electrical installations in hazardous 
area (other than mines)”
GB3836.16-2006 “Electrical apparatus for explosive gas 
atmospheres Part 16: Inspection and maintenance of 
electrical installation (other than mines)”
GB50257-1996 “Code for construction and acceptance of 
electric device for explosion atmospheres and fire hazard 
electrical equipment installation engineering”

I3 China Intrinsic Safety
Certificate: GYJ111063X
Standards: GB3836.1-2000, GB3836.4-2000
Markings:  Ex ia IIC T4

Special Conditions For Safe Use (X):

1. This apparatus is not capable of withstanding the 500 V 
r.m.s. insulation test required by Clause 6.4.12 of 
GB3836.4-2000.

2. The ambient temperature is:

3. Intrinsically safe parameters:

4. The product should be used with Ex-certified linear 
associated apparatus to establish explosion protection 
system that can be used in explosive gas atmospheres. 
Wiring and terminals should comply with the instruction 
manual of the product and associated apparatus.

5. The cables between this product and associated apparatus 
should be shielded cables (the cables must have insulated 
shields). The shield has to be grounded reliably in a 
non-hazardous area.

6. End users are not permitted to change any internal 
components, but to settle the problem in conjunction with 
the manufacturer to avoid damage to the product.

7. During installation, use and maintenance of this product, 
observe the following standards: 
GB3836.13-1997 “Electrical apparatus for explosive gas 
atmospheres Part 13: Repair and overhaul for apparatus 
used in explosive gas atmospheres” 
GB3836.15-2000 “Electrical apparatus for explosive gas 
atmospheres Part 15: Electrical installations in hazardous 
area (other than mines)” 
GB3836.16-2006 “Electrical apparatus for explosive gas 
atmospheres Part 16: Inspection and maintenance of 
electrical installation (other than mines)” 
GB50257-1996 “Code for construction and acceptance of 
electric device for explosion atmospheres and fire hazard 
electrical equipment installation engineering”

N3 China Type n
Certificate: GYJ15.1108X
Standards: GB3836.1-2000, GB3836. 8-2003
Markings:  Ex nA nL IIC T5 Gc (-40 °C Ta  +70 °C)

Special Conditions For Safe Use (X):

1. The apparatus is not capable of withstanding the 500V 
r.m.s. insulation test required by GB3836.8-2003. 

2. The ambient temperature range is -40 °C  Ta  +70 °C.

3. Maximum input voltage: 50 V.

Ta Temperature class

-20 °C  Ta  80 °C T4

-20 °C Ta  40 °C T6

Ta Temperature class

-55 °C  Ta  40 °C T5

-55 °C Ta  70 °C T4

Parameter HART

Voltage Ui 30 V

Current Ii 200 mA

Power Pi 0.9 W

Capacitance Ci 0.012 μF 

Inductance Li 0 mH
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4. Cable glands, conduit or blanking plugs, certified by NEPSI 
with Ex e or Ex n protection types should be used on 
external connections and redundant cable entries.

5. Maintenance should be done in non-hazardous location.

6. End users are not permitted to change any internal 
components, but to settle the problem in conjunction 
with manufacturer to avoid damage to the product.

7. During installation, use and maintenance of this product, 
observe the following standards:
GB3836.13-2013 “Electrical apparatus for explosive gas 
atmospheres Part 13: Repair and overhaul for apparatus 
used in explosive gas atmospheres”
GB3836.15-2000 “Electrical apparatus for explosive gas 
atmospheres Part 15: Electrical installations in hazardous 
area (other than mines)”
GB3836.16-2006 “Electrical apparatus for explosive gas 
atmospheres Part 16: Inspection and maintenance of 
electrical installation (other than mines)”
GB50257-1996 “Code for construction and acceptance of 
electric device for explosion atmospheres and fire hazard 
electrical equipment installation engineering”

Japan

E4 Japan Flameproof
Certificate: TC15871, TC15872, TC15873, TC15874, 
TC20869, TC20870
Markings: Ex d IIC T6

Technical Regulations Customs Union (EAC)

EM, IM, KM  Contact an Emerson Process Management 
representative for additional information

Combinations

K1 Combination of ED, I1, ND, and N1

K2 Combination of E2 and I2

K5 Combination of E5 and I5

K6 Combination of C6, ED, and I1

K7 Combination of E7, I7, NK, and N7

KB Combination of K5 and C6

KH Combination of ED, I1, K5

Conduit Plugs and Adapters

IECEx Flameproof and Increased Safety
Certificate: IECEx FMG 13.0032X
Standards: IEC60079-0:2011, IEC60079-1:2007-04, 

IEC60079-7:2006-07
Markings: Ex de IIC Gb

ATEX Flameproof and Increased Safety
Certificate: FM13ATEX0076X
Standards: EN60079-0:2012, EN60079-1:2007, 

IEC60079-7:2007
Markings:    II 2 G Ex de IIC Gb

Special Conditions For Safe Use (X):

1. When the thread adapter or blanking plug is used with an 
enclosure in type of protection increased safety “e” the 
entry thread shall be suitably sealed in order to maintain 
the ingress protection rating (IP) of the enclosure.

2. The blanking plug shall not be used with an adapter.

3. Blanking Plug and Threaded Adapter shall be either NPT or 
Metric thread forms. G1/2 and PG 13.5 thread forms are 
only acceptable for existing (legacy) equipment 
installations.

 Table 9. Conduit Plug Thread Sizes

Thread Identification mark

M20 x 1.5 M20

½ - 14 NPT ½ NPT

G½A G½ 

 Table 10. Thread Adapter Thread Sizes

Male thread Identification mark

M20 x 1.5 – 6H M20
1/2- 14 NPT 1/2 - 14 NPT
3/4 - 14 NPT 3/4 - 14 NPT

Female thread Identification mark

M20 x 1.5 – 6H M20
1/2 - 14 NPT 1/2 - 14 NPT

PG 13.5 PG 13.5

G1/2 G1/2
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Additional Certifications

SBS American Bureau of Shipping (ABS) Type Approval
Certificate: 09-HS446883D-3-PDA
Intended Use: Measure gauge or absolute pressure of 

liquid, gas or vapor applications on ABS 
classed vessels, marine, and offshore 
installations.

ABS Rules: 2014 Steel Vessels Rules 1-1-4/7.7, 
1-1-Appendix 3, 4-8-3/1.7, 4-8-3/13.1, 
4-8-3/13.3.1 & 13.3.2, 4-8-4/27.5.1

SBV Bureau Veritas (BV) Type Approval
Certificate: 23156/A2 BV
Requirements: Bureau Veritas Rules for the Classification of 

Steel Ships
Application: Class notations: AUT-UMS, AUT-CCS, 

AUT-PORT and AUT-IMS; Pressure 
transmitter type 2088 cannot be installed 
on diesel engines.

SDN Det Norske Veritas (DNV) Type Approval
Certificate: A-14185
Intended Use: Det Norske Veritas’ Rules for Classification of 

Ships, High Speed & Light Craft; Det 
Norske Veritas’ Offshore Standards

Application: 

SLL Lloyds Register (LR) Type Approval
Certificate: 11/60002
Application: Environmental categories ENV1, ENV2, ENV3 

and ENV5

Location classes

Temperature D

Humidity B

Vibration A

EMC B

Enclosure D
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Dimensional Drawings 

Figure 2. Rosemount 2088 with Optional Digital Display

Figure 3. Rosemount 2088 Process Connection

A. Digital display cover
B. 2 x ½–14 NPT conduit connection

A. Field terminals
B. Conduit connection

C. Transmitter electronics
D. ½–14 NPT female connection(1)

1. RC ½ female (PT ½ female), and M20 female also available as options

A

5.13
(130)

A

B

C

D

4.29
(109)
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Figure 4. Rosemount 2088 Nameplate and Labels

A. Bracket mounting holes (1/4-20 UNC)
B. Nameplate
C. Certification label (located on side)

4.26
(108)

A

C

B

3.85
(98)

1.30
(33)



18

Rosemount 2088 August 2015

www.rosemount.com

Figure 5. Rosemount 2088 with Optional Pipe Mounting Bracket

A. 2-in. U-bolt for pipe mounting (clamp shown)
B. 1/4 x 11/4 bolts for transmitter mounting

Dimensions are in inches (millimeters).

A

B

5.97
(152)

2.97
(75)
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Figure 6. Rosemount 2088 with Optional Panel Mounting Bracket

A. 1/4 x 11/4 bolts for transmitter mounting
B. 5/16 x 11/2 bolts for panel mounting (not supplied)

Dimensions are in inches (millimeters).

B

4.78
(121)

A

2.81
(71)

6.15
(156)
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Options

Standard configuration

Unless otherwise specified, transmitter is shipped as follows:

Custom configuration

If Option Code C9 is ordered, the customer may specify the 
following data in addition to the standard configuration 
parameters.

 Output Information

 Transmitter Information

 LCD display Configuration

 Hardware Selectable Information

 Signal Selection

Refer to the “Rosemount 2088 Configuration Data Sheet” 
document number 00806-0100-4690.

Tagging (3 options available)

 Standard SST hardware tag is permanently affixed on 
transmitter. Tag character height is 0.125 in. (3,18 mm), 84 
characters maximum.

 Tag may be wired to the transmitter nameplate upon request, 
85 characters maximum.

 For HART protocols, the tag may be stored in transmitter 
memory (eight characters maximum). Software tag is left 
blank unless specified.

 HART Revision 5: 8 characters

 HART Revision 7: 32 characters

Optional Rosemount 306 Integral Manifold

Factory assembled to 2088 transmitters. Refer to Product Data 
Sheet (document number 00813-0100-4733 for Rosemount 
306) for additional information.

Other seals

Refer to Product Data Sheet (document number 
00813-0100-4016 or 00813-0201-4016) for additional 
information.

Output information

Output range points must be the same unit of measure. 
Available units of measure include:

Display and interface options

M4 Digital Display with Local Operator Interface (LOI)

 Available for 4-20 mA HART, 4-20 mA HART Low Power

M5 Digital Meter

 2-Line, 5-digit LCD display for 4-20 mA HART

 2-Line, 5-digit LCD display for 1-5 Vdc HART Low Power

 Direct reading of digital data for higher accuracy

 Displays user-defined flow, level, volume, or pressure 
units

 Displays diagnostic messages for local troubleshooting

 90-degree rotation capability for easy viewing

Engineering units psi (all ranges)

4 mA (1 Vdc) 0 (engineering units)

20 mA (5 Vdc) Upper range limit

Output Linear

Flange type Specified model code option

Flange material Specified model code option

O-ring material Specified model code option

Drain/vent Specified model code option

LCD display Installed or none

Alarm High

Software tag (Blank)

Pressure units(1)

1. Field configurable only, not available for factory calibration or custom 
configuration (option code C9 “Software configuration”).

torr psf(1) cmH2O @ 4 °C(1)

 atm inH2O mH2O @ 4 °C(1)

Pa inH2O @ 4 °C(1) inHg

kPa inH2O @ 60 °F(1) mmHg

MPa(1) ftH2O cmHG @ 0 °C(1)

hPa(1) ftH2O @ 4 °C(1) mHG @ 0 °C(1)

mbar ftH2O @ 60 °F(1) g/cm2

bar mmH2O kg/m2(1)

psi mmH2O @ 4 °C(1) kg/cm2
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Configuration buttons

Rosemount 2088 now offers optional internal and external 
configuration buttons.

 Selecting option D4 will add external Analog Zero and Span 
configuration buttons

 Selecting option DZ will add an external Digital Zero Trim 
configuration button

 Selecting option M4 (LOI) adds both internal and external 
local configuration buttons. 

Certain button options can also be combined as shown below:

Rosemount 2088 bracket option

B4  Bracket for 2-in. pipe or panel mounting

 Bracket for mounting of transmitter on 2-in. pipe or 
panel

 Stainless steel construction with stainless steel bolts

 Table 11. Button Configuration

Option codes Internal External

DZ N/A Digital Zero Trim

D4 N/A Analog Zero & Trim

M4 LOI LOI

M4 + DZ LOI Digital Zero Trim

M4 + D4 LOI Analog Zero & Trim
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 RTD and Thermocouple offering in single and dual sensor models

 Barstock Thermowell offering in wide range of materials and process connections

 Calibration capabilities for increased measurement accuracy

 Sanitary RTD for hygienic applications

Volume 1 Temperature Sensors and 
Accessories (English)
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Rosemount Volume 1 Temperature Sensor and Thermowells

Optimize plant efficiency and increase measurement reliability with 
industry-proven design and specifications
 Available in a variety of sensing technologies – RTD and Thermocouples

 All sensor styles and lengths are available in 1/4-in. diameter

 State of the art manufacturing procedures provide robust element packaging, increasing reliability

 Industry-leading calibration capabilities allow for Callendar-van Dusen values to give increased accuracy when paired with 
Rosemount transmitters

 Optional Class A accuracy for critical temperature measurement points

 Sanitary offering provides sensor assemblies approved for hygienic applications

Streamline operations and maintenance with sensor and thermowell design
 Spring loaded threaded adapter, general-purpose welded adapter, capsule, and bayonet styles offer remote or integral transmitter 

mounting configuration

Explore the benefits of a Complete Point 
Solution™ from Rosemount Temperature 
Measurement

 An “Assemble Sensor to Specific Transmitter” option enables 
Emerson to provide a complete point temperature solution, 
delivering an installation-ready transmitter and sensor assembly

 Emerson has a complete portfolio of Single Point and High Density 
Temperature Measurement solutions, allowing you to effectively 
measure and control your processes with the reliability you trust 
from Rosemount products

Contents

Rosemount 68 Sensor and Thermowell . . . . . . . . . . . . . . . . . . 4

Rosemount 78 Sensor and Thermowell . . . . . . . . . . . . . . . . . 17

Rosemount 183 Sensor and Thermowell . . . . . . . . . . . . . . . . 31

Rosemount 68Q Sanitary Sensor . . . . . . . . . . . . . . . . . . . . . . 44

Rosemount 58C Cut-to-Fit Sensor . . . . . . . . . . . . . . . . . . . . . 47
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How to Decide What to Order . . . . . . . . . . . . . . . . . . . . . . . . 59

Spring-Loaded Sensor Dimensions  . . . . . . . . . . . . . . . . . . . . 61

Temperature Sensor Assemblies  . . . . . . . . . . . . . . . . . . . . . . 66

Series 68 Platinum RTD  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Series 78 Platinum RTD  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Series 183 Thermocouple  . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Series 68Q Sanitary Platinum RTD . . . . . . . . . . . . . . . . . . . . . 74

Series 58C Platinum RTD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

Calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Mounting accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Thermowells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Product Certifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
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Experience global consistency and local support from numerous worldwide 
Rosemount Temperature manufacturing sites

 World-class manufacturing provides globally consistent
product from every factory and the capacity to fulfill the
needs of any project, large or small.

 Experienced Instrumentation Consultants help select the 
right product for any temperature application and advise on 
best installation practices.

 An extensive global network of Emerson service and support 
personnel can be on-site when and where they are needed.
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Rosemount 68 Sensor and Thermowell

The Rosemount 78 Sensor and Thermowell have designs that provide flexible 
and reliable temperature measurements in process environments.

Features include:

  Industry-standard Pt-100 RTD

  Variety of enclosure and connection head options

  Global hazardous-location approvals

  Calibration services to give you insight to sensor performance

  Calibration certification documentation to accompany sensor

 Assemble to Transmitter option

Specification and selection of product materials, options, or components must be made by the purchaser of the equipment. 
See page 69 for more information on Material Selection.

 Table 1. Series 68 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time. 
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0068 Platinum Temperature Sensor without Thermowell

Connection head

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor Only with 6-in. PTFE-insulated, 24-gauge lead wires ★

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2-in. Entries

Sensor type (single element -50 to 400 °C [-58 to 752 °F])

01(1)(2) Capsule Style ★

11(3) General-purpose Style ★

21 Spring-loaded Style ★

31(4) Bayonet Spring-Loaded Style (available in [X] lengths of 1 to 21-in., increments of 1-in.)

Extension type Extension type material

A(5) Nipple Coupling 300 series SST ★

C(5) Nipple Union 300 series SST ★

N None (use with Extension Length Option Code 00) None ★
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Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

N No Thermowell Required ★

Sensor immersion length (L) 

010(6) 1.0-in. ★

015 1.5-in. ★

020 2.0-in. ★

025 2.5-in. ★

030 3.0-in. ★

035 3.5-in. ★

040 4.0-in. ★

045 4.5-in. ★

050 5.0-in. ★

055 5.5-in. ★

060 6.0-in. ★

065 6.5-in. ★

070 7.0-in. ★

075 7.5-in. ★

080 8.0-in. ★

085 8.5-in. ★

090 9.0-in. ★

095 9.5-in. ★

100 10.0-in. ★

105 10.5-in. ★

110 11.0-in. ★

115 11.5-in. ★

120 12.0-in. ★

125 12.5-in. ★

130 13.0-in. ★

135 13.5-in. ★

140 14.0-in. ★

145 14.5-in. ★

 Table 1. Series 68 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time. 
__ The Expanded offering is subject to additional delivery lead time.
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Sensor immersion length (L) 

150 15.0-in. ★

155 15.5-in. ★

160 16.0-in. ★

165 16.5-in. ★

170 17.0-in. ★

175 17.5-in. ★

180 18.0-in. ★

185 18.5-in. ★

190 19.0-in. ★

195 19.5-in. ★

200 20.0-in. ★

205 20.5-in. ★

210 21.5-in. ★

215 21.5-in. ★

220 22.0-in. ★

225 22.5-in. ★

230 23.0-in. ★

240 24.0-in. ★

250 25.0-in. ★

260 26.0-in. ★

270 27.0-in. ★

280 28.0-in. ★

290 29.0-in. ★

300 30.0-in. ★

310 31.0-in. ★

320 32.0-in. ★

330 33.0-in. ★

340 34.0-in. ★

350 35.0-in. ★

360 36.0-in. ★

370 37.0-in. ★

380 38.0-in. ★

390 39.0-in. ★

400 40.0-in. ★

410 41.0-in. ★

 Table 1. Series 68 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time. 
__ The Expanded offering is subject to additional delivery lead time.
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Sensor immersion length (L) 

420 42.0-in. ★

430 43.0-in. ★

440 44.0-in. ★

450 45.0-in. ★

460 46.0-in. ★

470 47.0-in. ★

480 48.0-in. ★

Options (include with selected model number)

Approval options

E1 ATEX Flameproof Approval (see Figure 32) ★

E2 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof Approval (see Figure 30) ★

E6 CSA Explosion-proof Approval (see Figure 31) ★

E7 IECEx Flameproof Approval ★

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Callendar-Van Dusen constants

V1-V7 Callendar Van Dusen Constant (V4 not available with series 68 sensors) ★

Calibration schedule

X8 Customer-Specified Temperature Range Calibration ★

X9 Customer-Specified Single Temperature Point Calibration ★

Calibration certification

Q4 Calibration Certification, Customer-Specified Temperature ★

Mounting adapters

M5-M7 Mounting adapter: Sensor Compression Fitting: M5= 1/8 - 27 NPT, M6 = 1/4 - 18 NPT, M7 = 1/2 - 14 NPT ★

A Leadkit

A1-A8
Twisted Lead Wire Extension: A1 = 1.5 ft, A2 = 3.0 ft, A3 = 6.0 ft, A4 = 12 ft, A5 = 24 ft, A6 = 50 ft, A7 = 75 ft, 
A8 = 100 ft

★

B Leadkit

B1-B8
Shielded Cable Lead Wire Extension: B1 = 1.5 ft, B2 = 3.0 ft, B3 = 6.0 ft, B4 = 12 ft, B5 = 24 ft, B6 = 50 ft, B7 = 75 ft, 
B8 = 100 ft

★

C Leadkit

C1-C8(7) Armored Cable Lead Wire Extension: C1 = 1.5 ft, C2 = 3.0 ft, C3 = 6.0 ft, C4 = 12 ft, C5 = 24 ft, C6 = 50 ft, C7 = 75 ft, 
C8 = 100 ft

★

 Table 1. Series 68 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time. 
__ The Expanded offering is subject to additional delivery lead time.
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D Leadkit

D1-D8(8) Armored Cable Lead Wire Extensions With Electrical Plug: D1 = 1.5 ft, D2 = 3.0 ft, D3 = 6.0 ft, D4 = 12 ft, 
D5 = 24 ft, D6 = 50 ft, D7 = 75 ft, D8 = 100 ft

★

L1-L8(8) Armored Cable Mating Plugs With Lead Wire Extension: L1 = 1.5 ft, L2 = 3.0 ft, L3 = 6.0 ft, L4 = 12 ft, L5 = 24 ft, 
L6 = 50 ft, L7 = 75 ft, L8 = 100 ft

★

J Leadkit

J1(7) Moisture-proof Seal Assembly For Armored Cables ★

Assemble to options

XA(9) Assemble Connection Head or Transmitter to a Sensor Assembly ★

(1) Capsule style available in 1-in. increments only, starting at 1-in. 

(2) This option can only be used with Sensor Lead Wire Termination code N and is not available with assembly code XA or with Approval Options.

(3) General-purpose sensors are only available in (L) lengths of 2.5-in. or greater.

(4) Not available with Sensor Lead Wire Termination codes R, P, or C or with Approval Options.

(5) Codes A and C must be used with an Extension Length. 

(6) 1-in. length without extension is only available in Capsule Style.

(7) These options are only available with Sensor Lead Wire Termination codes T, L, or N.

(8) These options are only available with Sensor Lead Wire Termination code N.

(9) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 1. Series 68 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time. 
__ The Expanded offering is subject to additional delivery lead time.

 Table 2. Ordering Example

Typical
Model
Number

Model 
Lead wire 

termination
Sensor 

type
Extension 

type
Extension 

length
Thermowell 

material
Sensor 
length

Additional 
options

0068 N 11 N 00 N 045 E5
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Specification and selection of product materials, options, or components must be made by the purchaser of the equipment. See 
page 69 for more information on Material Selection.

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0068 Platinum Temperature Sensors with Thermowell

Connection head

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor Only with 6-in. PTFE-insulated, 24-gauge Lead Wires ★

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2-in. Entries

Sensor type (single element -50 to 400 °C [-58 to 752 °F])

11 General-purpose Style ★

21 Spring-loaded Style ★

31(1) Bayonet Spring-loaded Style (available in (X) lengths of 1 to 21-in., increments of 1-in.)

Extension type

A(2) Nipple Coupling ★

C(2) Nipple Union ★

N None (use with Extension Length Option Code 00) ★

Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

A 316 SST ★

B 304 SST ★

C Carbon Steel ★

D 316L SST ★

E 304L SST ★

F Alloy 20

G Alloy 400

H Alloy 600

J Alloy C-276

L Alloy B
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Thermowell material

M 304 SST with PTFE coating

P Chrome Molybdenum GradeF22

R Nickel 200

T Titanium

U(3) 316 SST with Tantalum Sheath

V 310 SST

W 321 SST

Z Chrome Molybdenum Grade F11

Immersion length (U) Thermowell length (L)(4) Lagging length (T)(5)

015(6) 1.5-in. 4.0-in. 1.0-in. ★

020(6) 2.0-in. 4.0-in. 0.5-in. ★

025(6) 2.5-in. 4.0-in. 0.0-in. ★

030 3.0-in. 6.0-in. 1.5-in. ★

035 3.5-in. 6.0-in. 1.0-in. ★

040 4.0-in. 6.0-in. 0.5-in. ★

045 4.5-in. 6.0-in. 0.0-in. ★

050 5.0-in. 9.0-in. 2.5-in. ★

055 5.5-in. 9.0-in. 2.0-in. ★

060 6.0-in. 9.0-in. 1.5-in. ★

065 6.5-in. 9.0-in. 1.0-in. ★

070 7.0-in. 9.0-in. 0.5-in. ★

075 7.5-in. 9.0-in. 0.0-in. ★

080 8.0-in. 12.0-in. 2.5-in. ★

085 8.5-in. 12.0-in. 2.0-in. ★

090 9.0-in. 12.0-in. 1.5-in. ★

095 9.5-in. 12.0-in. 1.0-in. ★

100 10.0-in. 12.0-in. 0.5-in. ★

105 10.5-in. 12.0-in. 0.0-in. ★

110 11.0-in. 15.0-in. 2.5-in. ★

115 11.5-in. 15.0-in. 2.0-in. ★

120 12.0-in. 15.0-in. 1.5-in. ★

125 12.5-in. 15.0-in. 1.0-in. ★

130 13.0-in. 15.0-in. 0.5-in. ★

135 13.5-in. 15.0-in. 0.0-in. ★

140 14.0-in. 18.0-in. 2.5-in. ★

145 14.5-in. 18.0-in. 2.0-in. ★

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U) Thermowell length (L)(4) Lagging length (T)(5)

150 15.0-in. 18.0-in. 1.5-in. ★

155 15.5-in. 18.0-in. 1.0-in. ★

160 16.0-in. 18.0-in. 0.5-in. ★

165 16.5-in. 18.0-in. 0.0-in. ★

170 17.0-in. 21.0-in. 2.5-in. ★

175 17.5-in. 21.0-in. 2.0-in. ★

180 18.0-in. 21.0-in. 1.5-in. ★

185 18.5-in. 21.0-in. 1.0-in. ★

190 19.0-in. 21.0-in. 0.5-in. ★

195 19.5-in. 21.0-in. 0.0-in. ★

200 20.0-in. 24.0-in. 2.5-in. ★

205 20.5-in. 24.0-in. 2.0-in. ★

210 21.0-in. 24.0-in. 1.5-in. ★

215 21.5-in. 24.0-in. 1.0-in. ★

220 22.0-in. 24.0-in. 0.5-in. ★

225 22.5-in. 24.0-in. 0.0-in. ★

230 23.0-in. 27.0-in. 2.5-in. ★

240 24.0-in. 27.0-in. 1.5-in. ★

250 25.0-in. 27.0-in. 0.5-in. ★

260 26.0-in. 30.0-in. 2.5-in. ★

270 27.0-in. 30.0-in. 1.5-in. ★

280 28.0-in. 30.0-in. 0.5-in. ★

290 29.0-in. 33.0-in. 2.5-in. ★

300 30.0-in. 33.0-in. 1.5-in. ★

310 31.0-in. 33.0-in. 0.5-in. ★

320 32.0-in. 36.0-in. 2.5-in. ★

330 33.0-in. 36.0-in. 1.5-in. ★

340 34.0-in. 36.0-in. 0.5-in. ★

350 35.0-in. 39.0-in. 2.5-in. ★

360 36.0-in. 39.0-in. 1.5-in. ★

370 37.0-in. 39.0-in. 0.5-in. ★

380 38.0-in. 42.0-in. 2.5-in. ★

390 39.0-in. 42.0-in. 1.5-in. ★

400 40.0-in. 42.0-in. 0.5-in. ★

410 41.0-in. 45.0-in. 2.5-in. ★

420 42.0-in. 45.0-in. 1.5-in. ★

430 43.0-in. 45.0-in. 0.5-in. ★

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U) Thermowell length (L)(4) Lagging length (T)(5)

440 44.0-in. 48.0-in. 2.5-in. ★

450 45.0-in. 48.0-in. 1.5-in. ★

460 46.0-in. 48.0-in. 0.5-in. ★

470 47.0-in. 51.0-in. 2.5-in. ★

480 48.0-in. 51.0-in. 1.5-in. ★

Thermowell style Mounting Stem

T20 Threaded 1/2-14 ANPT Stepped ★

T22 Threaded 3/4-14 ANPT Stepped ★

T24 Threaded 1-11.5 ANPT Stepped ★

T26 Threaded 3/4-14 ANPT Tapered ★

T28 Threaded 1-11.5 ANPT Tapered ★

T30 Threaded 11/2-11 ANPT Tapered ★

T32 Threaded 1/2-14 ANPT Straight ★

T34 Threaded 3/4-14 ANPT Straight ★

T36 Threaded 1-11.5 ANPT Straight ★

T38 Threaded 3/4-14 ANPT Straight ★

T44 Threaded 1/2-14 ANPT Tapered ★

W38 Welded 3/4-in. pipe Stepped ★

W40 Welded 1-in. pipe Stepped ★

W42 Welded 3/4-in. pipe Tapered ★

W44 Welded 1-in. pipe Tapered ★

W46 Welded 11/4-in. pipe Tapered ★

W48 Welded 3/4-in. pipe Straight ★

W50 Welded 1-in. pipe Straight ★

F10 Flanged 2-in., Class 150 Straight ★

F12 Flanged 3-in., Class 150 Straight ★

F52(7) Flanged 1-in., Class 150 Stepped ★

F54 Flanged 11/2-in., Class 150 Stepped ★

F56 Flanged 2-in., Class 150 Stepped ★

F58(8) Flanged 1-in., Class 150 Tapered ★

F60 Flanged 11/2-in., Class 150 Tapered ★

F62 Flanged 2-in. Class 150 Tapered ★

F64(7) Flanged 1-in., Class 150 Straight ★

F66 Flanged 11/2-in., Class 150 Straight ★

F70(7) Flanged 1-in., Class 300 Stepped ★

F72 Flanged 11/2-in., Class 300 Stepped ★

F74 Flanged 2-in., Class 300 Stepped ★

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Thermowell style Mounting Stem

F76(8) Flanged 1-in., Class 300 Tapered ★

F78 Flanged 11/2-in., Class 300 Tapered ★

F80 Flanged 2-in., Class 300 Tapered ★

F82(7) Flanged 1-in., Class 300 Straight ★

F84 Flanged 11/2-in., Class 300 Straight ★

F86 Flanged 2-in., Class 300 Straight ★

F88(7) Flanged 1-in., Class 600 Stepped ★

F90(9) Flanged 11/2-in., Class 600 Stepped ★

F92(9) Flanged 2-in., Class 600 Stepped ★

F94(8)(9) Flanged 1-in., Class 600 Tapered ★

F96(9) Flanged 11/2-in., Class 600 Tapered ★

F98(9) Flanged 2-in., Class 600 Tapered ★

F02(7)(9) Flanged 1-in., Class 600 Straight ★

F04(9) Flanged 11/2-in., Class 600 Straight ★

F06(9) Flanged 2-in., Class 600 Straight ★

F16(9) Flanged 11/2-in., Class 900 Tapered ★

F34(9) Flanged 11/2-in., Class 1500 Tapered ★

F24(9) Flanged 2-in., Class 1500 Tapered ★

F08(10) Flanged 11/2-in., Class 2500 Tapered ★

Q02(11) Sanitary, Tri-Clamp™ 1-in., Tri-Clamp Stepped ★

Q04(11) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Stepped ★

Q06(11) Sanitary, Tri-Clamp 2-in., Tri-Clamp Stepped ★

Q08(11) Sanitary, Tri-Clamp 3-in., Tri-Clamp Stepped ★

Q20(11) Sanitary, Tri-Clamp 3/4-in., Tri-Clamp Straight ★

Q22(11) Sanitary, Tri-Clamp 1-in., Tri-Clamp Straight ★

Q24(11) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Straight ★

Q26(11) Sanitary, Tri-Clamp 2-in., Tri-Clamp Straight ★

Q28(11) Sanitary, Tri-Clamp 3-in., Tri-Clamp Straight ★

Options (include with selected model number)

Product certifications

E1 ATEX Flameproof approval (see Figure 32) ★

E2 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof approval (see Figure 30) ★

E6 CSA Explosion-proof approval (see Figure 31) ★

E7 IECEx Flameproof approval ★

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Product certifications

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Callendar-Van Dusen Constants

V1-V7 Callendar-van Dusen Constants (V4 not available with series 68 sensors) ★

Calibration schedule

X8 Customer-Specified Temperature Calibration ★

X9 Customer-Specified Single Temperature Point Calibration ★

Q4 Calibration Certification, Customer-Specified Temperature ★

A Leadkit

A1-A8
Twisted Lead Wire Extension: A1 = 1.5 ft, A2 = 3.0 ft, A3 = 6.0 ft, A4 = 12 ft, A5 = 24 ft, A6 = 50 ft, A7 = 75 ft, 
A8 = 100 ft

★

B Leadkit

B1-B8
Shielded Cable Lead Wire Extension: B1 = 1.5 ft, B2 = 3.0 ft, B3 = 6.0 ft, B4 = 12 ft, B5 = 24 ft, B6 = 50 ft, 
B7 = 75 ft, B8 = 100 ft

★

C Leadkit

C1-C8(12) Armored Cable Lead Wire Extension: C1 = 1.5 ft, C2 = 3.0 ft, C3 = 6.0 ft, C4 = 12 ft, C5 = 24 ft, C6 = 50 ft, 
C7 = 75 ft, C8 = 100 ft

★

D Leadkit

D1-D8(13) Armored Cable Lead Wire Extensions with Electrical Plug: D1 = 1.5 ft, D2 = 3.0 ft, D3 = 6.0 ft, D4 = 12 ft, 
D5 = 24 ft, D6 = 50 ft, D7 = 75 ft, D8 = 100 ft

★

L Leadkit

L1-L8(13) Armored Cable Mating Plugs with Lead Wire Extension: L1 = 1.5 ft, L2 = 3.0 ft, L3 = 6.0 ft, L4 = 12 ft, L5 = 24 ft, 
L6 = 50 ft, L7 = 75 ft, L8 = 100 ft

★

J Leadkit

J1(12) Moisture-Proof Seal Assembly for Armored Cables ★

Special external pressure test

R01 Special External Pressure Test ★

Material certification

Q8 Material Certification ★

Surface finish certification

Q16 Surface Finish Certification ★

Dye penetration test

R03 Dye Penetration Test ★

NACE Approval

R05 NACE Approval ★

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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SST plug and chain

R06 Stainless Steel Plug and Chain ★

Full penetration weld

R07(14) Full Penetration Weld ★

Flange face options

R09(14)(15) Concentric serrations of thermowell flange face ★

Flat faced flange

R10(14)(15) Flat Faced Flange ★

Vent hole

R11 Vent Hole ★

Thermowell X-ray

R12 Thermowell Xray ★

Special surface finish

R14 Special Surface Finish (12 Ra) (Maximum “U” length = 22.5-in.) ★

Ring joint flange

R16(14)(15) Ring Joint Flange (not available with 0-in. [T] length) ★

Electropolish

R20(16) Electropolish ★

Wake frequency 

R21 Wake Frequency-Thermowell Strength Calculation ★

Internal pressure test

R22 Internal Pressure Test ★

Brass plug and chain

R23 Brass plug and chain ★

Canadian registration no.

R24 CRN Marking for British Columbia

R25 CRN Marking for Alberta

R26 CRN Marking for Saskatchewan

R27 CRN Marking for Manitoba

R28 CRN Marking for Ontario

R29 CRN Marking for Quebec

R30 CRN Marking for New Brunswick

R31 CRN Marking for Nova Scotia

R32 CRN Marking for Prince Edward Island

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Canadian registration no.

R33 CRN Marking for Yukon Territory

R34 CRN Marking for Northwest Territory

R35 CRN Marking for Nunavut

R36 CRN Marking for Newfoundland and Labrador

Twell from hex stock

R37 Thermowell from Hex Stock

Assemble to options

XA(17) Assemble Connection Head or Transmitter to a Sensor Assembly ★

(1) Not available with Sensor Lead Wire Termination codes R, P, or C or with Approval Options.

(2) Codes A and C must be used with an Extension Length.

(3) Available only with straight stem flanged thermowells.

(4) Thermowells with an overall length (“U” + “T” + 1.75-in.) of 36-in. or less are machined from solid barstock. Thermowells with an overall length larger than 42-in. 
will be constructed using a welded 3-piece design and are available only with a stepped stem style. For lengths between 36-in. and 42-in consult factory for 
construction method.

(5) For additional (T) lengths, see Table 18 (Thermowell lagging length (T) section).

(6) Available only with straight or tapered stem thermowells.

(7) F52, F64, F70, F88, and F02 are not compatible with 1-in. Sch. XXs pipe.

(8) F58, F76, and F94 may not be compatible with 1-in. Sch. pipe and are not compatible with 1-in. Sch. 80, 160 or XXS pipe.

(9) These options cannot be used with 0-in. (T) length.

(10) F08 cannot be used with 0- or 1.2-in. (T) length.

(11) Limited to 24-in. immersion length and 316 or 304 SST materials only.

(12) These options are only available with Sensor Lead Wire Termination codes T, L or N.

(13) These options are only available with Sensor Lead Wire Termination code N.

(14) Available on flanged thermowells only.

(15) Only one flange face option allowed.

(16) Not available on flanged thermowells and L lengths longer than 24-in.

(17) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 4. Ordering Example

Typical
Model
Number

Model 
Lead wire 

termination
Sensor 

type
Extension 

type
Extension 

length
Material 

code
Immersion 

length
Mounting 

style
Additional 

options

0068 N 21 A 30 A 075 T22 E5

 Table 3. Series 68 RTD Sensor Assemblies WITH Thermowell 
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Rosemount 78 Sensor and Thermowell

The Rosemount 78 Sensor and Thermowell have designs that provide flexible 
and reliable temperature measurements in process environments.

Features include:

 Industry-standard Pt-100 RTD

 Single Element High Temperature RTD or Dual Element RTD

 Variety of enclosure and connection head options

 Global hazardous-location approvals (Option Codes E5, E6, E7)

 Calibration services to give you insight to sensor performance 
(Option Codes V1-V8, X8, X9)

 Calibration certification documentation to accompany sensor 
(Option Code Q4)

 Assemble to Transmitter option (Option Code XA)
 Table 5. Series 78 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0078 Platinum Temperature Sensor without Thermowell

Connection head

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor only with 6-in. PTFE-insulated, 22-gauge lead wires ★

D Rosemount Aluminum Connection head ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2 in. Entries

Sensor type Temperature range

Single element temperature sensors -200 to 500 °C (-328 to 932 °F)

01(1)(2) Capsule Style ★

11(3) General-purpose Style ★

21 Spring-loaded Style ★

31(4) Bayonet Spring-loaded Style (available in [X] lengths of 1 to 21-in, increments of 1-in.)

Single element high temperature sensors 0 to 600 °C (32 to 1112 °F)

03(2) Capsule Style (available in [X] lengths of 3 to 24-in, increments of 1-in.) ★

13(3) General-purpose Style (available in [X] lengths of 3 to 24-in, increments of 1/2-in.) ★

23 Spring-loaded style (available in [X] lengths of 3 to 24-in, increments of 1/2-in.) ★

33(4) Bayonet spring-loaded style (available in [X] lengths of 3 to 21-in, increments of 1-in.)
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Sensor type Temperature range

Dual-element temperature sensors -200 to 500 °C (-328 to 932 °F)

05(2) Capsule Style ★

15(3) General-purpose Style ★

25 Spring-loaded Style ★

35(4) Bayonet Spring-loaded Style (available in [X] lengths of 1 to 21-in, increments of 1-in.)

Extension type Extension type material

A(5) Nipple Coupling 300 series SST ★

C(5) Nipple Union 300 series SST ★

N None (use with Extension Length Option code 00) None ★

Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

N No Thermowell Required ★

Sensor immersion length (L)

010(6) 1.0-in. ★

015 1.5-in. ★

020 2.0-in. ★

025 2.5-in. ★

030 3.0-in. ★

035 3.5-in. ★

040 4.0-in. ★

045 4.5-in. ★

050 5.0-in. ★

055 5.5-in. ★

060 6.0-in. ★

065 6.5-in. ★

070 7.0-in. ★

075 7.5-in. ★

080 8.0-in. ★

085 8.5-in. ★

090 9.0-in. ★

095 9.5-in. ★

100 10.0-in. ★

 Table 5. Series 78 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Sensor immersion length (L)

105 10.5-in. ★

110 11.0-in. ★

115 11.5-in. ★

120 12.0-in. ★

125 12.5-in. ★

130 13.0-in. ★

135 13.5-in. ★

140 14.0-in. ★

145 14.5-in. ★

150 15.0-in. ★

155 15.5-in. ★

160 16.0-in. ★

165 16.5-in. ★

170 17.0-in. ★

175 17.5-in. ★

180 18.0-in. ★

185 18.5-in. ★

190 19.0-in. ★

195 19.5-in. ★

200 20.0-in. ★

205 20.5-in. ★

210 21.0-in. ★

215 21.5-in. ★

220 22.0-in. ★

225 22.5-in. ★

230 23.0-in. ★

235 23.5-in. ★

240 24.0-in. ★

245 24.5-in. ★

250 25.0-in. ★

260 26.0-in. ★

270 27.0-in. ★

280 28.0-in. ★

290 29.0-in. ★

300 30.0-in. ★

310 31.0-in. ★

320 32.0-in. ★

 Table 5. Series 78 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Sensor immersion length (L)

330 33.0-in. ★

340 34.0-in. ★

350 35.0-in. ★

360 36.0-in. ★

370 37.0-in. ★

380 38.0-in. ★

390 39.0-in. ★

400 40.0-in. ★

410 41.0-in. ★

420 42.0-in. ★

430 43.0-in. ★

440 44.0-in. ★

450 45.0-in. ★

460 46.0-in. ★

470 47.0-in. ★

480(7) 48.0-in. ★

Options (include with selected model number)

Sensor

A(8) IEC 751 Class A Sensor (-200 to 500 °C)

Approval options

E1 ATEX Flameproof approval (see Figure 32) ★

E2 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof approval (see Figure 30) ★

E6 CSA Explosion-proof approval (see Figure 31) ★

E7 IECEx Flameproof approval ★

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Callendar-Van Dusen constants

V1-V7 Callendar-Van Dusen Constants ★

Calibration schedule

X8 Customer-Specified Temperature Range Calibration ★

X9 Customer-Specified Single Temperature Point Calibration ★

Calibration certification

Q4 Calibration Certification, Customer-Specified Temperature ★

 Table 5. Series 78 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Mounting adapters

M5-M7 Mounting Adapter; Sensor Compression Fitting: M5= 1/8-27 NPT, M6 = 1/4-18 NPT, M7 = 1/2-14 NPT ★

A Leadkit

A1-A8
Twisted lead wire extension: A1 = 1.5 ft, A2 = 3.0 ft, A3 = 6.0 ft, A4 = 12 ft, A5 = 24 ft, A6 = 50 ft, A7 = 75 ft, 
A8 = 100 ft

★

B Leadkit

B1-B8
Shielded cable lead wire extension: B1 = 1.5 ft, B2 = 3.0 ft, B3 = 6.0 ft, B4 = 12 ft, B5 = 24 ft, B6 = 50 ft, B7 = 75 ft, 
B8 = 100 ft

★

C Leadkit

C1-C8(9) Armored cable lead wire extension: C1 = 1.5 ft, C2 = 3.0 ft, C3 = 6.0 ft, C4 = 12 ft, C5 = 24 ft, C6 = 50 ft, C7 = 75 ft, 
C8 = 100 ft

★

D Leadkit

D1-D(10) Armored cable lead wire extensions with electrical plug: D1 = 1.5 ft, D2 = 3.0 ft, D3 = 6.0 ft, D4 = 12 ft, D5 = 24 ft, 
D6 = 50 ft, D7 = 75 ft, D8 = 100 ft

★

L Leadkit

L1-L8(10) Armored cable mating plugs with lead wire extension: L1 = 1.5 ft, L2 = 3.0 ft, L3 = 6.0 ft, L4 = 12 ft, L5 = 24 ft, 
L6 = 50 ft, L7 = 75 ft, L8 = 100 ft

★

J Leadkit

J1(9) Moisture-proof seal assembly for armored cables ★

Assemble to options

XA(11) Assemble connection head or transmitter to a sensor assembly (PTFE paste where appropriate, fully wired.) ★

(1) Capsule style available in 1-in. increments only, starting at 1-in.

(2) This option can only be used with Sensor Lead Wire Termination code N and is not available with assembly option XA or with Approval Options.

(3) General-purpose sensors are available in (L) lengths of 2.5-in. or greater.

(4) Not available with Sensor Lead Wire Termination codes R, P, or C or Approval Options.

(5) Codes A and C must be used with an extension length.

(6) 1-in. length without extension is only available in Capsule Style.

(7) Additional lengths are available up to 68-in., increments of 1-in.

(8) The IEC 751 Class A option is not available with high-temperature sensors.

(9) These options are only available with Sensor Leadwire Termination Codes T, L, or N.

(10) These options are only available with Sensor Leadwire Termination code N.

(11)  If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 5. Series 78 RTD Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

 Table 6. Ordering Example

Typical
Model
Number

Model 
Connection 

head
Sensor 

type
Extension 

type
Extension 

length
Thermowell 

material
Immersion 

length
Additional 

options

0078 N 21 N 00 N 045 E5
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 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0078 Platinum Temperature Sensor with Thermowell

Connection head

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor Only with 6-in. PTFE-insulated, 24-gauge Lead Wires ★

D Rosemount Aluminum Connection Head with 1/2- in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2- in. Entries

Sensor type Temperature range

Single Element Temperature Sensors -200 to 500 °C (-328 to 932 °F)

11 General-purpose Style ★

21 Spring-loaded Style ★

31(1) Bayonet Spring-loaded Style (available in [X] lengths of 1 to 21-in., increments of 1-in.)

Single element high temperature sensors 0 to 600 °C (32 to 1112 °F)

13 General-purpose Style (available in [X] lengths of 3 to 24-in., increments of 1/2-in.) ★

23 Spring-loaded Style (available in [X] lengths of 3 to 24-in., increments of 1/2-in.) ★

33(1) Bayonet Spring-loaded Style (available in [X] lengths of 3 to 21-in., increments of 1-in.)

Dual-element temperature sensors -200 to 500 °C (-328 to 932 °F)

15 General-purpose Style ★

25 Spring-loaded Style ★

35(1) Bayonet Spring-loaded Style (available in [X] lengths of 1 to 21-in., increments of 1-in.)

Extension type Extension type material

A(2) Nipple Coupling 300 series SST ★

C(2) Nipple Union 300 series SST ★

N None (use with extension length option code 00) None ★

Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

A 316 SST ★

B 304 SST ★
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Thermowell material

C Carbon Steel ★

D 316L SST ★

E 304L SST ★

F Alloy 20

G Alloy 400

H Alloy 600

J Alloy C-276

L Alloy B

M 304 SST with PTFE coating

P Chrome Molybdenum Grade F22

R Nickel 200

T Titanium

U(3) 316 SST with Tantalum Sheath

V 310 SST

W 321 SST

Z Chrome Molybdenum Grade F11

Immersion length (U)(4) Thermowell length (L) Lagging length (T)(5)

015(6) 1.5-in. 4.0-in. 1.0-in. ★

020(6) 2.0-in. 4.0-in. 0.5-in. ★

025(6) 2.5-in. 4.0-in. 0.0-in. ★

030 3.0-in. 6.0-in. 1.5-in. ★

035 3.5-in. 6.0-in. 1.0-in. ★

040 4.0-in. 6.0-in. 0.5-in. ★

045 4.5-in. 6.0-in. 0.0-in. ★

050 5.0-in. 9.0-in. 2.5-in. ★

055 5.5-in. 9.0-in. 2.0-in. ★

060 6.0-in. 9.0-in. 1.5-in. ★

065 6.5-in. 9.0-in. 1.0-in. ★

070 7.0-in. 9.0-in. 0.5-in. ★

075 7.5-in. 9.0-in. 0.0-in. ★

080 8.0-in. 12.0-in. 2.5-in. ★

085 8.5-in. 12.0-in. 2.0-in. ★

090 9.0-in. 12.0-in. 1.5-in. ★

095 9.5-in. 12.0-in. 1.0-in. ★

100 10.0-in. 12.0-in. 0.5-in. ★

105 10.5-in. 12.0-in. 0.0-in. ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U)(4) Thermowell length (L) Lagging length (T)(5)

110 11.0-in. 15.0-in. 2.5-in.

115 11.5-in. 15.0-in. 2.0-in. ★

120 12.0-in. 15.0-in. 1.5-in. ★

125 12.5-in. 15.0-in. 1.0-in. ★

130 13.0-in. 15.0-in. 0.5-in. ★

135 13.5-in. 15.0-in. 0.0-in. ★

140 14.0-in. 18.0-in. 2.5-in. ★

145 14.5-in. 18.0-in. 2.0-in. ★

150 15.0-in. 18.0-in. 1.5-in. ★

155 15.5-in. 18.0-in. 1.0-in. ★

160 16.0-in. 18.0-in. 0.5-in. ★

165 16.5-in. 18.0-in. 0.0-in. ★

170 17.0-in. 21.0-in. 2.5-in. ★

175 17.5-in. 21.0-in. 2.0-in. ★

180 18.0-in. 21.0-in. 1.5-in. ★

185 18.5-in. 21.0-in. 1.0-in. ★

190 19.0-in. 21.0-in. 0.5-in. ★

195 19.5-in. 21.0-in. 0.0-in. ★

200 20.0-in. 24.0-in. 2.5-in. ★

205 20.5-in. 24.0-in. 2.0-in. ★

210 21.0-in. 24.0-in. 1.5-in. ★

215 21.5-in. 24.0-in. 1.0-in. ★

220 22.0-in. 24.0-in. 0.5-in. ★

225 22.5-in. 24.0-in. 0.0-in. ★

230 23.0-in. 27.0-in. 2.5-in. ★

240 24.0-in. 27.0-in. 1.5-in. ★

250 25.0-in. 27.0-in. 0.5-in. ★

260 26.0-in. 30.0-in. 2.5-in. ★

270 27.0-in. 30.0-in. 1.5-in. ★

280 28.0-in. 30.0-in. 0.5-in. ★

290 29.0-in. 33.0-in. 2.5-in. ★

300 30.0-in. 30.0-in. 1.5-in. ★

310 31.0-in. 30.0-in. 0.5-in. ★

320 32.0-in. 36.0-in. 2.5-in. ★

330 33.0-in. 36.0-in. 1.5-in. ★

340 34.0-in. 36.0-in. 0.5-in. ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U)(4) Thermowell length (L) Lagging length (T)(5)

350 35.0-in. 39.0-in. 2.5-in. ★

360 36.0-in. 39.0-in. 1.5-in. ★

370 37.0-in. 39.0-in. 0.5-in. ★

380 38.0-in. 42.0-in. 2.5-in. ★

390 39.0-in. 42.0-in. 1.5-in. ★

400 40.0-in. 42.0-in. 0.5-in. ★

410 41.0-in. 45.0-in. 2.5-in. ★

420 42.0-in. 45.0-in. 1.5-in. ★

430 43.0-in. 45.0-in. 0.5-in. ★

440 44.0-in. 48.0-in. 2.5-in. ★

450 45.0-in. 48.0-in. 1.5-in. ★

460 46.0-in. 48.0-in. 0.5-in. ★

470 47.0-in. 51.0-in. 2.5-in. ★

480 48.0-in. 51.0-in. 1.5-in. ★

Thermowell style Mounting Stem

T20 Threaded 1/2-14 ANPT Stepped ★

T22 Threaded 3/4-14 ANPT Stepped ★

T24 Threaded 1-11.5 ANPT Stepped ★

T26 Threaded 3/4-14 ANPT Tapered ★

T28 Threaded 1-11.5 ANPT Tapered ★

T30 Threaded 11/2-11 ANPT Tapered ★

T32 Threaded 1/2-14 ANPT Straight ★

T34 Threaded 3/4-14 ANPT Straight ★

T36 Threaded 1-11.5 ANPT Straight ★

T38 Threaded 3/4-14 ANPT Straight ★

T44 Threaded 1/2-14 ANPT Tapered ★

W38 Welded 3/4-in. pipe Stepped ★

W40 Welded 1-in. pipe Stepped ★

W42 Welded 3/4-in. pipe Tapered ★

W44 Welded 1-in. pipe Tapered ★

W46 Welded 11/4-in. pipe Tapered ★

W48 Welded 3/4-in. pipe Straight ★

W50 Welded 1-in. pipe Straight ★

F10 Flanged 2-in., Class 150 Straight ★

F12 Flanged 3-in., Class 150 Straight ★

F52(7) Flanged 1-in., Class 150 Stepped ★

F54 Flanged 11/2-in., Class 150 Stepped ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Thermowell style Mounting Stem

F56 Flanged 2-in., Class 150 Stepped ★

F58(8) Flanged 1-in., Class 150 Tapered ★

F60 Flanged 11/2-in., Class 150 Tapered ★

F62 Flanged 2-in. Class 150 Tapered ★

F64(7) Flanged 1-in., Class 150 Straight ★

F66 Flanged 11/2-in., Class 150 Straight ★

F70(7) Flanged 1-in., Class 300 Stepped ★

F72 Flanged 11/2-in., Class 300 Stepped ★

F74 Flanged 2-in., Class 300 Stepped ★

F76(8) Flanged 1-in., Class 300 Tapered ★

F78 Flanged 11/2-in., Class 300 Tapered ★

F80 Flanged 2-in., Class 300 Tapered ★

F82(7) Flanged 1-in., Class 300 Straight ★

F84 Flanged 11/2-in., Class 300 Straight ★

F86 Flanged 2-in., Class 300 Straight ★

F88(7) Flanged 1-in., Class 600 Stepped ★

F90(9) Flanged 11/2-in., Class 600 Stepped ★

F92(9) Flanged 2-in., Class 600 Stepped ★

F94(8)(9) Flanged 1-in., Class 600 Tapered ★

F96(9) Flanged 11/2-in., Class 600 Tapered ★

F98(9) Flanged 2-in., Class 600 Tapered ★

F02(7)(9) Flanged 1-in., Class 600 Straight ★

F04(9) Flanged 11/2-in., Class 600 Straight ★

F06(9) Flanged 2-in., Class 600 Straight ★

F16(9) Flanged 11/2-in., Class 900 Tapered ★

F34(9) Flanged 11/2-in., Class 1500 Tapered ★

F24(9) Flanged 2-in., Class 1500 Tapered ★

F08(10) Flanged 11/2-in., Class 2500 Tapered ★

Q02(11) Sanitary, Tri-Clamp 1-in., Tri-Clamp Stepped ★

Q04(11) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Stepped ★

Q06(11) Sanitary, Tri-Clamp 2-in., Tri-Clamp Stepped ★

Q08(11) Sanitary, Tri-Clamp 3-in., Tri-Clamp Stepped ★

Q20(11) Sanitary, Tri-Clamp 3/4-in., Tri-Clamp Straight ★

Q22(11) Sanitary, Tri-Clamp 1-in., Tri-Clamp Straight ★

Q24(11) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Straight ★

Q26(11) Sanitary, Tri-Clamp 2-in., Tri-Clamp Straight ★

Q28(11) Sanitary, Tri-Clamp 3-in., Tri-Clamp Straight ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Options (include with selected model number)

Sensor

A(12) IEC 751 Class A Sensor (-200 to 500 °C)

Approval options

E1 ATEX Flameproof approval (see Figure 32) ★

E2 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof Approval (see Figure 30) ★

E6 CSA Explosion-proof Approval (see Figure 31) ★

E7 IECEx Flameproof Approval ★

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Callendar-Van Dusen Constant

V1-V7 Callendar-Van Dusen Constants ★

Calibration schedule

X8 Customer-Specified Temperature Range Calibration ★

X9 Customer-Specified Single Temperature Point Calibration ★

Calibration certification

Q4 Calibration Certification, Customer-Specified Temperature ★

A Leadkit

A1-A8
Twisted lead wire extension: A1 = 1.5 ft, A2 = 3.0 ft, A3 = 6.0 ft, A4 = 12 ft, A5 = 24 ft, A6 = 50 ft, A7 = 75 ft,
A8 = 100 ft

★

B Leadkit

B1-B8
Shielded cable lead wire extension: B1 = 1.5 ft, B2 = 3.0 ft, B3 = 6.0 ft, B4 = 12 ft, B5 = 24 ft, B6 = 50 ft, 
B7 = 75 ft, B8 = 100 ft

★

C Leadkit

C1-C8(13) Armored cable lead wire extension: C1 = 1.5 ft, C2 = 3.0 ft, C3 = 6.0 ft, C4 = 12 ft, C5 = 24 ft, C6 = 50 ft,
C7 = 75 ft, C8 = 100 ft

★

D Leadkit

D1-D8(14) Armored cable lead wire extensions with electrical plug: D1 = 1.5 ft, D2 = 3.0 ft, D3 = 6.0 ft, D4 = 12 ft, 
D5 = 24 ft, D6 = 50 ft, D7 = 75 ft, D8 = 100 ft

★

L Leadkit

L1-L8(14) Armored cable mating plugs with lead wire extension: L1 = 1.5 ft, L2 = 3.0 ft, L3 = 6.0 ft, L4 = 12 ft, L5 = 24 ft, 
L6 = 50 ft, L7 = 75 ft, L8 = 100 ft

★

J Leadkit

J1(13) Moisture-proof seal assembly for armored cables ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Special external pressure test

R01 Special External Pressure Test ★

Material certifications

Q8 Thermowell Material Certificate ★

Surface finish certification

Q16 Surface Finish Certification ★

Dye penetration test

R03 Dye Penetration Test ★

NACE approval

R05 NACE Approval ★

SST plug and chain

R06 SST Plug and Chain ★

Full penetration weld

R07(15) Full Penetration Weld ★

Thermowell face options

R09(15)(16) Concentric Serrations of Thermowell Flange Face ★

Flat faced flange

R10 (15)(16) Flat Faced Flange ★

Vent hole

R11 Vent Hole ★

Thermowell Xray

R12 Thermowell Xray ★

Special surface finish

R14 Special Surface Finish (12 RA) (Maximum “U” length = 22.5-in.) ★

Ring joint flange

R16(15)(16) Ring Joint Flange (not available with 0-in. [T] length) ★

Electropolish

R20(17) Electropolish ★

Wake frequency

R21 Wake Frequency - Thermowell Strength Calculation ★

Internal pressure test

R22 Internal Pressure Test ★

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Brass plug and chain

R23 Brass plug and chain ★

Canadian registration no.

R24 CRN Marking for British Columbia

R25 CRN Marking for Alberta

R26 CRN Marking for Saskatchewan

R27 CRN Marking for Manitoba

R28 CRN Marking for Ontario

R29 CRN Marking for Quebec

R30 CRN Marking for New Brunswick

R31 CRN Marking for Nova Scotia

R32 CRN Marking for Prince Edward Island

R33 CRN Marking for Yukon Territory

R34 CRN Marking for Northwest Territory

R35 CRN Marking for Nunavut

R36 CRN Marking for Newfoundland and Labrador

Twell from hex stock

R37 Thermowell from Hex Stock

Assemble to option

XA(18) Assemble Connection Head or Transmitter to a Sensor Assembly. ★

(1) Not available with Sensor Lead Wire Termination codes R, P, or C or with Approval Options.

(2) Codes A and C must be used with an extension length. Additional non-standard (E) lengths are available in 1/2-in. increments from 2.5 to 9-in.

(3) Available only with straight stem flanged thermowells.

(4) Thermowells with an overall length (“U” + “T” + 1.75-in.) of 36-in. or less are machined from solid barstock. Thermowells with an overall length larger thank 42-in. 
will be constructed using a welded 3-piece design and are available only with a stepped stem style. For lengths between 36-in. and 42-in. consult factory for 
construction method. 

(5) For additional (T) lengths, see Table 18.

(6) Straight or Tapered stem only.

(7) F52, F64, F70, F82, F88, and F02 are not compatible with 1-in. Sch. XXS pipe.

(8) F58, F76, and F94 may not be compatible with 1-in. Sch. pipe and are not compatible with 1-in. Sch. 80, 160, or XXS pipe.

(9) These options cannot be used with 0-in. (T) length.

(10) F08 cannot be used with 0- or 1/2-in. (T) length.

(11) Limited to 24” immersion length and 316 or 304 SST materials only.

(12) The IEC 751 Class A option is not available with high-temperature sensors.

(13) These options are not available with Sensor Lead Wire Termination codes T, L, or N.

 Table 7. Series 78 RTD Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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(14) Only available with sensor Lead Wire Termination code N.

(15) Available on flanged thermowells only.

(16) Only one flange face option allowed.

(17) Not available on flanged Thermowells and (L) lengths longer than 24-in.

(18) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 8. Ordering Example

Typical
Model
Number

Model 
Lead wire 

termination
Sensor 

type
Extension 

type
Extension 

length
Material 

code
Immersion 

length
Mounting 

style
Additional 

options

0078 N 21 A 30 A 075 T22 E5
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Rosemount 183 Sensor and Thermowell

The Rosemount 183 Sensor and Thermowell have designs that provide flexible 
and reliable temperature measurements in process environments.

Features include:

 Industry-standard sensor types, including J, K, E, and T thermocouple 
varieties

 Variety of enclosure and connection head options

 Global hazardous-location approvals (Option Codes E5, E6, E7)

 Assemble to Transmitter option (Option Code XA)

 Table 9. Series 183 Thermocouple Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0183 Thermocouple Sensor without Thermowell

Connection head

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor only with 6-in. PTFE-insulated, 20-gauge Lead Wires ★

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2-in. Entries

Sensor type Junction

Capsule sensor(1)(2)

01 Single Grounded ★

02 Dual Grounded ★

03 Single Ungrounded ★

04 Dual, Unisolated Ungrounded ★

05 Dual, Isolated Ungrounded ★

General purpose sensors(3)

11 Single Grounded ★

12 Dual Grounded ★

13 Single Ungrounded ★

14 Dual, Unisolated Ungrounded ★

15 Dual, Isolated Ungrounded ★
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Sensor type Junction

Spring-loaded sensors

21 Single Grounded ★

22 Dual Grounded ★

23 Single Ungrounded ★

24 Dual, Unisolated Ungrounded ★

25 Dual, Isolated Ungrounded ★

Bayonet spring-loaded sensors(4)

31 Single Grounded

32 Dual Grounded

33 Single Ungrounded

34 Dual, Unisolated Ungrounded

35 Dual, Isolated Ungrounded

Thermocouple type Temperature range

J2 J 0 to 760 °C (32 to 1400 °F) ★

K2 K 0 to 1150 °C (32 to 2102 °F) ★

E2 E 0 to 871 °C (32 to 1600 °F) ★

T2 T –180 to 371 °C (–292 to 700 °F) ★

Extension type Extension type material

A(5) Nipple Coupling 300 series SST ★

C(5) Nipple Union 300 series SST ★

N None (use with extension length option code 00) None ★

Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

N No Thermowell Required ★

Code Sensor immersion length (L) 

020 2.0-in. ★

025 2.5-in. ★

030 3.0-in. ★

035 3.5-in. ★

040 4.0-in. ★

045 4.5-in. ★

050 5.0-in. ★

 Table 9. Series 183 Thermocouple Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Code Sensor immersion length (L) 

055 5.5-in. ★

060 6.0-in. ★

065 6.5-in. ★

070 7.0-in. ★

075 7.5-in. ★

080 8.0-in. ★

085 8.5-in. ★

090 9.0-in. ★

095 9.5-in. ★

100 10.0-in. ★

105 10.5-in. ★

110 11.0-in. ★

115 11.5-in. ★

120 12.0-in. ★

125 12.5-in. ★

130 13.0-in. ★

135 13.5-in. ★

140 14.0-in. ★

145 14.5-in. ★

150 15.0-in. ★

155 15.5-in. ★

160 16.0-in. ★

165 16.5-in. ★

170 17.0-in. ★

175 17.5-in. ★

180 18.0-in. ★

185 18.5-in. ★

190 19.0-in. ★

195 19.5-in. ★

200 20.0-in. ★

205 20.5-in. ★

210 21.0-in. ★

215 21.5-in. ★

220 22.0-in. ★

225 22.5-in. ★

230 23.0-in. ★

240 24.0-in. ★

 Table 9. Series 183 Thermocouple Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Code Sensor immersion length (L) 

250 25.0-in. ★

260 26.0-in. ★

270 27.0-in. ★

280 28.0-in. ★

290 29.0-in. ★

300 30.0-in. ★

310 31.0-in. ★

320 32.0-in. ★

330 33.0-in. ★

340 34.0-in. ★

350 35.0-in. ★

360 36.0-in. ★

370 37.0-in. ★

380 38.0-in. ★

390 39.0-in. ★

400 40.0-in. ★

410 41.0-in. ★

420 42.0-in. ★

430 43.0-in. ★

440 44.0-in. ★

450 45.0-in. ★

460 46.0-in. ★

470 47.0-in. ★

480 48.0-in. ★

Options (include with selected model number)

Product certifications

E1 ATEX Flameproof approval (See Figure 32) ★

E1 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof approval (See Figure 30) ★

E6 CSA Explosion-proof approval (See Figure 31) ★

E7 IECEx Flameproof approval ★

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

 Table 9. Series 183 Thermocouple Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Mounting adapter

M5-M7 Mounting adapter; Sensor Compression Fitting: M5= 1/8-27 NPT, M6= 1/4-18 NPT, M7= 1/2-14 NPT ★

Assembly options

XA(6) Assemble connection head or transmitter to a sensor assembly ★

(1) Capsule style available in 1-in. increments only, starting at 1-in.

(2) This option can only be used with Sensor Lead wire Termination Code N and is not available with assembly code XA or with Approval Options.

(3) General-purpose Sensors are only available in (L) lengths of 2.4-in. or greater. General purpose sensors are not available with Type K Thermocouples.

(4) Bayonet spring-loaded style is available to 21-inches but is not available with Sensor Lead Wire Termination codes R, P, or C or with Approval Options.

(5) Codes A and C must be used with an extension length.

(6) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 9. Series 183 Thermocouple Sensor Assemblies WITHOUT Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

 Table 10. Ordering Example

Typical
Model
Number

Model 
Lead wire 

termination
Sensor 

type
ISA type

Extension 
type

Extension 
length

Thermowell 
code

Immersion 
length

Additional 
options

0183 N 11 J2 N 00 N 045 E5
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.

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0183 Thermocouple Sensor with Thermowell

Sensor lead wire termination

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor Only with 6-in. PTFE-insulated, 20-gauge Lead Wires ★

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2-in. Entries

Sensor type Junction

General-purpose sensors(1)

11 Single Grounded ★

12 Dual Grounded ★

13 Single Ungrounded ★

14 Dual, Unisolated Ungrounded ★

15 Dual, Isolated ★

Spring-loaded sensors

21 Single Grounded ★

22 Dual Grounded ★

23 Single Ungrounded ★

24 Dual, Unisolated Ungrounded ★

25 Dual, Isolated Ungrounded ★

Bayonet spring-loaded sensors(2)

31 Single Grounded

32 Dual Grounded

33 Single Ungrounded

34 Dual, Unisolated Ungrounded

35 Dual, Isolated Ungrounded

Thermocouple type Temperature range

J2 J 0 to 760 °C (32 to 1400 °F) ★

K2 K 0 to 1150 °C (32 to 2102 °F) ★

E2 E 0 to 871 °C (32 to 1600 °F) ★

T2 T –180 to 371 °C (–292 to 700 °F) ★
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Extension type Extension type material

A(3) Nipple Coupling 300 series SST ★

C(3) Nipple Union 300 series SST ★

N None (use with extension length option code 00) None ★

Extension length (E)

00 0.0 in. ★

30 3.0 in. ★

60 6.0 in. ★

Thermowell material

A 316 SST ★

B 304 SST ★

C Carbon Steel ★

D 316L SST ★

E 304L SST ★

F Alloy 20

G Alloy 400

H Alloy 600

J Alloy C-276

L Alloy B

M 304 SST with PTFE coating

P Chrome Molybdenum Grade F22

R Nickel 200

T Titanium

U(4) 316 SST with Tantalum Sheath

V 310 SST

W 321 SST

Z Chrome Molybdenum Grade F11

Immersion length (U)(5) Thermowell length (L) Lagging length (T)(6)

015(7) 1.5-in. 4.0-in. 1.0-in. ★

020(6) 2.0-in. 4.0-in. 0.5-in. ★

025(6) 2.5-in. 4.0-in. 0.0-in. ★

030 3.0-in. 6.0-in. 1.5-in. ★

035 3.5-in. 6.0-in. 1.0-in. ★

040 4.0-in. 6.0-in. 0.5-in. ★

045 4.5-in. 6.0-in. 0.0-in. ★

050 5.0-in. 9.0-in. 2.5-in. ★

055 5.5-in. 9.0-in. 2.0-in. ★

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U)(5) Thermowell length (L) Lagging length (T)(6) 

060 6.0-in. 9.0-in. 1.5-in. ★

065 6.5-in. 9.0-in. 1.0-in. ★

070 7.0-in. 9.0-in. 0.5-in. ★

075 7.5-in. 9.0-in. 0.0-in. ★

080 8.0-in. 12.0-in. 2.5-in. ★

085 8.5-in. 12.0-in. 2.0-in. ★

090 9.0-in. 12.0-in. 1.5-in. ★

095 9.5-in. 12.0-in. 1.0-in. ★

100 10.0-in. 12.0-in. 0.5-in. ★

105 10.5-in. 12.0-in. 0.0-in. ★

110 11.0-in. 15.0-in. 2.5-in. ★

115 11.5-in. 15.0-in. 2.0-in. ★

120 12.0-in. 15.0-in. 1.5-in. ★

125 12.5-in. 15.0-in. 1.0-in. ★

130 13.0-in. 15.0-in. 0.5-in. ★

135 13.5-in. 15.0-in. 0.0-in. ★

140 14.0-in. 18.0-in. 2.5-in. ★

145 14.5-in. 18.0-in. 2.0-in. ★

150 15.0-in. 18.0-in. 1.5-in. ★

155 15.5-in. 18.0-in. 1.0-in. ★

160 16.0-in. 18.0-in. 0.5-in. ★

165 16.5-in. 18.0-in. 0.0-in. ★

170 17.0-in. 21.0-in. 2.5-in. ★

175 17.5-in. 21.0-in. 2.0-in. ★

180 18.0-in. 21.0-in. 1.5-in. ★

185 18.5-in. 21.0-in. 1.0-in. ★

190 19.0-in. 21.0-in. 0.5-in. ★

195 19.5-in. 21.0-in. 0.0-in. ★

200 20.0-in. 24.0-in. 2.5-in. ★

205 20.5-in. 24.0-in. 2.0-in. ★

210 21.0-in. 24.0-in. 1.5-in. ★

215 21.5-in. 24.0-in. 1.0-in. ★

220 22.0-in. 24.0-in. 0.5-in. ★

225 22.5-in. 24.0-in. 0.0-in. ★

230 23.0-in. 27.0-in. 2.5-in. 

240 24.0-in. 27.0-in. 1.5-in. 

250 25.0-in. 27.0-in. 0.5-in. 

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Immersion length (U)(5) Thermowell length (L) Lagging length (T)(6) 

260 26.0-in. 30.0-in. 2.5-in. 

270 27.0-in. 30.0-in. 1.5-in. 

280 28.0-in. 30.0-in. 0.5-in. 

290 29.0-in. 33.0-in. 2.5-in. 

300 30.0-in. 33.0-in. 1.5-in. 

310 31.0-in. 33.0-in. 0.5-in. 

320 32.0-in. 36.0-in. 2.5-in. 

330 33.0-in. 36.0-in. 1.5-in. 

340 34.0-in. 36.0-in. 0.5-in. 

350 35.0-in. 39.0-in. 2.5-in. 

360 36.0-in. 39.0-in. 1.5-in. 

370 37.0-in. 39.0-in. 0.5-in. 

380 38.0-in. 42.0-in. 2.5-in. 

390 39.0-in. 42.0-in. 1.5-in. 

400 40.0-in. 42.0-in. 0.5-in. 

410 41.0-in. 45.0-in. 2.5-in. 

420 42.0-in. 45.0-in. 1.5-in. 

430 43.0-in. 45.0-in. 0.5-in. 

440 44.0-in. 48.0-in. 2.5-in. 

450 45.0-in. 48.0-in. 1.5-in. 

460 46.0-in. 48.0-in. 0.5-in. 

470 47.0-in. 51.0-in. 2.5-in. 

480 48.0-in. 51.0-in. 1.5-in. 

Thermowell style Mounting Stem

T20 Threaded 1/2-14 ANPT Stepped ★

T22 Threaded 3/4-14 ANPT Stepped ★

T24 Threaded 1-11.5 ANPT Stepped ★

T26 Threaded 3/4-14 ANPT Tapered ★

T28 Threaded 1-11.5 ANPT Tapered ★

T30 Threaded 11/2-11 ANPT Tapered ★

T32 Threaded 1/2-14 ANPT Straight ★

T34 Threaded 3/4-14 ANPT Straight ★

T36 Threaded 1-11.5 ANPT Straight ★

T38 Threaded 3/4-14 ANPT Straight ★

T44 Threaded 1/2-14 ANPT Tapered ★

W38 Welded 3/4-in. pipe Stepped ★

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Thermowell style Mounting Stem

W40 Welded 1-in. pipe Stepped ★

W42 Welded 3/4-in. pipe Tapered ★

W44 Welded 1-in. pipe Tapered ★

W46 Welded 11/4-in. pipe Tapered ★

W48 Welded 3/4-in. pipe Straight ★

W50 Welded 1-in. pipe Straight ★

F10 Flanged 2-in., Class 150 Straight ★

F12 Flanged 3-in., Class 150 Straight ★

F52(8) Flanged 1-in., Class 150 Stepped ★

F54 Flanged 11/2-in., Class 150 Stepped ★

F56 Flanged 2-in., Class 150 Stepped ★

F58(9) Flanged 1-in., Class 150 Tapered ★

F60 Flanged 11/2-in., Class 150 Tapered ★

F62 Flanged 2-in. Class 150 Tapered ★

F64(8) Flanged 1-in., Class 150 Straight ★

F66 Flanged 11/2-in., Class 150 Straight ★

F70(8) Flanged 1-in., Class 300 Stepped ★

F72 Flanged 11/2-in., Class 300 Stepped ★

F74 Flanged 2-in., Class 300 Stepped ★

F76(9) Flanged 1-in., Class 300 Tapered ★

F78 Flanged 11/2-in., Class 300 Tapered ★

F80 Flanged 2-in., Class 300 Tapered ★

F82(8) Flanged 1-in., Class 300 Straight ★

F84 Flanged 11/2-in., Class 300 Straight ★

F86 Flanged 2-in., Class 300 Straight ★

F88(8) Flanged 1-in., Class 600 Stepped ★

F90(10) Flanged 11/2-in., Class 600 Stepped ★

F92(10) Flanged 2-in., Class 600 Stepped ★

F94(9)(10) Flanged 1-in., Class 600 Tapered ★

F96(10) Flanged 11/2-in., Class 600 Tapered ★

F98(10) Flanged 2-in., Class 600 Tapered ★

F02(8)(10) Flanged 1-in., Class 600 Straight ★

F04(10) Flanged 11/2-in., Class 600 Straight ★

F06(10) Flanged 2-in., Class 600 Straight ★

F16(10) Flanged 11/2-in., Class 900 Tapered ★

F34(10) Flanged 11/2-in., Class 1500 Tapered ★

F24(10) Flanged 2-in., Class 1500 Tapered ★

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Thermowell style Mounting Stem

F08(11) Flanged 11/2-in., Class 2500 Tapered ★

Q02(12) Sanitary, Tri-Clamp 1-in., Tri-Clamp Stepped ★

Q04(12) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Stepped ★

Q06(12) Sanitary, Tri-Clamp 2-in., Tri-Clamp Stepped ★

Q08(12) Sanitary, Tri-Clamp 3-in., Tri-Clamp Stepped ★

Q20(12) Sanitary, Tri-Clamp 3/4-in., Tri-Clamp Straight ★

Q22(12) Sanitary, Tri-Clamp 1-in., Tri-Clamp Straight ★

Q24(12) Sanitary, Tri-Clamp 11/2-in., Tri-Clamp Straight ★

Q26(12) Sanitary, Tri-Clamp 2-in., Tri-Clamp Straight ★

Q28(12) Sanitary, Tri-Clamp 3-in., Tri-Clamp Straight ★

Options (include with selected model number)

Product certifications

E1 ATEX Approval (See Figure 32) ★

E2 Ex d- CEPEL Flameproof Approval- Brazil ★

E5 FM Explosion-proof Approval (See Figure 30) ★

E6 CSA Explosion-proof Approval (See Figure 31) ★

E7 IECEx Flameproof Approval ★

KF ATEX + CSA Explosion-proof Combination Approval ★

EM Technical Regulations Customs Union (EAC) Flameproof ★

Special External pressure test

R01 Special External Pressure Test ★

Material certification

Q8 Material Certification ★

Dye penetration test

R03 Dye Penetration Test ★

NACE Approval

R05 NACE Approval ★

SST plug and chain

R06 SST Plug and Chain ★

Full penetration weld

R07(15) Full Penetration Weld ★

Thermowell concentric serrations

R09(13)(14) Concentric Serrations of Thermowell Flange Face ★

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Flat faced flange

R10 (13)(14) Flat Faced Flange ★

Vent hole

R11 Vent Hole ★

Thermowell Xray

R12 Thermowell Xray ★

Special surface finish

R14 Special Surface Finish (12 Ra) (Maximum “U” length = 48-in.) ★

Ring joint flange

R16(13)(14) Ring joint flange (not available with 0-in. [T] length) ★

Electropolish

R20(15) Electropolish ★

Wake frequency

R21 Wake Frequency-Thermowell Strength Calculation ★

Internal pressure test

R22 Internal Pressure Test ★

Brass plug and chain

R23 Brass plug and chain ★

Canadian registration no.

R24 CRN Marking for British Columbia

R25 CRN Marking for Alberta

R26 CRN Marking for Saskatchewan

R27 CRN Marking for Manitoba

R28 CRN Marking for Ontario

R29 CRN Marking for Quebec

R30 CRN Marking for New Brunswick

R31 CRN Marking for Nova Scotia

R32 CRN Marking for Prince Edward Island

R33 CRN Marking for Yukon Territory

R34 CRN Marking for Northwest Territory

R35 CRN Marking for Nunavut

R36 CRN Marking for Newfoundland and Labrador

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Twell from hex stock

R37 Thermowell from Hex stock

Assemble to options

XA(16) Assemble connection head or transmitter to a sensor assembly ★

(1) General purpose sensors are not available with Type K Thermocouples.

(2) Bayonet spring-loaded style is available to 21-inches but is not available with Sensor Lead Wire Termination codes R, P, or C or with Approval Options.

(3) Codes A and C must be used with an extension length. Additional non-standard (E) lengths are available in 1/2-in. increments from 2.5 to 9-in.

(4) Available only with straight stem flanged thermowells.

(5) Thermowells with an overall length (“U” + “T” + 1.75-in.) of 36-in. or less are machined from solid barstock. Thermowells with an overall length larger than 42-in. 
will be constructed using a welded 3-piece design and are available only with a stepped stem style.

(6) For additional (T) lengths, see Table 18.

(7) Straight or tapered stem thermowells only.

(8) F52, F64, F20, F82, F88, and F02 are not compatible with 1-in. Sch. XXS pipe.

(9) F58, F76, and F94 may not be compatible with 1-in. Sch. pipe and are not compatible with 1-in. Sch. 80, 160 or XXS pipe.

(10) These options cannot be used with 0-in. (T) length.

(11) F08 cannot be used with 0- or 1/2-in. (T) length.

(12) Limited to 24-in. immersion length and 316 or 304 SST materials only.

(13) Available on flanged thermowells only.

(14) Only one flange face option allowed.

(15) Not available on flanged Thermowell and L lengths larger than 24-in.

(16) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 12. Ordering Example

Typical
Model
Number

Model 
Connection 

head
Sensor 

type
ISA 

type
Extension 

type
Extension 

length
Material 

code
Immersion 

length
Mounting 

style
Additional 

options

0183 N 21 J2 A 30 A 075 T22 E5

 Table 11. Series 183 Thermocouple Sensor Assemblies WITH Thermowell
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Rosemount 68Q Sanitary Sensor

The Rosemount 68Q Sanitary Sensor has designs that provide flexible and 
reliable temperature measurements in hygienic process environments.

Features include:

  Industry-standard RTD sensor design 

  Tri-Clamp endcap designs for easy installation

  3-A Standards approval

  Variety of enclosure and connection head options

  Calibration services to give you insight to sensor performance 
(Option Codes V1-V7)

  Electropolishing Surface Finish (Option Code R20)

 Assemble to Transmitter option (Option Code XA)

 Table 13. Series 68Q Sanitary Platinum RTD Sensor Assemblies
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0068Q Sanitary Platinum RTD Sensor Assembly

Sensor lead wire termination

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor only ★

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

C Polypropylene Connection Head

G Rosemount SST Connection Head with 1/2-in. Entries

Sensor type Temperature range

-50 to 200 °C (-58 to 392 °F)

11 Single Stepped Stem ★

15 Dual Stepped Stem ★

21 Single Straight Stem ★

25 Dual Straight Stem ★

30(1)(2) Mini General Purpose 6-in. Lead with 1/2-in. NPT Threaded Adapter ★

31(1)(2)(3) Mini General Purpose 6-in. Lead with 1/2-in. NPSM Threaded Adapter ★

32(1)(2)(3) Mini General Purpose 180-in. Cable with Strain Relief ★

33(1)(2)(3) Mini General Purpose 300-in. Cable with Strain Relief ★

41(2)(4) Mini Spring Loaded with Thermowell Replacement Sensor ★
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Sensor immersion length 

U010 1.00-in. ★

U011 1.10-in. ★

U012 1.20-in. ★

U013 1.25-in. ★

U014 1.40-in. ★

U015 1.50-in. ★

U016 1.60-in. ★

U017 1.70-in. ★

U018 1.80-in. ★

U019 1.90-in. ★

U020 2.00-in. ★

U025 2.50-in. ★

U030 3.00-in. ★

U035 3.50-in. ★

U040 4.00-in. ★

U045 4.50-in. ★

U050 5.00-in. ★

U055 5.50-in. ★

U060 6.00-in. ★

U065 6.50-in. ★

U070 7.00-in. ★

U075 7.50-in. ★

U080 8.00-in. ★

U085 8.50-in. ★

U090 9.00-in. ★

U095 9.50-in. ★

Endcap type

L050(5) Tri-Clamp 1/2-in. to 3/4-in. ★

L100 Tri-Clamp 1.00-in. ★

L150 Tri-Clamp 1.50-in. ★

L200 Tri-Clamp 2.00-in. ★

L250 Tri-Clamp 2.50-in. ★

L300 Tri-Clamp 3.00-in. ★

 Table 13. Series 68Q Sanitary Platinum RTD Sensor Assemblies
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.
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Options (include with selected model number)

Callendar-Van Dusen constants

V1-V7 Callendar-Van Dusen Constants (V3, V4, V6 not available with 68Q) ★

Calibration schedule

X8 Customer-Specified Temperature Range Calibration ★

X9 Customer-Specified Single Temperature Point Calibration ★

Calibration certification

Q4 Calibration Certification, Customer-Specified Temperature ★

Special surface finish electro polish

R20(6) Electropolishing of Wetted Surfaces ★

Special surface finish high mechanical polish

HP High Mechanical Polish (15Ra or better) ★

Thermowell material certification

Q8 Material Certification ★

Surface finish certification

Q16 Surface Finish Certification ★

Assemble to options

XA(7) Assemble Connection Head or Transmitter to a Sensor Assembly. ★

(1) Only available in Sensor Immersion Lengths between 1-in. and 2-in.

(2) Only available with Tri-Clamp O.D. tube size 1/2-in. to 3/4-in. (Endcap Type code L050).

(3) Only available with Sensor Lead Wire Termination code N (Sensor Only).

(4) Only available in U lengths of 2-, 2.5-, or 3-in.

(5) Only available in Sensor Type code 30, 31, 32, 33, 41.

(6) If ordering a Mini General Purpose or Mini Spring Loaded Sensor (Sensor Type codes 30, 31, 32, 33, or 41) with Electropolishing, High Mechanical Polish (Option 
code HP) is also required.

(7) If ordering option code XA with a transmitter, specify the same option on the transmitter model code.

 Table 13. Series 68Q Sanitary Platinum RTD Sensor Assemblies
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

 Table 14. Ordering Example

Typical
Model
Number

Model Connection head Sensor type Immersion length
Endcap type, 

tube size
Additional 

options

0068Q N 11 U050 L150 V2
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Rosemount 58C Cut-to-Fit Sensor
The Rosemount 58C Cut-to-Fit Sensor has designs that provide flexible and reliable temperature measurements in process 
environments.

Features include:

 Industry-standard RTD sensor design

 Cut-to-fit eliminates need to stock large selection of sensors in specific lengths

 12-, 24-, 36-, and 48-in. lengths available

 Table 15. Series 58C Cut-to-Fit RTD Sensors
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
__ The Expanded offering is subject to additional delivery lead time.

Model Product description

0058C Platinum Resistance Temperature Sensor 

Connection head

D Rosemount Aluminum Connection Head with 1/2-in. Entries ★

R Aluminum Connection Head, Six Terminals, Flat Cover, Unpainted ★

T Aluminum Connection Head, Six Terminals, Extended Cover, Unpainted ★

P Aluminum Connection Head, Six Terminals, Flat Cover, Painted ★

L Aluminum Connection Head, Six Terminals, Extended Cover, Painted ★

N Sensor only with 6-in. PTFE-insulated, 24-gauge Lead Wires ★

C Polypropylene Connection Head

G Rosemount SST Connection with 1/2-in. Entries

Sensor immersion length

1200 12-in. ★

2400 24-in. ★

3600 36-in. ★

4800 48-in. ★

Mounting adapter

NNN None ★

C01(1) One-compression Fitting 1/2–14 ANPT ★

C02(1) Two-compression Fittings 1/2–14 ANPT ★

SNN Spring-loaded Fitting 1/2–14 ANPT ★

(1) The only difference between C01 and C02 is that the C01 includes one fitting, and the C02 option includes two fittings.
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 Table 16. Ordering Example

Typical Model
Number

Model Connection head Sensor length Mounting adapter

0058C R 1200 SNN

 Table 17. Series 58C Spare Parts List (specify spare part number separately when ordering mounting adapters)

Mounting adapters Option code Spare part number

Compression fitting 1/2–14 ANPT C01 and C02 C07961-0008

Spring loaded fitting 1/2–14 ANPT SNN 00058-0010-0001
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Rosemount 91 Series Thermowells

The Rosemount 91 Series Thermowells have designs that provide flexible and 
reliable temperature measurements in process environments.

Features include:

  Threaded, Flanged, and Weld-in Styles

  Wake Frequency Calculations (Option Code R21)

  NACE Approval (Option Code R05)

  Internal Pressure Test (Option Code R22)

  External Pressure Test (Option Code R01)

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.

Model Description

0091 Thermowell

Thermowell material

A 316 SST ★

B 304 SST ★

C Carbon Steel ★

D 316L SST ★

E 304L SST ★

F Alloy 20

G Alloy 400

H Alloy 600

J Alloy C-276

L Alloy B

M 304 SST with PTFE Coating

P Chrome Molybdenum GradeF22

R Nickel 200

T Titanium

U(1) 316 SST with Tantalum Sheath

V 310 SST

W 321 SST

X Special Material

Y 316Ti SST

Z Chrome Molybdenum Grade F11
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Immersion length (U)(2)

005(3)(4) 0.5-in. ★

007(3)(4) 0.75-in. ★

010(3)(4) 1.0-in. ★

015(3) 1.5-in. ★

020(3) 2.0-in. ★

025(3) 2.5-in. ★

030 3.0-in. ★

035 3.5-in. ★

040 4.0-in. ★

045 4.5-in. ★

050 5.0-in. ★

055 5.5-in. ★

060 6.0-in. ★

065 6.5-in. ★

070 7.0-in. ★

075 7.5-in. ★

080 8.0-in. ★

085 8.5-in. ★

090 9.0-in. ★

095 9.5-in. ★

100 10.0-in. ★

105 10.5-in. ★

110 11.0-in. ★

115 11.5-in. ★

120 12.0-in. ★

125 12.5-in. ★

130 13.0-in. ★

135 13.5-in. ★

140 14.0-in. ★

145 14.5-in. ★

150 15.0-in. ★

155 15.5-in. ★

160 16.0-in. ★

165 16.5-in. ★

170 17.0-in. ★

175 17.5-in. ★

180 18.0-in. ★

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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Immersion length (U)(2)

185 18.5-in. ★

190 19.0-in. ★

195 19.5-in. ★

200 20.0-in. ★

205 20.5-in. ★

210 21.0-in. ★

215 21.5-in. ★

220 22.0-in. ★

225 22.5-in. ★

230 23.0-in. ★

240 24.0-in. ★

250 25.0-in. ★

260 26.0-in. ★

270 27.0-in. ★

280 28.0-in. ★

290 29.0-in. ★

300 30.0-in. ★

310 31.0-in. ★

320 32.0-in. ★

330 33.0-in. ★

340 34.0-in. ★

350 35.0-in. ★

360 36.0-in. ★

370 37.0-in. ★

380 38.0-in. ★

390 39.0-in. ★

400 40.0-in. ★

410 41.0-in. ★

420 42.0-in. ★

430 43.0-in. ★

440 44.0-in. ★

450 45.0-in. ★

460 46.0-in. ★

470 47.0-in. ★

480 48.0-in. ★

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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Thermowell mounting style Stem style Tip diameter (A) Root diameter (B) 

T20 Thread, 1/2–14 ANPT Stepped 0.50-in. 0.63-in. ★

T22 Thread, 3/4–14 ANPT Stepped 0.50-in. 0.75-in. ★

T24 Thread, 1–11.5 ANPT Stepped 0.50-in. 0.88-in. ★

T26 Thread, 3/4–14 ANPT Tapered 0.63-in. 0.88-in. ★

T28 Thread, 1–11.5 ANPT Tapered 0.63-in. 1.06-in. ★

T30 Thread, 11/2–11.5 ANPT Tapered 0.75-in. 1.50-in. ★

T32 Thread, 1/2–14 ANPT Straight 0.50-in. 0.50-in. ★

T34 Thread, 3/4–14 ANPT Straight 0.75-in. 0.75-in. ★

T36 Thread, 1–11.5 ANPT Straight 0.75-in. 0.75-in. ★

T38 Thread, 3/4–14 ANPT Straight 0.50-in. 0.50-in. ★

T44 Thread, 1/2–14 ANPT Tapered 0.50-in. 0.63-in. ★

W38 Weld, 3/4-in. Pipe Stepped 0.50-in. 0.75-in. ★

W40 Weld, 1-in. Pipe Stepped 0.50-in. 0.88-in. ★

W42 Weld, 3/4-in. Pipe Tapered 0.63-in. 0.82-in. ★

W44 Weld, 1-in. Pipe Tapered 0.75-in. 1.00-in. ★

W46 Weld, 11/4-in. Pipe Tapered 0.75-in. 1.25-in. ★

W48 Weld, 3/4-in. Pipe Straight 0.75-in. 0.75-in. ★

W50 Weld, 1-in. Pipe Straight 0.75-in. 0.75-in. ★

F10 Flange, F = 2-in., Class 150 Straight 0.75-in. 0.75-in. ★

F12 Flange, F = 3-in., Class 150 Straight 0.75-in. 0.75-in. ★

F52(5) Flange, F = 1-in., Class 150 Stepped 0.50-in. 0.75-in. ★

F54 Flange, F = 1½-in., Class 150 Stepped 0.50-in. 0.75-in. ★

F56 Flange, F = 2-in., Class 150 Stepped 0.50-in. 0.75-in. ★

F58(6) Flange, F = 1-in., Class 150 Tapered 0.75-in. 1.00-in. ★

F60 Flange, F = 1½-in., Class 150 Tapered 0.75-in. 1.00-in. ★

F62 Flange, F = 2-in., Class 150 Tapered 0.75-in. 1.25-in. ★

F64(5) Flange, F = 1-in., Class 150 Straight 0.75-in. 0.75-in. ★

F66 Flange, F = 1½-in., Class 150 Straight 0.75-in. 0.75-in. ★

F70(5) Flange, F = 1-in., Class 300 Stepped 0.50-in. 0.75-in. ★

F72 Flange, F = 1½-in., Class 300 Stepped 0.50-in. 0.75-in. ★

F74 Flange, F = 2-in., Class 300 Stepped 0.50-in. 0.75-in. ★

F76(6) Flange, F = 1-in., Class 300 Tapered 0.75-in. 1.00-in. ★

F78 Flange, F = 1½-in., Class 300 Tapered 0.75-in. 1.00-in. ★

F80 Flange, F = 2-in., Class 300 Tapered 0.75-in. 1.25-in. ★

F82(5) Flange, F = 1-in., Class 300 Straight 0.75-in. 0.75-in. ★

F84 Flange, F = 1½-in., Class 300 Straight 0.75-in. 0.75-in. ★

F86 Flange, F = 2-in., Class 300 Straight 0.75-in. 0.75-in. ★

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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Thermowell mounting style Stem style Tip diameter (A) Root diameter (B) 

F88(6) Flange, F = 1-in., Class 600 Stepped 0.50-in. 0.75-in. ★

F90(7) Flange, F = 1½-in., Class 600 Stepped 0.50-in. 0.75-in. ★

F92(7) Flange, F = 2-in., Class 600 Stepped 0.50-in. 0.75-in. ★

F94(5)(7) Flange, F = 1-in., Class 600 Tapered 0.75-in. 1.00-in. ★

F96(7) Flange, F = 1½-in., Class 600 Tapered 0.75-in. 1.00-in. ★

F98(7) Flange, F = 2-in., Class 600 Tapered 0.75-in. 1.25-in. ★

F02(5)(7) Flange, F = 1-in., Class 600 Straight 0.75-in. 0.75-in. ★

F04(7) Flange, F = 1½-in., Class 600 Straight 0.75-in. 0.75-in. ★

F06(7) Flange, F = 2-in., Class 600 Straight 0.75-in. 0.75-in. ★

F16(7) Flange, F = 1½-in., Class 900 Tapered 0.75-in. 1.00-in. ★

F34(7) Flange, F = 1½-in., Class 1500 Tapered 0.75-in. 1.00-in. ★

F24(7) Flange, F = 2-in., Class 1500 Tapered 0.75-in. 1.25-in. ★

F08(8) Flange, F = 1½-in., Class 2500 Tapered 0.75-in. 1.00-in. ★

Q02(9) Sanitary, 1-in.,Tri-Clamp Stepped 0.50-in. 0.75-in. ★

Q04(9) Sanitary, 11/2-in., Tri-Clamp Stepped 0.50-in. 0.75-in. ★

Q06(9) Sanitary, 2-in., Tri-Clamp Stepped 0.50-in. 0.75-in. ★

Q08(9) Sanitary, 3-in.,Tri-Clamp Stepped 0.50-in. 0.75-in. ★

Q20(9) Sanitary, 3/4-in., Tri-Clamp Straight 0.44-in. 0.44-in. ★

Q22(9) Sanitary, 1-in.,Tri-Clamp Straight 0.50-in. 0.50-in. ★

Q24(9) Sanitary, 11/2-in., Tri-Clamp Straight 0.50-in. 0.50-in. ★

Q26(9) Sanitary, 2-in., Tri-Clamp Straight 0.50-in. 0.50-in. ★

Q28(9) Sanitary, 3-in.,Tri-Clamp Straight 0.50-in. 0.50-in. ★

Thermowell lagging length (T)

T000 0.0-in. ★

T005 0.5-in. ★

T010 1.0-in. ★

T015 1.5-in. ★

T020 2.0-in. ★

T025 2.5-in. ★

T030 3.0-in. ★

T035 3.5-in. ★

T040 4.0-in. ★

T045 4.5-in. ★

T050 5.0-in. ★

T055 5.5-in. ★

T060 6.0-in. ★

T065 6.5-in. ★

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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Thermowell lagging length (T)

T070 7.0-in. ★

T075 7.5-in. ★

T080 8.0-in. ★

T085 8.5-in. ★

T090 9.0-in. ★

T095 9.5-in. ★

Instrument connection thread

P 1/2–14 NPSM ★

D 1/2–14 ANPT ★

Options (include with selected model number)

External pressure test

R01(10) External Pressure Test ★

Material certification

Q8 Material Certification ★

Dye penetration test

R03 Dye Penetration Test ★

Thermowell special cleaning

R04 Thermowell Special Cleaning ★

NACE approval

R05 NACE Approval ★

SST plug and chain

R06 SST Plug and Chain ★

Full penetration weld

R07(11) Full Penetration Weld ★

Thermowell concentric serrations

R09(11)(12) Concentric Serration of Thermowell Flange Face ★

Flat faced flange

R10 (11)(12) Flat Face Flange ★

Vent hole

R11 Vent Hole ★

Special surface finish

R14 Thermowell Special Surface Finish (12 Ra Max) (Maximum (U) Length = 22.5-in.) ★

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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Ring joint flange

R16(11)(12) Ring Joint Flange (not available with 0-in. [T] Length) ★

Electropolish

R20(13) Electropolish ★

Wake frequency

R21 Wake Frequency Calculation ★

Internal pressure test

R22 Internal Pressure Test ★

Brass plug and chain

R23 Brass plug and chain ★

Canadian registration no.

R24 CRN Marking for British Columbia

R25 CRN Marking for Alberta

R26 CRN Marking for Saskatchewan

R27 CRN Marking for Manitoba

R28 CRN Marking for Ontario

R29 CRN Marking for Quebec

R30 CRN Marking for New Brunswick

R31 CRN Marking for Nova Scotia

R32 CRN Marking for Prince Edward Island

R33 CRN Marking for Yukon Territory

R34 CRN Marking for Northwest Territory

R35 CRN Marking for Nunavut

R36 CRN Marking for Newfoundland and Labrador

Twell from hex stock

R37 Thermowell from Hex stock

(1) Available only in straight stem flanged thermowells.

(2) Thermowells with an overall lengths (“U” + “T” + 1.75-in.) of 36-in. or less are machined from solid bar stock. Thermowells with an overall length larger than 42-in. 
will be constructed using a welded 3-piece design and are available only with a stepped stem style. For lengths between 36-in. and 42-in. consult factory for 
construction method.

(3) Available only in straight or Tapered stem only.

(4) Only available with Thermowell Mounting Style Q20.

(5) F52, F64, F70, F82, F88 and F02 are not compatible with 1-in. Sch. XXS pipe.

(6) F58, F76 and F94 may not be compatible with 1-in. Sch. pipe and are not compatible with 1-in. Sch. 80, 160 or XXS pipe.

(7) These options cannot be used with 0-in. (T) length.

 Table 18. Series 91 Thermowells
★ The Standard offering represents the most common options. The starred options (★) should be selected for best delivery lead time.
The Expanded offering is subject to additional delivery lead time.
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(8) F08 cannot be used with 0- or 1/2-in. (T) length.

(9) Limited to 24-in. immersion length and 316 or 304 SST materials only.

(10) Maximum (U) length = 42.0-in.

(11) Available on flanged thermowells only.

(12) Only one flange face option allowed.

(13) Not available on flanged thermowells and L lengths longer than 24-in.

 Table 19. Sensor Series and Dimensions

Series Housing diameter # of lead wires Lead wire length

68 0.350 (8) 4 6.0 (152.4)

78 single 0.350 (8) 4 6.0 (152.4)

78 dual 0.350 (8) 6 6.0 (152.4)

183 single 0.375 (9.53) 2 6.0 (152.4)

183 dual 0.375 (9.53) 4 12.0 (304.8)
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Introduction

Overview

Emerson Process Management offers a wide variety of RTD and 
thermocouple sensors that are available alone or as complete 
assemblies including connection heads, thermowells, and 
extension fittings. In addition to complete assemblies, Emerson 
Process Management offers heads, coupling/nipple and 
union/nipple extensions, compression fittings, and 
thermowells.

Using this Product Data Sheet (PDS)

Use this PDS to order complete temperature sensor assemblies, 
which include sensors, thermowells, extensions, and connection 
heads. These options can also be ordered separately. For 
example, you can order a thermowell, extension, or connection 
head for use with an existing sensor. In each case it is important 
to know and understand the sections of this PDS when 
specifying the items. 

Threaded sensors and assemblies 

 Includes descriptions, specifications, and ordering 
information for Series 58C, 68, 68Q, and 78 RTDs, and the 
Series 183 Thermocouples. 

 Includes information for ordering sensors, connection heads, 
extensions, and thermowells as complete assemblies.

Calibration

 Includes characterization schedules and information for 
ordering calibrated Series 68, 68Q, and 78 RTD Sensors. 

 Includes information regarding the use of Callendar-Van 
Dusen constants to match specific Series 68, 68Q, and 78 
RTDs to Rosemount Smart Temperature Transmitters.

Sensor accessories

 Includes descriptions, specifications, and ordering 
information for temperature accessories such as thermowells, 
extensions, connection heads, mounting adapters, lead wire 
extensions, connectors, and thermowells.

Hazardous area approvals 

 Includes descriptions of the FM, CSA, IECEx, and ATEX 
approvals for sensors and connection heads. 

Configuration data sheet

 Provides a form used for thermowell application calculations.

RTD

Series 58C, 68, 68Q, and 78 Platinum RTD Temperature Sensors 
are primarily used when high accuracy, durability, and long-term 
stability are required. These sensors conform to international 
standards: IEC 751:1983, Amendments 1&2.(1) 

Series 58C Platinum RTD Temperature Sensors

 Combine an economical thin-film design with a sheath 
that can be shortened to any length with tubing cutter.

Series 68Q Quick Response Sanitary RTD Sensors

 Conform to 3–A Sanitary Standards and feature product 
contact surfaces designed for CIP cleaning.

Series 68 Platinum RTD Temperature Sensors

 Provide high performance in an economical thin-film 
design. 

Series 78 Platinum RTDs Temperature Sensors

 Use a wire-wound element which allows for a broader 
measurement range. 

Thermocouples

Series 183 Thermocouple Temperature Sensors conform to 
ASTM E-230, and are available in types J, K, E, and T. 

Series 183 Thermocouple Temperature Sensors are available:

 Grounded or ungrounded

 Isolated or unisolated

 With immersion lengths from 2-in. to 48-in.

(1) 100 ohms at 0 °C, � = 0.00385 ohms/ohm/°C.
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The use of 2-, 3-, and 4- wire RTDs

To help you attain the highest possible temperature measurement accuracy, Rosemount provides 4-wire sensors for all single 
element RTDs. You can use these RTDs in 2-, 3-, or 4-wire configurations by simply securing the unneeded leads with tape. To 
properly wire the 4-wire RTD for use in a 2-, 3-, or 4-wire configuration, refer to the following wiring diagrams:

2-wire configuration

2-wire RTDs provide one connection to each end of the sensor. In a 2-wire configuration, lead wires add 
resistance to the circuit which cannot be compensated. The 2-wire configuration is rarely used because the 
added lead wire resistance can cause substantial errors in the temperature reading.

3-wire configuration

3-wire RTDs provide one connection to one end of the sensor, and two connections to the other end. The 3-wire 
approach does not eliminate all lead wire effects. However, for sensors with lead wires of the same length, lead 
wire effects are slight, and the approach provides reasonable accuracy.

4-wire configuration

The most effective way to eliminate lead wire effects is with two connections at each end of the sensor. 4-wire 
RTDs fully compensate for lead wire effects.

Benefits and limitations of RTDs when compared to Thermocouples

Benefits

 Higher accuracy

 Better linearity and long-term stability

 Cold junction compensation not required

 Special extension lead wire not required

 Less susceptible to noise

 Can be “matched” to a Rosemount transmitter with transmitter sensor matching

Limitations

 Lower maximum temperature limit

 Slower response time in applications without a thermowell

 Reduced resistance to vibration-induced failure
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How to Decide What to Order

Model code visible

If Rosemount sensor and model code is visible on the sensor:

1. If the thermowell is ordered separately 
(0078P23C30N060) 11th digit = ‘N’

a. Start with immersion length - digits 12-14; 060 = 6.0 in.

b. Add extension length - digits 9 & 10; 30 = 3.0 in. (3 + 6 = 9)

c. Order the replacement sensor for the total length without connection heads (5th digit N) and extension (8th digit N) 
0078N23N00N090.

2. If the thermowell is ordered integral to sensor 
(0078P23C30A060W40) 11th digit = not ‘N’

a. Immersion length ‘U’ is defined by the 12-14th digits; 060 = 6.0 in.

b. Look up ‘L’ length from the correct order chart for given ‘U’ length. This will be 4 inches for short sensors, or a whole 
number divisible by 3 for sensors longer than 4 inches (4, 6, 9, 12, 15, 18... inches);
‘U’ 060 = 9 inches ‘L’.

c. Add extension length as defined by 9th and 10th digits; 30 = 3.0 in. to the ‘L’ length found in table. 
(9” + 3” = 12”, Length code 120).

d. This will be the replacement sensor length ‘X’. 

e. Order sensor without connection head (5th digit N) or extension (8th digit N) 0078N23N00N120.

Start 
(select one)

Is a sensor and a 
thermowell needed?

Is a sensor for an 
existing thermowell 

needed?

Is a thermowell for an 
existing sensor 

needed?

YesYesYes

Refer to Table 20. Do any 
standard lagging 

length/immersion length 
combinations meet the 

requirements?

Yes No

Select a sensor with 
a thermowell 
combination.

1. Select a sensor 
without a thermowell 
combination.

2. Select a thermowell. 

Select a sensor without a 
thermowell.

Select a thermowell. 

Finish
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Model code not visible

If model code is NOT visible on the sensor, follow one of three steps below.

1. Measure the inside depth of the thermowell.

a. Measure down the inside of the thermowell hole to the top-most face of the extension used, or the thermowell if no 
extension.

b. This will be the replacement sensor length if depth = 12.0 in., sensor length will be 12 in.

c. Order sensor without connection heads (5th digit N) or extension (8th digit N) 0078N23N00N120.

2. Measure the overall outside length of the thermowell from 
end to end.

a. Measure down the outside of the thermowell from the tip to the end face of the extension if used, or the thermowell if no 
extension.

b. Subtract 1/4 in. to account for thickness of the thermowell at the tip.

c. This will be the replacement sensor length. Overall length = 12.25 in., the replacement will be 12 in.

d. Order sensor without connection heads (5th digit N) or extension (8th digit N) 0078N23N00N120.

3. Measure the old sensor length from tip to the flat face of 
the threaded process connection.

a. Determine if the sensor is spring loaded or general purpose (welded) where the sensor sheath meets the threaded 
adapter.

b. For spring loaded sensors, the measurement of the exposed sheath from tip of the start of the threaded portion will be 
the same as the replacement sensor length.

• Normal spring compression for a Rosemount sensor is assumed to be 1/2 in. and the normal thread engagement is 
also assumed to be 1/2 in.

• Round to the nearest whole 1/4 in. increment as the spring will make up any small differences.
• Replacement sensor for a spring loaded sensor measuring 6.5 inches will be 6.5 in. length.

c. Order sensor without connection heads (5th digit N) or extension (8th digit N) 0078N15N00N065.

d. For general purpose sensors with the distance from tip to threaded adapter:

• Add 1/4 in. to allow clearance, preventing bottoming sensor during installation.
• Add 1/2 in. for the thread engagement of the sensor in the thermowell.
• The replacement sensor for a general purpose sensor measuring 5.75 in. from the tip to the threaded adapter is 6.5 

in. (53/4 + 1/4 + 1/2 = 61/2 in).
e. Order sensor without connection heads (5th digit N) or extension (8th digit N) 0078N15N00N065.

Model code on thermowell

If model code is visible on the thermowell (0091A060W40T015P), follow the instructions below to determine sensor model number.

1. Start with immersion length digits 6-8, 060 = 6.0 in.

a. Add additional lagging length digits 13-15, 015 = 1.5 in.

b. To those lengths add 1.5 in. (this is the additional standard lagging length on all Rosemount thermowells) 1.75 in. minus 
(0.25 in. thermowell tip thickness) = 1.50 in.

c. 6.0 +1.5 +1.5 = 9 in.

d. Order replacement sensor 0078N23N00N090.
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Spring-Loaded Sensor Dimensions

When a spring-loaded sensor is used properly, the spring should be compressed approximately 1/2-inch. Therefore, all measurements 
of spring-loaded sensors are made with the spring compressed. If you measure an existing spring-loaded sensor while it is in a relaxed 
state, you must subtract 1/2-inch to arrive at the installed length (X) that must be ordered. See Figure 1.

Figure 1. Spring Loaded Sensor Dimensions

Compressed spring loaded sensor(1)

(1) Spring loaded sensor in a compressed state: The actual sensor length is measured when the spring is compressed approximately 1/2-in. shorter than the relaxed 
sensor.

A. Installed (X) Length [Spring Compressed 0.5 (13) nominal]

Relaxed spring loaded sensor(2)

(2) Spring loaded sensor in a relaxed state: Normally, when a spring loaded sensor is measured, it is in a relaxed state. You must subtract 1/2-in. from your 
measurement to order a replacement sensor. Rosemount Inc. assumes that the sensor length you specify is that of a compressed sensor.

A. Installed (X) Length + 0.5 in.

Dimensions are in inches (millimeters).

0.5

3.45
(88)

A

2.95
(75) Max. A
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Determining the length (L) of a spring-loaded sensor to be used with an existing 
non-Rosemount Thermowell

(see Figure 1, Figure 3, and Figure 4).

1. Remove the existing sensor from the installed thermowell.

2. Measure the sensor length with the spring in the relaxed 
state (as shown in Figure 1). Measure from the tip of the 
sensor to the maximum thread engagement 
point (0.53-in. into the threads).

3. Subtract 0.5-in. from your measurement. The resulting 
length is (X).

4. If the sensor is installed with an extension, measure the 
extension length (E), as shown in Figure 4. If the sensor is 
not installed with an extension, let (E) = 0.

5. Since (X) = (E) + (L), subtract (E) from (X) to find (L). 

6. Use the resulting length (L) in the Section 2 ordering tables 
to choose the correct length of sensor.

Use the following equations to determine all lengths:
L = U + T + 1.5
X = E + L
X = E + U + T + 1.5

Figure 2. Thermowell Dimensions (use with Sensor Ordering Tables)

1. Determine the (U), (T), and (E) lengths necessary for your 
installation. 
If you do not need an extension, (E) = 0 (zero).
Note: If your existing sensor/thermowell combination is 
different than Figure 2, refer to the drawings on the 
following pages.

2. Find your immersion length (U) on Table 20 and compare 
the corresponding lagging length (T) to the lagging length 
that you previously determined.

3. If your lengths match the values on the line that 
corresponds to your required immersion length, order 
your sensor and thermowell together.

4. If your lengths do not match the values on the line that 
corresponds to your measured immersion length, order 
your sensor and thermowell separately. Solve for (L) using 
the equation (L) = (U) + (T) + 1.5 (since (L) is required when 
ordering the sensor separately from the thermowell).

Use the following equations to determine all lengths:

L = U + T + 1.5

X = E + L

X = E + U + T + 1.5

Length code key

L Thermowell length minus tip thickness

U Thermowell Immersion length into process

T Thermowell Lagging length

E Extension fitting length

X Sensor length

Sensor with thermowell (no extensions)

Length code key

L Thermowell length minus tip thickness

U Immersion length into process

T Lagging length

E Extension fitting length

X Sensor length
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Figure 3. Series 68, 78, and 183 Sensor Assembly Dimensional Drawings

Capsule sensor only

A. Lead wires (see Table 20)
B. Nominal (X) length
C. Rear housing diameter (see Table 20)

D. Rear housing length (see Table 20)
E. Max. sensing element length (see Table 20)

General purpose sensor assembly

A. Lead wires (see Table 20)
B. Weld
C. Nominal (X) length 

(actual length is 0.25 (6) less to avoid bottoming in thermowell)

Dimensions are in inches (millimeters).

D. Fixed-position process mounting connection (1/2–14 ANPT, both sides)
E. 0.53 (13) Max. thread engagement
F. Max. sensing element length (see Table 21)

A 1.75
(44)

D

B

C

0.25
(6)

E

A

3.2
(81) Max.

B

C

0.25
(6)

D E

F

0.25
(6)
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Spring loaded sensor assembly

A. Lead wires (see Table 20)
B. Installed (X) length [spring compressed 0.5 (13)]

C. Spring-positioned process mounting connection (1/2–14 ANPT, both sides)
D. 0.53 (13) Max. thread engagement

Bayonet spring loaded sensor assembly

A. Installed (X) length [spring is shown compressed 0.5 (13)]
B. Bayonet Adapter Mounting Connection (1/2–14 ANPT, both sides)

Dimensions are in inches (millimeters).

C. 0.53 (13) Max. thread engagement

 Table 20. Sensor Series and Dimensions

Series Rear housing diameter
Rear housing 

length
Max. sensing 

element length
# of lead wires

Lead wire 
length

68 0.25 (6) 0.5 (13) 0.9 (23) 4 6.0 (152)

78 Single 0.34 (9) 1.32 (34) 0.6 (15) 4 6.0 (152)

78 Dual 0.34 (9) 1.32 (34) 1.0 (25) 6 6.0 (152)

78 High Temp 0.25 (6) 0.5 (13) 1.85 (47) 4 6.0 (152)

183 Single 0.375 (9.5) 1.25 (32) 0.25 (6) 2 6.5 (165)

183 Dual 0.375 (9.5) 1.25 (32) 0.5 (13) 4 6.5 (165)

A
3.45

(88) Max.

B

C
D

0.25
(6)

4.75
(121) Max.

2.5
(64) Max.

A

B C

0.25
(6)
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Figure 4. Series 68, 78, and 183 Sensor Assembly Length Code Drawings

Sensor with thermowell (no extension)

A. Sensor mounting connection
B. X

C. L
D. U

Sensor with extension (no thermowell)

A. Sensor mounting connection
B. Coupling
C. Nipple
D. 1/2–14 ANPT thread

E. E
F. X
G. L

Sensor installed with union and nipple extension and thermowell

A. Extended Cover
B. X
C. Flat Cover
D. E
E. L
F. Union

Dimensions are in inches (millimeters).

G. Nipple
H. Sensor Mounting Connection
I. Thermowell
J. Chain
K. 3/4-14 ANPT
L. U

A B

C

0.25
(6)

T + 1.75 (44) D

A
B

C

D

E

F

G

A

B 0.25
(6)

C

D E

F
G

H I

T + 1.75 
(44) L

K

J

5.5
(140)

3.5
(89)
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Temperature Sensor Assemblies

Series 68, 68Q, and 78 RTD and Series 183 Thermocouple Sensors may be ordered as complete assemblies. These assemblies provide 
a complete, yet simple means of specifying the proper industrial hardware for most temperature measurements. 

One assembly model number, derived from one ordering table, completely defines the type of sensing element, as well as the 
material, length, and style of both the extension fittings and thermowells. All sensor assemblies are sized and inspected by Emerson 
Process Management to ensure complete component compatibility and performance.

Figure 5. Individual Components of a Complete Temperature Assembly

A. Optional identification tag
B. Standard adapter sensor assembly
C. Length “X”
D. 0.5 (13) nominal engagement
E. Coupling-nipple
F. Length “E”
G. Length “L”
H. Extensions
I. Lead wire extensions and seals
J. 0.5 (13) nominal engagement

Dimensions are in inches (millimeters).

K. Union-nipple
L. Threaded
M. Aluminum connection heads (with flat or extended cover)
N. T + 1.75
O. Welded
P. Thermowells
Q. Polypropylene connection head
R. Length “U”
S. Flanged
T. Rosemount aluminum connection head (with standard or LCD display meter cover)

A

B
C

D

E

F G
H

I
J

K

L

P

M

ON

Q

R

S

T
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Mounting configurations

Capsule

Capsules are designed for direct immersion without mounting 
fittings. Accessory compression fittings are available for 
adjustable mounting into a thermowell. See Mounting adapters 
for Series 58, 68, 78, and 183 .

General-purpose sensor assemblies

Designed with a welded, fixed-position, 1/2–14 ANPT process 
connection fitting for direct immersion or thermowell 
applications. This sensor design provides a moisture-proof and 
vapor-tight seal. The maximum static working pressure at 20 °C 
(68 °F) with no vibration or flow condition is 24.13 MPa 
(3,500 psig). The use of a thermowell is recommended for 
process pressure containment. Note that standard lengths are 
1/4-inch less than nominal dimension to prevent bottoming of 
the sensor in a thermowell.

Spring-loaded sensor assemblies

Spring-loaded sensors have a spring-positioned,
1/2–14 ANPT process connection fitting that ensures good 
surface contact in thermowells for faster time response and 
vibration resistance. Spring-loaded sensors are not intended to 
provide a process seal. They must be used in conjunction with a 
thermowell for this purpose.

Note
When a spring-loaded sensor is used properly, the spring 
should be compressed approximately 1/2 inch. 

Bayonet spring-loaded sensor assemblies

Bayonet assemblies have the same advantages as the 
spring-loaded sensor. However, the bayonet connector permits 
the sensor to be easily removed from the process without tools.

Figure 6. Series 68, 68Q, 78, and 58C 
Lead Wire Configurations

Single element Dual element(1)

(1) Dual element sensors are only available on Series 68Q and 78 Sensors.

Red

Red

White

White

White
White

Green
Green

Red

Black
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Series 68 Platinum RTD

Rosemount Series 68 Platinum Resistance Temperature Sensors 
measure from –50 to 400 °C (–58 to 752 °F). Series 68 Class B, 
Pt100-385 sensors are available in capsule, general purpose, and 
spring-loaded designs in sensor lengths from 1 to 48 inches.

Table 21 shows the interchangeability of the Series 68 RTD. As 
an option, for maximum system accuracy, Emerson Process 
Management can provide sensor calibration. See Sensor 
characterization (calibration) schedules– Option Code V . In 
addition, Emerson Process Management offers optional 
sensor-to-transmitter matching capability obtainable through 
the use of Callendar-Van Dusen Constants. See Option Code “V” 
Callendar-van Dusen Constants .

 Table 21. Series 68 Interchangeability

Construction

Figure 7. Construction of a Platinum Thin Film RTD

Design and construction of the Series 68 Platinum Sensors 
provides the optimum combination of accuracy and durability 
available for temperature measurements. The construction of 
the sensor allows for direct immersion in non-corrosive fluids at 
reasonable static pressures. For corrosive environments or many 
industrial applications, these sensors are widely used with 
standard thermowell assemblies.

Platinum element and lead wire 
configurations

Single-element temperature sensors have four lead wires and 
may be used in 2-, 3-, and 4-wire signal conditioning systems.

Specifications

Performance specifications

Temperature range

–50 to 400 °C (–58 to 752 °F)

Effect of temperature cycling

±0.05% (0.13 °C or 0.23 °F) maximum ice-point resistance shift 
following 10 cycles over the specified temperature range

Stability

±0.11% 0.28 °C or 0.51 °F maximum ice-point resistance shift 
following 1,000 hours at maximum specified temperature 
(400 °C)

Maximum hysteresis

±0.1% of operating temperature range

Time constant

12 seconds maximum required to reach 63.2% sensor response 
in water flowing at 3 ft/s (0.91 m/s)

Nominal R0 100 Ohm

Nominal alpha 0.00385 Ω/Ω°C

±0.55 °C (±0.99 °F) at -50 °C (-58 °F)

±0.30 °C (±0.54 °F) at 0 °C (32 °F)

±0.80 °C (±1.44 °F) at 100 °C (212 °F)

±1.30 °C (±2.34 °F) at 200 °C (392 °F)

±1.80 °C (±3.24 °F) at 300 °C (572 °F)

±2.30 °C (±4.14 °F) at 400 °C (752 °F)

A. Connection Seal
B. Connection Pads
C. Connection Leads
D. Passivation with Glass Layers

E. Photolithography Structured 
Platinum Thin Film

F. Ceramic Substrate

A
B

C

D

E

F
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Physical specifications 

Material selection

Emerson provides a variety of Rosemount product with various 
product options and configurations including materials of 
construction that can be expected to perform well in a wide 
range of applications. The Rosemount product information 
presented is intended as a guide for the purchaser to make an 
appropriate selection for the application. It is the purchaser’s 
sole responsibility to make a careful analysis of all process 
parameters (such as all chemical components, temperature, 
pressure, flow rate, abrasives, contaminants, etc.), when 
specifying product, materials, options and components for the 
particular application. Emerson Process Management is not in a 
position to evaluate or guarantee the compatibility of the 
process fluid or other process parameters with the product, 
options, configuration or materials of construction selected.

Sheath material

316 SST and 321 SST

Lead wire

PTFE insulated, silver plated, 24-gauge stranded copper wire

Identification data

The model, serial numbers, and up to six lines of permanent 
tagging information are etched on each sensor adapter. 
Stainless steel tags are available upon request.

Environmental specifications

Humidity limits

Lead seal can withstand 100% relative humidity

Vibration limits

±0.05% maximum ice-point resistance shift due to 30 minutes of 
14 g peak vibration from 5 to 350 Hz at 20 °C (68 °F) for 
unsupported stem length of less than 6 inches

Quality assurance

Each sensor is subjected to a resistance accuracy test at 
0 °C and an insulation resistance test

Enclosure ratings

When installed properly, Rosemount Series 68 sensors are 
suitable for indoor and outdoor NEMA 4X and CSA Enclosure 
Type 4X installations. See Hazardous area approvals  for 
complete installation information

Insulation resistance 

1000 x 106 ohms minimum insulation resistance when 
measured at 500 Vdc at room temperature
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Series 78 Platinum RTD

Series 78 Sensors are intended for applications that require high 
accuracy, dual-elements, and/or are subjected to high 
temperatures. Series 78 Platinum Resistance Temperature 
Sensors measure from –200 to 600 °C (–328 to 1112 °F). These 
sensors are available in capsule, general-purpose, and 
spring-loaded in sensor (X) lengths from 1 to 68 inches. They are 
also available bayonet spring-loaded style in sensor (X) lengths 
from 1 to 45 inches.

Table  shows the interchangeability of the Series 78 Pt100-385 
Sensors. The performance of the standard Series 78 Sensor 
conforms to the standard set by IEC 751 Class B. Additionally, 
IEC-751 Class A accuracy is available as an option. For maximum 
system accuracy, Emerson Process Management can provide 
sensor calibration. See Sensor characterization (calibration) 
schedules– Option Code V . Emerson Process Management also 
offers optional sensor-to-transmitter matching capability 
obtainable through the use of Callendar-Van Dusen Constants. 
See Option Code “V” Callendar-van Dusen Constants and Graph 
of a Typical Two-Point Trim 

The wire-wound design and construction of the 
general-purpose Series 78 Sensor allows direct immersion in 
non-corrosive fluids at reasonable static pressures. For corrosive 
environments and in many industrial applications, these sensors 
are commonly used with standard thermowell assemblies.

Platinum element and lead wire 
configurations

Single-element high-temperature sensors have four lead wires 
and may be used in 2-, 3-, and 4-wire signal conditioning 
systems. 

Dual-element sensors have redundant elements to provide 
separate readout and control signals from a single measurement 
point. Dual-element sensors have three lead wires for each 
element and may be used with 2- or 3-wire systems. 

Figure 8. Lead Wire Configuration

Figure 9. Construction of a Platinum Wire-Wound RTD

A. Lead Wires
B. Seal
C. High Purity Insulator
D. Platinum Resistance Element

Specifications

Performance specifications

Temperature range

Series 78 single- and dual-element sensors may be used in 
temperatures from –200 to 500 °C (–328 to 932 °F). Series 78 
single-element high-temperature sensors are provided for 
high-temperature service over the range of 0 to 600 °C (32 to 
1112 °F). 

Effect of temperature cycling

±0.04% (0.10 °C or 0.18 °F) maximum ice-point resistance shift 
following 10 cycles between –200 and 500 °C (–328 to 932 °F).

Stability

±0.05% maximum ice-point resistance shift following 
1,000 hours at 400 °C (752 °F).

Single element Dual element(1)

(1) Dual element sensors are only available on Series 68Q and 78 Sensors.

Red

Red

White

White

White
White

Green
Green

Red

Black

A

B

C

D
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Maximum hysteresis

 Single- and dual-element, Nominal R0 100 Ohm Nominal 
alpha 0.00385 Ω/Ω °C: +/- 0.04% of range

 Single-element, high temperature: ±0.1% of range.

Time constant

4 seconds maximum required to reach 63.2% sensor response in 
water flowing at 3 ft/s (0.91 m/s), 9.5 seconds for 
single-element high-temperature sensors.

Self heating

18 mW minimum power dissipation required to cause a 1 °C 
(1.8 °F) temperature measurement error in water flowing at 
3 ft/s, 25 mW for single-element high temperature sensors.

Insulation resistance 

500 x 106 ohms minimum insulation resistance when measured 
at 500 Vdc at room temperature [20 °C (68 °F)].

Environmental specifications

Humidity limits

Lead seal is capable of withstanding 100% relative humidity.

Vibration limits

Standard single- and dual-element sensors

 ±0.03% maximum ice-point resistance shift due to 30 
minutes of 21 g peak vibration from 5 to 350 Hz 
continuous sweep at 20 °C (68 °F) for unsupported stem 
length of less than 5.5 inches (140 mm). 

Single-element high-temperature sensors

 Meet ASTM E 1137-95. Cycling time is 3 hours per 
longitudinal axis, less the time spent at resonant dwells at 
the axis, from 5 to 500 Hz. The test level is 1.27 mm (0.05 
in.) double amplitude displacement or peak g-level of 3, 
whichever is less.

Quality assurance

Each sensor is subjected to a resistance accuracy test at 0 °C and 
an insulation resistance test.

Enclosure ratings

When installed properly, Rosemount Series 78 Sensors are 
suitable for indoor and outdoor NEMA 4X and CSA Enclosure 
Type 4X installations. See Hazardous area approvals  for 
complete installation information.

Physical specifications 

Sheath material

Single and dual-element, 316 SST

Single element high temperature, 316SST and 321 SST

Lead wires

 Single and dual-element, PTFE-insulated, nickel-coated, 
22-gauge stranded copper wire.

 Single element high temperature, PTFE insulated, silver 
plated, 24-gauge stranded copper wire.

Identification data

The model and serial numbers and up to six lines of permanent 
tagging information are etched on each sensor adapter. 
Stainless steel tags are available upon request.

 Table 22. Series 78 Interchangeability(1)(2)

(1) Both tolerances valid from -200 to 500 °C.

(2)  Class B tolerances valid from 0 to 600 °C on single- element high 
temperature sensor.

Standard series 78 IEC-751 Class B Temperature

±0.80 °C (±1.44 °F) -100 °C (-148 °F)

±0.30 °C (±0.54 °F) 0 °C (32 °F)

±0.80 °C (±1.44 °F) 100 °C (212 °F)

±1.80 °C (±3.24 °F) 300 °C (572 °F)

±2.30 °C (±4.14 °F) 400 °C (752 °F)

Series 78 with IEC-751 Class A option Temperature

±0.35 °C (±0.63 °F) -100 °C (-148 °F)

±0.15 °C (±0.27 °F) 0 °C (32 °F)

±0.35 °C (±0.63 °F) 100 °C (212 °F)

±0.75 °C (±1.35 °F) 300 °C (572 °F)

±0.95 °C (±1.71 °F) 400 °C (752 °F)
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Series 183 Thermocouple

Rosemount Series 183 Thermocouple Sensors measure from 
–180 to 1150 °C (–292 to 2102 °F).

Construction

The Series 183 Thermocouples are manufactured using Type J, 
K, E, or T wire with “special limits of error” accuracy. The 
junction of these wires is fusion-welded to form a pure joint, to 
maintain the integrity of the circuit, and to ensure the highest 
accuracy. Grounded junctions are available for improved 
response time and good thermal contact with protection from 
the environment. The ungrounded and isolated junctions 
provide electrical isolation from the sensor sheath 
(see Figure 10).

Rosemount thermocouples are encased in a protective metal 
sheath. The sheath material is 304 SST for types J, E, and T, used 
at temperatures up to 871 °C (1600 °F) and Inconel for type K, 
used at temperatures up to 1150 °C (2102 °F). Metallic oxide 
insulation is compacted into the sheath to mechanically support 
and electrically insulate the thermocouple wire. See Table 23 for 
more information on the different types of thermocouples.

Figure 10. Series 183 Junction Configurations

Figure 11. Series 183 Lead Wire Configurations

Specifications

Performance specifications

The thermoelectric current relationship in a thermocouple is 
standardized and defined by ASTM E-230. All Series 183 
Thermocouples conform to these standards with “special limits 
of error” accuracy. The particular characteristics of each ISA type 
thermocouple are outlined in Table 23.

Physical specifications

Sheath material

304 SST for types J, E, and T (used at temperatures up to 871 °C). 
Inconel for type K (used at temperatures up to 1150 °C).

Lead wires

Thermocouple, External lead wires—20 AWG wire, 
PTFE-insulated. Color coded per lead wire configuration 
schematic shown in Figure 11.

Identification data

The model and serial numbers and up to six lines of permanent 
tagging information are etched on each sensor adapter. 
Stainless steel tags are available upon request.

Insulation resistance 

100 x 106 ohms minimum insulation resistance when measured 
at 100 Vdc at room temperature.

Enclosure ratings

When installed properly, Rosemount Series 183 Sensors are 
suitable for indoor and outdoor NEMA 4X and installations. See 
Hazardous area approvals  for complete installation information.

Single, grounded
Dual, grounded, 

unisolated

Single, ungrounded
Dual, ungrounded, 

unisolated

Dual, ungrounded, 
isolated

+

–

+
+

–
–

+

–

+
+

–
–

+
+

–
–

Type J Type E

Type K Type T

+ White

– Red

+ Purple

– Red

+ Yellow

– Red

+ Blue

– Red
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Comparison of thermocouples

Thermocouple Conditions for use

Type J
Iron/Constantan

Maximum operating temperature of 760 °C (1400 °F). Used with or without protective tubing where deficiency 
of free oxygen exists. Protective tube not essential, but desirable for cleanliness and longer service.

Type K
Chromel/Alumel

Suitable for extended use in temperatures reaching 1150 °C (2102 °F). Use of metal or ceramic protective tube 
desirable, especially in reducing atmospheres. In oxidizing atmospheres, protective tubing necessary only to 
promote cleanliness and longer service. 

Type E
Chromel/
Constantan

Suitable for use at temperature up to 871 °C (1600 °F) in vacuum or inert, mildly oxidizing, or reducing 
atmosphere. Not subject to corrosion at cryogenic temperatures. Has highest EMF output per degree of all 
commonly used thermocouples.

Type T
Copper/
Constantan 

Operating temperature range of –180 to 371 °C (–292 to 700 °F). Use in either oxidizing or reducing 
atmospheres. Protective tubing necessary only to promote cleanliness and longer service. Stable at lower 
temperature. Superior for a wide variety of uses in cryogenic temperatures. 
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 Table 23. Characteristics of Series 183 Thermocouple Types

ISA 
thermocouple 
types

Thermocouple
wire alloys

Temperature range
Limits of error (interchangeability)

°C °F

J Iron/Constantan 0 to 760 32 to 1400
±1.1 °C (2.0 °F) or ±0.4% of measured temperature, whichever is
greater

K Chromel/Alumel 0 to 1150 32 to 2102
±1.1 °C (2.0 °F) or ±0.4% of measured temperature, whichever is
greater

E
Chromel/
Constantan

0 to 871 32 to 1600
±1.0 °C (1.8 °F) or ±0.4% of measured temperature, whichever is
greater

T
Copper/
Constantan

–180 to 0 –292 to 32
±1.0 °C (1.8 °F) or ±1.5% of measured temperature, whichever is
greater

0 to 371 32 to 700
±0.5 °C (1.0 °F) or ±0.4% of measured temperature, whichever is
greater
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Series 68Q Sanitary Platinum RTD 

Rosemount Series 68Q Sanitary RTD Temperature Sensors 
measure from –50 to 200 °C (–58 to 392 °F). Series 68Q Sensors 
are available in Tri-Clamp endcap designs in immersion lengths 
from 1.0 to 9.5 inches. Table 24 shows the interchangeability of 
the Series 68Q Sensor.

Accuracy 

Construction

Series 68Q Sensors conform to 3A Sanitary Standards and 
feature product contact surfaces designed for CIP cleaning. The 
response times of Series 68Q Sensors meet the 
Grade A Pasteurized Milk Ordinance (PMO) specification for 
thermometric response of an indicating thermometer on a 
pipeline.

Series 68Q Sensors are offered in a Tri-Clamp sanitary endcap 
configuration. The sensor capsule is welded into the 316 SST 
sanitary endcap/stem assembly. The product contact of this 
assembly is polished to a finish that exceeds No. 4 minimum 
finish as required by the 3A Sanitary Council Standard #74-02.

Platinum element and lead wire 
configurations

Single-element temperature sensors have four lead wires and 
may be used in 2-, 3-, and 4-wire signal conditioning systems. 
Dual-element sensors have six lead wires and may be used in 2- 
and 3-wire signal conditioning systems.

Specifications

Performance specifications

Temperature range

–50 to 200 °C (–58 to 392 °F)

Maximum hysteresis

±0.09% of operating temperature range

Stability

Tri-Clamp O.D. tube size 1-in. and greater

±0.04% maximum ice-point resistance shift following 1,000 
hours at maximum specified temperature 392 °F (200 °C)

Tri-Clamp O.D. tube size 1/2 - 3/4-in.

±0.08% maximum ice-point resistance shift following 1,000 
hours at maximum specified temperature 392 °F (200 °C)

Response time

Tri-Clamp O.D. tube size 1-in. and greater

Less than 3.5 seconds required to reach 63.2% sensor 
response in water flowing at 3 ft/s (0.91 m/s). Meets PMO 
specification

Tri-Clamp O.D. tube size 1/2 - 3/4-in.

Less than 1.5 seconds required to reach 63.2% sensor 
response in water flowing at 3 ft/s (0.91 m/s)

Insulation resistance 

500 x 106 ohms minimum insulation resistance when measured 
at 100 Vdc at room temperature

Surface finish

32RA standard finish on product contact surfaces. Meets 3A 
requirements

15RA high mechanical polish available with option code HP.

Environmental specifications

Humidity limits

Lead seal is capable of withstanding 100% relative humidity

Quality assurance

Each sensor is subjected to a resistance accuracy test at 0 °C

Physical specifications 

Sheath material

316L SST

Lead wire

PTFE-insulated, nickel-coated, 24-gauge stranded copper wire

Identification data

The model and serial numbers and up to six lines of permanent 
tagging information are etched on each sensor adapter. 
Stainless steel tags are available upon request.

 Table 24. Series 68Q interchangeability (IEC 751 Class B)

±0.55 °C (±0.99 °F) at –50 °C (–58 °F)

±0.30 °C (±0.54 °F) at 0 °C (32 °F)

±0.80 °C (±1.44 °F) at 100 °C (212 °F)

±1.30 °C (±2.34 °F) at 200 °C (392 °F)



75

Sensors and Accessories (Volume 1)January 2015

www.rosemount.com

Dimensional drawings

 68Q Sanitary Sensor with Tri-Clamp endcap

Stepped stem Straight stem

A. Tri-Clamp Endcap
B. Stem

A. Tri-Clamp Process Connection 1-in. to 3-in. O.D. tube size

68Q Mini General Purpose Sensor with cable and strain relief

A. Vinyl Strain Relief
B. Lead Wire Length

C. Tri-Clamp Process Connection 1/2-in. to 3/4-in. O.D. tube size

68Q Mini General Purpose Sensor with 1/2-in. NPT threaded adapter

A. Tri-Clamp Process Connection 1/2-in. to 3/4-in. O.D. tube size

68Q Mini Spring Loaded Sensor with thermowell and replaceable sensor

Dimensions are in inches (millimeters).

0.84 (21)

3.00 (76)

U

B

R 0.250 (6.35)R 0.250 (6.35)

0.5

A

½–14 ANPT

0.250 
(6.35)

1.5 (38)

0.5 (13)

0.250 (6.35)

1/2-in 1/2-in NPT
A

U
 3.00 (76)

0.825 (21)

C

B 2.2 (55.9) 0.25 (6.4)

0.125 (3)

0.375 (9.5)A

U 

A

2.2 (55.9) 0.25 (6.4)
0.125 (3)

0.405 (10.3)

6.0 (152)

U 

1/2-in. NPT / 1/2-in. NPSM

0.188 (4.8)

6.0 
(152.4) 

±1.0
2.2 (55.9) ±1.25 U 
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 Table 25. Series 68Q Spare Parts List

Mini spring-loaded sanitary replacement sensors and thermowells

Immersion length (U) Replacement sensor part number Replacement thermowell part number

2.0 00068-4035-0020 00068-4035-1020

2.5 00068-4035-0025 00068-4035-1025

3.0 00068-4035-0030 00068-4035-1030
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Series 58C Platinum RTD

Rosemount Series 58C Sensors are available in 12-, 24-, 36-, and 
48-inch (X) lengths and may be shortened to any desired length 
with an ordinary tube cutter. This cut-to-fit feature eliminates 
the need to stock a large selection of sensors in many specific 
lengths. Table 26 shows the interchangeability of the Series 58C 
Sensor.

Specifications

Performance specifications

Temperature range

–50 to 200 °C (–58 to 392 °F)

Maximum hysteresis

±0.09% of operating temperature range

Stability

±0.035% maximum ice-point resistance shift following 
1,000 hours at maximum specified temperature (200 °C)

Insulation resistance 

500 x106 ohms minimum insulation resistance when measured 
at 50 Vdc at room temperature

Environmental specifications

Humidity limits

No permanent rear seal is installed

Quality assurance

Each sensor is subjected to a resistance accuracy test at 0 °C and 
an insulation resistance test

Physical specifications 

Sheath material

316 SST

Lead wires

PTFE-insulated, nickel-coated, 24-gauge stranded copper wire

 Table 26. Series 58C Interchangeability (IEC 751 Class B)

±0.55 °C (±0.99 °F) at –50 °C (–58 °F)

±0.30 °C (±0.54 °F) at 0 °C (32 °F)

±0.80 °C (±1.44 °F) at 100 °C (212 °F)

±1.30 °C (±2.34 °F) at 200 °C (392 °F)
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Dimensional drawings
Series 58C Sensor 

A. 4 Lead Wires 6 (152) Long
B. Nylon Sleeve

C. Do Not Cut or Bend Sheath within 2 (51)(1)

(1) Do not cut all the way through the sensor sheath when cutting the sensor to length. Damage to the sensor wires could result. To prevent damage to the sensor 
wires, score the sheath considerably with a tube cutter and gently break off the excess.

Option Code SNN spring-loaded fitting 
303 SST. 1/2–14 ANPT

Option Codes C01, C02, Swagelok compression fitting 
316 SST. 1/2–14 ANPT

Dimensions are in inches (millimeters).

A

B

0.25 ±0.002 (6.35 ±0.13) Diameter

0.6 (15) Max. Sensing Element

C

X Length ±0.25 (±6)

for 0.25 (6)
Diameter Sensors

2.25 
(57) Max.

for 0.25 (6)
Diameter Sensors

1.75 
(44) Max.
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Calibration

Calibration options

Sensor calibration may be required for input to quality systems, 
or for control system enhancement. More frequently, it is used 
to improve the overall temperature measurement performance 
by matching the sensor to a temperature transmitter.

Transmitter-Sensor matching is available for RTD sensors used 
with Rosemount temperature transmitters where the inherent 
stability and repeatability of the RTD technology is well 
established.

Transmitter-sensor matching using 
Callendar-Van Dusen constants

Significant temperature measurement accuracy improvement 
can be attained using a temperature sensor that is matched to a 
temperature transmitter. This matching process entails teaching 
the temperature transmitter the relationship between 
resistance and temperature for a specific RTD sensor. This 
relationship, approximated by the Callendar-Van Dusen 
equation, is described as:

Rt = Ro + Roα[t – δ(0.01t – 1)(0.01t) – β(0.01t – 1)(0.01t)3], 
where:

The exact values for R0, α, δ, β, – known as Callendar-Van Dusen 
(CVD) constants – are specific to each RTD sensor, and are 
established by testing each individual sensor at various 
temperatures. 

The calibration temperature values using the CVD equation are 
divided into two major temperature areas: above 0 °C and below 
0 °C. The calibration for the temperature range between 0 and 
660 °C is obtained from the following formula:

Note that this is a modification of the fourth-order CVD equation 
where � = 0 for temperatures greater than 0 °C. Since this 
modified equation is a second-order degree equation, at least 
three distinct temperature values are needed in order to curve 
fit the behavior of the RTD. For the temperature range from 0 to 
100 °C, only these two end points are used, and an 
approximation is made to render the constants.

Once the sensor-specific constants are entered, the transmitter 
uses them to generate a custom curve to best describe the 
relationship between resistance and temperature for the 
particular sensor and transmitter system. Matching a Series 68 
or 78 RTD Sensor to a Rosemount transmitter typically results in 
a 3- or 4-fold improvement in temperature measurement 
accuracy for the total system. This substantial system accuracy 
improvement is realized as a result of the transmitter’s ability to 
use the sensor’s actual resistance-vs.-temperature curve instead 
of an ideal curve.

An example of the benefits of using the sensor matching 
capability of a Rosemount 3144P Temperature Transmitter 
along with a matched Series 68 RTD Sensor are shown in Typical 
transmitter-sensor matching uncertainty improvements .

Calibration uncertainty

Calibration uncertainties of the lab are equal to or better than 
1/10 IEC 751 Class B interchangeability:

Rt = Resistance (ohms) at Temperature t (°C)
Ro = Sensor-Specific Constant (Resistance at t = 0 °C)
α =Sensor-Specific Constant
δ =Sensor-Specific Constant
β =Sensor-Specific Constant (0 at t > 0 °C, 0.11 at t < 0 °C)

Rt R0 1 a t d– t
100
---------- 
  t

100
---------- 1– 
 +

 
 
 

=

Uncertainty 0.03 0.0005x t+=

t absolute value of temperature in °C=
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Typical transmitter-sensor matching uncertainty improvements

Transmitter: 3144 (has built-in sensor matching capabilities), 
span of 1 to 200 °C, accuracy = 0.1 °C)

Sensor: Series 68 RTD

Callendar van Dusen Option: V2

Process Temperature: 150 °C

Ordering information

Sensor characterization (calibration) schedules– Option Code V

Series 68, 68Q, and 78 RTD sensors can be ordered with an 
option (V1, V2,...V7, see Option Code “V” Callendar-van Dusen 
Constants ), that provides Callendar-Van Dusen constants that 
are shipped with the sensor. When you order this option, the 
values of all four sensor-specific constants are physically 
attached to each sensor with a wire-on tag. Rosemount 
transmitters have a unique, built-in sensor matching capability. 
To use this capability, the four sensor-specific constants are 
programmed into the transmitter at the factory by ordering a 
C2 option on the transmitter, or easily entered and changed in 
the field using a Field Communicator or AMS. When these values 
are entered into a Rosemount transmitter, the sensor and 
transmitter become matched.

Each “V” option is specific to a particular temperature range for 
a given sensor type (see Option Code “V” Callendar-van Dusen 
Constants ). 

For applications requiring the increased accuracy obtainable 
through a matched sensor and transmitter, order the 
appropriate “V” option (see Option Code “V” Callendar-van 
Dusen Constants ). To ensure optimal performance, select a “V” 
option such that the sensor’s range of actual operation is 
between the minimum and maximum calibration points. 

Note
An RTD ordered with the V option is shipped with CVD 
constants only; it does not include calibration tables.

Temperature
Sensor 

interchangeability 
error

Total calibrated 
sensor 

uncertainty(1)

(1)  Includes calibration uncertainties of the lab, hysteresis, and 
repeatability.

°C °F °C °F °C °F

0 32 ±0.30 ±0.54 ±0.10 ±0.18

50 122 ±0.55 ±0.99 ±0.17 ±0.31

100 212 ±0.80 ±1.44 ±0.22 ±0.40

150 302 ±1.05 ±1.89 ±0.18 ±0.32

200 392 ±1.30 ±2.34 ±0.16 ±0.29

System uncertainty comparison at 150 °C:

Standard 68 Sensor

Rosemount 3144: ± 0.10 °C

Standard Series 68 RTD: ± 1.05 °C

Total System(1): ± 1.05 °C

68 Sensor with V2 option

Rosemount 3144: ± 0.10 °C

Standard Series 68 RTD: ± 0.18 °C

Total System(1): ± 0.21 °C

(1) Calculated using RSS statistical method: 

1.05 °C

0.22 °C

1.0 °C

0.75 °C

0.5 °C

Standard With Sensor 
Matching

SystemAccuracy TransmitterAccuracy( )2 SensorAccuracy( )2+=
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Option Code “V” Callendar-van Dusen Constants

Figure 12. Typical Sensor Ordered with Option Code V

Option code Temperature range Calibration points

V1 0 to 100 32 to 212
0 32

100 212

V2 0 to 200 32 to 392
0 32

100 212

V3 0 to 400 32 to 752

200 392

0 32

200 392

400 752

V4(1) 0 to 600 32 to 1112

0 32

200 392

400 752

V5 –50 to 100 –58 to 212
0 32

100 212

V6 –50 to 200 –58 to 392

–50 –58

0 32

100 212

200 392

V7 –50 to 400 –58 to 752

–50 –58

0 32

200 392

400 752

(1) Only available with Series 78 High Temperature Sensors 10-in. or longer.

 Table 27. Ordering Information

Specify sensor model number with “V” Option example

Sensor Model 0068 N 11 N 00 N 120 V2
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Option Code X8Q4

The X8Q4 option calibrates the sensor to a customer-specified 
temperature range. The exact range that the sensor is calibrated 
to is based on the calibration schedules available. At a minimum, 
the sensor calibration will encompass the requested calibration 
range. The X8Q4 report includes the Callendar-Van Dusen (CVD) 
constants (Ro, �, �, �), a resistance-versus- temperature table in 
one-degree increments, and a graph which includes the 
maximum errors due to the uncertainty of the calibration 
equipment, hysteresis, and repeatability. The values in the 
tables are calculated using Callendar-Van Dusen methodology. 
Two of the values on this table could be used to perform a 
two-point trim. The X8Q4 option also provides the CVD 
constants on a stainless steel tag attached to the sensor. 

Figure 13. Graph of a Typical Two-Point Trim

A two-point trim shifts the ideal curve up or down, and changes the 
slope based on the two characterized points.

See Figure 13.

Option X8Q4: sensor calibrated to a customer-specified temperature range

When you order an RTD with the X8Q4 option, you must specify a temperature range over which the sensor is to be calibrated. 
Before specifying the range, take careful note of the sensor temperature limits.

If X8Q4 and X9Q4 are both required, do not repeat the “Q4” code in the model string. Include the following instead:

Calibrate from –10 to 120 °C

Temperature (°C)

Re
si

st
an

ce
 (�

)

 Table 28. Ordering Example

Typical
Model
Number

Model
Lead wire 

termination
Sensor 

type
Extension 

type
Extension 

length
Thermowell 

material
Immersion 

length
Additional 

options

0068 N 11 N 00 N 045
X8Q4

X8X9Q4
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Option Code X9Q4

The X9Q4 option calibrates the sensor at a single 
customer-specified point. A calibration certificate with the 
resistance value at this point is supplied. This value could be 
used to perform a one-point trim on the transmitter. All 
characterizations are traceable to the National Institute of 
Standards and Technology (NIST). The calibration table is dated 
and marked with the sensor series and serial number. 

See Figure 14.

Note
The X9Q4 option can be ordered and used in conjunction 
with the X8Q4 option.

Figure 14. Graph of a Typical One-Point Trim

Option X9Q4: sensor calibrated to a customer-specified single point

When you order an RTD with the X9Q4 option, you must specify a single temperature point at which the sensor is to be calibrated. 
Before specifying the point, take careful note of the sensor temperature limits.

If X8Q4 and X9Q4 are both required, do not repeat the “Q4” code in the model string. Include the following instead: 

X8X9Q4 Calibrate at 50 °C

A one-point trim shifts the ideal curve up or down based on the single 
characterized point.

Temperature (°C)

Re
si

st
an

ce
 (�

)

 Table 29. Ordering Example

Typical
Model
Number

Model
Lead wire 

termination
Sensor 

type
Extension 

type
Extension 

length
Thermowell 

material
Immersion 

length
Additional 

options

0068 N 11 N 00 N 045 X9Q4
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 Table 30. Resistance vs.Temperature

IEC 751
Platinum 100, α = 0.00385 RTD

°F Ohms °F Ohms °F Ohms °C Ohms °C Ohms °C Ohms

–330 18.04 210 138.08 690 235.15 –200 18.52 90 134.71 380 240.18

–320 20.44 220 140.19 700 237.09 –190 22.83 100 138.51 390 243.64

–310 22.83 230 142.29 710 239.02 –180 27.10 110 142.29 400 247.09

–300 25.20 240 144.39 720 240.95 –170 31.34 120 146.07 410 250.53

–290 27.57 250 146.49 730 242.87 –160 35.54 130 149.83 420 253.96

–280 29.93 260 148.58 740 244.79 –150 39.72 140 153.58 430 257.38

–270 32.27 270 150.67 750 246.71 –140 43.88 150 157.33 440 260.78

–260 34.61 280 152.75 760 248.62 –130 48.00 160 161.05 450 264.18

–250 36.94 290 154.83 770 250.53 –120 52.11 170 164.77 460 267.56

–240 39.26 300 156.91 780 252.44 –110 56.19 180 168.48 470 270.93

–230 41.57 310 158.98 790 254.34 –100 60.26 190 172.17 480 274.29

–220 43.88 320 161.05 800 256.24 –90 64.30 200 175.86 490 277.64

–210 46.17 330 163.12 810 258.14 –80 68.33 210 179.53 500 280.98

–200 48.46 340 165.18 820 260.03 –70 72.33 220 183.17 510 284.30

–190 50.74 350 167.24 840 263.80 –60 76.33 230 186.84 520 287.62

–180 53.02 360 169.30 850 265.68 –50 80.31 240 190.47 530 290.92

–170 55.29 370 171.35 860 267.56 –40 84.27 250 194.10 540 294.21

–160 57.55 380 173.40 870 269.44 –30 88.22 260 197.71 550 297.49

–150 59.81 390 175.45 880 271.31 –20 92.16 270 201.31 560 300.74

–140 62.06 400 177.49 890 273.17 –10 96.09 280 204.90 570 304.01

–130 64.30 410 179.53 900 275.04 0 100.00 290 208.48 580 307.25

–120 66.54 420 181.56 910 276.90 10 103.90 300 212.05 590 310.49

–110 68.77 430 183.59 920 278.75 20 107.79 310 215.61 600 313.71

–100 71.00 380 173.40 930 280.61 30 111.67 320 219.15 N/A N/A

–90 73.22 390 175.45 940 282.46 40 115.54 330 222.68 N/A N/A

–80 75.44 400 177.49 950 284.30 50 119.40 340 226.21 N/A N/A

–70 77.66 410 179.53 960 286.14 60 123.24 350 229.72 N/A N/A

–60 79.86 420 181.56 970 287.98 70 127.08 360 233.21 N/A N/A

–50 82.07 430 183.59 980 289.82 80 130.90 370 236.70 N/A N/A
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–40 84.27 450 187.65 990 291.65

Note

To convert from °C to °F: {1.8 X (°C)] + 32 = °F
Example: (1.8 X 100) + 32 = 212 °F

To convert from °F to °C: 0.556 [(°F) – 32] = 100 °F
Example: 0.556 (212 – 32) = 100 °C

–30 86.47 460 189.67 1000 293.48

–20 88.66 470 191.68 1010 295.30

–10 90.85 480 193.70 1020 297.12

0 93.03 490 195.71 1030 298.94

10 95.21 500 197.71 1040 300.75

20 97.39 510 199.71 1050 302.56

30 99.57 520 201.71 1060 304.37

40 101.74 530 203.71 1070 306.17

50 103.90 540 205.70 1080 307.97

60 106.07 550 207.69 1090 309.77

70 108.23 560 209.67 1100 311.56

80 110.38 570 211.66 1110 313.35

90 112.53 580 213.63 1120 315.14

100 114.68 590 215.61 N/A N/A

110 116.83 600 217.58 N/A N/A

120 118.97 610 219.55 N/A N/A

130 121.11 620 221.51 N/A N/A

140 123.24 630 223.47 N/A N/A

150 125.37 640 225.42 N/A N/A

160 127.50 650 227.38 N/A N/A

170 129.62 660 229.33 N/A N/A N/A N/A N/A N/A N/A N/A

180 131.74 670 231.27 N/A N/A N/A N/A N/A N/A N/A N/A

190 133.86 680 233.21 N/A N/A N/A N/A N/A N/A N/A N/A

200 135.97 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

IEC 751
Platinum 100, α = 0.00385 RTD

°F Ohms °F Ohms °F Ohms °C Ohms °C Ohms °C Ohms
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Mounting accessories

Rosemount connection head

The Rosemount Connection Head is for general-purpose and 
spring-loaded sensors. The terminal block has six terminals for 
either single or dual element sensors. If the sensor assembly is 
ordered assembled to a Rosemount 248 or 644H Head Mount 
Transmitter, then the terminal block is replaced by the 
transmitters.

Specifications

Sensor connection

 1/2–14 ANPT mounting thread. Screw terminals for lead wire 
connections.

Electrical connection

 1/2–14 ANPT conduit

Materials of construction

 Housing: Low copper aluminum or stainless steel

 Paint: Polyurethane (stainless steel not painted)

 Cover O-ring: Buna-N

Enclosure rating

 NEMA 4X, IP66, and IP68

Polypropylene connection head

The polypropylene connection head is designed for use with 
sanitary sensors. It is FDA-compliant, and is resistant to attack by 
acids, alkalies, and organic solvents.

Specifications

Sensor connection

 1/2–14 NPT mounting thread. Screw terminals for lead wire 
connections

Electrical connection

 1/2–14 NPT conduit

Materials of construction

 Housing: White polypropylene polymer

 O-Ring Seal: Silicone rubber

 Terminals: Nickel-plated brass

Temperature limits

 –10 to 92 °C (14 to 198 °F)
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Connection head

The Extended Cover Connection Head provides the additional 
space required by sensors that have bayonet connectors. This 
model can also be used with general-purpose and spring-loaded 
sensors. The terminal block has six terminals for either single- 
or dual-element sensors.

The Flat Cover Connection Head is for general-purpose and 
spring-loaded sensors. The terminal block has six terminals for 
either single- or dual-element sensors.

Specifications

Sensor connection

 1/2–14 ANPT mounting thread. Screw terminals for lead wire 
connections

Electrical connection

 3/4–14 ANPT conduit

Materials of construction

 Housing: Low-copper aluminum alloy

 O-Ring Seal: Silicone rubber

 Terminals: Nickel-plated brass

Temperature limits

Enclosure ratings

When installed properly, painted connection heads are suitable 
for indoor and outdoor NEMA 4X installations. When installed 
properly, unpainted connection heads are suitable for NEMA 4 
installations. See Hazardous area approvals  for complete 
installation information.

Connection head model numbers

Head 
type

Unapproved E5 option E6 option  E1 option

Painted –100 to 100 °C
–148 to 212 °F

–50 to 85 °C
–58 to 185 °F

–50 to 85 °C
–58 to 185 °F

–40 to 65 °C
–40 to 149 °F

Unpainted –100 to 200 °C
–148 to 392 °F

–50 to 85 °C
–58 to 185 °F

–50 to 200 °C
–58 to 392 °F

–40 to 65 °C
–40 to 149 °F

Part number Description

00644-4410-0011
Rosemount Connection Head, 
painted aluminum

00644-4411-0011
Stainless Steel, Rosemount connection 
head, Standard cover, 
1/2ANPTX1/2ANPT

007903252003
Six Terminals with Flat Cover, 
Unapproved, Unpainted

007903242003
Six Terminals with Extended Cover, 
Unapproved, Unpainted

007903250002
Six Terminals with Flat Cover, FM 
Approved, Unpainted

007903240002
Six Terminals with Extended Cover, 
FM Approved, Unpainted

007903250003
Six Terminals with Flat Cover, CSA 
Approved, Unpainted

007903240003
Six Terminals with Extended Cover, 
CSA Approved, Unpainted

007903252005
Six Terminals with Flat Cover, 
Unapproved, Painted

007903242005
Six Terminals with Extended Cover, 
Unapproved, Painted

007903250004
Six Terminals with Flat Cover, FM 
Approved, Painted

007903240004
Six Terminals with Extended Cover, 
FM Approved, Painted

007903250005
Six Terminals with Flat Cover, 
CSA Approved, Painted

007903240005
Six Terminals with Extended Cover, 
CSA Approved, Painted

00644-4198-0011
No Approval Options, 
White Polypropylene

00075-0003-3001
Round Terminal Block for Rosemount 
and Polypropylene heads

00644-4431-0001
External ground Screw Assembly for 
Rosemount Connection Head

00644-4435-0011
Polypropelyne Connection Head with 
Terminal Block 1/2 in. NPT entries

00079-0329-0001
Kit of 12 Silicone Rubber O-rings for 
Flat/Extended Heads
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Figure 15. Connection Head Dimensional Drawing

Rosemount Connection Head

Polypropylene

Flat cover Extended cover Terminal view

Dimensions are in inches (millimeters).

4.1 (104)

4 (100)

78 

3.331 (84)

4.65 (118)

5.5 
(140)

Terminal Block (6 terminals)

1/2–14 ANPT

3/4–14 ANPT

3.5
(89)

Chain

4.9 
(124)
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Extension fitting assemblies

Extension fitting assemblies are available in:

 Coupling and nipple assembly

 Union and nipple assembly

Figure 16. Extension Fitting

 Table 31. Extension

Choosing an extension

Aside from ambient temperature variations, the heat from the 
process is transferred from the thermowell to the transmitter 
housing. If the process temperature is near or beyond 
specification limits, consider the use of additional thermowell 
lagging, an extension nipple, or a remote mounting 
configuration to isolate the transmitter from the excessive 
temperatures. Use Figure 17 and the example below to 
determine an adequate extension length.

Figure 17. 3144P Transmitter Housing Temperature 
Rise versus Extension Length for a Test Installation

Example

The rated ambient temperature specification is 85 °C. If the 
maximum ambient temperature is 40 °C and the process 
temperature to be measured is 540 °C, the maximum allowable 
housing temperature rise is the rated temperature specification 
limit minus the existing ambient temperature (85 – 40), or 
45 °C. 

As shown in Figure 17, an extension (E) dimension of 3.0-in (76 
mm) will result in a housing temperature rise of 30 °C. An “E” 
dimension of 3-in. would therefore be the minimum 
recommended length, and would provide a safety factor of 
about 15 °C. A longer “E” dimension, such as 6-in. (152 mm), 
would be desirable in order to reduce errors caused by 
transmitter temperature effect, although in that case the 
transmitter would probably require extra support. If a 
thermowell with lagging is used, the “E” dimension may be 
reduced by the length of the lagging.

Dimensions are in inches (millimeters).

Coupling and nipple, SST Union and nipple, SST

Model number Length (E) Model number Length (E) 

007903540250 2.5-in. 007903550250 2.5-in.

007903540300 3.0-in.(1) 007903550300 3.0-in.(1)

(1) Standard configuration with best delivery. Also available for emergency 
requirements. Consult factory for information. 

007903540350 3.5-in. 007903550350 3.5-in.

007903540400 4.0-in. 007903550400 4.0-in.

007903540450 4.5-in. 007903550450 4.5-in.

007903540500 5.0-in. 007903550500 5.0-in.

007903540550 5.5-in. 007903550550 5.5-in.

007903540600 6.0-in.(1) 007903550600 6.0-in.(1)

007903540650 6.5-in. 007903550650 6.5-in.

007903540700 7.0-in. 007903550700 7.0-in.

007903540750 7.5-in. 007903550750 7.5-in.

007903540800 8.0-in. 007903550800 8.0-in.

007903540850 8.5-in. 007903550850 8.5-in.

007903540900 9.0-in. 007903550900 9.0-in.

Length (E) (Nominal)

Coupling and Nipple 
Assembly

0.53 (13) Max. Thread Engagement (½–14 ANPT Ref.)

Union and Nipple 
Assembly

1,499 °F  

Temperature

Oven

1,004 °F  

Temperature

Oven

482 °F
Temperature

Oven 

HOUSING 
RISE ABOVE 

AMBIENT (°F) 

60

50

40

0

30

20

10

3 4 5 6 7 8 9
  “N” LENGTH (in.)
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Mounting adapters for Series 58, 68, 78, and 183

M5–M7, sensor compression fittings, 316 SST 

 For adjustable sensor length

 For low pressure applications (100 psig maximum)

 Fits ¼-inch diameter sensors

 Available with 1/8–27 (M5), ¼–18 (M6), and ½–14 (M7) ANPT 
process threads

 Not available on spring-loaded sensors

A. Fitting Diameter
B. Sensor Process Thread
C. Length

A

B

C

 Table 32. Compression Fittings, 316 SST (for Attachment to the Stem of the Capsule)

Model number Option code Sensor process thread Fitting diameter Length

in. mm in. mm

C07961-0005 M5 1/8–27 ANPT 0.25 6.35 1.31 33.27

C07961-0006 M6 1/4–18 ANPT 0.25 6.35 1.5 38.1

C07961-0008 M7 1/2–14 ANPT 0.25 6.35 1.75 44.45
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Lead wire extensions, connectors, and seals

The following options are available on most Series 68 and 78 sensors. They are not available for use on Series 58C, 68Q, and 
183 sensors or with IECEx or ATEX Flameproof approval (Option Codes E7 or E1).

A1–A8, twisted lead wire extension

 Lead wire connections are silver brazed and individually 
insulated by shrinkable PTFE tubes

 Withstands 95 percent relative humidity

 200 °C (392 °F) maximum temperature

 Available with single or dual-element sensors

Twisted Lead Wire Extension
(Option Codes A1 – A8)

Shielded Cable Lead Wire Extension
(Option Codes B1 – B8)

Armored Cable Lead Wire Extension
(Option Codes C1 – C8)

Armored Cable
Mating Plug with Lead

Wire Extension
(Option Codes L1 – L8)

Armored Cable Lead Wire Extension 
with Electrical Plug
(Option Codes D1 – D8)

3144 Transmitter Armored Cable Lead Wire Extension (Option Codes C1 – C8)

(Capsule Sensor Only)

(Capsule Sensor with Standard Adapter)

Moisture-Proof seal Assembly for 
Armored Cable (Option J1)

Option code Y length (ft) Option code Y length (ft)

A1 11/2 A5 24

A2 3 A6 50

A3 6 A7 75

A4 12 A8 100

Dimensions are in inches (millimeters).

A. 22-gauge PTFE Lead Wire
B. PTFE
C. Sensor

A

6 (152) [Ref.]

CB

Y
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B1–B8, shielded cable lead wire extension

 Copper shielded cable prevents electrical noise distortions to 
sensor signal output

 Withstands 95 percent relative humidity

 200 °C (392 °F) maximum temperature

C1–C8, armored cable lead wire extension

 Provides lead wire protection in heavy duty environments

 Withstands 95 percent relative humidity

 200 °C (392 °F) maximum temperature

 Available with single or dual-element sensors

Option code Y length (ft) Option code Y length (ft)

B1 11/2 B5 24

B2 3 B6 50

B3 6 B7 75

B4 12 B8 100

Dimensions are in inches (millimeters).

A. Shielded Cable PTFE Jacket 22-Gauge PTFE-Insulated Wires
B. Rubber Seal
C. Sensor

2.75 (70) [max.]

0.375 (10) Diameter
C0.25 (6) [Approx.]

B
A

Y

Option code Y length (ft) Option code Y length (ft)

C1 11/2 C5 24

C2 3 C6 50

C3 6 C7 75

C4 12 C8 100

Dimensions are in inches (millimeters).

A. 22-Gauge PTFE-Insulated Wire
B. Armor Cable 0.34 (8.64) O.D.
C. Sensor

6.0
(152)

A

2.75 (70) [Max.]

0.375 (10) Diameter 0.445 (11)
C

B

Y
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D1–D8, armored cable lead wire extension with electrical plug

 Provides lead wire protection in heavy-duty environments

 Provides quick-disconnect capability

 Withstands 95 percent relative humidity

L1–L8, armored cable mating plug with lead wire extension

 Completes quick-disconnect capability for armored cable

 Withstands 95 percent relative humidity

 Twisted lead wire extension for lowest cost installation

Option code Y length (ft) Option code Y length (ft)

D1 11/2 D5 24

D2 3 D6 50

D3 6 D7 75

D4 12 D8 100

Dimensions are in inches (millimeters).

A. Mates with Option Codes L1–L8
B. Armor Cable 0.34 (8.64) OD)
C. Sensor

2.75 (70) Y

A
B 0.375 (10) Diameter C

A. 22-Gauge PTFE Lead Wire
B. Mates with Option Codes D1–D8

BA

Y

Option code Y length (ft) Option code Y length (ft)

L1 11/2 L5 24

L2 3 L6 50

L3 6 L7 75

L4 12 L8 100
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J1, moisture-proof seal assembly for armored cable

 Prevents moisture migration through armored cable 

 For use in humid environments but not for direct liquid 
immersion

 Non-disconnectable type assembly with armored cable 
and sensor

Note
Not available with FM or CSA explosion proof (options E5 or E6).
Moisture-proof seal assembly must be ordered with armored cable lead wire extension (option codes C1 – C8).

A. Nipple, 304 SST, 1/2–14 ANPT 1.12 (28.45) Long
B. Nipple, 304 SST, 1/2–14 ANPT 1.12 (28.45) Long
C. Compression Fitting
D. Sensor
E. Armored Cable Lead Wire (Specify Option Codes C1–C8)

E

D

A

B
C

J1
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Thermowells

Materials

Rosemount Thermowells are supplied in most materials required for industrial applications. Standard materials are 316 SST, 304 SST, 
and C1018 carbon steel. For corrosive environments, special materials such as alloy and Inconel 600 are available. Consult factory for 
other material availability.

Strength (pressure and flow vibration) 

The strength of a thermowell depends on several parameters that relate thermowell construction to the installation environment. For 
most industrial applications, standard Rosemount thermowells provide the necessary strength if the material, style, and length are 
correct for the application. The proper selection of a thermowell depends on fluid type, temperature, pressure, and fluid velocity. It is 
important to note that most thermowell failures are caused by vibration that is induced by fluid flow. If static pressure strength is a 
major consideration, refer to Table  for standard material ratings for a 1/2-inch tip. Tapered thermowells are offered for additional 
strength.

Strength calculation

Emerson Process Management has the ability to perform thermowell frequency calculations to verify that the thermowell 
dimensions you provide are appropriate for your specific application. To take advantage of this calculation, fill out and return the 
Thermowell Calculation Configuration Data Sheet.

Construction

All thermowell bodies with an overall length less than 42-in. are machined from solid bar stock to ensure water-tightness. Flange 
mounts are welded to the thermowell body. Standard construction provides immersion lengths (U) from 2½ to 48 inches with overall 
lengths (L) from 4 to 59 inches respectively. Thermowells with overall lengths larger than 36-in. may be a 3-piece welded 
construction. Consult the factory for more information on welded 3-piece construction thermowells. 

Identification data

The part number is etched on each thermowell. Additional tagging for specific customer requirements is available. 
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Installation

For dimensional drawings of Thread Mounted, Weld Mounted, and Flange Mounted Thermowells, refer to Figure 19, 22, and 26.

Figure 18. Thread Mounted Thermowells - Straight(1)

Dimensions are in inches (millimeters).

Figure 19. Thread Mounted Thermowells - Tapered(1)

Dimensions are in inches (millimeters).

(1) 1/2–14 ANPT threads are available.

H

½–14 NPSM*

Lagging Extension, Nom.

R37 Option
Hex Stock

T
Wrench and Thread 

Allowance
1.75 (44)

U
Inside Diameter 0.26 (7)

Process Mounting Thread P0.875 (22)
Max

Tip Diameter A

0.25 (6) NominalL

H

Lagging Extension, Nom.

½–14 NPSM*

T
Wrench and Thread 

Allowance
1.75 (44)

U

L

Inside Diameter 
0.26 (7)

Tip Diameter A

0.25 (6) NominalProcess Mounting Thread P

0.875
(22) Max

Root Diameter B

Thread (P) Hex size inches (H)

0.5 – 0.75 ANPT 1.125

1–11.5 ANPT 1.375
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Figure 20. Thread Mounted Thermowells - Stepped(1)

Dimensions are in inches (millimeters).

Figure 21. Thread Mounted Thermowells - Stepped, For Thermowells with Overall Length greater than 42-in. 
(3-Piece Construction)(1)

Dimensions are in inches (millimeters).

(1)  1/2–14 ANPT threads are available.

½–14 NPSM*

0.875 
(22)

Process Mounting Thread P

L

0.25 (6) Nominal

Tip Diameter A

Inside Diameter 0.26 (7)

U

Root 
Diameter B

Lagging Extension, Nom.

Wrench and Thread 
Allowance
1.75 (44)

2.5 (64)

T

H

½–14 NPSM*

Wrench and Thread 
Allowance
1.75 (44) UT

2.5 (64)

Inside Diameter 0.26 (7)

Tip Diameter A

L

BPipe

Welds

0.25 (6) NominalH 0.875 
(22)

Thread (P) Hex size inches (H)

0.5 – 0.75 ANPT 1.125

1–11.5 ANPT 1.375
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Figure 22. Weld Mounted Thermowells - Straight(1)

Dimensions are in inches (millimeters).

Figure 23. Weld Mounted Thermowells - Tapered(1)

Dimensions are in inches (millimeters).

(1) 1/2–14 ANPT threads are available.

½–14 NPSM*
T

1.75 
(44) U

Tip Diameter A

Inside Diameter 0.26 (7)

0.25 (6) NominalL

0.875 
(22) Socket Weld Diameter S

½–14 NPSM*

T
1.75 
(44) U

Root Diameter B
Tip Diameter A

Inside Diameter 0.26 (7)

0.25 (6) NominalL

Socket Weld Diameter S

0.875 
(22)

Pipe size Socket size (S) diameter

0.75-in. 1.050 ±0.010

1-in. 1.315 ±0.010
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Figure 24. Weld Mounted Thermowells-Stepped(1)

Dimensions are in inches (millimeters).

Figure 25. Weld Mounted Thermowells-Stepped, For Thermowells with Overall Length greater than 42-in. 
(3-Piece Construction)(1)

Dimensions are in inches (millimeters).

(1) 1/2–14 ANPT threads are available.

0.875 
(22)

½–14 
NPSM*

T
1.75 
(44) U

2.5 (64) Tip Diameter A

Inside Diameter 0.26 (7)

0.25 (6) Nominal
L

Root Diameter B
Socket Weld Diameter S

½–14 NPSM* T
1.75 
(44)

U

Pipe
2.5 (64)

 0.26 (7) Nominal

0.25 (6)

Welds

L

Socket Weld Diameter S

Pipe size Socket size (S) diameter

0.75-in. 1.050 ±0.010

1-in. 1.315 ±0.010
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Figure 26. Flange Mounted Thermowells - Straight(1)

Dimensions are in inches (millimeters).

Figure 27. Flange Mounted Thermowells - Tapered(1)

Dimensions are in inches (millimeters).

(1) 1/2–14 ANPT threads are available.

½–14 NPSM*

T

H

G

F

E

L

1.75
 (44)

Inside Diameter 
0.26 (7)

Tip Diameter A
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 Flange Mount
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# of holes and 
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(in.) (H)
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# of holes and 
diameter (G)

Thickness 
(in.) (H)

Class 150 Class 600

1.0 4.25 3.12 four-0.625 0.5625 1.0 4.88 3.5 four-0.75 0.94

1.5 5.0 3.88 four-0.625 0.6875 1.5 6.12 4.5 four-0.88 1.13

2.0 6.0 4.75 four-0.75 0.75 2.0 6.5 5.0 eight-0.75 1.25

3.0 7.5 6.00 four-0.75 0.94 Class 900 and 1500

Class 300 1.5 7.0 4.88 four-1.12 1.5

1.0 4.88 3.5 four-0.75 0.69 Class 2500

1.5 6.12 4.5 four-0.88 0.81 1.5 8.0 5.75 four-1.25 2.0

2.0 6.5 5.0 eight-0.75 0.88
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Figure 28. Flange Mounted Thermowells-Stepped(1)

Dimensions are in inches (millimeters).

Figure 29. Flange Mounted Thermowells - Stepped, For Thermowells with Overall Length greater than 42-in. 
(3-Piece Construction)(1)

Dimensions are in inches (millimeters).

(1) 1/2–14 ANPT threads are available.
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Product Certifications

European Directive Information

A copy of the EC Declaration of Conformity can be found at the 
end of the Quick Start Guide. The most recent revision of the EC 
Declaration of Conformity can be found at 
www.rosemount.com.

Ordinary Location Certification from 
FM Approvals

As standard, the transmitter has been examined and tested to 
determine that the design meets the basic electrical, 
mechanical, and fire protection requirements by FM Approvals, 
a nationally recognized test laboratory (NRTL) as accredited by 
the Federal Occupational Safety and Health Administration 
(OSHA).

North America

E5 FM Explosion proof, Dust-Ignition proof
Certificate: 0R7A2.AE
Standards: FM Class 3600: 2011; FM Class 3611: 2004; 

FM Class 3615: 2006; FM Class 3810: 2005;
ANSI/NEMA - 250: 1991

Markings:  XP CL I, Div 1, GP B, C, D; DIP CL II/III, Div 1, GP 
E, F, G; T6(-50 °C ≤ Ta ≤ 155 °C); when installed 
per Rosemount drawing 00068-0013; Type 4X

E6 CSA Explosion proof and Dust-Ignition proof
Certificate: 1063635
Standards: CSA C22.2 No. 0-M91; CSA C22.2 No. 25-1966; 

CSA C22.2 No. 30-M1986; CSA C22.2 No.
94-M91; CSA C22.2 No. 142-M1987; 
CSA C22.2 No. 213-M1987

Markings:   XP CL I, Div 1, GP B, C, D; DIP CL II/III, Div 1, GP 
E, F, G; CL I, Div 2, GP A, B, C, D; 
(-50 °C ≤ Ta ≤ 85 °C); when installed per 
Rosemount drawing 00068-0033; Type 4X 
(Spring loaded sensors must be installed in a 
thermowell to maintain Type 4X and Cl. 
II/III rating)

Europe

E1 ATEX Flameproof
Certificate: FM12ATEX0065X 
Standards: EN 60079-0: 2012, EN 60079-1: 2007, 

EN 60529:1991 +A1:2000
Markings:    II 2 G Ex d IIC T6…T1 Gb, 

T6(-50 °C ≤ Ta ≤ +40 °C), 
T5…T1(-50 °C ≤ Ta ≤ +60 °C);

Technical Regulations Customs Union (EAC)

EM Contact an Emerson Process Management representative 
for additional information

Special Conditions for Safe Use (X):

1. See certificate for ambient temperature range.

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments.

3. Guard the LCD display cover against impact energies 
greater than 4 joules.

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary.

International

E7 IECEx Flameproof
Certificate: IECEx FMG 12.0022X
Standards: IEC 60079-0:2011, IEC 60079-1:2007-04, 

IEC 60079-31:2008
Markings:   Ex d IIC T6…T1 Gb, T6(-50 °C ≤ Ta ≤ +40 °C), 

T5…T1(-50 °C ≤ Ta ≤ +60 °C); Ex tb IIIC T130 °C 
Db, (-40 °C ≤ Ta ≤ +70 °C); IP66;

Special Conditions for Safe Use (X):

1. See certificate for ambient temperature range.

2. The non-metallic label may store an electrostatic charge 
and become a source of ignition in Group III environments.

3. Guard the LCD display cover against impact energies 
greater than 4 joules.

4. Consult the manufacturer if dimensional information on 
the flameproof joints is necessary.

Brazil

E2 INMETRO Flameproof
Certificate: NCC 12.1147 X
Standards: ABNT NBR IEC 60079-0: 2008; 

ABNT NBR IEC 60079-1: 2009
Markings:   Ex d IIC T6/T1 Gb IP66W (-40 °C ≤ Ta ≤ 65 °C)

Special Conditions for Safe Use (X):

1. For information on the dimensions of the flameproof joints 
the manufacturer shall be contacted.

2. Special care must be taken to ensure that the connection 
head temperature does not exceed 85 °C, when 
thermocouples or RTDs are assembled with transmitters 
listed in Table 1 (certificate).

3. The user should evaluate the use conditions of the rod 
considering its mechanical and chemical characteristics in 
order to avoid making efforts that deteriorate the rod or 
process fluids that may cause its corrosion.

Combinations

KF Combination of E1 and E6 (not available with Rosemount 
0183 sensors)
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 Table 33. Available Safety Approvals with Connection Heads
Refer to this table to determine which approvals are available with each connection head.

Code Connection head
Approval code

E1 E2 E5 E6 E7

R Aluminum connection head, six terminals, flat cover, unpainted Y N Y Y N

T Aluminum connection head, six terminals, extended cover, unpainted N N Y Y N

P Aluminum connection head, six terminals, flat cover, painted Y N Y Y N

L Aluminum connection head, six terminals, extended cover, painted N N Y Y N

N Sensor only with 6-in. PTFE-insulated, 24 gauge leadwires Y Y Y Y Y

D Rosemount aluminum connection head with 1/2-in. entries Y Y Y Y Y

C Polypropylene connection head N N N N N

G Rosemount SST connection head with 1/2-in. entries Y Y Y Y Y
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Factory Mutual (FM) Explosion-Proof

Figure 30. Installation Drawing 00068-0013, Rev. AG
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Canadian Standards Association (CSA) Explosion-Proof

Figure 31. Installation Drawing 00068-0033, Rev. AE
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ATEX Flameproof

Figure 32. Installation Drawing 03144-0324, Rev. AB



107

Sensors and Accessories (Volume 1)January 2015

www.rosemount.com



Standard Terms and Conditions of Sale can be found at www.rosemount.com\terms_of_sale.
The Emerson logo is a trade mark and service mark of Emerson Electric Co.
Rosemount, and the Rosemount logotype are registered trademarks of Rosemount Inc.
Complete Point Solution and Tri-Clamp are trademarks of Rosemount Inc.
All other marks are the property of their respective owners.
© 2015 Rosemount Inc. All rights reserved.

Emerson Process Management 
Rosemount Inc.
8200 Market Boulevard
Chanhassen, MN 55317 USA
T (U.S.) 1-800-999-9307
T (International) (952) 906-8888
F (952) 906 8889
www.rosemount.com

Emerson Process Management
Blegistrasse 23
P.O. Box 1046
CH 6341 Baar
Switzerland
T +41 (0) 41 768 6111
F +41 (0) 41 768 6300
www.rosemount.com

Emerson Process Management Asia Pacific 
Pte Ltd
1 Pandan Crescent
Signapore 128461
T +65 6777 8211
F +65 6777 0947
Service Support Hotline: +65 6770 8711
Email: Enquiries@AP.EmersonProcess.com
www.rosemount.com

Sensors and Accessories (Volume 1)
00813-0100-2654, Rev HC

Product Data Sheet
January 2015

Emerson FZE
P.O. Box 17033
Jebel Ali Free Zone
Dubai UAE
Tel +971 4 811 8100
Fax +971 4 886 5465
www.rosemount.com

Emerson Process Management 
Latin America
1300 Concord Terrace, Suite 400
Sunrise, Florida 33323 USA
Tel + 1 954 846 5030
www.rosemount.com



 

  

Forced-Air Heater for Hazardous Locations 
 

Class I, Divisions 1 & 2, Groups C & D 
Class II, Divisions 1 & 2, Groups F & G 
Temperature Code T3B (35 kW = T3A) 

————————————————————————————————————-   

Class I,  Zones 1 & 2 , Groups IIA & IIB, T3 
 

WARNING! 
Please adhere to all instructions published in this manual. 

Failure to do so may be dangerous and may void your warranty. 
 

Note: XEU1 heaters should not be exposed to rain or snow. This applies to installed & stored heaters. 
The XEU1 heater should not be modified in any way. 

 

www.HazlocHeaters.com 
 Part No. XEU1-OM-D  Printed in Canada 

XEU1XEU1XEU1   
Electric Forced-Air Explosion-Proof Heater  

Owner’s Manual, Version: XEU1-OM-D 
This manual covers installation, maintenance,  

repair, and replacement parts. 

235730 
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XEU1 Physical Dimensions 

Heater Line Voltage 

208 Volts 208 
240 Volts 240 
480 Volts 480 
600 Volts 600 

XEU1 Model Coding Factory  
Assigned 

Frequency 

60 60 Hertz 

Phase 

1 1 Phase 
3 3 Phase 

Generation 

For major revisions 

A 120 Volt  

Control Voltage 

B   24 Volt 

Model Code Sequence Required for Ordering 

Fan Size  

12 Inches 12 
16 Inches 16 
20 Inches 20 

Model Series 

XEU 1 - 12 - 100 - 480 3 60 - A - T - A 

Product Revision No. 
For minor revisions 

N No options selected 

Factory Built-in Options 

T Integral thermostat only 

D Disconnect switch only 

C 
Disconnect switch & 
integral thermostat 

Power Output   
   5 kW 050 12 inch fan size 

7.5 kW 075 12 inch fan size 

10 kW 100 12 inch fan size 

15 kW 150 16 inch fan size 

20 kW 200 16 inch fan size 

25 kW 250 20 inch fan size 

30 kW 300 20 inch fan size 

35 kW 350 20 inch fan size 

F 

11"
[279]

3.375"
[86]

F

A
3.75"
[95]

B

C

E

Louvres
1.4" [36] max

4.7"
 [118]

G max

6.6"
[168]

0.25"
 [6]

D

0.25"
 [6]

2.25"
 [57]

3.375"
[86]

5.0"
 [127]

8.4"
[214]

1" NPT,
Main electrical entry
for disconnect option

1" NPT,
Main electrical entry
no disconnect fitted

3/4" NPT,
External thermostat 
entry

4 x Ø 9/16" [14] 
mounting holes

0.375"
[10]

Heater  
Size 

12 
 

(5-10kW) 

16 
 

(15-20kW) 

20 
 

(25-35kW) 

    Dim. 
Inches 
(mm) 

Inches 
(mm) 

Inches 
(mm) 

A 
7.5 

(190.5) 
7.5 

(190.5) 
7.5 

(190.5) 

B 
18.19 
(462) 

22.28 
(566) 

26.26 
(667) 

C 
16.3 
(414) 

20.28 
(515) 

24.29 
(617) 

D 
19 

(483) 
23 

(584) 
27 

(686) 

E 
19.45 
(494) 

23.46 
(596) 

27.44 
(697) 

F 
3.1 
(79) 

5.1 
(130) 

7.1 
(180) 

G 
22.25 
(565) 

22.25 
(565) 

23.25 
(591) 
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XEU1 Specifications By Model Size 

XEU1 General Specifications 

Approvals  

Certification  CSAC/US  235730 - Certified to Canadian and U.S. standards.  

North American 
Hazardous Location  
Classifications 

 

Class I, Divisions 1 & 2, Groups C & D 
Class II, Divisions 1 & 2, Groups F & G 
Temperature Code T3B (35 kW =T3A) 

———————————————————————————————————————— 
 

Class I, Zones 1 & 2, Groups IIA & IIB, T3 

Temperature Code 
Division System - T3B 165°C (329°F); [35 kW = T3A 180°C (356°F)]  
Zone System - T3 200°C (392°F) 

Cabinet 

Cabinet Material 
14-gauge (0.075 in.) (1.9 mm) steel. Yellow epoxy/polyester powder coated 
with five-stage pretreatment, including iron phosphate. 

Fan Guard 
Split design with close wire spacing. A 3/8 in. (9.5 mm)  
diameter probe will not enter. Black polyester powder coated. 

Louver Blades Anodized extruded aluminum. 
Conduit Materials & Fittings  Plated steel and aluminum alloy for corrosion resistance. 
Fasteners  Zinc plated steel for corrosion resistance. 
Enclosures Cast aluminum (non-copper alloy) NEMA Type 7 & 9 with O-ring.  
Mounting Holes 9/16” diameter holes – Four located on the top face of heater. 

Motor/Fan  
Motor Type 

Explosion-proof, thermally protected, 1725 RPM permanently lubricated ball 
bearing type with 56 frame and “easy-off” fan blade replacement feature.  

Fan Three-blade aluminum, steel spider and hub with 5/8 in. bore 

Heat  
Exchanger  

Heating Elements 
Long-life, low watt-density, high grade metal-sheathed  
elements. 

Heat Transfer Fluid Ethylene glycol and water including corrosion inhibitors. 
Header Material Carbon steel. 

ExCaliberTM Core 
Carbon steel shells and carbon steel tubes with copper-free,  
roll-formed aluminum fins @ 10 fins per in. Evacuated and sealed. Sprayed 
with black, high heat enamel paint. 

Protection 
Temperature High Limits 

One automatic reset rated for 100,000 cycles, and one manual reset. Both 
are snap-action bimetal type, open on temperature rise.  

Pressure Relief High-quality preset 100 psig (689 kPa) stainless steel pressure relief device. 

  Controls 

Control Circuit Built in 120 V control. Optional 24V control (recommended) is available. 

Control Contactor 
40 FLA (50 A resistive per pole) Definite Purpose.  
Rated for 500,000 mechanical operations. 

Control Transformer Multitap primary, 120V or 24V secondary. 
Fuse Protection Thermal delay fuse with spare, .25” x 1.25” , 120V = 1/4 A, 24V = 1 A. 
Room Thermostat (optional) Built in, TBX1 explosion-proof thermostat, 40°F to 80°F (5°C to 27°C) 

Load 
Isolation 

Disconnect Switch (optional) 
Built-in, XDC-01 explosion-proof disconnect switch, 600V, 50A max with lock-
out feature. Also available in a wall mount version. 

Ambient Temperature  -40°F to 104°F (-40°C to 40°C). Storage: -40°F to 140°F (-40°C to 60°C) 
Maximum Altitude  10,000 ft (3048 m) above sea level. 

Operating 
Limits   

Model XEU1-12  XEU1-16 XEU1-20 
Fan Diameter                                 in. (mm) 12 (304.8)   16 (406.4)  20 (508.0)  
Nominal kW 5 7.5 10 15 20 25 30  35 
Air Delivery                                          CFM  400 600 800 1200 1700 2100 3000    
                                                            m3/hr 680 1019 1359 2039 2888 3568 5097   
Approx. Air Velocity                             FPM  479 718 958 808 1145 916 1309   
                                                              m/s 2.4 3.6 4.9 4.1 5.8 4.6 6.6   
Approx. Horizontal Air Throw                   ft                             15 22 30 33 46 41 61   
                                                                m 4.6 6.7 9.1 10.1 14.0 12.5 18.6   
Motor Power                             HP (Watts)  ¼ (186) ¼ (186) ½ (373)  
Maximum Mounting Height                      ft 7 7.5 9.5 10 11 12 15   
      (to underside of heater)                     m                      2.1 2.3 2.9 3.0 3.4 3.6 

Approx. Net Weight          (without disconnect)                             
     Lbs (kg)                          (with disconnect)                             

129 (58.5)    133 (60.3) 161 (73.0)   192 (87.1)   
142 (64.4)    146 (66.2) 174 (78.9)   205 (92.9)   

Approx. Shipping Weight  (without disconnect)                             
     Lbs (kg)                          (with disconnect)                             

188 (85.3)    192 (87.1)  224 (101.6)   261 (118.4)   

201 (91.2)    205 (93.0)  237 (107.5)   274 (124.3)   

4.6  
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— WARNING! — 
Read and follow the instructions in this manual. Failure to do so may result in severe or fatal injury. 

IMPORTANT SAFETY INFORMATION 

1. Heater is to be connected and serviced only by qualified electrician experienced with hazardous location 
equipment. It is the responsibility of the installer to verify the safety and suitability of the installation. 

2. Installation and wiring of the heater must adhere to all applicable codes. Heater must be effectively ground-
ed to eliminate shock hazard. 

3. Heater is to be used only in atmospheres having an ignition temperature higher than the heater’s maximum 
rated operating temperature as shown on the heater data plate. For details of hazardous locations with   
potential for explosion, refer to the Canadian Electrical Code, Part 1, Section 18 or Articles 500 through 516 
of the National Electrical Code. 

4. Do not operate heater in ambient temperatures above 40°C (104°F). 

5. Do not plug heater outlet with gloves, clothing, etc. or operate heater with louvers fully closed. 

6. Explosion/Electric Shock Hazard. Disconnect heater from power supply or fuse box before opening en-
closures or servicing heater. Lock the switch in the “OFF” (open) position and/or tag the switch to prevent 
unexpected power application. 

7. Operate the heater only while it is permanently mounted in an upright position. Failure to comply will cause 
overheating of the heat exchanger and shutting down of the unit by tripping the high temperature cutout. 

8. This heater is equipped with two bimetal thermal high-limit cutouts, one automatic reset type and one   
manual reset type. The heater is not to be operated with the high-limit cutouts disabled or disconnected 
from the control circuit. 

9. Keep all electrical enclosure covers tightly closed and secured with all bolts and threads. Cover joints must 
be clean before replacing covers. Keep away from rain or snow. Heater is for dry indoor use only. 

10. All unused threaded openings not used for supply wiring or remote mount room thermostat must be fitted 
with threaded plugs approved for use in hazardous locations. 

11. The heat exchanger is a factory vacuum-sealed unit. Do not attempt to loosen or tighten the vacuum plug or 
pressure relief device. A loss of vacuum could cause nuisance tripping of the thermal cutouts or high     
pressures which will cause the relief device to actuate with an accompanying loss of fluid. 

12. The heat exchanger is filled with a mixture of water and inhibited ethylene glycol which is poisonous.   
Contact with the fluid at operating temperatures may produce a burn hazard. Suggested first aid consists of 
flushing eyes with plenty of water and to wash off skin in flowing water or shower. If any fluid leakage occurs 
from the heater, disconnect it from the power supply and have the heat exchanger replaced with a factory 
supplied unit. 

13. Heater must be kept clean. When operating in a dirty environment, regularly clean the fin tubes, fan, and fan 
guard. Refer to recommended maintenance procedures. 

14. Do not operate heater in atmospheres which are corrosive to aluminum or steel. 

15. See applicable electrical codes for seal requirements in field installed conduits. Factory installed conduits 
require no further sealing. 

16. Crackling or pinging noises within the heat exchanger during start up may occur. This is normal. 

17. Air discharge at the bottom of the heater may be warmer than at the top. This is normal. 

18. Do not attempt to install a Remote Fan Only Switch. Do not modify the heater in any way. 

19. Use factory approved replacement parts only. 

20. Contact factory for any questions or concerns. 
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— WARNING! — 
Read and follow the instructions in this manual. Failure to do so may result in severe or fatal injury. 

— INSTALLATION — 
Mechanical 

 

Location 
 

Please follow guidelines below for optimum heating results: 

1. Do not install heaters such that airflow is blocked or impeded by equipment or walls. 

2. For occupant comfort, position heaters so that air discharge is directed across areas of highest heat loss, 
such as doors, windows, and outside walls. 

3. For large areas, arrange heaters such that the air discharge of one heater is directed towards the inlet of the 
next heater. This sets up a rotational airflow with air circulation in the central area of the building. 

4. For equipment freeze protection, direct air discharge at equipment. 

5. For large workshops or warehouses it may be acceptable to use fewer, larger heaters. 

6. Locate remote mount room thermostat on interior partition walls or posts away from cold drafts, internal heat 
sources, and away from heater discharge air streams. 

 

Mounting 
 

1. A variety of mounting brackets are available from the factory to aid in installation. 

2. The heater is designed to be installed in an upright and level position. All models should not be more than 
±15 degrees or 2.5 in. (63.5 mm) from level when measured front-to-back, and ± 5 degrees 1.7 in. (43.2 
mm) on 5 to 10 kW models, 2.0 in. (50.8 mm) on 15 to 20 kW models, and 2.4 in. (60.9 mm) on 25 to 35 kW 
models from level when measured side-to-side. Failure to comply will cause high limit shut down. Refer to 
heater data plate for tilt angles. 

3. If using mounting hardware or a supporting structure not supplied by the factory, the unit should be         
suspended through the four 9/16 in. (14 mm) mounting holes on top of the unit with 1/2 in. UNC bolts.    
Lock washers should be used on all mounting nuts and bolts to ensure they don’t vibrate or work loose   
due to fan vibration or other vibration transmitted to the heater. If in doubt consult factory. 

4. It is essential that adequate structural support be provided for installation. The mounting structure must 
be strong enough to support the heaters weight, provide sufficient stiffness to prevent excessive       
vibration, and withstand all probable abusive situations such as transportable installations where truck off-
loading impacts, etc. may occur. Refer to table on Page 3, XEU1 Specifications by Model Size, for heater 
net weights. 

 
Mounting Heights and Clearances 
 

1. To ensure that warm air reaches the floor observe the recommended maximum mounting heights in table 
on Page 3, XEU1 Specifications by Model Size. Heaters may be mounted at higher elevations and still pro-
vide warm air at floor level however, the maximum mounting elevation at which this occurs depends on lo-
cation and operational conditions. 

2. Louvers may be adjusted to provide greater downward deflection of the discharge air. However, louvers 
must not be set less than 30 degrees of the closed position. 

3. Leave at least 10 in. (254 mm) clearance between the rear of the motor and the nearest obstruction. 

4. For easy removal of the core, leave clearance beneath the heater equal to the height of the heater cabinet 
plus 2 in. (51 mm). 
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—  INSTALLATION — 
Electrical 

1. Heater is to be connected and serviced only by qualified electrician experienced with hazardous location equipment. It is the responsi-
bility of the installer to verify the safety and suitability of the installation. 

2. Explosion/Electric Shock Hazard. Disconnect heater from power supply or fuse box before opening enclosures or servicing heater. 
Lock the switch in the “OFF” (open) position and/or tag the switch to prevent unexpected power application. 

3. Use copper conductors only for supply wires and approved explosion-proof means of wiring during installation. Use minimum 90°C 
rated wire. Refer to “Supply Wire Requirements” table and heater data plate for conductor wire rating. 

4. Installation must include appropriate over-current protection devic-
es (fusing or circuit breakers) as required by the CEC or NEC. 
Refer to “Supply Wire Requirements” table and heater data plate 
for current ratings. Supply voltage is to be within 10% of the data 
plate voltage. 

5. Confirm that the electrical power supply matches the nameplate 
voltage, phase, amperage and frequency rating of the heater to be 
connected. 

6. Supply conductors and ground conductor pass through the 1 in. 
NPT rigid conduit opening on the control enclosure. 

7. Proper installation of the heater requires that an adequate ground-
ing conductor be connected to the ground terminal. This terminal is 
made of copper and is located on the top right-hand corner of the 
printed circuit board within the control enclosure. 

8. Heater may be supplied with a factory installed integral room ther-
mostat (See Figure 1). On heaters not supplied with this option, it 
is recommended that an external explosion-proof room thermo-
stat be used. The wiring to the external thermostat must be copper 
wire, 16 gauge minimum (for Class II) or 14 gauge minimum (for 
Class I). Thermostat conductors may also be passed through the 1 
in. NPT conduit opening or through the convenient 3/4 in. NPT  
dedicated external thermostat conduit opening in the enclosure. 
Connect the external thermostat conductors to the printed circuit 
board terminal block marked “T’STAT”. The built-in control trans-
former supplies the heater with either 120V or 24V for internal unit 
operation. This voltage will appear across the thermostat contacts 
when they are open. The minimum thermostat contact rating 
should be 1 amp @ 120 VAC. Refer to nameplate for control volt-
age of unit.                                                                                                    

9. Refer to wiring diagram on Page 9 to ensure that all connections 
are as required and securely fastened. 

10. For heaters supplied with a factory installed integral disconnect 
switch (See Figure 1), field wiring is as follows: 

a. Remove the Disconnect cover assembly from the base by removing the six (6) cover bolts. Set the cover 
assembly aside. CAUTION: Damaging the mating surfaces of the enclosure could destroy the flame path 
and jeopardize the integrity of the flame proof enclosure.  

b. Supply conductors and ground conductor pass through the 1 in. NPT rigid conduit opening located on the 
top or bottom of Disconnect Enclosure. Supply conductors to be wired to DIN rail mounted Disconnect 
Switch inside. Ground conductor to be wired to Ground Lug fastened to inside of Disconnect Enclosure. 
Refer to wiring diagram on Page 9.  

c. Attach cover to the enclosure using the six (6) bolts. Tighten to 150 inch-pounds ± 5 in-lbs.   

11. All unused threaded openings in enclosures, not used for supply wiring or external room thermostat, must be fitted with threaded plugs 
approved for use in hazardous locations (included). Factory installed conduits require no additional sealing. 

12. Installer must seal each conduit run within 18” (457 mm) of enclosure. This seal must be suitable and listed for hazardous locations. 

13. Ensure that input conductors and conduit have adequate strain relief at installation. 

14. Before application of electrical power, recheck all connections to ensure compliance with the wiring diagram and any code require-
ments. Remove any foreign objects from the control box and heater. Reinstall cover tightly. 

15. On all three-phase heaters, it is necessary to verify that the fan rotation is correct (counter clockwise when facing the rear of the 
heater). If air delivery is not from the front of the heater, reverse any two supply leads at the main power contactor located in the    
control enclosure. 

16. The explosion-proof control enclosure and element enclosures are designed with O-rings, threaded joints and metal-to-metal contact at 
the lid or cover joint to prevent an explosion. Do not attempt to install gasket material of any type at these joints. A light coating of anti-
seize compound may be applied to the threads to prevent seizing. 

— WARNING! — 
Read and follow the instructions in this manual. Failure to do so may result in severe or fatal injury. 

Model  kW  Volts  Ø  
Total  

Current 
Amps 

Minimum  
Circuit 

Ampacity 

Max  
Fuse 
Amps 

Supply  
Wire 

90°C (AWG) 

XEU1-12-050-208160- 5 208 1 26.5 33.2 35 8 

XEU1-12-050-240160- 5 240 1 23.3 29.2 30 10 

XEU1-12-050-208360- 5 208 3 14.6 18.2 20 12 

XEU1-12-050-240360- 5 240 3 12.7 15.9 20 12 

XEU1-12-050-480360- 5 480 3 6.7 8.4 15 14 

XEU1-12-050-600360- 5 600 3 5.5 6.9 15 14 

XEU1-12-075-208160- 7.5 208 1 38.6 48.2 50 6 

XEU1-12-075-240160- 7.5 240 1 33.8 42.2 50 8 

XEU1-12-075-208360- 7.5 208 3 21.5 26.9 30 10 

XEU1-12-075-240360- 7.5 240 3 18.7 23.4 30 10 

XEU1-12-075-480360- 7.5 480 3 9.7 12.2 15 14 

XEU1-12-075-600360- 7.5 600 3 7.9 9.9 15 14 

XEU1-12-100-240160- 10 240 1 44.2 55.2 60 6 

XEU1-12-100-208360- 10 208 3 28.5 35.6 40 8 

XEU1-12-100-240360- 10 240 3 24.8 30.9 35 8 

XEU1-12-100-480360- 10 480 3 12.7 15.9 20 12 

XEU1-12-100-600360- 10 600 3 10.3 12.9 15 14 

XEU1-16-150-208360- 15 208 3 42.3 52.9 60 6 

XEU1-16-150-240360- 15 240 3 36.8 46.0 50 6 

XEU1-16-150-480360- 15 480 3 18.7 23.4 25 10 

XEU1-16-150-600360- 15 600 3 15.1 18.9 20 12 

XEU1-16-200-480360- 20 480 3 24.8 30.9 35 8 

XEU1-16-200-600360- 20 600 3 19.9 24.9 25 10 

XEU1-20-250-480360- 25 480 3 31.1 38.8 40 8 

XEU1-20-250-600360- 25 600 3 25.1 31.3 35 8 

XEU1-20-300-480360- 30 480 3 37.1 46.4 50 6 

XEU1-20-300-600360- 30 600 3 29.9 37.3 40 8 

XEU1-20-350-480360- 35 480 3 43.1 53.9 60 6 

XEU1-20-350-600360- 35 480 3 34.7 43.3 50 6 

XEU1 Supply Wire Requirements 

Figure 1 
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Heat Exchanger Replacement 
 
The heat exchanger has been air evacuated, fluid filled, and sealed at factory and is not field repairable. Replacement heat 
exchangers are available from the factory and are inspected and electrically tested for correct heat output and proper    
operation of the high-limits. 
 
1. Explosion/Electric Shock Hazard. Disconnect heater from power supply or fuse box before opening enclosures or 

servicing heater. Lock the switch in the “OFF” (open) position and/or tag the switch to prevent unexpected power appli-
cation. 

2. To prevent burn hazard, be sure heat exchanger and fluid has been allowed to cool before proceeding. 

3. Remove cabinet bottom panel, element housing cover, element enclosure cover, & control enclosure cover. 

4. From the control enclosure, disconnect two high-limit wires from printed circuit board terminal block marked 3 & 4 and 
disconnect three output heating element wires from contactor terminals marked T1, T2, & T3.  

5. Slightly loosen all cabinet bolts and louver screws to prevent heat exchanger from binding. 

6. The heat exchanger is secured by three 1/4 in. bolts on the right-side cabinet panel (when facing front of heater) and 
one 1/4 in. bolt located on the left side of heater. On 5 - 10kW models the left-side bolt is located at the top right-hand 
foot of control enclosure. On 15 - 35kW models the left-side bolt is located above the control enclosure. With an assis-
tant supporting the weight of the heat exchanger remove these 4 bolts. Carefully lower the heat exchanger from the 
cabinet. 

7. Reverse the above procedure when installing a new heat exchanger. 
 

Temperature High-Limit Replacement 
 

This heat-exchanger includes one automatic reset & one manual reset temperature high-limit that are wired in series. The 
automatic reset high-limit is rated for 100,000 cycles and is for a temporary failure condition. Continuous nuisance tripping 
of the automatic reset is generally not the fault of the high-limit but is usually caused by incorrect operating voltage, blocked 
air inlet or outlet, fan/motor malfunction, high ambient temperatures, excessively dirty heat exchanger or leaking heat ex-
changer. Care should be taken to determine the exact reason that the automatic reset high-limit control tripped so 
the problem can be resolved immediately. The automatic reset high-limit normally fails in the open position, however, it 
can also fail closed.  

If the automatic reset fails in the open position the heater will not function and the high-limit should be replaced. The      
occurrence of the manual reset high-limit control to trip is an abnormal condition and indicates that the automatic 
reset high-limit has failed in the closed position. If this occurs remove the heater from service immediately and 
replace the automatic reset high-limit.  Determine the exact reason that the automatic reset high-limit control 
tripped so the problem can be resolved immediately. If the manual reset high-limit shuts down the heater it will have to 
be reset by pressing on the small reset button protruding from the center of the high-limit device. 
 

1. De-energize the heater electrical supply circuit. 

2. Remove element housing cover, and element enclosure cover. 

3. Remove spade connection from the automatic reset high limit lugs. 

4. Remove automatic reset high-limit assembly by unscrewing, and clean the inside of the thermowell. A clean thermowell  
ensures good thermal contact. 

5. Replace high-limit with a factory supplied unit only.  Apply a small drop of heat sink conductive cement around the base 
of the high-limit, but not on the threads, and screw into thermowell. Attach spades to automatic reset high-limit . 

6. Replace control enclosure cover, element housing cover, and element enclosure cover. 

7. Energize the heater electrical supply circuit and let run for 15 minutes to reach a stable operating temperature. 

8. If heater operation appears to be normal, place unit into service. 

 

— WARNING! — 
 

Heater is to be serviced only by qualified electrician experienced with hazardous location equipment. 

Explosion/Electric Shock Hazard. Disconnect heater from power supply or fuse box before opening             
enclosures or servicing heater. Lock the switch in the “OFF” (open) position and/or tag the switch to prevent  

unexpected power application. 

— Repair and Replacement —  
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Fan, Fan Guard or Motor Replacement 

The motor is a sealed unit that requires no lubrication. If the motor is defective, it must be replaced with 
an original factory supplied motor. 

1. Remove four bolts holding motor to the motor mount, and covers from junction box and control enclosure. 
On units with an integral room thermostat, remove 4 bolts on front face of thermostat enclosure . 

2. Detach and remove two-piece fan guard assembly by removing top and bottom screws that attach the fan 
guard to the cabinet. 

3. Loosen fan blade set screw and remove fan blade from end of motor shaft leaving it in fan panel opening. 

4. Unscrew the expansion union fitting between motor and motor enclosure (or integral thermostat enclosure). 

5. If replacing motor, note wire connections for future reference and cut all wires leading to the motor close 
to the terminations. All motor wires are permanently marked according to the nameplate on the motor. Lift 
the motor assembly off the motor mount.  

6. If replacing fan blade only do not cut any wires and move the motor assembly back sufficient to assist fan 
blade removal. 

7. To reassemble, place fan blade inside fan panel opening and then place motor onto motor mount. Slip fan 
blade onto motor shaft and ensure fan hub is flush with end of motor shaft. Tighten set screw to 150 in-lbs 
torque.  

8. Fasten the two-piece fan guards to the cabinet. 

9. Tighten conduit fittings between motor and motor enclosure 
(or integral thermostat enclosure). Center fan in fan-panel 
opening and leave approximately 1/16” to 3/16” (1.6 to 4.8 
mm) gap between motor face and fan guard.  

10. Bolt motor to motor mount, tighten nuts to 250 in-lbs torque. 
Manually spin the fan blade to ensure it rotates freely before 
reconnecting heater to power supply. Fan must rotate   
counterclockwise when viewed from rear of heater. 

Contactor 

1. Loosen, but do not remove contactor mounting screws. Slide contactor off mounting screws. 

2. Replace with a factory supplied contactor of the same rating. 

Transformer 

1. Replace with a factory supplied transformer of the same rating. 

2. On the new transformer, select primary wires to match heater voltage. Ensure that the correct transform-
er secondary lead is grounded (see wiring diagram). Individually terminate all unused wires using closed 
end connections. 

Printed Circuit Board 

1. Replace with a factory supplied P.C. Board. 

Thermal Delay Fuse 

1. Replace fuse with one of the same type and rating as indicated on P.C. Board or refer to parts list. An 
extra fuse should be stored in the clips marked “SPARE”. 

— WARNING! — 
 

Heater is to be serviced only by qualified electrician experienced with hazardous location equipment. 

Explosion/Electric Shock Hazard. Disconnect heater from power supply or fuse box before opening             
enclosures or servicing heater. Lock the switch in the “OFF” (open) position and/or tag the switch to prevent  

unexpected power application. 

— Repair and Replacement, Continued —  

Torque Settings 

Item Torque (in-lbs) 

Fan blade set screw (1 only) 150 

5/16 - 18 UNC motor nuts  250 

5/16 - 18 UNC motor mount bolts 250 

1/4 - 20 UNC fan panel bolts 100 

1/4 -  20 UNC fan guard self tapping screws 100 

#10 - 24 UNC  louver blade screws 28 
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— Warning — 
Wiring should only be connected by qualified personnel experienced in electrical work. 

— Electrical Wiring —  

Fan 
blade
Motor

Thermostatic Control for
208 or 240 Volts,

 Single phase 

Terminal panel 
mounted on 
transformer

Voltage Transformer

120 or 24V AC
Contactor coil

Supply Voltage
208 or 240 V
Single Phase

3 pole contactor relay

120/24 Volt Thermostat
Integral or external

120 or 24 Volt

Temperature 
High Limit
Auto reset

149°C

Explosion-proof 
enclosure

Temperature 
High Limit

Manual reset
155°C

Heater 
Elements

Fuse, time delay,
1/4 A for 120V control
1A for 24 V control.
Glass cartridge.
1/4" dia x 1-1/4" long
Provision for spare fuse

Common N/C

Disconnect - 600V, 50A
Integral or external

Disconnect 

Fan 
blade
Motor

Thermostatic Control for
208/240/480/600 Volts,

 Three phase 

Terminal panel 
mounted on 
transformer

Voltage Transformer

120 or 24V AC
Contactor coil

Supply Voltage
208, 240, 480, 600 V 
Three Phase

3 pole contactor relay

120/24 Volt Thermostat
Integral or external

120 or 24 Volt

Temperature 
High Limit
Auto reset

149°C

Heater 
Elements

Fuse, time delay,
1/4 A for 120V control
1A for 24 V control.
Glass cartridge.
1/4" dia x 1-1/4" long
Provision for spare fuse

Explosion-proof 
enclosure

Temperature 
High Limit

Manual reset
155°C

N/CCommon

Disconnect - 600V, 50A
Integral or external

Disconnect 
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Without optional built-in thermostat 

— Assembly Diagram — 

2116

14

36

25

27

28

34

35

29

30

2633

24

31 32

Optional built-in disconnect 
switch 

3 Phase 1 Phase 
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***  Please have model & serial number available before calling *** 

— Parts List — 

Item 
No.  Description  

12" fan size 16" fan size 20" fan size 
5 & 7.5 kW 10 kW 15 & 20 kW 25, 30 & 35 kW 

1 Core assembly ( with bus bars) Specify Voltage, phase, and kilowatts ( V-Ph-kW) 

2 Bottom panel XEU1-12-2 XEU1-16-2 XEU1-20-2 

3 Left side panel XEU1-12-3 XEU1-16-3 XEU1-20-3 

4 Louver blades XEU1-12-4 XEU1-16-4 XEU1-20-4 

5 Top panel XEU1-12-5 XEU1-16-5 XEU1-20-5 

6 Right side panel XEU1-12-6 XEU1-16-6 XEU1-20-6 

7 Fan panel XEU1-12-7 XEU1-16-7 XEU1-20-7 

8 Fan blades 5.0 kW = XEU-12-050 
7.5 kW = XEU-12-075 

10.0 kW = XEU-12-100 
15.0 kW = XEU-16-150 
20.0 kW = XEU-16-200 

 25.0 kW = XEU-20-250 
 30.0 & 35.0 kW = XEU-20-300 

9 Fan guard (2 pieces) XEU1-12-9  XEU1-16-9 XEU1-20-9 

10 Motor, explosion-proof 
115/208-230V, 1Ø, 60Hz = G639 
208-230/460V, 3Ø, 60Hz = G646 

575V, 3Ø, 60Hz = G664 

208-230/460V, 3Ø, 60Hz = G649 
575V, 3Ø, 60Hz = G666 

11 Right side motor bracket XEU1-11 

12 Motor base XEU1-12-12 XEU1-16-12 XEU1-20-12 

13 Left side motor bracket XEU1-13 

14 Expansion union, female XEU1-14 

15 Conduit, expansion union to elbow XEU1-12-15 XEU1-16-15 XEU1-20-15 

15A Reducing bushing XEU1-15A 

16 Thermostat, ex-proof TBX1 

16A Elbow, 90° XEU1-16A 

17 Conduit, potted XEU1-12-17 with thermostat 
XEU1-12-17A without thermostat 

XEU1-20-17 with thermostat 
XEU1-20-17A without thermostat 

18 Conduit, vertical XEU1-12-18 XEU1-16-18 XEU1-20-18 

19 O-ring, element enclosure cover XEU1-19 

20 Cover, element enclosure XEU1-20 

21 Guard, element enclosure XEU1-21 

22 Conduit, motor box to enclosure XEU1-12-22 XEU1-20-22 

22A Union XEU1-22A 

23 Box, motor outlet XEU1-23 

23A Conduit, motor to motor box XEU1-12-23A XEU1-16-23A XEU1-20-23A 

24 Enclosure, control XEU1-24 

25 Contactor 120V = XEU1-25,        24V = XEU1-25A 

26 Transformer 120V = XEU1-26,        24V = XEU1-26A 

27 Bracket, Transformer ground XEU1-27 

28 Grounding lug XEU1-28 

29 Fuse 120V = 1/4 Amp (XEU1-29),       24V = 1 Amp (XEU1-29A) 

30 Printed circuit board assembly 120V = XEU1-30,          24V = XEU1-30A 

31 High limit, automatic reset XEU1-31 (also requires Part # XEU1-32) 

32 Conductive cement, high limit XEU1-32 

33 Bracket, transformer XEU1-33 

34 O-ring, control enclosure cover XEU1-34 

35 Cover, control enclosure XEU1-35 

36 Plug, 3/4” NPT explosion-proof XEU1-36 

37 Nut, bus bar XEU1-37 

38 Bus bar, long straight XEU1-38 

39 Bus bar, short straight XEU1-39 

40 Bus bar, short curved XEU1-40 

41 Bus bar, long curved XEU1-41 

42 High limit, manual reset XEU1-42 (also requires Part # XEU1-32) 

43 Handle, Disconnect XEU1-43 

44 Switch, Disconnect 60A Non-Fused  XEU1-44 
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Regular inspection, based on a schedule determined by the amount of dirt in the atmosphere, assures 
maximum operating economy and heating capacity. 
 

Annual Inspection (before each heating season) 
 

1. Check all terminal connections and electrical conductors for damage, looseness, defects, fraying, etc. and 
replace or tighten where applicable. 

2. Inspect contactor contacts. If badly pitted, burned or welded shut, replace with factory supplied contactor. It 
is recommended that the contactor be replaced every three (3) years. 

3. Inspect thermal delay fuses. Fuse rating and type are printed on circuit board. Correct fuse must be in the 
“ACTIVE” fuse clip. An extra fuse should be stored in the clips marked “SPARE”. 

4. Check for fluid leakage from heat-exchanger. The heat exchanger is filled with a mixture of water and inhib-
ited ethylene glycol, which is poisonous, and is factory vacuum-sealed. If fluid leakage occurs, remove 
heater from service and have the heat-exchanger replaced by a factory replacement unit. Refer to “Repair 
and Replacement” section for complete details. Do not attempt to loosen or tighten the vacuum plug or 
pressure relief device. A loss of vacuum could cause nuisance tripping of the thermal cutouts or high     
pressures which will cause the relief device to actuate with an accompanying loss of fluid. 

5. Check all explosion-proof conduit and fittings. Replace damaged components. All threaded conduit       
connections must have a minimum 5 turns of engagement. Taper threaded connections must be at least 
hand tight. Inside of enclosures must be clean, dry, and free from any foreign materials. Enclosure covers 
must also be completely on and tight. 

6. Check electrical resistance on all load side legs. Reading should be balanced (± 5%). 

7. Check motor shaft bearing play. Replace motor if play is excessive or if motor does not run quietly and 
smoothly. Motor bearings are permanently lubricated. 

8. Check fan blade. Replace immediately if cracked or damaged. 

9. Check louvers. Louver screws should be tight. Louvers must not be set less than 30 degrees of the closed 
position. 

10. Check the tightness of all hardware. All nuts and bolts, including mounting hardware, must be tightened to 
correct torque settings on Page 8. 

11. Turn heater motor on for a minimum of 10 minutes. Crackling or pinging noises within heater during start-
up are normal. Check for air exiting heater through louvers and smooth running of motor. 

 

Periodic Maintenance (before and as required during heating season) 
 

1. Clean the following (remove dust using compressed air): 
 

 Finned tubes 
 Fan 
 Fan Guard 
 Motor 
 Louvers 

 

2. Check the following: 
 

 Motor for smooth and quiet operation 
 Louvers for proper angle and tightness 
 All explosion-proof covers and fittings for tightness 
 Contactor for signs of wear or pitting 

— WARNING! — 
 

Heater should only be service by qualified personnel experienced in electrical work. 
 

Disconnect unit heater from power supply before starting any service or repair work. Lock the disconnect  
switch in the “OFF” (open) position and/or tag the switch to prevent unexpected power application. 

Failure to follow these procedures may result in severe or fatal injury. 

— Maintenance Program —  
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HEATER MAINTENANCE RECORD 
 
 Heater Model: _________________________ Serial No.: ______________________________ 
 
 
 

Date of  
Maintenance 

Performed 
By 

Maintenance Performed 
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NOTES 
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NOTES 
 
   
 



 

 

 
PRINTED IN CANADA 

©Copyright 2014 
 

The information contained in this 
manual has been carefully checked 
and verified for accuracy. Specifica-

tions subject to change without 
notice. 

 
Hazloc Heaters is a trademark of 

Hazloc Heaters Inc. 
 

#1, 666 Goddard Ave. NE 
Calgary, Alberta T2K 5X3 
Canada 
Tel.: +1-403-730-2488 
Fax: +1-403-730-2482 
Customer Toll Free (U.S. & Canada): 
+1-866-701-Heat (4328) 
www.HazlocHeaters.com 

 

Limited 36-Month Warranty 
 

 

Hazloc HeatersTM warrants all XEU1 series of explosion-proof electric 
heaters against  defects in materials and workmanship under normal con-
ditions of use for a period of thirty-six (36) months from date of purchase 
based on the following terms: 
 

1. The heater must not be modified in any way. 

2. The heater must be stored, installed and used only in accordance with 
the owner’s manual and attached data plate information. 

3. Replacement parts will be provided free of charge as necessary to   
restore any unit to normal operating condition, provided that the       
defective parts be returned to us freight prepaid and that the             
replacement parts be accepted freight collect. 

4. The complete heater may be returned to our manufacturing plant for 
repair or replacement (at our discretion), freight charges prepaid. 

5. Components damaged by contamination from dirt, dust, etc. or       
corrosion will not be considered as defects. 

6. This warranty shall be limited to the actual equipment involved and, 
under no circumstances, shall include or extend to installation or      
removal costs, or to consequential damages or losses. 
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Important
Be sure to read and understand the entire 
instruction manual before installing or operating 
the flame detection system.  Any deviation from 
the recommendations in this manual may impair 
system performance and compromise safety.

ATTENTION
The X3301 includes the Automatic oi ® (Optical 
Integrity) feature — a calibrated performance test 
that is automatically performed once per minute 
to verify complete detector operation capabilities.  
Testing with an external test lamp is not 
approved or required.

DESCRIPTION

The X3301 Protect•IR® is a multispectrum infrared (IR) 
flame detector.  It provides unsurpassed detection of 
fires from light to heavy hydrocarbon fuels combined 
with the highest degree of false alarm rejection.  The 
detector has Division and Zone explosion-proof 
ratings and is suitable for use in indoor and outdoor 
applications.

The X3301 contains three IR sensors with their 
associated signal processing circuitry.  The standard 
output configuration includes fire, fault and auxiliary 
relays.  Output options include:

–– 0 to 20 mA output (in addition to the three relays)

–– Pulse output for compatibility with existing Detector 
Electronics Corporation (Det-Tronics®) controller 
based systems (with fire and fault relays)

–– Eagle Quantum Premier® (EQP) compatible model 
(no analog or relay outputs)

–– HART communication

A tri-color LED on the detector faceplate indicates 
normal condition and notifies personnel of fire alarm or 
fault conditions.

Microprocessor controlled heated optics increase 
resistance to moisture and ice.

The X3301 housing is available in copper-free aluminum 
or stainless steel, with NEMA/Type 4X and IP66/IP67 
rating.

Outputs

Relays

The standard detector is furnished with fire, fault and 
auxiliary relays.  All three relays are rated 5 amperes 
at 30 Vdc.

The Fire Alarm relay has redundant terminals and 
normally open / normally closed contacts, normally 
de-energized operation, and latching or non-latching 
operation.

The Fault relay has redundant terminals and normally 
open contacts, normally energized operation, and 
latching or non-latching operation.

INSTRUCTIONS

Protect•IR® 

Multispectrum IR Flame Detector

X3301

©Detector Electronics Corporation 2013	 Rev: 6/13
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The Auxiliary relay has normally open / normally 
closed contacts, and is configurable for energized or 
de-energized operation, and latching or non-latching 
operation.

0 to 20 mA Output

A 0 to 20 mA output is available as an option (in 
addition to the three relays).  This option provides 
a 0 to 20 mA dc current output for transmitting 
detector status information to other devices. The 
circuit can be wired in either an isolated or non-
isolated configuration and can drive a maximum 
loop resistance of 500 ohms from 18 to 19.9 Vdc 
and 600 ohms from 20 to 30 Vdc. Table 1 indicates 
the detector status conditions represented by the 
various current levels. The output is calibrated at the 
factory, with no need for field calibration.  A model 
with relays and 0-20 mA with HART is also available.  
Refer to Addendum number 95-8577 for complete 
details.

NOTE
The output of the 0 to 20 mA current loop is not 
monitored by the fault detection circuitry of the 
X3301.  Therefore, an open circuit on the loop will 
not cause the fault relay to change state or the 
detector status LED to indicate a fault.  The status 
of the LED always follows the status of the relays.

An alarm condition will normally over-ride a fault 
condition, unless the nature of the fault condition 
impairs the ability of the detector to generate or 
maintain an alarm output, i.e. loss of operating power.

LON/SLC Output

The EQP model is designed for use exclusively with 
Det-Tronics' Eagle Quantum Premier system.  The 
detector communicates with the system controller over 
a digital communication network or LON/SLC (Local 
Operating Network / Signaling Line Circuit).  The LON/
SLC is a fault tolerant, two wire digital communication 
network arranged in a loop configuration.  Analog and 
relay outputs are not available on this model.

LED

A tri-color LED on the detector faceplate indicates 
normal condition and notifies personnel of fire alarm 
or fault conditions.  Table 2 indicates the condition of the 
LED for each status.

oi (Optical Integrity)

Automatic oi

The X3301 includes the Automatic oi feature — a 
calibrated performance test that is automatically 
performed once per minute to verify complete detector 
operation capabilities. No testing with an external test 
lamp is required. The detector automatically performs 
the same test that a maintenance person with a test 
lamp would perform — once every minute, 60 times 
per hour. However, a successful Automatic oi test does 
not produce an alarm condition.

The Protect•IR signals a fault condition when less than 
half of the detection range remains. This is indicated 
by the Fault output and is evident by the yellow color 
of the LED on the face of the detector. The oi fault 
condition is self-clearing if the optical contamination 
is temporary.  If the contamination is not automatically 
cleared and the oi fault remains, the detector may 
require cleaning or service.  See the "Troubleshooting" 
section for further information.

Magnetic oi / Manual oi

The detector also incorporates both Magnetic oi 
(Mag oi) and Manual oi (Man oi) features that provide 
the same calibrated test as the Automatic oi, and in 
addition actuates the Alarm output to verify operation 
for preventive maintenance requirements.  These 
features can be performed at any time and eliminate 
the need for testing with a non-calibrated external test 
lamp.

Table 2—Detector Status Indicator

Table 1—Detector Status Conditions Indicated by Current Level

Current Level (±0.3 mA) Detector Status

0 mA Power Fault

1 mA General Fault

2 mA oi Fault

3 mA Hi Background IR Fault

4 mA Normal Operation

20 mA Fire Alarm

Detector Status LED Indicator

Power On/Normal Operation
(no fault or fire alarm) Green

Fault Yellow

Fire (Alarm) Red

Low Sensitivity One Yellow Flash
During Power-up

T-Low Sensitivity Three Yellow Flashes
During Power-up

Medium Sensitivity Two Yellow Flashes
During Power-up

Very High Sensitivity Four Yellow Flashes
During Power-up

NOTE: See "Detector Sensitivity Levels" for additional information.
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CAUTION
These tests require disabling of all extinguishing 
devices to avoid release resulting from a 
successful test.

The Mag oi test is performed by placing a magnet at the 
location marked "MAG OI" on the outside of the detector 
(see Figure 2).  The Man oi test is accomplished by 
connecting the oi lead (terminal 22) to power supply 
minus via an external switch. The magnet or switch 
must be held in place for a minimum of 6 seconds 
to complete the test. Either of these test methods 
activates the calibrated IR emitters.  If the resulting 
signal meets the test criteria, indicating that greater 
than half of the detection range remains, the Alarm 
output changes state, the indicating LED changes to 
red, and the 0-20 mA current output goes to 20 mA.  
This condition remains until the magnet is removed or 
the switch is released, regardless of whether the relays 
are set for latching or non-latching operation.

If less than half of the detection range remains, no 
alarm is produced and a fault is generated.  The fault 
indication can be reset by momentarily applying the 
Mag oi or Man oi switch.

NOTE
Refer to Appendix A for FM verification of 
Det-Tronics’ oi function.

Communication

The X3301 is furnished with an RS-485 interface for 
communicating status and other information with 
external devices.  The RS-485 supports MODBUS 
protocol, with the detector configured as a slave 
device.

For HART communication, connect a HART communicator 
across a 250 ohm resistor in the 0-20 mA loop. 

NOTE
The EQP model uses LON/SLC communication.  
RS-485 and HART communication are not 
available on the EQP model.

Data Logging

Data logging capability is also provided.  Status 
conditions such as normal, power down, general and 
oi faults, pre-alarm, fire alarm, time and temperature 
are recorded.  Each event is time and date stamped, 
along with the temperature and input voltage.  Event 
data is stored in non-volatile memory when the event 
becomes active, and again when the status changes.   
Data is accessible using Det-Tronics' Inspector Connector 
accessory, RS-485, or the EQP Controller.

Integral Wiring Compartment

All external wiring to the device is connected within the 
integral junction box.  The detector is furnished with 
four conduit entries, with either 3/4 inch NPT or M25 
threads.

Detector Sensitivity Levels

There are four factory configured sensitivity levels 
available for the X3301 Flame Detector: 

Very High, Medium, Low, and T-Low.  

The following criteria should be considered when 
choosing a sensitivity level for the intended application:

•	 Detector placement

•	 Speed of response based on fuel type and fire size  
(see Appendix A for response times)

•	 Distance between the hazard and the flame 
detector 

Recommended sensitivity guidelines are as follows:

Very High:	 Offshore, Warehousing

Medium:	 General Duty, Compressors

Low:		  Offshore, close proximity/high IR 		
		  backgrounds

T-Low:	 Turbine Enclosures 

Additional information on X3301 Flame Detector 
performance results and sensitivities can be found in 
Appendix A, the FM Approval and Performance Report.

Consult the factory with any questions on how to choose 
the optimum sensitivity level for the intended application.  
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General APPLICATION 
Information

Response Characteristics

Response is dependent on the detector's sensitivity 
setting, distance, type of fuel, temperature of the fuel, 
and time required for the fire to come to equilibrium.  As 
with all fire tests, results must be interpreted according 
to an individual application.  

See Appendix A for third-party approved fire test results.  
Additional fire test results are available from Det-Tronics.

Important Application Considerations

In applying any type of sensing device as a fire 
detector, it is important to know of any conditions that 
can prevent the device from responding to fire, and 
also to know what other sources besides fire can cause 
the device to respond.

Welding

Arc welding should not be performed within 40 feet 
(12.2 m) of the detector configured to very high 
sensitivity, within 10 feet (3.0 m) at medium sensitivity, 
within 5 feet (1.5 m) at T-Low sensitivity, or within 5 feet 
(1.5 m) at Low sensitivity.  It is recommended that 
the system be bypassed during welding operations 
in situations where the possibility of a false alarm 
cannot be tolerated.  Gas welding mandates system 
bypass, since the gas torch is an actual fire.  Arc welding 
rods can contain organic binder materials in the flux that 
burn during the welding operation and are detectable by 
the X3301.  Welding rods with clay binders do not burn 
and will not be detected by the X3301.  However, system 
bypass is always recommended, since the material being 
welded may be contaminated with organic substances 
(paint, oil, etc.) that will burn and possibly cause the 
X3301 to alarm.

Artificial Lighting

The X3301 should not be located within 3 feet (0.9 m) 
of artificial lights.  Excess heating of the detector could 
occur due to heat radiating from the lights.

EMI/RFI Interference

The X3301 is resistant to interference by EMI and RFI, 
and is EMC Directive compliant.  It will not respond to a 5 
watt walkie-talkie at distances greater than 1 foot (0.3 m).  
Do not operate a walkie-talkie within 1 foot (0.3 m) of the 
X3301.

Non-Carbon Fires

The X3301 is a multiple spectrum IR device with 
detection limited to carbonaceous fuels.  It should not 
be used to detect fires from fuels that do not contain 
carbon, such as hydrogen, sulfur, and burning metals.

Important safety notes

Warning
Do not open the detector assembly in a hazardous 
area when power is applied.  The detector contains 
limited serviceable components and should never 
be opened.  Doing so could disturb critical optical 
alignment and calibration parameters, possibly 
causing serious damage. 

Caution
The wiring procedures in this manual are intended 
to ensure proper functioning of the device under 
normal conditions.  However, because of the 
many variations in wiring codes and regulations, 
total compliance to these ordinances cannot be 
guaranteed.  Be certain that all wiring complies 
with the NEC as well as all local ordinances.  If 
in doubt, consult the authority having jurisdiction 
before wiring the system.  Installation must be 
done by a properly trained person.

Caution
To prevent unwanted actuation or alarm, 
extinguishing devices must be disabled prior to 
performing system tests or maintenance.

Caution
The multispectrum IR flame detectors are to be 
installed in places where the risk of mechanical 
damage is low.

Attention
Remove the protective cap from the front of the 
detector before activating the system.

Attention
Observe precautions for handling electrostatic 
sensitive devices.
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INSTALLATION

note
The recommended lubricant for threads and 
O-rings is a silicone free grease (p/n 005003-
001) available from Det-Tronics.  Under no 
circumstances should a lubricant containing 
silicone be used.

Detector Positioning

Detectors should be positioned to provide the best 
unobstructed view of the area to be protected.  
The following factors should also be taken into 
consideration:

•	 Identify all high risk fire ignition sources.

•	 Be sure that enough detectors are used to adequately 
cover the hazardous area.

•	 Be sure that the unit is easily accessible for cleaning 
and other periodic servicing.

•	 Verify that all detectors in the system are properly 
located and positioned so that any fire hazards are 
within both the Field of View (FOV) and detection 
range of the detector.  Det-Tronics' Q1201C Laser 
Aimer is recommended for establishing the detector's 
FOV.  Refer to Appendix A for specific information 
regarding detector range and FOV.

•	 The detector should be aimed downward at least 10 
to 20 degrees to allow lens openings to drain.  See 
Figure 1.  The detector should be positioned so 
that its FOV does not cover areas outside the 
hazardous area.  This will minimize the possibility 
of false alarms caused by activities outside the area 
requiring protection.

•	 The detector must be mounted on a rigid surface in 
a low vibration area.

•	 Dense fog, rain or ice can absorb IR radiation and 
reduce the sensitivity of the detector.  To ensure 
optimum performance, be certain that the internal 
optical heater is enabled on detectors that are used 
in applications where snow, ice, and/condensation 
are likely to occur.

•	 Although IR detectors are less affected by smoke 
than other detectors, the X3301 should not be placed 
where rising combustion products can obscure 
its vision.  If smoke is expected before fire, smoke 
or other alternative detectors should be used in 
conjunction with the X3301. For indoor applications, 
if dense smoke is expected to accumulate at the 
onset of a fire, mount the detector on a side wall at 
least a few feet (approximately 1 meter) down from 
the ceiling.

•	 If possible, fire tests can be conducted to verify 
correct detector positioning and coverage.

•	 For ATEX installations, the X3301 Flame Detector 
housing must be electrically connected to earth 
ground.

Detector Orientation

Refer to Figure 2 and ensure that the oi plate will be 
oriented as shown when the X3301 is mounted and 
sighted.  This will ensure proper operation of the oi  
system and will also minimize the accumulation of 
moisture and contaminants between the oi plate and 
the viewing windows.  

IMPORTANT
If removed, the oi  plate must be securely 
tightened to ensure proper operation of the oi 
system (40 oz./inches [28.2 N .cm] recommended).

VIEWING WINDOW (3)

oi PLATE

PLACE MAGNET
HERE TO INITIATE

MAGNETIC oi

oi MAGNET

DETECTOR
STATUS INDICATOR

F2068

Figure 1—Detector Orientation Relative to Horizon

CENTER AXIS 
OF DETECTOR 
FIELD OF VIEW

CENTER AXIS 
OF DETECTOR 
FIELD OF VIEW

INCORRECT

CORRECT

NOTE: DETECTOR MUST ALWAYS BE AIMED
 DOWNWARD AT LEAST 10 TO 20 DEGREES.

D1974

Figure 2—Front View of the X3301
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Protection Against Moisture Damage

It is important to take proper precautions during 
installation to ensure that moisture will not come in 
contact with the electrical connections or components 
of the system.  The integrity of the system regarding 
moisture protection must be maintained for proper 
operation and is the responsibility of the installer.

If conduit is used, we recommend installing drains, 
according to local codes, at water collection points 
to automatically drain accumulated moisture. It is 
also recommended to install at least one breather, 
according to local codes, at upper locations to provide 
ventilation and allow water vapor to escape. 

Conduit raceways should be inclined so that water 
will flow to low points for drainage and will not collect 
inside enclosures or on conduit seals.  If this is not 
possible, install conduit drains above the seals to 
prevent the collection of water or install a drain loop 
below the detector with a conduit drain at the lowest 
point of the loop.

Conduit seals are not required for compliance with 
explosion-proof installation requirements, but are 
highly recommended to prevent water ingress in 
outdoor applications.  Units with M25 threads must use 
an IP66/IP67 washer to prevent water ingress.

Wiring Procedure

Wire Size and Type

The system should be wired according to local codes.  
The wire size selected should be based on the number 
of detectors connected, the supply voltage and the 
cable length.  Typically 16 AWG or 2.5 mm2 shielded 
cable is recommended.  Wires should be stripped 3/8 
inch (9 mm).  A minimum input voltage of 18 Vdc must 
be present at the X3301.

note
Refe r  to  “Power  Consumpt ion” i n  t he 
“Specifications” section of this manual.

The use of shielded cable is required to protect against 
interference caused by EMI and RFI.  When using 
cables with shields, terminate the shields as shown 
in Figures 7 through 12, and Figure 15.  Consult the 
factory if not using shielded cable.

In applications where the wiring cable is installed in 
conduit, the conduit must not be used for wiring to other 
electrical equipment.

If disconnection of power is required, separate 
disconnect capability must be provided.

CAUTION
Installation of the detector and wiring should be 
performed only by qualified personnel.

Detector Mounting

Install the mounting arm assembly on a rigid surface.  
The ideal installation surface should be free of vibration 
and suitable to receive 3/8 inch (M9) bolts with a length 
of at least 1 inch (25 mm).  The surface must also have 
sufficient capacity to hold the detector and mounting arm 
weights (see "Specifications" section).  Refer to the Q9033 
Mounting Arm and Collar Attachment manual (95-8686) 
for additional mounting information.  See Figure  3 for 
dimensions.

13.1
(33.4)

10.6
(27.0)

4.0
(10.2)

4.0
(10.2)

3.0
(7.6)

3.0
(7.6)

4X  ø0.42
        (1.1)

E2069

NOTE:  THIS ILLUSTRATION SHOWS THE 
             DETECTOR MOUNTED AT THE 10° MINIMUM.  
             THESE DIMENSIONS WILL CHANGE BASED  
             ON THE DETECTOR’S MOUNTING ANGLE.

Figure 3—Q9033 Mounting Arm without Collar Attachment Dimensions in Inches (cm)
(See Figure 1 for Correct Detector Orientation.)
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Relay and 0-20 mA Output Models

Follow the instructions below to install the X3301.

1.	 Make field connections following local ordinances 
and guidelines in this manual.

–– Figure  4 shows the wiring terminal strip located 
inside the detector’s integral junction box.  

–– Figure 5 shows the wiring terminal identification for 
the X3301 Flame Detector.

–– Figure 6 shows an EOL resistor installed within the 
integral wiring compartment of the detector (refer to 
“EOL Resistors” for details).

–– Figures 7 and 8 provide examples of typical 
installations with a X3301 wired to a fire alarm 
panel.

–– If the detector is equipped with a 0 to 20 mA output, 
refer to Figures 9 through 12.

2.	 Check all field wiring to be sure that the proper 
connections have been made.

Important
Do not test any wiring connected to the detector 
with a meg-ohmmeter.  Disconnect wiring at 
the detector before checking system wiring for 
continuity.

3.	 Make the final sighting adjustments and use a 14 mm 
hex wrench to ensure that the mounting arm assembly 
is tight.

EOL Resistors (Not Used with EQP Model)

To ensure that the insulating material of the wiring 
terminal block will not be affected by the heat generated 
by EOL resistors, observe the following guidelines 
when installing the resistors.

1.	 Required EOL resistor power rating must be 5 
watts minimum.

note
EOL resistors must be ceramic, wirewound 
type, rated 5 watts minimum, with actual power 
dissipation not to exceed 2.5 watts.  This applies 
to ATEX/IEC installations only.

2.	 Resistor leads should be cut to a length of 
approximately 1 1/2 inches (40 mm).

3.	 Bend the leads and install the EOL resistor as 
shown in Figure 6

4.	 Maintain a 3/8 inch (10 mm) minimum gap between 
the resistor body and the terminal block or any 
other neighboring parts.

NOTE
The EOL resistor can only be used within the 
flameproof terminal compartment.  Unused conduit 
entries shall be closed with suitable blanking 
elements.
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Figure 4—X3301 Terminal Block
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1
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11

4-20 mA + 4-20 mA – 

4-20 mA + REF 4-20 mA – REF

COM FIRE COM FIRE

N.O. FIRE N.O. FIRE

N.C. FIRE N.C. FIRE

COM FAULT COM FAULT

N.O. FAULT N.O. FAULT

24 VDC + 24 VDC +

24 VDC – 24 VDC –24 VDC –

29

28

27

26

25

24

23

22

21

SPARE

SPARE

COM AUX

N.O. AUX

N.C. AUX

RS-485 A

RS-485 B

MAN Oi

C2061

Figure 5—X3301 Wiring Terminal Identification

3/8 INCH (10 MM) GAP MINIMUM

111213141516171819

B2126

BULKHEAD

Figure 6—EOL Resistor Installation (For Ex d Wiring only)
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B2107

FIRE ALARM PANEL

X3301 DETECTOR

ALARM

24 VDC

+

–

WIRING NOTES:

1 IN NORMAL OPERATION WITH NO FAULTS OCCURRING, THE FAULT RELAY COIL IS ENERGIZED AND
 THE NORMALLY OPEN (N.O.) AND COMMON (COM) CONTACTS ARE CLOSED.

2 ALARM RELAY IS NORMALLY DE-ENERGIZED WITH NO ALARM CONDITION PRESENT.

3 INDIVIDUAL MANUAL oi TEST SWITCHES CAN BE INSTALLED REMOTELY OR A DETECTOR SELECTOR AND
 ACTIVATION SWITCH CAN BE INSTALLED AT THE FIRE PANEL.  TEST SWITCHES ARE NOT SUPPLIED.

4 REFER TO SPECIFICATIONS SECTION FOR EOL RESISTOR VALUES.  REFER TO EOL RESISTORS SECTION
 FOR INSTALLATION DETAILS.

E.O.L.
DEVICE4

oi TEST 3

9

8

7

6

5

4

3

2

1

19

18

17

16

15

14

13

12

11

COM FIRE2 COM FIRE

N.O. FIRE2 N.O. FIRE

N.C. FIRE2 N.C. FIRE

COM FAULT1 COM FAULT

N.O. FAULT1 N.O. FAULT

24 VDC + 24 VDC +

24 VDC – 24 VDC – 24 VDC –

29

28

27

26

25

24

23

22

21

SPARE

SPARE

RS-485 A

RS-485 B

MAN Oi

4-20 mA + 4-20 mA –

4-20 mA + REF 4-20 mA – REF

COM AUX

N.O. AUX

N.C. AUX

Figure 7—Ex d Wiring Option

B2109

FIRE ALARM PANEL

X3301 DETECTOR

ALARM

ALARM

24 VDC

+

–

WIRING NOTES:

1 IN NORMAL OPERATION WITH NO FAULTS OCCURRING, THE FAULT RELAY COIL IS ENERGIZED AND
 THE NORMALLY OPEN (N.O.) AND COMMON (COM) CONTACTS ARE CLOSED.

2 ALARM RELAY IS NORMALLY DE-ENERGIZED WITH NO ALARM CONDITION PRESENT.

3 INDIVIDUAL MANUAL oi TEST SWITCHES CAN BE INSTALLED REMOTELY OR A DETECTOR SELECTOR AND
 ACTIVATION SWITCH CAN BE INSTALLED AT THE FIRE PANEL.  TEST SWITCHES ARE NOT SUPPLIED.

4 EOL RESISTOR SUPPLIED BY PANEL.

EOL
DEVICE 4
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N.O. FIRE2 N.O. FIRE

N.C. FIRE2 N.C. FIRE

COM FAULT1 COM FAULT

N.O. FAULT1 N.O. FAULT

24 VDC + 24 VDC +

24 VDC – 24 VDC – 24 VDC –

29

28

27

26

25

24

23

22

21

SPARE

SPARE

RS-485 A

RS-485 B

MAN Oi

4-20 mA + 4-20 mA –

4-20 mA + REF 4-20 mA – REF

COM AUX

N.O. AUX

N.C. AUX

Figure 8—Ex d e Wiring Option
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24 VDC

4 TO 20 mA

PLC

–

+

600 Ω MAX
AT 24 VDC

–

+

E2063

Oi TEST1

9

8

7

6

5

4
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1
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15
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11

4-20 mA + 4-20 mA –

4-20 mA + REF 4-20 mA – REF

24 VDC +

24 VDC –

24 VDC +

24 VDC – 24 VDC –

29

28

27

26

25

24

23

22

21

MAN Oi

X3301 IR DETECTOR

SPARE

SPARE

RS-485 A

RS-485 B

COM AUX

N.O. AUX

N.C. AUX

COM FIRE

N.O. FIRE

N.C. FIRE

COM FIRE

N.O. FIRE

N.C. FIRE

COM FAULT

N.O. FAULT

COM FAULT

N.O. FAULT

Figure 9—X3301 Detector Wired for Non-Isolated 0 to 20 mA Current 
Output (Sourcing)
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Figure 10—X3301 Detector Wired for Non-Isolated 0 to 20 mA Current 
Output (Sinking)
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Figure 11—X3301 Detector Wired for Isolated 0 to 20 mA
Current Output (Sourcing)
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Figure 12—X3301 Detector Wired for Isolated 0 to 20 mA
Current Output (Sinking)

NOTES:	 1.	 INDIVIDUAL MANUAL oi TEST SWITCHES CAN BE
		  INSTALLED REMOTELY OR A DETECTOR SELECTOR AND
		  ACTIVATION SWITCH CAN BE INSTALLED AT THE FIRE
		P  ANEL.  TEST SWITCHES ARE NOT SUPPLIED.
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6
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3

2

1

16

15

14

13
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11

COM SHIELD COM SHIELD

COM 1 A COM 2 A

COM 1 B COM 2 B

POWER SHIELD POWER SHIELD

24 VDC + 24 VDC +

24 VDC – 24 VDC –

B2089

Figure 13—X3301 Terminal Block (EQP Model)

Figure 14—Wiring Terminal Identification for X3301 EQP Model

EQP Model

1.	 Connect external wires to the appropriate terminals 
inside the device junction box, shown in Figure 13. 
See Figure 14 for terminal identification.

2.	 Connect the shield of the power cable to “earth 
ground” at the power source.

3.	 Connect shields for the LON cable as indicated.  See 
Figure 15

NOTE
DO NOT ground any shields at the detector housing.

4.	 With input power disconnected, set the device 
network address (see the “Setting Device Network 
Addresses” section of this manual for switch setting 
procedure).

5.	 Check all field wiring to be sure that the proper 
connections have been made.

6.	 Replace the device cover and apply input power.

7.	 Make the final sighting adjustments and use a 14 mm 
hex wrench to ensure that the mounting arm assembly 
is tight.

NOTE
Refer to the Eagle Quantum Premier system 
manual (95-8533) for information regarding power 
requirements, network communication cable 
requirements, and configuration.
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Setting Device Network Addresses
(EQP Model Only)

Overview of Network Addresses

Each device on the LON must be assigned a unique 
address.  Addresses 1 to 4 are reserved for the 
controller.  Valid addresses for field devices are from 
5 to 250.

IMPORTANT
If the address is set to zero or an address above 
250, the switch setting will be ignored.

Duplicated addresses are not automatically detected.  
Modules given the same address will use the number 
given and report to the controller using that address.  
The status word will show the latest update, which 
could be from any of the reporting modules using that 
address.

Setting Field Device Addresses

Selection of the node address is done by setting rocker 
switches on an 8 switch “DIP Switch Assembly” within 
the detector’s housing.  Refer to Figure 16 for switch 
location.

WARNING
The network address switches are located within 
the detector housing.  Disassembly of the detector 
head that contains powered electrical circuits is 
required to gain access to the network address 
switches.  For hazardous areas, the area must be 
de-classified before attempting disassembly of the 
device.  Always observe precautions for handling 
electrostatic sensitive devices.

The address number is binary encoded with each 
switch having a specific binary value with switch 1 
being the LSB (Least Significant Bit), see Figure  17. 
The device’s LON address is equal to the added value 
of all closed rocker switches.  All “Open” switches are 
ignored.

Example:  for node No. 5, close rocker switches 1 and 
3 (binary values 1 + 4);  for node No. 25, close rocker 
switches 1, 4 and 5 (binary values 1 + 8 + 16). 

Note
The field device sets the LON address only when 
power is applied to the device.  Therefore, it is 
important to set the switches before applying 
power.  If an address is ever changed, system 
power must be cycled before the new address will 
take effect.

After setting address switches, record the address 
number and device type.

ADDRESS SWITCHES SENSOR MODULE
REMOVED FROM HOUSING

A2191

Figure 16—Location of Address Switches

1 2 3 4 5 6 7 8

1 2 4 8 16 32 64 128

ON

NODE ADDRESS EQUALS THE ADDED VALUE
OF ALL CLOSED ROCKER SWITCHES

A2190

BINARY
VALUE

CLOSED = ON
OPEN = OFF

Figure 17—Address Switches for X3301
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STARTUP PROCEDURE

When installation of the equipment is complete, 
perform the “Fire Alarm Test” below. 

Fire Alarm Test

1.	 Disable any extinguishing equipment that is 
connected to the system.

2.	 Apply input power to the system.

3.	 Initiate an oi test (see “Magnetic oi / Manual oi” 
under Optical Integrity in the Description section of 
this manual).

4.	 Repeat this test for all detectors in the system.  If 
a unit fails the test, refer to the “Troubleshooting” 
section.

5.	 Verify that all detectors in the system are properly 
aimed at the area to be protected.  (Det-Tronics' 
Q1201C Laser Aimer is recommended for this 
purpose.)

6.	 Enable extinguishing equipment when the test is 
complete.

TROUBLESHOOTING

Warning
The sensor module (“front” half of the detector) 
contains no user serviceable components 
and should never be opened.  The terminal 
compartment is the only part of the enclosure that 
should be opened by the user in the field.

1.	 Disable any extinguishing equipment that is 
connected to the unit.

2.	 Inspect the viewing windows for contamination 
and clean as necessary.  The detector is relatively 
insensitive to airborne contaminants, however, thick 
deposits of ice, dirt, or oil will reduce sensitivity. 
(Refer to the “Maintenance” section for complete 
information regarding cleaning of the detector 
viewing windows.)

3.	 Check input power to the unit.

4.	 If the fire system has a logging function, check the fire 
panel log for output status information.  See Table 3 for 
information regarding 0 to 20 mA output.

5.	 Turn off the input power to the detector and check all 
wiring for continuity. Important:  Disconnect wiring 
at the detector before checking system wiring for 
continuity.

6.	 If all wiring checks out and cleaning of the oi plate/
window did not correct the fault condition, check for 
high levels of background IR radiation by covering 
the detector with the factory supplied cover or 
aluminum foil.  If the fault condition clears within 6 
minutes or less, extreme background IR is present.  
Re-adjust the view of the detector away from the IR 
source or relocate the detector.

If none of these actions corrects the problem, return the 
detector to the factory for repair.

NOTE
It is highly recommended that a complete spare 
be kept on hand for field replacement to ensure 
continuous protection.

Table 3—Current Level Output Troubleshooting Guide

Current Level
(±0.3 mA) Status Action

0 mA Power Fault Check system 
wiring

	 1 mA General Fault Cycle power1

	 2 mA oi Fault Clean windows2

	 3 mA Hi Background IR Fault

Remove IR source 
or aim detector 
away from IR 

source
	 4 mA Normal Operation

20 mA Fire Alarm
1 If fault continues, return device to factory for repair.
2 See “Maintenance” section for cleaning procedure.
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MAINTENANCE

IMPORTANT
Per iodic f lamepath inspect ions are not 
recommended, since the product is not intended 
to be serviced and provides proper ingress 
protection to eliminate potential deterioration of the 
flamepaths.

Warning
The sensor module (“front” half of the detector) 
contains no user serviceable components 
and should never be opened.  The terminal 
compartment is the only part of the enclosure that 
should be opened by the user in the field.

Note
Refer to the X3301 Safety manual (95-8582) for 
specific requirements and recommendations 
applicable to the proper installation, operation, 
and maintenance of all SIL-Certified X3301 
Flame Detectors.

To maintain maximum sensitivity and false alarm 
resistance, the viewing windows of the X3301 must be 
kept relatively clean. Refer to the following procedure 
for cleaning instructions.

Cleaning Procedure

CAUTION
Disable any extinguishing equipment that is 
connected to the unit to prevent unwanted 
actuation.

To clean the windows and oi plate, use Det-Tronics' 
window cleaner (p/n 001680-001) and a soft cloth, cotton 
swab or tissue and refer to the following procedure:

1.	 Disable any extinguishing equipment that is 
connected to the unit.  

2.	 Since the X3301 is less affected by contamination 
than other detectors, removal of the oi plate is needed 
only under extreme conditions.  In addition, it is not 
necessary to achieve perfect cleanliness, because 
IR is not significantly absorbed by slight films of oil 
and/or salt.  If a fault condition is still indicated after 
cleaning, remove and clean the oi plate using the oi 
Plate Removal and Replacement procedure.

3.	 In all environments, clean all three viewing windows 
and reflector surfaces thoroughly.  Use a cotton 
swab and Det-Tronics' window cleaning solution.  
Use Isopropyl alcohol for contaminations that 
the Det-Tronics window cleaning solution can not 
remove.

Important
When used in extreme environments, the reflective 
surface of the detector oi  plate may eventually 
deteriorate, resulting in reoccurring oi  faults and 
the need for oi  plate replacement.

oi Plate Removal and Replacement

1.	 Disable any extinguishing equipment that is 
connected to the unit.  

2.	 Loosen the two captive screws, then grasp the oi 
plate by the visor and remove it from the detector.  
See Figure 18.

3.	 Install the new (or cleaned) oi plate.

Note
When installing the stainless steel plate, ensure 
that the gasket is present and correctly seated to 
prevent moisture or contaminants from penetrating 
behind the plate.  To ensure even seating, tighten 
both screws equally.

4.	 Recalibrate the detector's oi system.  Refer to the 
Inspector Monitor manual (95-8581) for instructions 
regarding oi plate replacement and oi system 
recalibration.

Caution
Do not replace the oi  reflector plate without also 
recalibrating the oi  system.

Recalibration of the oi system requires the use of the 
Inspector Connector Cable and Inspector Monitor 
Software. These two items are included in the oi 
replacement kit, or they can be purchased separately. 
See Ordering Information for details.

LOOSEN TWO CAPTIVE SCREWS

GRASP VISOR AND
REMOVE oi PLATE 

B2106

Figure 18—oi Plate Removal
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X3301 Reflector Plates

X3301 models are supplied with either a black or a 
stainless steel reflector plate. These plates are not 
interchangeable. Order the replacement that matches 
the reflector plate on your X3301 Flame Detector.

Periodic Checkout Procedure

In compliance with SIL 2, a checkout of the system using 
the Mag oi  or Man oi feature should performed regularly 
to ensure that the system is operating properly.  Refer 
to Table 1 in the X3301 Safety manual (95-8582) for 
frequency of proof tests.  To test the system, perform the 
“Fire Alarm Test” as described in the “Startup Procedure” 
section of this manual.

Clock Battery

The real time clock has a backup battery that will 
operate the clock with no external power.  Return the 
device to the factory for battery replacement if needed.

NOTE
If the backup battery is depleted, there is no effect 
on the operation of the flame detector, but the time 
stamping of the data log may be affected.

FEATURES

•	 Long detection range to carbonaceous fires

•	 Unequaled false alarm rejection

•	 Responds to a fire in the presence of modulated 
blackbody radiation (i.e. heaters, ovens, turbines) 
without false alarm

•	 Microprocessor controlled heated optics for increased 
resistance to moisture and ice

•	 Automatic, manual, or magnetic oi testing

•	 Easily replaceable oi plate

•	 Fire, fault and auxiliary relays standard

•	 0 to 20 mA isolated output (optional)

•	 Eagle Quantum Premier LON/SLC output (optional)

•	 HART communication (optional)

•	 FDT/DTM capable

•	 Multiple sensitivity levels

•	 A tri-color LED on the detector faceplate indicates 
normal condition and notifies personnel of fire alarm 
or fault conditions

•	 Operates under adverse weather conditions and in 
dirty environments

•	 Mounting arm allows easy sighting

•	 Integral wiring compartment for ease of installation

•	 Explosion-proof/flame-proof detector housing.  
Meets FM, CSA, ATEX Directive and CE certification 
requirements

•	 Class A wiring per NFPA-72

•	 Meets NFPA-33 response requirement for under 0.5 
second (available when model selected)

•	 5 year warranty

•	 RFI and EMC Directive compliant

Associated Manuals

List of X3301 related manuals:

TITLE FORM NUMBER

Pulse 95-8528
EQP 95-8533
SIL 2 (Safety) 95-8582
HART Addendum 95-8577
Automotive Addendum 95-8534
Hangar 95-8548
Q9033 Mounting Arm 
and Collar Attachment 95-8686

Inspector Monitor Software for
X-Series Flame Detectors 95-8581

Q1130 Flange Mount 95-8662
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SPECIFICATIONS

OPERATING VOLTAGE—  
24 Vdc nominal (18 Vdc minimum, 30 Vdc maximum).  
Maximum ripple is 2 volts peak-to-peak.

POWER CONSUMPTION—
Without heater:	4 watts at 24 Vdc nominal;
		  5.2 watts at 24 Vdc in alarm.
	 4.5 watts at 30 Vdc nominal;
		  6.5 watts at 30 Vdc in alarm.
Heater only:	 8 watts maximum.
Total power:	 17 watts at 30 Vdc with EOL resistor installed 	
	 and  heater on maximum.
EOL resistor must be ceramic, wirewound type, rated 
5 watts minimum, with actual power dissipation not to 
exceed 2.5 watts.
For HART model, refer to Addendum number 95-8577.

POWER UP TIME—
Fault indication clears after 0.5 second; device is ready 
to indicate an alarm condition after 30 seconds.

OUTPUT RELAYS—
Fire Alarm relay,  Form C, 5 amperes at 30 Vdc:

The Fire Alarm relay has redundant terminals and 
normally open / normally closed contacts, normally 
de-energized operation, and latching or non-
latching operation.

Fault relay, Form A, 5 amperes at 30 Vdc:
The Fault relay has redundant terminals and normally 
open contacts, normally energized operation, and 
latching or non-latching operation.

Auxiliary relay,  Form C, 5 amperes at 30 Vdc:
The auxiliary relay has normally open/normally 	
closed  contacts, normally energized or de-energized 
operation, and latching or non-latching operation.

CURRENT OUTPUT (Optional)—
0 to 20 milliampere (±0.3 mA) dc current, with a maximum 
loop resistance of 500 ohms from 18 to 19.9 Vdc and 600 
ohms from 20 to 30 Vdc.

LON Output—
Digital communication, transformer isolated (78.5 kbps).

TEMPERATURE RANGE—
Operating:	 –40°F to +167°F  (–40°C to +75°C).
Storage:	 –67°F to +185°F (–55°C to +85°C).
Hazardous location ratings from –55°C to +125°C.

HUMIDITY RANGE—
0 to 95% relative humidity, can withstand 100% 
condensing humidity for short periods of time.

CONE OF VISION—
The detector has a 90° cone of vision (horizontal) with 
the highest sensitivity lying along the central axis.  Unlike 
conventional detectors, the X3301 provides full coverage 
at a minimum of 70% of the maximum detection distance.

Perfect cone of vision for methane fire detection — 100 
feet (30.5 m) on and off axis on “very high” setting.

Refer to Appendix A for FM Approved cone of vision data.

RESPONSE TIME—
Typical response times are under 10 seconds.  Models 
are available that can respond to automotive paint 
gun fires in under 0.5 seconds.  See Appendix A and 
“Automotive Addendum” (95-8534) for actual response 
times.

DIMENSIONS—
See Figure 19.

10.0
(25.4)

4.8
(12.2)

4.7
(11.9)

B2067

Figure 19—X3301 Dimensions in Inches (cm)
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ENCLOSURE MATERIAL—
Copper-free aluminum (painted) or Stainless Steel (316/
CF8M Cast).

Vibration—
Conformance per FM 3260: 2000, MIL-STD 810C 
(Curve AW), DNV Note 2.4 (Class B).

WIRING—
Field wiring screw terminals are UL/CSA rated for up to 
14 AWG wire, and are DIN/VDE rated for 2.5 mm2 wire.  
Screw terminal required torque range is 3.5–4.4 in.-lbs. 
(0.4-0.5 N·m).

Important:  18 Vdc minimum must be available at the 
detector.  For ambient temperatures below –10°C (14°F) 
and above +60°C (140°F) use field wiring suitable for 
both minimum and maximum ambient temperature.

Thread SIZE—
Conduit connection:  Four entries, 3/4 inch NPT or M25.
Conduit seal not required.

SHIPPING WEIGHT (Approximate)—
Aluminum:  	  	 7 pounds (3.2 kilograms).
Stainless Steel:		  13.8 pounds (6.3 kilograms).
Mounting Arm (AL):	 6 pounds (2.75 kilograms).
Mounting Arm (SS):	 14 pounds (6.4 kilograms).

WARRANTY PERIOD—
5 years.

CERTIFICATION—

FM
APPROVED

®

VdS

 

For complete approval details, refer to the appropriate 
Appendix:

Appendix A - FM
Appendix B - CSA
Appendix C - ATEX/CE
Appendix D - IECEx
Appendix E - EN54
Appendix F - Offshore
Appendix G - Additional approvals
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Replacement parts

The detector is not designed to be repaired in the field.  
If a problem should develop, refer to the Troubleshooting 
section.  If it is determined that the problem is caused by 
an electronic defect, the device must be returned to the 
factory for repair.

Replacement Parts

Part Number Description

009208-001 oi Replacement kit for X3301 (5 Black Reflector Plates) 
with Inspector Connector and Monitor

010831-001 oi Replacement kit for X3301 (5 Stainless Steel Reflector Plates) 
with Inspector Connector and Monitor

007307-001 Replacement oi Reflector Plates for X3301 with Black plate 
(requires Inspector Connector to calibrate)

010830-001 Replacement oi Reflector Plates for X3301 with Stainless Steel 
plate (requires Inspector Connector to calibrate)

NOTE: Refer to instruction manual 95-8530 to determine the correct oi Replacement Plate.

DEVICE REPAIR AND RETURN

Prior to returning devices, contact the nearest local 
Detector Electronics office so that a Return Material 
Identification (RMI) number can be assigned.  A 
written statement describing the malfunction must 
accompany the returned device or component to 
assist and expedite finding the root cause of the 
failure.

Pack the unit properly.  Always use sufficient packing 
material.  Where applicable, use an antistatic bag as 
protection from electrostatic discharge.

note
Det-Tronics reserves the right to apply a service 
charge for repairing returned product damaged as 
a result of improper packaging.

Return all equipment transportation prepaid to the factory 
in Minneapolis.

NOTE 
It is highly recommended that a complete spare 
be kept on hand for field replacement to ensure 
continuous protection.	

ORDERING INFORMATION

When ordering, please specify:
X3301 IR Flame Detector
Refer to the X3301 Model Matrix for details

Q9033 Mounting Arm is required:
–– Q9033A for aluminum detectors only
–– Q9033B for aluminum and stainless steel detectors

Accessories

Part Number Description
000511-029 Converter RS485 to RS232
103881-001 Converter RS485 to USB

007819-001 W6300B1002 Serial Inspector Connector
 (Inspector Monitor software included)

007819-002 W6300B1003 USB Inspector Connector
 (Inspector Monitor software included)

009207-001 Flame Inspector Monitor CD
103922-001 Model 475 HART Communicator
102740-002 Magnet
008082-001 Magnet and Adapter for Extension Pole
007739-001 Magnet and Extension Pole
007240-001 Q1116A1001, Air Shield (AL)
007818-001 Q1118A1001 Aluminum Air Shield/Flange Mount (AL)
007818-002 Q1118S1001 Stainless Steel Air Shield/Flange Mount (SS)
009177-001 Q1120A1001 Paint Shield mounting ring (AL)
010857-001 Q1130A1001 Flange Mount Assembly
006097-001 Q1201 Laser
102871-001 Laser Battery, 3V Lithium (laser)
007255-001 Q1201C1001 X-Series Laser Holder (AL/Plastic)
007338-001 Q2000A1001 X-Series Weather Shield (AL)
007338-010 Q2033A10R X3301/X3302 FOV Limiter 10° (AL)
007338-020 Q2033A20R X3301/X3302 FOV Limiter 20° (AL)
007338-030 Q2033A30R X3301/X3302 FOV Limiter 30° (AL)
007912-010 Spare Restrictor Plate 10° (AL)
007912-020 Spare Restrictor Plate 20° (AL)
007912-030 Spare Restrictor Plate 30° (AL)

007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for 
aluminum and stainless steel detectors

007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum 
detectors only 

011385-001 Q9033 Collar Attachment
101197-001 Stop Plug, 3/4” NPT, AL
101197-004 Stop Plug, 3/4” NPT, SS
101197-005 Stop Plug, M25, AL, IP66
101197-003 Stop Plug, M25, SS, IP66
010816-001 Stop Plug, 20 Pack, 3/4”NPT, AL
010817-001 Stop Plug, 20 Pack, 3/4”NPT, SS
010818-001 Stop Plug, 20 Pack, M25, AL, IP66
010819-001 Stop Plug, 20 Pack, M25, SS, IP66
103363-001 14 mm Hex Wrench (Steel)
103406-001 Screwdriver
107427-040 O-ring - Rear Cover (Viton)
005003-001 1 oz grease for detectors (non-silicon)
001680-001 Window cleaner (6 pack)
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X3301 Model Matrix

MODEL DESCRIPTION

X3301 Multispectrum IR Flame Detector
TYPE MATERIAL

A Aluminum
S Stainless Steel (316)

TYPE THREAD TYPE

4M 4 Port, Metric M25
4N 4 Port, 3/4" NPT

TYPE OUTPUTS

11 Relay
13 Relay and 4-20 mA
14 Eagle Quantum Premier (EQP)
15 Relay and Pulse
16 Addressable Module Only (Third Party Type)*
21 Relay-Automotive
22 EQP Automotive
23 HART, Relay and 4-20 mA

TYPE APPROVALS***

B INMETRO (Brazil)
R VNIIPO/VNIIFTRI (Russia)
T SIL/FM/CSA/ATEX/CE/IECEx
W FM/CSA/ULC**/ATEX/CE/IECEx

TYPE CLASSIFICATION

1 Division/Zone Ex d e
2 Division/Zone Ex d

  *The Addressable Module Only (Type 16) is not FM approved.
 **ULC approval applies to output types 11, 13, 15, 21, and 23.
***Type Approvals can use one or more letters to designate the 
    approvals of the product.
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APPENDIX A

FM Approval and Performance Report

THE FOLLOWING ITEMS, FUNCTIONS AND OPTIONS DESCRIBE THE FM APPROVAL:

•	 Explosion-proof for Class I, Div. 1, Groups B, C and D (T4A) Hazardous (Classified) Locations per FM 3615.

•	 Dust-ignition proof for Class II/III, Div. 1, Groups E, F and G (T4A) Hazardous (Classified) Locations per FM 3615.

•	 Nonincendive for Class I, Div. 2, Groups A, B, C and D (T3C) Hazardous (Classified) Locations per FM 3611.

•	 Nonincendive for Class II, Div. 2, Groups F and G (T3C) Hazardous (Classified) Locations per FM 3611.

•	 Enclosure rating NEMA/Type 4X per NEMA 250.

•	 Ambient Temperature Limits:	–40°F to +167°F (–40°C to +75°C).

•	 Automatic Fire Alarm Signaling Performance verified per FM 3260 (2000).

Flameproof per ANSI/ISA 60079-0, -1, -7
	 for  Class I, Zone 1 -
		  AEx d e IIC Gb; T6 (Tamb –40°C to +60°C); T5 (Tamb –40°C to +75°C)
		  AEx d IIC Gb; T6 (Tamb –40°C to +60°C); T5 (Tamb –40°C to +75°C)

	 for Zone 21 -
		  AEx tb T130°C
		  Tamb –40°C to +75°C

	 Degree of protection provided by Enclosure IP66/67, Hazardous Locations for us in the U.S.

The following accessories are FM approved for use with the X3301 Flame Detector:

Part Number Description
102740-002 Magnet
007739-001 Magnet and Extension Pole
010857-001 Q1130A1001 Flange Mount Assembly
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment

The following performance criteria were verified:

AUTOMATIC OPTICAL INTEGRITY TEST:

The detector generated an optical fault in the presence of contamination on any single or combination of lens surfaces 
resulting in a loss of approximately 50% of its detection range, verifying that the detector performs a calibrated 
Automatic oi test for each sensor.  Upon removal of the contamination, the detector fault was cleared and the detector 
was verified to detect a fire.

MANUAL OPTICAL INTEGRITY TEST:

The Manual / Magnetic oi performs the same calibrated test as the Automatic oi, and additionally actuates the alarm 
relay to verify output operation. If there is a 50% loss of its detection range, an alarm signal is not generated.

The oi test procedure, as described in the "Magnetic oi / Manual oi" section of this instruction manual, is the approved 
external optical test method for this detector to verify end-to-end detector function.  This test replaces the function and 
need of a traditional external test lamp.
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FM Approval and Performance Report – Continued

RESPONSE CHARACTERISTICS

Very High Sensitivity

Fuel Size Distance feet (m) Average Response Time (seconds)***
n-Heptane 1 x 1 foot 210 (64)* 11

n-Heptane** 1 x 1 foot 210 (64)* 6
n-Heptane 1 x 1 foot 100 (30.5) 3
n-Heptane 6 in. x 6 in. 80 (24.4) 3

Isopropanol 6 in. x 6 in. 70 (21.3) 4
Diesel** 1 x 1 foot 150 (45.7)* 14
Ethanol 1 x 1 foot 210 (64) 11

Methanol 6 in. x 6 in. 40 (12.2) 3
Methanol 1 x 1 foot   150 (45.7)* 18

Methanol** 1 x 1 foot 150 (45.7)* 7
Methane 30 inch plume 100 (30.5) 3
JP-5** 1 x 1 foot 150 (45.7)* 2
JP-5** 2 x 2 feet 210 (64)* 4
JP-5** 2 x 2 feet 100 (30.5) 2

Office Paper 0.5 lb. 19" x 19" x 8" 100 (30.5) 4
Corrugated Panel 18" x 36" 100 (30.5) 8

*	 Outdoor test condition.
**	 Pre-burn from ignition.
***	 Add 2 seconds for EQP model.

Medium Sensitivity

Fuel Size Distance feet (m) Average Response Time (seconds)***
n-Heptane 1 x 1 foot 100 (30.5) 12
n-Heptane 1 x 1 foot 50 (15.2) 2

Diesel** 1 x 1 foot 70 (21.3) 4
Ethanol 1 x 1 foot 85 (25.9) 13

Methanol 1 x 1 foot 70 (21.3) 10
Methane 30 inch plume 65 (19.8) 3
Methane 30 inch plume 55 (16.8) 2

JP-5** 2 x 2 feet 100 (30.5) 3
Office Paper 0.5 lb. 19" x 19" x 8"   50 (15.2) 6
Corrugated Panel 18" x 36"   50 (15.2) 2

**	 Pre-burn from ignition.
***	 Add 2 seconds for EQP model.

Low Sensitivity

Fuel Size Distance feet (m) Average Response Time (seconds)***
n-Heptane 1 x 1 foot 50 (15.2) 10
Methanol 1 x 1 foot 20 (6.1) 10
Methane 32 inch plume 15 (4.6) 9

*** Add 2 seconds for EQP model.

T-Low Sensitivity

Fuel Size Distance feet (m) Average Response Time (seconds)***
n-Heptane 1 x 1 foot 50 (15.2) 7
Methanol 1 x 1 foot 20 (6.1) 5
Methane 32 inch plume 15 (4.6) 4

*** Add 2 seconds for EQP model.
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RESPONSE CHARACTERISTICS IN THE PRESENCE OF FALSE ALARM SOURCES

Very High Sensitivity

False Alarm Source
Distance
feet (m)

Fire Source
Distance
feet (m)

Average Response Time
(seconds)***

Sunlight, direct, modulated, reflected — 6-inch propane 6 (1.8) < 10

Vibration N/A 3-inch propane 10.5 (3.2) < 10

Radio frequency interference 1 (0.3) 3-inch propane 12 (3.7) < 10

Arc welding, #7014 40 (12.2) 1 x 1 foot n-Heptane 40 (12.2) 4

6 kw heater, modulated 80 (24.4) 1 x 1 foot n-Heptane 80 (24.4) 2

6 kw heater, unmodulated 10 (3) 1 x 1 foot n-Heptane 80 (24.4) 3

250 w vapor lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 80 (24.4) 2

300 w incandescent lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 80 (24.4) 7

500 w shielded quartz halogen lamp, modulated 8 (2.4) 1 x 1 foot n-Heptane 80 (24.4) 2

500 w unshielded quartz halogen lamp, modulated 8 (2.4) 1 x 1 foot n-Heptane 80 (24.4) 3

1500 w electric radiant heater, modulated 10 (3) 1 x 1 foot n-Heptane 80 (24.4) 5

Two 34 w fluorescent lamps, modulated 3 (0.9) 1 x 1 foot n-Heptane 80 (24.4) 3

*** Add 2 seconds for EQP model.

Medium Sensitivity

False Alarm Source
Distance
feet (m)

Fire Source
Distance
feet (m)

Average Response Time
(seconds)***

Sunlight, direct, modulated, reflected — 6-inch propane 6 (1.8) < 4

Vibration* N/A N/A N/A N/A

Radio frequency interference 1 (0.3) 6-inch propane 6 (1.8) < 1

Arc welding, #7014 10 (3) 1 x 1 foot n-Heptane 40 (12.2) 4

6 kw heater, modulated 60 (18.3) 1 x 1 foot n-Heptane 60 (18.3) 2

6 kw heater, unmodulated 10 (3) 1 x 1 foot n-Heptane 60 (18.3) 2

250 w vapor lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 60 (18.3) 1

300 w incandescent lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 60 (18.3) 1

500 w shielded quartz halogen lamp, modulated 8 (2.4) 1 x 1 foot n-Heptane 60 (18.3) 1

500 w unshielded quartz halogen lamp, modulated 8 (2.4) 1 x 1 foot n-Heptane 60 (18.3) 1

1500 w electric radiant heater, modulated 10 (3) 1 x 1 foot n-Heptane 60 (18.3) 6

Two 34 w fluorescent lamps, modulated 3 (0.9) 1 x 1 foot n-Heptane 60 (18.3) 2

*	  Fire was verified with very high sensitivity only.
***	 Add 2 seconds for EQP model.
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Low Sensitivity

False Alarm Source
Distance
feet (m)

Fire Source
Distance
feet (m)

Average Response Time
(seconds)***

Sunlight, direct, unmodulated, reflected* — 1 x 1 foot n-Heptane 35 (10.7) < 13

Sunlight, direct, modulated, reflected* — 1 x 1 foot n-Heptane 15 (4.6) < 14

Arc welding, steady, #7014 5 (1.5) 1 x 1 foot n-Heptane 50 (15.2) 11

Arc welding, modulated, #7014 5 (1.5) 1 x 1 foot n-Heptane 30 (9.1) 10

70 w sodium vapor, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 16

250 w vapor lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 18

300 w incandescent lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 18

500 w shielded quartz halogen lamp, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 12

500 w shielded quartz halogen lamp, modulated 10 (3) 1 x 1 foot n-Heptane 50 (15.2) 11

1500 w electric radiant heater, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 12

1500 w electric radiant heater, modulated 10 (3) 1 x 1 foot n-Heptane 30 (9.1) 11

Two 34 w fluorescent lamps, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 14

*	  Outdoor test conditions.
***	 Add 2 seconds for EQP model.

T-Low Sensitivity

False Alarm Source
Distance
feet (m)

Fire Source
Distance
feet (m)

Average Response Time
(seconds)***

Sunlight, direct, unmodulated, reflected* — 1 x 1 foot n-Heptane 35 (10.7) < 6

Sunlight, direct, modulated, reflected* — 1 x 1 foot n-Heptane 15 (4.6) < 4

Arc welding, steady, #7014 5 (1.5) 1 x 1 foot n-Heptane 50 (15.2) 10

Arc welding, modulated, #7014 5 (1.5) 1 x 1 foot n-Heptane 30 (9.1) 3

70 w sodium vapor, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 6

70 w sodium vapor, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 7

250 w vapor lamp, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 8

250 w vapor lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 6

300 w incandescent lamp, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 7

300 w incandescent lamp, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 8

500 w shielded quartz halogen lamp, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 4

500 w shielded quartz halogen lamp, modulated 10 (3) 1 x 1 foot n-Heptane 50 (15.2) 5

1500 w electric radiant heater, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 5

1500 w electric radiant heater, modulated 10 (3) 1 x 1 foot n-Heptane 30 (9.1) 7

Two 34 w fluorescent lamps, unmodulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 5

Two 34 w fluorescent lamps, modulated 3 (0.9) 1 x 1 foot n-Heptane 50 (15.2) 4

*	  Outdoor test conditions.
***	 Add 2 seconds for EQP model.
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FALSE ALARM IMMUNITY

Very High Sensitivity

False Alarm Source Distance 
feet (m) Modulated Response Unmodulated Response

Sunlight, direct, reflected — No alarm No alarm
Vibration N/A No alarm N/A
Radio frequency interference 1 (0.3) No alarm (keyed) No alarm (steady)
Arc welding 40 (12.2) No alarm No alarm
6 kw heater 3 (0.9) No alarm No alarm
250 w vapor lamp 3 (0.9) No alarm No alarm
300 w incandescent lamp 3 (0.9) No alarm No alarm
500 w unshielded quartz halogen lamp 8 (2.4) No alarm No alarm
500 w shielded quartz halogen lamp 8 (2.4) No alarm No alarm
1500 w electric radiant heater 3 (0.9) No alarm No alarm
Two 34 w fluorescent lamps 3 (0.9) No alarm No alarm

Medium Sensitivity

False Alarm Source Distance
feet (m) Modulated Response Unmodulated Response

Sunlight, direct, reflected — No alarm No alarm
Vibration N/A No alarm N/A
Radio frequency interference 1 (0.3) No alarm (keyed) No alarm (steady)
Arc welding 10 (3) No alarm No alarm
6 kw heater 3 (0.9) No alarm No alarm
250 w vapor lamp 3 (0.9) No alarm No alarm
300 w incandescent lamp 3 (0.9) No alarm No alarm
500 w unshielded quartz halogen lamp 8 (2.4) No alarm No alarm
500 w shielded quartz halogen lamp 3 (0.9) No alarm No alarm
1500 w electric radiant heater 3 (0.9) No alarm No alarm
Two 34 w fluorescent lamps 3 (0.9) No alarm No alarm

T-Low Sensitivity

False Alarm Source Distance
feet (m) Modulated Response Unmodulated Response

Sunlight, direct, reflected — No alarm No alarm
Vibration — No alarm No alarm
Arc welding 5 (1.5) No alarm No alarm
6 kw heater 3 (0.9) No alarm No alarm
70 w sodium vapor 3 (0.9) No alarm No alarm
250 w vapor lamp 3 (0.9) No alarm No alarm
300 w incandescent lamp 3 (0.9) No alarm No alarm
500 w shielded quartz halogen lamp 3 (0.9) No alarm No alarm
1500 w electric radiant heater 3 (0.9) No alarm No alarm
Two 34 w fluorescent lamps 3 (0.9) No alarm No alarm

Low Sensitivity

False Alarm Source Distance
feet (m) Modulated Response Unmodulated Response

Sunlight, direct, reflected — No alarm No alarm
Vibration — No alarm No alarm
Radio frequency interference N/A No alarm N/A
Arc welding 5 (1.5) No alarm No alarm
6 kw heater 3 (0.9) No alarm No alarm
250 w vapor lamp 3 (0.9) No alarm No alarm
300 w incandescent lamp 3 (0.9) No alarm No alarm
500 w shielded quartz halogen lamp 3 (0.9) No alarm No alarm
1500 w electric radiant heater 3 (0.9) No alarm No alarm
Two 34 w fluorescent lamps 3 (0.9) No alarm No alarm
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FIELD of view

Very High Sensitivity

Fuel Size
Distance 
feet (m)

Horizontal 
(degrees)

Avg. Horiz. Response 
Time (seconds)***

Vertical 
(degrees)

Avg. Vert. Response 
Time (seconds)***

n-Heptane 1 x 1 foot 150* 
(45.7)

+45
-45

12
14

+45
-30

13
5

n-Heptane 1 x 1 foot 100
 (30.5)

+45
-45

6
3

+45
-30

3
2

n-Heptane 6 in. x 6 in. 80
(24.4)

+45
-45

5
6

+45
-30

4
4

Isopropanol 6 in. x 6 in. 70
(21.3)

+45
-45

5
5

+45
-30

4
6

Diesel** 1 x 1 foot 100
(30.5)

+45
-45

2
3

+45
-30

4
3

Ethanol 1 x 1 foot 150
(45.7)

+45
-45

13
10

+45
-30

10
8    

Methanol 6 in. x 6 in. 40
(12.2)

+45
-45

4
6

+45
-30

3
3 

Methanol 1 x 1 foot 110
(33.5)

+45
-45

9
7

+45
-30

9
3

Methane 30 inch plume 100
(30.5)

+45
-45

7
3

+45
-30

2
2

JP-5** 1 x 1 foot 100 
(30.5)

+45
-45

2
4

+45
-30

3
2

JP-5** 2 x 2 feet 180* 
(54.9)

+45
-45

2
5

+45
-30

3
2

JP-5** 2 x 2 feet 90 
(27.4)

+45
-45

2
3

+45
-30

1
2

Office Paper 0.5 lb. 19" x 19" x 8" 80 
(24.4)

+45
-45

4
2

+45
-30

2
1

Corrugated Panel 18" x 36" 80 
(24.4)

+45
-45

1
1

+45
-30

3
2

*	 Outdoor test condition.
**	 Pre-burn from ignition.
***	 Add 2 seconds for EQP model.
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Medium Sensitivity

Fuel Size
Distance 
feet (m)

Horizontal 
(degrees)

Avg. Horiz. Response 
Time (seconds)***

Vertical 
(degrees)

Avg. Vert. Response 
Time (seconds)***

n-Heptane 1 x 1 foot 75
(22.9)

+45
-45

9
6

+45
-30

10
7

n-Heptane 1 x 1 foot 50
 (15.2)

+45
-45

4
3

+45
-30

3
3

Diesel** 1 x 1 foot 60
(18.3)

+45
-45

4
4

+45
-30

4
2

Ethanol 1 x 1 foot 60
(18.2)

+45
-45

12
9

+45
-30

12
9   

Methanol 1 x 1 foot 50
(15.2)

+45
-45

9
3

+45
-30

9
1

Methane 32 inch plume 45
(13.7)

+45
-45

3
3

+45
-30

7
1

JP-5** 2 x 2 feet 90
(27.4)

+45
-45

4
2

+45
-30

2
2

Office Paper 0.5 lb. 19" x 19" x 8" 40 
(12.2)

+45
-45

2
1

+45
-30

1
1

Corrugated Panel 18" x 36" 40 
(12.2)

+45
-45

2
1

+45
-30

1
1

**	 Pre-burn from ignition.
***	 Add 2 seconds for EQP model.

T-Low Sensitivity

Fuel Size
Distance 
feet (m)

Horizontal 
(degrees)

Avg. Horiz. Response 
Time (seconds)***

Vertical 
(degrees)

Avg. Vert. Response 
Time (seconds)***

n-Heptane 1 x 1 foot 35
(10.7)

+45
-45

7
7

+45
-30

7
7

Methanol 1 x 1 foot 15
 (4.6)

+45
-45

5
5

+45
-30

5
5

Methane 32 inch plume 15
 (4.6)

+45
-45

4
4

+45
-30

4
4

***	 Add 2 seconds for EQP model.

Low Sensitivity

Fuel Size
Distance 
feet (m)

Horizontal 
(degrees)

Avg. Horiz. Response 
Time (seconds)***

Vertical 
(degrees)

Avg. Vert. Response 
Time (seconds)***

n-Heptane 1 x 1 foot 35
(10.7)

+45
-45

13
13

+45
-30

9
18

Methanol 1 x 1 foot 15
 (4.6)

+45
-45

14
12

+45
-30

10
8

Methane 32 inch plume 15
 (4.6)

+45
-45

10
11

+45
-30

8
10

***	 Add 2 seconds for EQP model.



28 95-852718.1

FM Approval and Performance Report – Continued

0°
15°

30°

45°

15°
30°

45°

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

80 (24.4)

70 (21.3)

60 (18.3)

50 (15.2)

40 (12.2)

30 (9.1)

20 (6.1)

10 (3)

10 (3)

20 (6.1)

30 (9.1)

40 (12.2)

50 (15.2)

60 (18.3)

70 (21.3)

80 (24.4)

Field of View at Indicated Distance in Feet (m) for 
n-Heptane at Very High Sensitivity (6 in. x 6 in.)

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

0°
15°15°

30°

45°

30°

45°

70 (21.3)

60 (18.3)

50 (15.2)

40 (12.2)

30 (9.1)

20 (6.1)

10 (3)

10 (3)

20 (6.1)

30 (9.1)

40 (12.2)

50 (15.2)

60 (18.3)

70 (21.3)

Field of View at Indicated Distance in Feet (m) for 
Isopropanol at Very High Sensitivity (6 in. x 6 in.)

HIGH RESOLUTION FIELD OF VIEW

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

0°
15°15°

30°

45°

30°

45°

210 (64)

180 (54.9)

150 (45.7)

120 (36.5)

90 (27.4)

60 (18.3)

30 (9.1)

30 (9.1)

60 (18.3)

90 (27.4)

120 (36.5)

150 (45.7)

180 (54.9)

210 (64)

0°
15°

30°

45°

15°
30°

45°

150 (45.7)
135 (41.2)
120 (36.6)
105 (32)
90 (27.4)
75 (22.9)
60 (18.3)
45 (13.7)
30 (9.1)
15 (4.6)

Field of View at Indicated Distance in Feet (m) for 
Diesel at Very High Sensitivity (1 x 1 foot)

Field of View at Indicated Distance in Feet (m) for 
n-Heptane at Very High Sensitivity (1 x 1 foot)



29 95-852718.1

FM Approval and Performance Report – Continued

0°
15°

30°

45°

15°
30°

45°

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

40 (12.2)

35 (10.7)

30 (9.1)

25 (7.6)

20 (6.1)

15 (4.6)

10 (3)

5 (1.5)

5 (1.5)

10 (3)

15 (4.6)

20 (6.1)

25 (7.6)

30 (9.1)

35 (10.7)

40 (12.2)

Field of View at Indicated Distance in Feet (m) for 
Methanol at Very High Sensitivity (6 in. x 6 in.)

0°
15°

30°

45°

15°
30°

45°

150 (45.7)
135 (41.2
120 (36.5)
105 (32)
90 (27.4)
75 (22.9)
60 (18.3)
45 (13.7)
30 (9.1)
15 (4.6)

Field of View at Indicated Distance in Feet (m) for 
Methanol at Very High Sensitivity (1 x 1 foot)

Field of View at Indicated Distance in Feet (m) for 
JP-5 at Very High Sensitivity (2 x 2 feet)

0°
15°15°

30°

45°

30°

45°

210 (64)

180 (54.9)

150 (45.7)

120 (36.5)

90 (27.4)

60 (18.3)

30 (9.1)

0°
15°

30°

45°

15°
30°

45°

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

100 (30.5)
90 (27.4)
80 (24.4)
70 (21.3)
60 (18.3)
50 (15.2)
40 (12.2)
30 (9.1)
20 (6.1)
10 (3)

10 (3)
20 (6.1)
30 (9.1)

40 (12.2)
50 (15.2)
60 (18.3)
70 (21.3)
80 (24.4)
90 (27.4)

100 (30.5)

Field of View at Indicated Distance in Feet (m) for 
Methane at Very High Sensitivity (30 inch plume)

0°

15°

45°

15°

30°

30°

DETECTOR VERTICAL
FIELD OF VIEW

WITH DETECTOR AT
45° FROM HORIZONTAL.

0°
15°15°

30°

45°

30°

45°

210 (64)

180 (54.9)

150 (45.7)

120 (36.5)

90 (27.4)

60 (18.3)

30 (9.1)

30 (9.1)

60 (18.3)

90 (27.4)

120 (36.5)

150 (45.7)

180 (54.9)

210 (64)

Field of View at Indicated Distance in Feet (m) for 
Ethanol at Very High Sensitivity (1 x 1 foot)



30 95-852718.1

FM Approval and Performance Report – Continued

NOTE
FM Approvals minimum requirements are 
response distance measurements at 0° (on 
axis) and the limits of the field of view.  These 
high resolution field of view diagrams show the 
measured response distances at all the indicated 
angles in the horizontal plane.
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CSA Approval

PRODUCTS

CLASS 4818 04 - SIGNAL APPLIANCES - Systems - For Hazardous Locations
Class I, Division 1, Groups B, C, and D (T4A); Class II, Division 1, Groups E, F, and G (T4A);
Class I, Division 2, Groups A, B, C, and D (T3C); Class II, Division 2, Groups F and G (T3C);
Class III; Enclosure NEMA/Type 4X;

Multispectrum IR Flame Detector/Controller X3301 Series, rated 18-30 Vdc, 4.6 Watts to 17 Watts.
Relay contacts rated 30 Vdc, 5 Amps.

Note
Hazardous location testing has been successfully completed on the Model X3301 series from an ambient 
temperature range of –55°C to +125°C; however, the detector label marking indicates –40°C to +75°C.

APPLICABLE REQUIREMENTS

The following accessories are CSA approved for use with the X3301 Flame Detector:

Part Number Description
102740-002 Magnet
007739-001 Magnet and Extension Pole
010857-001 Q1130A1001 Flange Mount Assembly
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment

CSA Std C22.2 No. 25-1966 – Enclosures for use in Class II Groups E, F & G Hazardous Locations.

CSA Std C22.2 No. 30-M1986 – Explosion-Proof Enclosures for use in Class I Hazardous Locations.

CAN/CSA C22.2 No. 94-M91 – Special Purpose Enclosures.

CSA Std C22.2 No. 142-M1987 – Process Control Equipment.

CSA Std C22.2 No. 213-M1987 – Nonincendive Electrical Equipment for use in Class I, Division 2 Hazardous Locations.
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ATEX / CE Approval

EC-TYPE EXAMINATION CERTIFICATE

DEMKO 01 ATEX 130204X
Increased Safety Model	 Flameproof Model

 0539
 

FM
APPROVED

®
II 2 G
II 2 D	  0539

 
FM

APPROVED

®
II 2 G
II 2 D				    	

Ex d e IIC T6–T5 Gb	 Ex d IIC T6–T4 Gb
Ex tb IIIC T130°C	 Ex tb IIIC T130°C
T6 (Tamb = –50°C to +60°C)        	 T6 (Tamb = –55°C to +60°C)	    
T5 (Tamb = –50°C to +75°C)	 T5 (Tamb = –55°C to +75°C)  
IP66/IP67.	 T4 (Tamb = –55°C to +125°C)							     
	 IP66/IP67.

Compliance with:

EN 60079-0: 2009
EN 60079-1: 2007
EN 60079-7: 2007
EN 60079-31: 2009
EN/IEC 60529: 2001.

Installation instructions

The field wiring connections in the terminal compartment are ATEX certified and accepts wiring specifications from 
14-24 AWG or 2.5-0.2 mm2.

The Multispectrum infrared (IR) flame detector type X3301 shall be installed according to the instructions given by the 
manufacturer.

The cable entry devices shall be certified in type of explosion protection flameproof enclosure "d" for use with the 
terminal compartment in type of explosion protection flameproof enclosure "d", or in type of explosion protection 
increased safety "e" for use with the terminal compartment in type of explosion protection increased safety "e".  They 
shall be IP66/IP67 rated, suitable for the conditions of use and correctly installed.

Unused entries shall be closed with suitable certified blanking elements.

The metal housing for the Multispectrum infrared (IR) flame detector type X3301 must be electrically connected to earth 
ground.

For ambient temperatures below –10°C and above +60°C use field wiring suitable for both minimum and maximum 
ambient temperature.

Special conditions for safe use:

The front window assembly contains a special cemented joint construction.  In accordance with EN60079-1 clause 
5.1.c, all inspections, repair and/or adjustments to this front window assembly shall be done by Detector Electronics 
Corporation only.

The EOL resistor can only be used within the flameproof terminal compartment.

EOL resistors must be ceramic, wirewound type, rated 5 watts minimum, with actual power dissipation not to exceed 
2.5 watts.

The Multispectrum infrared (IR) flame detector type X3301 is to be installed in places where there is a low risk of 
mechanical damage.
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NOTE
Operational performance verified from –40°C to +75°C.

Note
An optional third party addressable module can only be used within the Ex d flameproof model unless the 
addressable module is component certified as Ex e for use within the Ex d e increased safety model.

NOTE
Refer to “EOL Resistors” section for installation details.  All cable entry devices and blanking elements shall be 
certified to “E-generation” or “ATEX” standards, in type of explosion protection increased safety “e” or flameproof 
enclosure “d” (as applicable), suitable for the conditions of use and correctly installed.  They shall maintain the 
degree of ingress protection IP66/IP67 for the apparatus.  Unused conduit entries shall be closed with suitable 
blanking elements.

Note
For ATEX installations, the X3301 Flame Detector housing must be electrically connected to earth ground.

The following accessories are ATEX approved for use with the X3301 Flame Detector:

Part Number Description
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment
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APPENDIX D

IECEx Approval

IECEx Certificate of Conformity

DEMKO
IECEx ULD 06.0017X			 

Ex d e IIC T6-T5 Gb			   Ex d IIC T6-T4 Gb			 
Ex tb IIIC T130°C				   Ex tb IIIC T130°C
T6 (Tamb = –50°C to +60°C)	 or	 T6 (Tamb = –55°C to +60°C)
T5 (Tamb = –50°C to +75°C)		  T5 (Tamb = –55°C to +75°C)					   
IP66/IP67.				    T4 (Tamb = –55°C to +125°C)	
					     IP66/IP67. 				    	 		

Compliance with:

IEC 60079-0: 2007, ed. 5
IEC 60079-1: 2007, ed. 6
IEC 60079-7: 2006, ed. 4
IEC 60079-31: 2008, ed. 1
EN/IEC 60529: 2001.

Installation instructions

The field wiring connections in the terminal compartment are suitable certified and accepts wiring specifications from 
14-24 AWG or 2.5-0.2 mm2.

The Multispectrum infrared (IR) flame detector type X3301 shall be installed according to the instructions given by the 
manufacturer.

The cable entry devices shall be certified in type of explosion protection flameproof enclosure "d" for use with the terminal 
compartment in type of explosion protection flameproof enclosure "d" or in type of explosion protection increased safety "e" 
for use with the terminal compartment in type of explosion protection increased safety "e".  They shall be IP66/IP67 rated, 
suitable for the conditions of use and correctly installed.

Unused entries shall be closed with suitable certified blanking elements.

The metal housing for the Multispectrum infrared (IR) flame detector type X3301 must be electrically connected to earth 
ground.

For ambient temperatures below –10°C and above +60°C use field wiring suitable for both minimum and maximum ambient 
temperature.

Special conditions for safe use:

The front window assembly contains a special cemented joint construction.  In accordance with IEC 60079-1 clause 5.1.c, 
all inspections, repair and/or adjustments to this front window assembly shall be done by Detector Electronics Corporation 
only.

The EOL resistor can only be used within the flameproof terminal compartment.

EOL resistors must be ceramic, wirewound type, rated 5 watts minimum, with actual power dissipation not to exceed 2.5 watts.

The Multispectrum infrared (IR) flame detector type X3301 is to be installed in places where there is a low risk of 
mechanical damage.

The following accessories are IECEx approved for use with the X3301 Flame Detector:

Part Number Description
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment
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APPENDIX E

EN54 Approvals

AGENCY
Conventional Output LON Output

Certificate/Approval 
Number

Basis of Approval
Certificate/Approval 

Number
Basis of Approval

VdS – 
Constructive Product Directive 0786 – CPD – 20453 EN 54-10 + A1 — —

VdS**
G 202136

VdS 2344
VdS 2504

EN 54-10 + A1
G 212019

VdS 2344
VdS 2504

EN 54-10 + A1
EN 54-17

S 212002* VdS 2344
EN 54-13 S 212002* VdS 2344

EN 54-13

BRE – 
Constructive Product Directive — — 0832 – CPD – 1381 EN 54-10 + A1

EN 54-17

LPCB 973e/03 EN 54-10 + A1 973a/03 EN 54-10 + A1
EN 54-17

*  Approved for use in conjunction with the EN54-13 compliant EQP System.
** Approval of Very High, Medium, and Low sensitivities, with T-Low sensitivity pending.

Instructions for the application of the approval component/system

The installation shall take into account, that the orientation arrow on the flame detector is directed upwards, as the view 
angle in this direction is <90°.

The IR-flame detector configured to High or Very High sensitivity corresponds to class 1.

The IR-flame detector configured to T-Low or Low sensitivity corresponds to class 2.

The following accessories are EN54-10 and EN54-17 approved for use with the X3301 Flame Detector:

Part Number Description
102740-002 Magnet
007739-001 Magnet and Extension Pole
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment
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APPENDIX F

Offshore Approvals

USCG APPROVAL
Coast Guard Approval No. 161.002/49/0
The scope of this approval is for a fire detection system meeting 46 CFR 161.002, as part of the Eagle Quantum Premier System.

MARINE EQUIPMENT DIRECTIVE
DNV Certificate No. MED-B-5872.

Is found to comply with the requirements in the following Regulations / Standards:
Annex A.1, item No. A.1/3.51 and Annex B, Module B in the Directive.  SOLAS 74 as amended, Regulation II-2/7 & X/3, 2000 HSC Code 7, FSS Code 
9 and IMO MSC.1/Circ. 1242.

The equipment are found to comply with following location / application dependent requirements (for definition of each of the location classes, see 
below the table):

MODEL TEMPERATURE VIBRATION EMC ENCLOSURE
X3301 TEM-D VIB-B EMC-B ENC-C

Definition of the location classes with reference to relevant standards:
	 Temperature
		 TEM-D Location (–25°C-70°C) (ref. IEC 60092-504 (2001) table 1 item 6-7)

Vibration
	 VIB-D For eq. on reciprocating machines etc. (ref IEC 60092-504 (2001) table 1 item 10)

EMC
	 EMC-B Bridge and open deck zone (ref. IEC 60092-504 (2001) table 1 item 19-20)

Enclosure
	 ENC-C Open deck (IP56) (ref. IEC 60092-201 table 5)
Conformity to Module D, E and F.

Type Approval
DNV Certificate No. A-11022.

Subject Matter of the Approval
IR Flame Detector Type X3301 for use in Ships, High Speed & Light Craft, and Offshore Applications.

Application Location Classes:

Location classes for X3301 IR Flame Detector with Mounting Arm Q9033B / Q9033A (Shaded areas show Det-Tronics approved location classes)
Column 1 Column 2

Type Location within main area
MAIN AREAS ON BOARD

Machinery 
spaces

Control room, 
Accommodation Bridge Pump room, Holds, 

Rooms with no heating Open Deck

Temperature
Inside cubicles, desks, etc. with temperature rise of 5°C or more B B B D D

All other locations A A A C D

Humidity
Locations where special precautions are taken to avoid 

condensation A A A A A

All other locations B B B B B

Vibration

On machinery such as internal combustion engines, compressors, 
pumps, including piping on such machinery B — — B B

Masts — — — — —
All other locations A A A A A

EMC (Electro-
magnetic 

compatibility
All locations within specified main areas A A B A B

Enclosure
Submerged application D — — D D

Below floor plates in engine room C — — — —
All other locations B A A B C

Type Approval
Lloyd's Register Certificate No. 09/00027.

Models Available:  Relay output, relay 0-20 mA output, and EQP LON output versions.

The following accessories are offshore approved to the listed approvals, for use with the X3301 Flame Detector:

Part Number Description

102740-002 Magnet
007739-001 Magnet and Extension Pole
007290-001 Q9033B Stainless Steel Mounting Arm Assembly is for aluminum and stainless steel detectors
007290-002 Q9033A Aluminum Mounting Arm Assembly is for aluminum detectors only 
011385-001 Q9033 Collar Attachment
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APPENDIX G

Additional Approvals

SIL 2

				  
IEC 61508
Certified SIL 2 Capable. 
Applies to specific models – refer to the SIL 2 Certified X3301 Safety manual (95-8582) for details.

FRANCE  

 NF-SSI
AFNOR Identification No: LIR 007 A0.
www.marque-nf.com

RUSSIA

VNIIFTRI 
CERTIFICATE OF CONFORMITY GOST R 51330.X-99

2ExdeIICT6/T5 IP66
T6 (Tamb = –50°C to +60°C)
T5 (Tamb = –50°C to +75°C).
– OR –

1ExdIICT6/T5/T4 IP66
T6 (Tamb = –55°C to +60°C)
T5 (Tamb = –55°C to +75°C)
T4 (Tamb = –55°C to +125°C).

 

VNIIPO
CERTIFICATE OF CONFORMITY TO TECHNICAL REGULATIONS, GOST R 53325-2009

BRAZIL

UL-BR 12.0093X
Ex d e IIC T6-T5 Gb IP66/IP67
Ex tb IIIC T130°C
T6 (Tamb = –50°C to +60°C)
T5 (Tamb = –50°C to +75°C).
– OR –
Ex d IIC T6-T4 Gb IP66/IP67
Ex tb IIIC T130°C
T6 (Tamb = –55°C to +60°C)
T5 (Tamb = –55°C to +75°C)
T4 (Tamb = –55°C to +125°C).
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Important
Be sure to read and understand the entire 
instruction manual before installing or operating 
the gas detection system.  This product is intended 
to provide early warning of the presence of a 
flammable or explosive gas mixture.  Proper device 
installation, operation, and maintenance is required 
to ensure safe and effective operation.  If this 
equipment is used in a manner not specified in 
this manual, safety protection may be impaired.

application

The Pointwatch Eclipse® Model PIRECL is a diffusion-
based, point-type infrared gas detector that provides 
continuous monitoring of combustible hydrocarbon gas 
concentrations in the range of 0 to 100% LFL.  

Three basic configurations are available:
•	 4-20 mA output with HART communication protocol 

and RS-485 MODBUS communications.

•	 4-20 mA output with HART communication protocol 
and RS-485 MODBUS communications, with two 
alarm relays and one fault relay.

•	 Eagle Quantum Premier (EQP) compatible version 
(no analog or relay outputs).

All units are powered from 24 volts DC, and are furnished 
with an onboard "status indication" LED, an internal 
magnetic calibration switch and an external calibration 
line for use with the optional PIRTB remote calibration 
termination box.

The Pointwatch Eclipse is ideal for use in harsh outdoor 
environments and is certified for use in Class I, Division 
1, and Zone 1 hazardous areas.  It can be used as a 
stand‑alone detector, or as part of a larger facility 
protection system using other Det-Tronics equipment 
such as the FlexVu® UD10 Universal Display Unit, the 
U9500H Infiniti Transmitter, the R8471H Controller, or 
the Eagle Quantum Premier Fire and Gas Detection/
Releasing System.

OPERATION overview

theory of operation

Flammable hydrocarbon gases diffuse through the 
weather baffle assembly into the internal measurement 
chamber, which is illuminated by an infrared (IR) 
source.  As the IR passes through the gas within the 
chamber, certain IR wavelengths are absorbed by the 
gas, while other IR wavelengths are not.  The amount 
of IR absorption is determined by the concentration of 
the hydrocarbon gas.  A pair of optical detectors and 
associated electronics measure the absorption.  The 
change in intensity of the absorbed light (active signal) 
is measured relative to the intensity of light at a non-
absorbed wavelength (reference signal).  See Figure 1.  
The microprocessor computes the gas concentration 
and converts the value into a 4 to 20 milliampere current 
output or digital process variable signal, which is then 
communicated to external control and annunciation 
systems.   

INSTRUCTIONS

Infrared Hydrocarbon Gas Detector

PointWatch Eclipse®

Model PIRECL

14.1	 ©Detector Electronics Corporation 2013	 Rev: 3/13	 95-8526
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detectable gases

Eclipse is capable of detecting many hydrocarbon 
gases and vapors.  Refer to the Specifications section 
of this manual for details.

outputs

Standard

The standard version provides an isolated/non-isolated 
4-20 mA current loop for connection to analog input 
devices.

Optional Relays

An optional relay output board providing two 
programmable alarm relay outputs and one fault 
relay output can be factory installed with the standard 
version.  All relays are sealed and provide form C (NO/
NC) contacts.  The high and low alarm relay settings are 
programmable and can be set for latching or non-latching 
operation.  The low alarm cannot be set above the high 
alarm threshold.  Alarm configuration can be done with 
the HART or MODBUS interface.  The onboard multicolor 
LED indicates a LOW alarm condition via a flashing red 
color, and a HIGH alarm condition via a steady red color.  
The Eclipse internal magnetic switch or HART Field 
Communicator can be used to reset latched alarms.  A 
short-duration magnetic switch activation of 1 second 
will reset latched alarms.  Holding the magnetic switch 
closed for 2 seconds will start the calibration sequence.  
The external calibration line will not reset latched alarm 
relays.  

When the optional relay output board is specified, the 
PIRECL’s approval rating is Ex d only.  

NOTE
Refer to “Alarm Relays” in the Specifications 
section of this manual for important information 
regarding alarm relays.

EQP Version

The Eagle Quantum Premier model provides proprietary 
digital signals that are compatible with the EQ Premier 
network (LON) only.  No analog 4-20 mA or RS-485 
MODBUS signal outputs are provided.  The optional 
onboard HART communication port is operational, 
but is not recommended for programming use.  All 
programming of the EQP PIRECL detector should be 
accomplished using the S3 point configuration software.  
Refer to the EQP Appendix within this manual for 
additional information.

DATA LOGGING CAPABILITY

Non-volatile memory is provided to save the 10 most 
recent calibrations, alarm/fault events, and minimum/
maximum operating temperature history.  An hour meter 
(running operational hours since startup) is provided to 
record operating service time and to give an indication 
of the relative time between events.  This information is 
accessible using HART, MODBUS communication, or 
EQP system software.

OPTIONAL THIRD PARTY ADDRESSABLE MODULES

The PIRECL is electrically compatible with third party 
addressable modules, provided the module fits within 
the PIRECL wiring compartment.  Whenever a third party 
addressable module is installed, the PIRECL’s Ex e rating 
and FM Approval are void, and only the Ex d rating is valid.  
Installation of a third party addressable module requires a 
specially labeled PIRECL model to ensure valid product 
approvals.  

SIGNAL PROCESSING
ELECTRONICS

GAS
CONCENTRATION

(LEL)

IR SOURCE

IR TRANSPARENT
WINDOW

OPTICAL
BEAM SPLITTER

MEASUREMENT
SIGNAL DETECTOR

REFERENCE
SIGNAL DETECTOR

OPTICAL
FILTERS

PERMEABLE
GAS CELL

SAPPHIRE
MIRROR

Figure 1—Measurement Scheme for Infrared Gas Detector
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Specifications

Input Voltage (All Models)—
24 Vdc nominal.  Operating range is 18 to 32 Vdc.
Ripple cannot exceed 0.5 volts P-P.

Power Consumption (All Models)—
Detector without Relays
4.0 watts nominal @ 24 Vdc
7.5 watts peak @ 24 Vdc
10 watts peak @ 32 Vdc.

Detector with Relays
5.5 watts nominal @ 24 Vdc
8.0 watts peak @ 24 Vdc
10.0 watts peak @ 32 Vdc.

Temperature Range—
Operating:	 –40°C to +75°C (–40°F to +167°F).
Storage:	 –55°C to +85°C (–67°F to +185°F).

HUMIDITY—
0 to 99% relative humidity (Det-Tronics verified).
5 to 95% relative humidity (FM/CSA/DEMKO verified).

GAS DETECTION RANGE—
0 to 100% LFL standard.  Other ranges are configurable 
(down to 20% full scale).

DETECTABLE GASES—
Model PIRECL is provided with field-selectable settings 
for linear measurement of methane, propane, ethylene, 
and butane.  Model PIRECL is performance certified for 
detection of methane, propane, ethylene, and butane, 
and is shipped from the factory calibrated and set for 
the customer’s choice of one of these gases.  Digital 
communication (such as HART) is required to confirm the 
current setting and change it if required.  In addition to the 
gases listed above, the Eclipse is capable of detecting 
many other hydrocarbon gases and vapors, with settings 
provided for gases such as ethane and propylene.  For 
detection of gases other than the four certified gases, 
performance characteristics / transfer curves are 
available.  Please consult the factory for details.

DETECTOR CONFIGURATION OPTIONS—
A significant number of PIRECL configuration parameters 
are field programmable including gas type, measurement 
range, alarm setpoints, tag number, special notations, 
password protection, etc.  Details are provided in the 
HART Communication Appendix.  Three PIRECL field 
configuration programming methods are supported:
–– HART Communication
–– EQP System S3 Software
–– RS-485 MODBUS Communication

third party addressable module (Optional)—
Input Voltage:	 30 Vdc.
Input Current:	 30 mA.

short circuit current
(Non-Relay Output Versions Only)—
Power Supply Short Circuit Current (Isc):	 5.4 amperes*
Short Circuit Current on Fused Line:	 3.1 amperes*
Power Supply Max Voltage:  		  Um = 250V**

*	 For installations in accordance with Increased Safety 
wiring practices.

**	For intrinsically safe HART communication port.  

Warm-up Time (All Models)—
Device enters normal mode after two minutes upon cold 
power-up.  One hour warm-up time is recommended 
for optimum performance.  Signal output level during 
warm‑up is programmable.

Current Output (Standard Models Only)—
Linear 4-20 mA (current source/sink, isolated/non-
isolated) rated at 600 ohms maximum loop resistance @ 
24 Vdc operating voltage.

VISUAL STATUS INDICATOR (All Models)—
Tri-color LED:
Red =	 Low alarm, high alarm, or calibration.
	 See Table 1 for Details.
Green =	 Power on / OK
Yellow =	 Fault or warm-up.

RELAY OUTPUTS (Optional)—
(Available on Ex d approved models only, not available 
on Eagle Premier model).

ALARM RELAYS—
Low and High
Form C Type (NO/NC).
De-Energized during Normal mode, Energized on Alarm.
Contact Rating:  5 amperes at 30 Vdc.
Programmable for Latching or Non-Latching Operation.
Setpoint Range (both):  5-60% LFL.
Note:  Low alarm range for EQP model is 5-40% LFL.
Factory Default Settings:
Low:	 20% LFL – Non-latching
High:	 50% LFL – Non-latching
Alarm relay programming can be accomplished using 
HART or MODBUS.  

CAUTION
When the PIRECL Gas Detector is used in 
conjunction with an appropriate certified Control 
Unit and configured for a non-latching high alarm, 
the control unit must always latch and require a 
deliberate manual action to clear a high gas alarm.  
When used as a stand alone device, the high alarm 
must always be programmed for latching operation.
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FAULT RELAY—
Form C Type (NO/NC).  Energized during Normal mode, 
De-Energized on Fault or loss of power.
Contact Rating:	 5 amperes at 30 Vdc.
Non-Latching Operation only — not programmable.

DIGITAL OUTPUT (Optional)—
Digital communication, transformer isolated (78.5 kbps).

CALIBRATION—
All units are factory set and calibrated to the customer’s 
choice of methane, propane, ethylene, or butane. 

Field programming and full calibration are typically 
required for detection of vapors other than the factory-
calibrated gas.  Refer to the “Calibration” section of this 
manual for details.  

Routine calibration of the PIRECL after completion of initial 
commissioning is supported, but not absolutely required.  
Generally, an annual gas bump test or full calibration will 
ensure proper sensitivity and response.

NOTE
Frequent visual inspections of the PIRECL are 
recommended to confirm that there are no external 
impediments to proper detection capability.

Four methods of initiating Calibration are supported:
–– On-Board magnetic reed switch
–– HART communication
–– Remote calibration line for remote switch
–– MODBUS communication

RESPONSE TIME—
Refer to the appropriate Appendix for details.

vibration—
PIRECL successfully passes Sinusoidal Vibration 
Testing in accordance with MIL-STD-810C, Method 
514.2, Paragraph 4.5.1.3, Figure 514.2-7 Curve AW, and 
C22.2 No. 152-M1984, and also DET NORSKE VERITAS 
Certification Notes – No. 2.4 dated May 1995.

Accuracy—
±3% LFL from 0 to 50% LFL, ±5% LFL from 51 to 100% LFL  
(at room ambient temperature, +23°C).  

SELF-DIAGNOSTIC TEST—
Fail-Safe operation ensured by performing all critical 
tests once per second.  

Ingress Protection—
IP66/IP67  (DEMKO Verified).

Detector Housing Material—
316 stainless steel (CF8M).

Conduit Entry Options—
Two entries, 3/4 inch NPT or 25 mm.

HART COMMUNICATION PORT (optional)—
Intrinsically safe.  For live maintenance, follow Control 
Drawing 007283-001 in Appendix J.

OPTICS PROTECTION—
The three-layer weather baffle assembly is UV-resistant, 
static-dissipating black Polythalimide plastic.  The 
standard weather baffle version, recommended for most 
outdoor and indoor applications, includes an internal 
hydrophobic filter.  The standard weather baffle includes 
a 3/16” (4.8mm) barb fitting for attaching a 3/16” I.D. 
hose during calibration.  

Two replacement weather baffles with special calibration 
gas openings are available:

•	 1/16” internally threaded calibration gas opening to 
enable the user to install a threaded compression 
fitting (not supplied) into the baffle for use with plastic 
or metal tubing (007529-xxx Direct Duct compatible)

•	 7/16-20 externally threaded calibration gas opening 
for use with the PIRECL sample draw cup assembly 
(007378-001).

Heated optics minimize condensation to ensure reliable 
operation through temperature extremes.

Wiring—
Field wiring screw terminals are UL/CSA rated for up to 
14 AWG wire, and are DIN/VDE rated for 2.5 mm2 wire.  
Screw terminal required torque range is 3.5–4.4 in.-lbs. 
(0.4-0.5 N·m).
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Certification—
Refer to the appropriate Appendix for specific information.

Dimensions—
See Figure 2.

Shipping Weight (Approximate)—
10.5 pounds (4.8 kg).

warranty—
Five year limited warranty from date of manufacture.
See Appendix I for details.  

Important Safety Notes

CAUTION
The wiring procedures in this manual are intended 
to ensure proper functioning of the device under 
normal conditions.  However, because of the 
many variations in wiring codes and regulations, 
total compliance to these ordinances cannot be 
guaranteed.  Be certain that all wiring complies 
with the NEC as well as all local ordinances.  If 
in doubt, consult the authority having jurisdiction 
before wiring the system.  Installation must be 
done by a properly trained person.

CAUTION
This product has been tested and approved 
for use in hazardous areas.  However, it must 
be properly installed and used only under the 
conditions specified within this manual and 
the specific approval certificates.  Any device 
modification, improper installation, or use in a faulty 
or incomplete configuration will render warranty 
and product certifications invalid.  

CAUTION
The detector contains no user serviceable 
components.  Service or repair should never be 
attempted by the user.  Device repair should be 
performed only by the manufacturer or trained 
service personnel.  

Liabilities
The manufacturer’s warranty for this product is 
void, and all liability for proper function of the 
detector is irrevocably transferred to the owner or 
operator in the event that the device is serviced or 
repaired by personnel not employed or authorized 
by Detector Electronics Corporation, or if the 
device is used in a manner not conforming to its 
intended use.  

Caution
Observe precautions for handling electrostatic 
sensitive devices.

note
The PointWatch Eclipse is intended for detection 
of hydrocarbon vapors only.  The device will not 
detect hydrogen gas.

4.5
(11.4)

5.2
(13.2)

9.3
(23.6)

4.6
(11.7)

D2055

3/16” (4.8mm) BARB FITTING
(STANDARD WEATHER BAFFLE)

Figure 2—Dimensions of Eclipse Detector in Inches (Centimeters)
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Installation

Before installing the Pointwatch Eclipse, define the 
following application details:

Identification of flammable vapor(s) to 
be detected

It is necessary to always identify the flammable vapor(s) 
of interest at the job site in order to determine the 
proper calibration gas setting for Pointwatch Eclipse.  In 
addition, the fire hazard properties of the vapor, such as 
vapor density, flashpoint, and vapor pressure should be 
identified and used to assist in selecting the optimum 
detector mounting location within the area.

The detector must be installed per local installation 
practices.  For IEC/ATEX hazardous areas, it may be 
acceptable to utilize Ex e wiring practices with the Eclipse 
(non-relay versions).

Identification of detector mounting 
locations

Identification of the most likely leak sources and leak 
accumulation areas is typically the first step in identifying 
the best detector mounting locations.  In addition, 
identification of air current / wind patterns within the 
protected area is useful in predicting gas leak dispersion 
behavior.  This information should be used to identify 
optimum sensor installation points.

If the vapor of interest is lighter than air, place the sensor 
above the potential gas leak.  Place the sensor close to 
the floor for gases that are heavier than air. For heavy 
vapors, typically locate Pointwatch Eclipse at 2-4 cm 
above grade elevation.  Note that air currents may cause 
a gas that is slightly heavier than air to rise under some 
conditions.  Heated gases may also exhibit the same 
phenomenon.

The most effective number and placement of detectors 
varies depending on the conditions at the job site.  The 
individual designing the installation must often rely on 
experience and common sense to determine the detector 
quantity and best locations to adequately protect the 
area.  Note that it is typically advantageous to locate 
detectors where they are accessible for maintenance, 
and also where the Eclipse status indication LED can 
easily be seen.  Locations near excessive heat / vibration 
sources should be avoided if possible.

Final suitability of possible gas detector locations should 
be verified by a job site survey.  Gas detector area of 
coverage is a subjective evaluation, and may require 
long-term empirical data to confirm effectiveness.  A 
typical rule of thumb is that one detector can cover a 900 
square foot area. 

However, this rule of thumb is subject to change 
depending upon specific application properties and 
requirements.  

NOTE
For additional information on determining the 
quantity and placement of gas detectors in 
a specific application, refer to the article titled 
"The Use of Combustible Detectors in Protecting 
Facilities from Flammable Hazards" contained 
in the Instrumentation, Systems and Automation 
Society (ISA) Transaction, Volume 20, Number 2.

Physical Installation requirements

Pointwatch Eclipse is provided with built-in mounting feet 
that will accept 3/8 inch (M8) diameter mounting bolts.  
Always ensure that the mounting surface is vibration-
free and can suitably support the total weight of the 
Pointwatch Eclipse without assistance from electrical 
cabling or conduit system.

The detector must be installed per local installation 
practices.  For IEC/ATEX hazardous areas, it may be 
acceptable to utilize Ex e wiring practices with the 
Eclipse.

Device Mounting Orientation

It is highly recommended that the Eclipse be installed 
in the horizontal position.  The detector is not position-
sensitive in terms of its ability to detect gas.  However, the 
weather baffle assembly provides superior performance 
when the Eclipse is installed with the baffle in a horizontal 
position.  

LED Visibility

Select a mounting orientation where the Pointwatch 
Eclipse status indication LED is visible to personnel 
within the area.

CORRECT INCORRECT

Recommended Orientation of Eclipse Detector
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Calibration Gas Port Cover

A protective cover for the calibration gas injection port is 
provided to ensure that contaminants are not accidently 
introduced into the Eclipse optics.  Ensure that this cover 
is properly installed over the port when calibration is not 
being performed.

NOTE
Failure to install the calibration gas port cover or 
the use of a damaged cover may result in nuisance 
faults and require cleaning the detector optics.

24 VDC power SUPPLY requirements

Calculate the total gas detection system power 
consumption rate in watts from cold start-up.  Select a 
power supply with adequate capability for the calculated 
load.  Ensure that the selected power supply provides 
regulated and filtered 24 Vdc output power for the entire 
system.  If a back-up power system is required, a float-
type battery charging system is recommended.  If an 
existing source of 24 Vdc power is being utilized, verify 
that system requirements are met.

Wiring cable requirements

Always use proper cabling type and diameter for input 
power as well as output signal wiring.  14 to 18 AWG 
shielded stranded copper wire is recommended.

Always install a properly sized, master power fuse or 
breaker on the system power circuit.

note
The use of shielded cable in conduit or shielded 
armored cable is required.  In applications where 
the wiring is installed in conduit, dedicated conduit 
is recommended.  Avoid low frequency, high 
voltage, and non-signaling conductors to prevent 
nuisance EMI problems.

caution
The use of proper conduit installation techniques, 
breathers, glands, and seals is required to prevent 
water ingress and/or maintain the explosion-proof 
rating.

Power Wiring Size and Maximum Length

1.	 The Eclipse detector must receive 18 Vdc 
minimum to operate properly.  24 Vdc minimum is 
recommended.

2.	 Always determine voltage drops that will occur to 
ensure that 24 Vdc is delivered to the Eclipse.

3.	 Normally, nothing smaller than 18 AWG (0.75 mm2) 
is recommended by Det-Tronics for Eclipse power 
cabling.  

Wire size requirements are dependent upon power 
supply voltage and wire length.

The maximum distance between the Eclipse detector 
and its power supply is determined by the maximum 
allowable voltage drop for the power wiring loop.  If the 
voltage drop is exceeded, the device will not operate.  
To determine the maximum power loop voltage drop, 
subtract the minimum operating voltage for the device 
(18 Vdc) from the minimum output voltage of the power 
supply.

To determine the actual maximum wire length:

1.	 Divide the maximum allowable voltage drop by the 
maximum current draw of the Eclipse (0.31 A),

2.	 Divide by the resistance of the wire (ohms/foot value 
available in wire manufacturer’s specification data 
sheet),

3.	 Divide by 2.

For example:  Consider an installation using 18 AWG 
wiring with a power supply providing 24 Vdc.

Power supply voltage = 24 Vdc,
Eclipse minimum operating voltage = 18 Vdc

		  24 – 18 = 6 Vdc

Maximum Voltage Drop = 6
Maximum Current = 0.31 A
Wire Resistance in Ohms/Foot = 0.006523

	 6  ÷  0.31  ÷  0.006523  ÷  2  =  1484 feet

note
For FM/CSA/ATEX Certified systems using HART 
communication, the maximum wiring distance is 
2000 feet.

Maximum Voltage Drop
÷

Maximum Current
÷

Wire Resistance in Ohms/
Foot

÷
2

Maximum Wire Length =

Maximum Power Loop 
Voltage Drop =

Power Supply Voltage

Minus

Minimum Operating Voltage
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optional relays

Optional relay contacts are “dry”, meaning that the 
installer must provide the voltage to the common terminal 
of the relay output.

AC voltage should not be switched directly using the 
Eclipse relays.  The use of an external relay is required if 
AC voltage must be switched by the Eclipse relays.

In order to change alarm relay settings from the factory 
default settings, it is recommended to utilize a HART 
Field Communicator.  Contact the factory for further 
assistance.

NOTE
Refer to “Alarm Relays” in the Specifications section 
of this manual for important information regarding 
alarm relays.

The relay board must temporarily be removed from 
the Eclipse termination compartment to connect the 
relay output field wiring cables.  After the relay wiring 
is connected, re-install the relay board using the three 
captive screws.  Refer to Figure 3.

wiring PROCEDURE

Ensure that all cables are terminated properly.  Pointwatch 
Eclipse screw terminal torque range is 3.5–4.4 in.-lbs. 
(0.4–0.5 N·m).

Conductor insulation should be stripped off with a bare 
conductor length of 0.2 inch (5 mm) minimum and 0.7 
inch (18 mm) maximum.

Cable shield, if used, should be properly terminated.  If 
not terminated, clip the shield wire off short and insulate 
it within the detector housing to prevent the shield wire 
from accidentally contacting the detector housing or any 
other wire. 

Figure 4 shows the wiring terminal strip located inside the 
detector’s integral junction box.  

Figure 5 shows the wiring terminal configuration for the 
standard Eclipse without relays.

Figure 6 shows the wiring terminal configuration for the 
standard Eclipse with relays.

Figures 7 through 10 show the 4-20 mA output of the 
Eclipse detector in various wiring schemes.

Figure 11 shows a standard Eclipse wired to a FlexVu 
UD10 Universal Display Unit.

Figure 12 shows a standard Eclipse wired to a Model 
U9500H Infiniti Transmitter.

Figure 13 shows a standard Eclipse wired to a Model 
R8471H Controller.

Figure 14 shows the wiring terminal configuration for the 
Eagle Quantum Premier Eclipse.

Figure 15 shows the Eclipse wired for benchtop testing/
programming using HART protocol.

note
The Eclipse housing must be electrically 
connected to earth ground.  A dedicated earth 
ground lug is provided for this purpose.

remote calibration wiring

If it is desired to initiate calibration using the remote 
calibrate line, the use of the Det-Tronics Model PIRTB 
Termination Box is highly recommended for optimum 
ease of installation and calibration.  The PIRTB module 
includes a magnetic reed switch, indicating LED, and 
wiring terminal block.  Refer to “Remote Calibration 
Option” in the “Description” section of this manual for 
details.

Figure 16 shows the location of the wiring terminals, reed 
switch and LED inside the calibration termination box.  
See Figures 17 and 18 for wiring details.

WARNING
Do not attempt to physically connect or touch 
the calibration lead wire to DCV common in the 
field to begin calibration.  This practice is often 
less than precise, and may result in a spark or 
other undesirable results.  For optimum ease of 
installation and calibration, always utilize a Det-
Tronics junction box with magnetic reed-switch, 
indicating LED, and termination block (Model 
PIRTB).

Figure 3—Eclipse Wiring Termination Compartment
with Optional Relay Board Removed

FACTORY INSTALLED WIRING
TO RELAY BOARD
(DO NOT REMOVE)

CAPTIVE SCREWS (3)

RELAY TERMINAL BLOCKA2133
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EARTH GND LUG

A2084

Figure 4—Terminal Strip Located Inside Wiring Compartment
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Figure 6—Wiring Terminal Identification
for Standard Eclipse with Relays
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Figure 5—Wiring Terminal Identification
for Standard Eclipse Without Relays
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24 VDC
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+ –
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*TOTAL LOOP RESISTANCE = 250 OHMS MINIMUM, 600 OHMS MAXIMUM.
  DO NOT INSTALL RESISTOR WITHIN PIRECL ENCLOSURE IN EEx e APPLICATIONS.

Figure 8—Eclipse Detector Wired for Non-Isolated 
4-20 mA Current Output (Sourcing)
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*

Figure 7—Eclipse Detector Wired for Non-Isolated 
4-20 mA Current Output (Sinking)
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*TOTAL LOOP RESISTANCE = 250 OHMS MINIMUM, 600 OHMS MAXIMUM.
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Figure 10—Eclipse Detector Wired for Isolated 
4-20 mA Current Output (Sourcing)
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Figure 9—Eclipse Detector Wired for Isolated 
4-20 mA Current Output (Sinking)
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Figure 12—Standard Eclipse Wired to a Model U9500H Infiniti Transmitter

A2201

 F
LT

 R
E

L
A

Y
         S

   P
O

W
E

R
R

E
S

E
T

 P
W

  IN
 N

O
 C

O
M

  N
C

             –      +
             C

A
L

   S
    P

O
W

E
R

      O
U

T
   

          –      +
      +

      –
     

24 VDC –

24 VDC –

24 VDC +

24 VDC +

CALIBRATE

+ 4-20 MA

– 4-20 MA

RS-485 A

RS-485 B

RELAY POWER

FAULT

LOW ALARM

HIGH ALARM

NO USER CONNECTION

1

2

3

4

5

6

7

8

9

10

11

12

13

24 VDC

+ –

PIRECL
POINTWATCH ECLIPSE

U9500H
INFINITI TRANSMITTER

+-
DCS

1

NOTES: 1 250 OHM RESISTOR REQUIRED IF USING HART PORT COMMUNICATIONS.

 2 PIRECL ECLIPSE MUST BE PROGRAMMED TO PIR9400 FAULT MODE 
  FOR PROPER STATUS IDENTIFICATION AT THE U9500H TRANSMITTER.

Figure 11—Standard Eclipse Wired to a Model UD10 Universal Display Unit
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Figure 14—Wiring Terminal Identification
for Eagle Quantum Premier Eclipse

24 VDC –

24 VDC –

24 VDC +

24 VDC +

24 VDC SHIELD

24 VDC SHIELD

COM 1 A

COM 1 SHIELD

COM 1 B

COM 2 A

COM 2 B

COM 2 SHIELD

CALIBRATE

1

2

3

4

5

6

7

8

9

10

11

12

13
A2087

CURRENT OUTPUT

CHASSIS GROUND

POWER

SENSOR

EXTERNAL RESET

HIGH ALARM

HIGH ALARM / OC

AUX. ALARM

AUX. ALARM / OC

LOW ALARM

LOW ALARM / OC

FAULT

FAULT / OC

1

3

4

5

6

7

8

9

10

11

12

13

14

15

16

–

+

+

–

+

–

18 TO 32
VDC

POWER

SIGNAL

2

OC = OPEN COLLECTOR OUTPUT
(BASE MODEL ONLY)

A2202

24 VDC –

24 VDC +

– 4-20 MA

1

2

3

4

5

6

7

8

9

10

11

12

13

R8471H CONTROLLER
PIRECL

POINTWATCH ECLIPSE

+ 4-20 MA

24 VDC

24 VDC –

24 VDC ++

–

2

1

NOTES: 1 INTERNAL JUMPER REQUIRED
  FOR NON-ISOLATED CURRENT
  OUTPUT (SINGLE POWER
  SUPPLY).
 
 2 250 OHM RESISTOR REQUIRED.
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description

internal Magnetic Switch

An internal magnetic switch is provided for resetting 
latched alarms and initiating calibration.  See Figure 19 
for switch location.  Momentary switch activation will reset 
alarms, while holding the switch closed for 2 seconds or 
longer will start the calibration sequence.  The switch can 
also be used to enter "live" calibration mode or terminate 
the calibration sequence (see "Calibration" section).

hart communication

An optional intrinsically safe HART communication port 
provides a non-intrusive means for connecting the HART 
Communicator to the Eclipse.  Refer to Figure 20.

Alternatively, the HART communicator can be connected 
across a 250 ohm resistor in the 4-20 mA loop.

note
All Eclipse gas detectors (except EQP models) are 
furnished with HART capability.  However, a 250 
ohm resistor must be present within the 4-20 mA 
loop for HART communication to work.  In many 
cases, this resistor is already present in the control 
panel.  For a bench test or a situation where the 
4-20 mA loop is not active, this resistor must still 
be installed for HART communication to function 
properly (see Figure 15).

If a PIRTB Remote Calibration Termination Box is utilized, 
the HART Communicator can be connected at the PIRTB.  
Note that this connection requires removal of the PIRTB 
cover.

Connect the HART Communicator, then turn it on by 
pressing the ON/OFF key.  The communicator will indicate 
when the connection is made.  If the connection is not 
made, the communicator will indicate that no device was 
found.  Refer to the HART Appendix in this manual for 
complete information.

WARNING
For Division applications, do not open cover when 
explosive gas atmosphere may be present.

Refer to Appendix F in this manual for complete 
information regarding HART communication with Eclipse.

CALIBRATION MAGNET

CALIBRATION NOZZLE

WEATHER BAFFLE

MULTICOLOR LED

HART COMMUNICATION PORT
(COVER INSTALLED)

PLACE CALIBRATION MAGNET
HERE TO ACTIVATE INTERNAL
REED SWITCH

C2058

EARTH GND LUG

Figure 19—PointWatch Eclipse

HART COMMUNICATOR CONNECTED 
TO I.S. HART PORT

I.S. HART PORT NOT PROVIDED ON THIS MODEL

A2490

Figure 20—Eclipse Models with and without IS HART Port
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Multicolor LED

An onboard multi-color LED is provided for indicating 
faults, alarms, and calibration status.  See Table 1.  LED 
operation for fault status is non-latching.  LED operation 
for alarms is configurable for latching/non-latching.

weather baffle assembly

The black weather baffle is provided to prevent debris 
and water from entering the optics, while allowing gases 
and vapors to enter readily.  An O-ring is provided on 
the main Eclipse body to ensure a proper seal with the 
weather baffle.  Two weather baffle configurations are 
available — one with an internal hydrophobic filter and 
one without the internal hydrophobic filter.

The weather baffle version with hydrophobic filter is 
recommended for most outdoor and indoor applications, 
especially wet and/or dirty applications.  When compared 
to the weather baffle version without the hydrophobic 
filter, it provides optimum protection against airborne 
water and dirt, with minimal reduction in speed of gas 
alarm response.

The weather baffle assembly is not field-serviceable, 
but is easily replaceable.  To remove the plastic weather 
baffle from the Eclipse body, rotate it one quarter turn 
counter-clockwise and pull.

The weather baffle is furnished with a calibration gas 
nozzle for direct injection of gas to the sensor, allowing 
the operator to apply gas to the detector without going 
through the weather baffle.   

NOTE
Always cover the calibration gas nozzle with the 
cap during normal operation, and ensure that the 
cap is not damaged.

clock

An hour meter is provided to give a relative indication of 
time for historical logs.  The meter is zeroed at the time of 
manufacture and only increments while power is applied.  
HART or MODBUS communication is required to view the 
running hours.

History Logs

All history logs are saved in non-volatile memory and 
retained through power cycles.  HART or MODBUS 
communication is required to view the history logs.

Event Log (Alarms and Faults)

An event log saves the ten most recent alarms and a 
selected group of faults with an hour meter time stamp.  
HART or MODBUS communication is required to view the 
log.  Types of logged events include:

•	Low Alarms

•	High Alarms

•	Optics Fault

•	Warm-up

•	Calibration Fault

Calibration Log

A log of the ten most recent calibrations with time stamp 
is saved.  HART or MODBUS communication is required 
to view the log.  Types of calibration records include:

•	Zero Only Calibration

•	Complete Calibration

•	Failed Calibration

Min/Max Temperature History

Ambient minimum and maximum exposed temperature 
measurements are stored in non-volatile memory, and 
are accessible via HART or MODBUS communication.  
The measurements are time tagged with respect to total 
hours of powered operation.  The temperature log may 
be reset, in which case all min/max exposed temperature 
logs are cleared.

Table 1—LED Status Indication

LED Device Status

Green Normal operation.

Red Blinking indicates Low Alarm.
On steady indicates High Alarm.

Yellow Fault condition or warmup.
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Remote Calibration option

In most applications, it is recommended to install the 
Pointwatch Eclipse where it will contact the vapor of 
interest as quickly as possible.  Unfortunately, the best 
location for early warning can often result in accessibility 
problems for the operator when calibration is required.  
In these applications, the Model PIRTB Termination Box 
is highly recommended to provide the ability to calibrate 
the Pointwatch Eclipse from a remote location.

The PIRTB consists of a termination/circuit board, housed 
within an explosion-proof junction box. The circuit board 
contains a magnetic reed switch for initiating calibration, 
an indicating LED to signal the operator when to apply 
and remove the calibration gas, and a wiring terminal 
block. The junction box cover is furnished with a small 
viewing window that enables calibration to be performed 
without hazardous area de-classification.  The PIRTB may 
be installed up to 100 feet away from the Eclipse.  Refer 
to Figure 21 for remote calibration configuration options.

NOTE
The remote calibration switch is intended for 
initiating calibration only. Resetting latching alarm 
outputs using the remote calibration switch cannot 
be accomplished without entering the Calibration 
mode.

The following recommendations are provided to enhance 
operator ease and convenience of remote calibration 
configurations:

1.	 Install the Eclipse in such a manner that the onboard 
LED is visible whenever possible.  This will aid in 
checking device status "at a glance."

2.	 The Eclipse is provided with a calibration gas nozzle 
on the weather baffle, which allows the use of 
permanently attached calibration gas delivery tubing 
(either polyethylene or stainless steel).  The tubing is 
typically routed in parallel with the remote calibration 
cabling to the same location as the PIRTB termination 
box.  This arrangement enables a technician to 
initiate calibration and deliver the calibration gas to 
the Eclipse from a single location.

3.	 When permanently installed calibration gas tubing 
is utilized, always install a shut-off valve at the open 
end to prevent unwanted vapors or debris from 
entering the tubing.  

4.	 Always purge the permanent tubing with clean, 
dry compressed air prior to and immediately after 
calibration to ensure that residual combustible 
gases are cleared.  Always close the shutoff valve 
after post-calibration purging is complete.  This will 
ensure that all hydrocarbon vapors are eliminated 
from the Eclipse optics.

5.	 Note that permanently installed calibration gas tubing 
will increase the calibration gas consumption rate as 
a function of total tubing length.

Other methods of remote Eclipse calibration include 
utilizing HART or MODBUS communications.  Refer to 
the HART and MODBUS appendices for details.

Special Applications

The standard Pointwatch Eclipse is intended for 
open area combustible gas detection applications.  
However, special detector configurations are available 
for applications such as duct-mounting and sample 
extraction.  Contact Detector Electronics Corporation for 
information on these special device configurations.
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WRONG

HAZARDOUS LOCATION NON-HAZARDOUS LOCATION

24 VDC +
24 VDC –
4-20 MA SIGNAL

24 VDC +
24 VDC –
4-20 MA SIGNAL
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24 VDC –
4-20 MA SIGNAL
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PIRECL

PIRECL

HART
COMMUNICATOR

HART
COMMUNICATOR

HART
COMMUNICATOR

HART
COMMUNICATOR

PIRTB

PIRTB

D2060

NOTE: THE TOTAL WIRING DISTANCE FROM THE HART COMMUNICATOR
 THROUGH THE POINTWATCH ECLIPSE TO THE SIGNAL RECEIVER
 MUST NOT EXCEED 2000 FEET (610 METERS).

CAL GAS

24 VDC, CAL

PIRECL

PIRTB ISOLATED 4-20 MA

CAL GAS

PIRECL

PIRTB NON-ISOLATED 4-20 MA

NON-ISOLATED 4-20 MA

NON-ISOLATED 4-20 MA

Figure 21—Remote Calibration Configuration Options
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Operation

Factory Default settings

The Pointwatch Eclipse is shipped from the factory pre-
calibrated and set for the customer’s choice of 0-100% 
LFL methane, propane, ethylene, or butane.  Detection 
of gases other than the factory default gas will require 
changing the gas setting and performing field calibration 
of the device.  HART or MODBUS communication is 
required to change the factory default settings.  Refer 
to the HART Communications Appendix within this 
document for additional guidance.  

Operating Modes

The Eclipse has three operating modes: warm-up, 
normal, and calibrate. 

Warm-up

Warm-up mode is entered upon application of 24 Vdc 
operating power.  During warm-up, the 4-20 mA current 
loop output will indicate warm-up, the indicating LED is 
yellow, and the alarm outputs are disabled.  The warm-up 
mode lasts nominally two (2) minutes after power-up.

Normal

After warm-up mode is completed, the device 
automatically enters the Normal mode, and all analog 
and alarm outputs are enabled.  

Calibrate

Calibration of the Eclipse is normally not required; however, 
the user has the option to verify proper calibration or to 
perform calibration procedures if necessary.  Guidelines 
for when to perform a calibration or a response test are 
listed in Table 2.  The user has the choice of three methods 
to place the device into the Calibrate mode.  Refer to the 
"Calibration" section in this manual for details.

4-20 mA Current Loop Output

Eclipse provides an isolated, linear current loop output 
that is proportional to the detected gas level.  Fault and 
calibration status are also indicated by this output.

The factory default for full-scale 100% LFL output is 20 
mA.  Other full scale values (from 20 to 100% LFL) can 
be selected using HART or MODBUS communication.  
HART and MODBUS interfaces also have the ability to 
calibrate the 4 mA and 20 mA levels.

When the default setting is selected, the LFL percentage 
for a given current reading can be calculated using the 
formula:

% LFL = (X – 4) ÷ 0.16	 X =	 Current reading
		  in milliamperes

Example:  Device reads 12 mA.
12 – 4 = 8
8 ÷ 0.16 = 50
50% LFL is indicated.

Normally, the current loop output is proportional to the 
selected standard gas type only.  

Table 2—Calibration or Response Test

Function Calibration Response
Test

Startup X

Gas selection changed X

Non-standard gas
	 (using linearization other than methane)

X

Replace any part X

Constant zero offset X

Periodic Functional Testing
	 (at least once a year)

X
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Fault Indication

There are three modes of signaling faults using the 4-20 
mA analog signal output:

•	 PIR9400 (Factory default setting, used for retrofit 
applications of the PIR9400 detector)

•	 Eclipse

•	 User Defined

Fault signaling mode can be selected using the HART or 
MODBUS interface.  Table 3 shows the current levels for 
each fault mode.

PIR9400 Fault Mode

This mode is provided for compatibility with existing 
Det-Tronics PointWatch gas detectors.  The fault and 
calibration levels are identical to existing PIR9400 units, 
which makes the Eclipse compatible with the U9500 
Infiniti Transmitter.  As with the PIR9400 detector, live 
and suppressed “signal during calibration” modes are 
available.

Eclipse Fault Mode

Eclipse mode follows conventional fault signaling practice.  
The current loop output indicates the presence of a fault, 
but does not attempt to identify a specific fault with a 
specific current output value.  Identification of a specific 
fault type is done through the HART Communicator or 
MODBUS.

User Defined Fault Mode

This mode is intended for users who wish to program 
unique current levels for faults and calibration signals.  
User defined current levels can be set from 0.0 to 24.0 
mA. and can be programmed from HART or MODBUS 
interfaces.  Four unique current levels are available: 
warm-up, general fault, calibration, and blocked optics.

Table 3—Output Levels of 4-20 mA Current Loop and Corresponding Status Indications

Condition PIR9400 Fault Mode Eclipse Fault Mode User Defined Fault Mode

Gas Level (-10% to 102.2% Full scale) 2.4 to 20.5 2.4 to 20.5 2.4 to 20.5

Warm-up 0.00 1.00 Warm-up

Reference Sensor Saturated 0.20 1.00 General Fault

Active Sensor Saturated 0.40 1.00 General Fault

Calibration line active on power-up 0.60 1.00 General Fault

Low 24 volts 0.80 1.00 General Fault

Low 12 volts 1.20 1.00 General Fault

Low 5 volts 1.20 1.00 General Fault

Dirty Optics 1.00 2.00 Blocked Optics

Calibration Fault 1.60 1.00 General Fault

Calibration complete 1.80 1.00 Calibration

Span calibration, apply gas 2.00 1.00 Calibration

Zero calibration in progress 2.20 1.00 Calibration

Negative signal output fault 2.40 1.00 General Fault

Flash CRC 1.20 1.00 General Fault

Ram Error 1.20 1.00 General Fault

EEPROM Error 1.20 1.00 General Fault

IR Source Failure 1.20 1.00 General Fault
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startup

When the Eclipse is installed and wired as described in 
the “Installation” section, it is ready for commissioning.  
If the application requires that specific changes be 
made to the factory settings, HART, MODBUS or EQP 
communication will be required.  Refer to the appropriate 
Appendix for details.

note
Ensure that controller alarm outputs are inhibited 
for a minimum of 10 seconds after system power‑up 
to prevent unwanted output actuation.

note
The safety function (gas input-to-actuation/
notification) must always be verified upon 
completion of installation and/or modification.

PIRECL Startup/Commissioning Checklists

Electrical Checklist

•	 All 24 Vdc power conductors are properly sized and 
are properly terminated.

•	 The 24 Vdc power supply provides sufficient load 
capacity for all gas detectors.

•	 Using a DC voltmeter, 24 Vdc has been measured at 
the detector.

•	 All signal output conductors are properly terminated, 
and the jumper wire is installed if a non-isolated 
signal output is desired.

•	 All relay contact output signal conductors are 
properly terminated if applicable.

•	 All screw terminals have been tightened and all wires 
pull-tested to confirm proper termination has been 
accomplished.

Mechanical Checklist

•	 PIRECL detector is mounted to a solid surface not 
prone to high vibration, shock, traumatic impact or 
other undesirable condition.

•	 PIRECL detector is installed in proper orientation 
(horizontal).

•	 PIRECL detector is installed to achieve weatherproof 
status, e.g. conduit seals or cable glands have been 
properly installed.  If there is an unused conduit entry, 
this entry has been sealed with a weathertight plug.

•	 PIRECL detector threaded covers are tightened to 
engage all O-rings.

•	 The hex head set screw is tightened to secure the 
cover and prevent access to the wiring compartment 
without the use of a tool.

Gas Detection and Measurement Checklist

•	 Vapor(s) to be detected have been identified, and 
appropriate calibration gas setting for the PIRECL 
has been confirmed.

•	 Area(s) of coverage have been identified, and 
optimum detector locations for installation are 
documented.

•	 Detector installation location is suitable for intended 
purpose, e.g. no obvious impediments to contact 
with the gas or vapor of interest exist or are likely to 
exist.

•	 Proper calibration gas(es) are available to perform 
proof of response test or calibration during 
commissioning.

•	 HART communicator or similar field communicator 
is available if field programming is expected or 
required.

•	 Calibration magnet is available to initiate quick 
calibration or reset.
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Calibration

CALIBRATION OVERVIEW

Although routine calibration of the Pointwatch Eclipse is 
normally not required, the device supports non-intrusive 
field calibration capability.  Two (2) calibration procedure 
options are provided:

1.	 Normal Calibration is a two-step process consisting 
of clean air (zero) condition and mid-scale (span) 
adjustment.  Calibration gas must be applied by 
the operator to enable span adjustment.  Normal 
calibration is required whenever the gas type setting 
has been changed from the factory setting (methane, 
propane, ethylene, or butane).  Purge the Eclipse 
optics with clean, dry air prior to calibration initiation 
to ensure that an accurate zero (clean air) condition 
is present.

The following Normal Calibration guidelines always 
apply:

A.	 The Eclipse is factory set for detection of 
methane, propane, ethylene, or butane.  If the 
gas setting is changed (using HART, MODBUS 
or EQP communication), the Eclipse must be 
re-calibrated (normally with the matching gas 
type).

B.	 The calibration gas type normally should match 
the selected gas setting for the Eclipse.  Different 
calibration gas types are selectable using HART, 
MODBUS or EQP communication.  

C.	 The recommended calibration gas concentration 
is 50% LFL, although other calibration 
concentrations may be utilized if previously 
defined in the Eclipse using HART, MODBUS or 
EQP communication.

2.	 Zero Only Calibration is a one-step process 
consisting of clean air (zero) condition adjustment 
only, which is performed automatically by the device.  
This procedure adjusts the "clean air" signal output 
only, and is normally used if the 4 milliampere signal 
level has drifted.  The cause of drift is typically due to 
the presence of background gas during calibration.  
Purge the Eclipse optics with clean, dry compressed 
air prior to calibration initiation to ensure an accurate 
zero (clean air) condition is present.  

additional Calibration Notes

important
Always ensure that the correct gas type is used for 
calibration.  (2.5 LPM flow rate is recommended.)

note
It is highly recommended that the detector has 
been operating for at least two hours before 
calibrating.

Note
Always ensure that the Eclipse optics are totally 
free of all hydrocarbons before initiating calibration.  
This may require purging of the Eclipse with pure 
air prior to initiating calibration.

note
Under very windy conditions, it may not be 
possible to successfully calibrate the Eclipse.  This 
situation is easily corrected by using the Eclipse 
Calibration Bag (P/N 006682-002), available from 
Det-Tronics.

note
Always place the protective cap back on 
the calibration nozzle after completion of span 
calibration.
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CALIBRATION INITIATION

Eclipse calibration may be initiated by any of the following 
means:

•	 The onboard magnetic calibration switch

•	 The magnetic calibration switch in the remote 
termination box

•	 HART communication.

Calibration using Magnetic Switch

1.	 Onboard Switch and LED				  
The Pointwatch Eclipse provides an onboard 
magnetic calibration/reset switch for non-intrusive 
calibration capability.  The magnetic switch is 
located on the device bulkhead.  See Figure 19 for 
switch location.  An onboard tri-color LED is also 
provided to signal the operator when to apply and 
remove calibration gas.

2.	 Remote Switch and Indicating LED			 
A special Remote Termination Box (Model PIRTB) 
is available for initiating calibration from a remote 
location.  The PIRTB provides an internal magnetic 
switch and indicating LED (LED is on/off only, not tri-
color).  The PIRTB is provided with a clear window 
on the cover, enabling non-intrusive calibration 
capability.

Either magnetic switch must be actuated for 2 seconds 
using a calibration magnet to initiate Eclipse calibration.  
Upon initiation, the Eclipse automatically performs 
the zero calibration adjustment, and then signals the 
operator when it is time to apply calibration gas.  Upon 
completion of the span adjustment, the Eclipse returns 
to normal mode after the calibration gas has cleared.  
The indicating LED (either onboard LED or PIRTB LED, 
if used) provides visual signals to the operator regarding 
the proper time to apply and remove the calibration gas.  

For Zero Only Calibration, the operator must re-actuate 
the magnetic switch upon LED signal to apply calibration 
gas.  This action instructs the Eclipse to utilize the 
previous span setting, and return to normal mode without 
requiring application of calibration gas.

Digital Communication Calibration

HART, MODBUS or EQP communication may be utilized 
to initiate Eclipse calibration.  Refer to the appropriate 
Appendix for details.

Detailed Calibration Procedure using 
Magnetic Switch

Refer to Tables 4 and 5 for a quick summary of the 
standard calibration sequence.

1.	 Apply magnet for 2 seconds minimum to initiate 
calibration.

A.	 The onboard LED turns to steady red.

B.	 The LED within the PIRTB (if used) turns on.

C.	 The Eclipse current output decreases from 4 
mA to 1 mA when the default Eclipse calibration 
routine is used.

2.	 When Zero Calibration is complete:

A.	 The onboard LED changes from steady red to 
flashing red.  

B.	 The LED within the PIRTB (if used) begins 
flashing.

C.	 The Eclipse current output does not change 
from the 1 mA level when the default Eclipse 
calibration routine is used.

D.	 The operator should now apply the appropriate 
calibration gas to the Eclipse if conducting 
Normal Calibration.

E.	 If conducting Zero Only Calibration, the operator 
should re-apply the magnet to the switch.  This will 
conclude the Zero Only calibration sequence.

3.	 When Span Calibration is complete:

A.	 The onboard LED changes from flashing red to 
“off”.

B.	 The operator should now close the valve and 
remove the calibration gas from the Eclipse.

NOTE
It is normal for the Eclipse LED to go off or turn 
blank (no color displayed) until the calibration gas 
is cleared from the optics chamber.  Remove the 
weather baffle if necessary to clear residual gas.

C.	 The LED within the PIRTB (if used) changes to 
steady on.

D.	 The Eclipse current output does not change 
from the 1 mA level when the default Eclipse 
calibration routine is used.
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4.	 Return to Normal is complete when:

A.	 The onboard LED changes from “off” to steady 
green.  

B.	 The LED within the PIRTB (if used) turns off.

C.	 The Eclipse current output returns to 4 mA after 
detected calibration gas level drops below 5% 
LFL or the calibration abort signal is provided.

Time Out

If calibration is not completed within 10 minutes, a 
calibration-failed fault is generated, and the unit returns to 
normal operation using the previous calibration values.

note
Under normal conditions, span calibration is 
typically completed in 3 minutes or less.

CALIBRATION ABORT

Calibration can be aborted at any time after zero 
calibration is completed.  This is done by activating the 
onboard or PIRTB magnetic switch, or by a command 
from the HART, MODBUS or EQP interface.  If calibration 
is terminated, the new zero point is retained, and a zero 
calibration code is saved in the calibration history buffer.  
The unit will immediately return to normal operation.

Table 5—Quick Reference Guide for Zero Only Calibration Procedure Using Magnetic Switch

Table 4—Quick Reference Guide for Normal Calibration Procedure Using Magnetic Switch

Description Indicating LED
(on-board/PIRTB)

Current Output
(default setting)

Operator Action

Normal-ready to calibrate steady green/off 4 mA Purge with clean air if required

Initiate Calibration steady red/on-steady 1 mA Apply Magnet for 2 seconds min.

Zero Calibration complete flashing red/on-flashing 1 mA Apply Calibration Gas to device

Span Calibration in progress flashing red/on-flashing 1 mA Continue cal gas flow

Span Calibration complete off/on-steady 1 mA Remove Calibration Gas

Output Returns to Normal steady green/off 4 mA Calibration Completed

Normal Operation steady green/off 4 mA None

Description Indicating LED
(on-board/PIRTB)

Current Output
(default setting)

Operator Action

Normal-ready to calibrate steady green/off 4 mA Purge with clean air if required

Initiate Calibration steady red/on-steady 1 mA Apply Magnet for 2 seconds min.

Zero Calibration complete flashing red/on-flashing 1 mA Re-initiate magnetic switch
to terminate calibration

Return to Normal Mode steady green/off 4 mA Zero Calibration Completed
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HYDROPHOBIC FILTER

DIFFUSION PATHS INTO MEASUREMENT CHAMBER

MIRROR

IR SOURCE LAMP
AND WINDOW

O-RING

C2059

Figure 22—PointWatch Eclipse with Baffle Removed

Maintenance

note
Refer to the Model PIRECL Safety Manual 
(number 95-8630) for specific requirements 
and recommendations applicable to the proper 
installation, operation, and maintenance of all 
SIL‑Certified PIRECL IR gas detectors.

Routine Inspection

The PointWatch Eclipse detector should be inspected 
periodically to ensure that external obstructions such as 
plastic bags, mud, snow, or other materials do not block 
the weather baffle, thereby impairing the performance 
of the device.  In addition, the weather baffle assembly 
should be removed and inspected to ensure that the 
diffusion paths into the measurement chamber are clear.  
See Figure 22.

weather Baffle Cleaning

Remove the weather baffle assembly and clean with a 
soft brush and soap and water.  Rinse and allow to dry.

Replace the weather baffle if damaged or if fouling of the 
baffle vents is evident.

Note
Solvents may damage the weather baffle 
assembly.  If contamination is not removed using 
soap and water, then replacement of the baffle 
may be required.  

Optics Cleaning

Cleaning of the Eclipse optical surfaces is normally 
required only if an optical fault is indicated.

Thoroughly douse the mirror and window using a liberal 
amount of isopropyl alcohol to clear away contaminant 
particles.  Repeat the alcohol flush to remove any 
remaining contaminants. Allow the assembly to air-dry in 
a dust-free location.

O-Ring

Periodically the O-ring should be inspected for breaks, 
cracks and dryness.  To test the ring, remove it from the 
enclosure and stretch it slightly.  If cracks are visible, 
it should be replaced.  If it feels dry, a thin coating of 
lubricant should be applied.  See “Spare Parts” section 
for recommended lubricant.  When re-installing the ring, 
be sure that it is properly seated in the groove.

Protective caps and covers

The calibration nozzle cap must always be installed, 
except while performing calibration.  Also ensure that 
the HART Communication Port cover and the wiring 
compartment cover are installed and fully engaged.
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Troubleshooting

A Fault status is indicated by a yellow LED and also by 
the 4-20 mA outout.  Refer to Table 6 to identify the fault 
type using the 4-20 mA output.  (The operator must know 
which fault signaling mode has been programmed.)  
Refer to Table 7 for assistance in correcting malfunctions 
with the PointWatch Eclipse Detector.

DEVICE REPAIR AND RETURN

The Pointwatch Eclipse IR Hydrocarbon Gas Detector is 
not designed to be repaired in the field.  If a problem 
should develop, first carefully check for proper wiring, 
programming and calibration.  If it is determined that the 
problem is caused by an electronics failure, the device 
must be returned to the factory for repair.

Prior to returning devices or components, contact the 
nearest local Detector Electronics office so that a Service 
Order number can be assigned.  A written statement 
describing the malfunction must accompany the returned 
device or component to expedite finding the cause of the 
failure.

Return all equipment transportation prepaid to the factory 
in Minneapolis.

Table 6—Using the 4-20 mA Output Level to Identify a Fault Condition

Condition PIR9400 Fault Mode Eclipse Fault Mode User Defined Fault Mode

Gas Level (-10% to 120% Full scale) 2.4 to 20.5 2.4 to 20.5 2.4 to 20.5

Warm-up 0.00 1.00 Warm-up

Reference Sensor Saturated 0.20 1.00 General Fault

Active Sensor Saturated 0.40 1.00 General Fault

Calibration line active on power-up 0.60 1.00 General Fault

Low 24 volts 0.80 1.00 General Fault

Low 12 volts 1.20 1.00 General Fault

Low 5 volts 1.20 1.00 General Fault

Dirty Optics 1.00 2.00 Blocked Optics

Calibration Fault 1.60 1.00 General Fault

Calibration complete 1.80 1.00 Calibration

Span calibration, apply gas 2.00 1.00 Calibration

Zero calibration in progress 2.20 1.00 Calibration

Negative signal output fault 2.40 1.00 General Fault

Flash CRC 1.20 1.00 General Fault

Ram Error 1.20 1.00 General Fault

EEPROM Error 1.20 1.00 General Fault

IR Source Failure 1.20 1.00 General Fault
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ORDERING INFORMATION

POINTWATCH ECLIPSE DETECTOR

When ordering, please refer to the PIRECL Model 
Matrix.

CALIBRATION EQUIPMENT

Pointwatch Eclipse calibration kits consist of a sturdy 
carrying case containing two 3.6 cubic foot (103 liter) 
cylinders of specified gas, a regulator and pressure 
indicator, three feet of tubing, barbed nozzle for direct 
application to the device, and a calibration wind shield to 
contain the gas in high wind applications.

Methane, 50% LFL, 2.5% by volume	 006468-001
Ethylene, 50% LFL, 1.35% by volume	 006468-003
Propane, 50% LFL, 1.1% by volume	 006468-004
Butane, 50% LFL, 0.8% by volume	 006468-006
PointWatch Eclipse Regulator		  162552-002
Eclipse Calibration Bag			   006682-002

Other calibration gases are available.  Consult the 
factory for specific information.

SPARE PARTS

Weather Baffle with Inlet Nozzle,		  007165-002
with Hydrophobic Filter
Weather Baffle with Inlet Nozzle, 		 007165-001
without Hydrophobic Filter
Weather Baffle w 1/16”  NPT cal 		  007165-004 
gas inlet, with Hydrophobic Filter
Weather Baffle w 1/16” NPT cal 		  007165-003 
gas inlet, without Hydrophobic Filter
Calibration Port Cover			   009192-001
Calibration Magnet			   102740-002
Silicone Free Grease			   005003-001
O-Ring, 3.75” i.d., for wiring 		  107427-040
compartment cover
O-Ring, 3.25” i.d., for front 		  107427-053
flange (internal)
O-Ring, 2.44” i.d., for weather baffle	 107427-052

ASSISTANCE

For assistance in ordering a system to meet the needs of 
a specific application, contact:

Detector Electronics Corporation
6901 West 110th Street
Minneapolis, Minnesota  55438  USA
Operator:  (952) 941-5665 or (800) 765-FIRE
Customer Service:  (952) 946-6491
Fax:  (952) 829-8750
Web site:  www.det-tronics.com
E-mail:  det-tronics@det-tronics.com

Table 7—Troubleshooting Guide

Fault Condition Corrective Action

Low 24 volts 24 vdc operating voltage is out of range.  Verify proper wiring to the detector and correct 
voltage output from the power source.  Power supply faults are self-clearing when the 
condition is corrected.  If the fault does not clear, consult the factory.

Dirty Optics Perform cleaning procedure, then recalibrate as required.  (Refer to “Maintenance” for 
details.)

Calibration Fault If the calibration process is allowed to time-out, the fault is set and can only be reset 
with a successful calibration.  Check the gas bottle to ensure that there is enough gas to 
complete the calibration.  Are conditions too windy for a successful calibration?  If so, use 
a PointWatch Eclipse Calibration Bag (P/N 006682-002).  Always calibrate with a Det-
Tronics calibration kit for Eclipse with correct regulator.  Be sure that the calibration gas 
being used matches the configured setting.  If the fault is still present, perform cleaning 
procedure, then recalibrate.

Negative Signal Output This fault is indicated when the signal output drops below –3% LFL. Normally detection 
capability is not compromised in this condition. The device was probably zero calibrated 
with background gas present. If the condition persists, purge with clean air and repeat the 
zero calibration.

Calibration line active at start-up The only way to clear this fault is to correct the wiring and reapply power. Be sure that the 
calibration line is not shorted and that the calibration switch is open. If the fault does not clear, 
consult the factory.

Other Faults Consult the factory.
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PIRECL MODEL MATRIX

MODEL DESCRIPTION

PIRECL Point Infrared Eclipse Gas Detector

TYPE THREAD TYPE

A 3/4” NPT

B M25

TYPE OUTPUT & MEASUREMENT OPTIONS

1 4-20 mA with HART protocol & RS-485: 0-100% LFL Full Scale Range

4 Eagle Quantum Premier (EQP): 0-100% LFL Full Scale Range

TYPE OPTIONAL OUTPUTS

A HART Communication Port

B HART Communication Port and Relay Board (Not compatible with EQP) Ex d only

D No Optional Outputs

E Relay Board (Not compatible with EQP) Ex d only

TYPE WEATHER PROTECTION

1 Weather Baffle with Hydrophobic Filter

2 Weather Baffle without Hydrophobic Filter

3 Weather Baffle with Hydrophobic Filter and 1/16” Threaded Calibration Port

4 Weather Baffle without Hydrophobic Filter and 1/16” Threaded Calibration Port

5 No Weather Protection Installed

TYPE APPROVALS*

B Brazil

R Russia

S SIL

T SIL/FM/CSA/ATEX/CE/IECEx

U Ukraine

W FM/CSA/ATEX/CE/IECEx

Y China

TYPE CLASSIFICATION**

1 Division/Zone Ex de

2 Division/Zone Ex d

*Type “Approvals” can use one or more letters.
**Detectors are always Class I, Div. 1.
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Appendix A

FM Approval Description

The following items, functions and options describe the FM approval.

Approval

PointWatch Eclipse® Infrared Hydrocarbon Gas Detector,  Model PIRECL Series.

Explosion-proof for Class I, Division 1, Groups B, C, & D (T4) Hazardous (Classified) Locations per FM 3615,
With intrinsically safe output for HART communication in accordance with control drawing 007283-001.
Non-incendive for Class I, Division 2, Groups A, B, C & D (T3C) Hazardous (Classified) Locations per FM 3611.
Tamb = –40°C to +75°C.  Acidic atmospheres excluded.  Conduit seal not required.

Performance verified for 0 to 100% LFL Methane-in-air atmospheres per FM 6310/6320 and ANSI 12.13.01.
Performance verified for 0 to 100% LFL Propane-in-air atmospheres per FM 6310/6320 and ANSI 12.13.01.
Performance verified for 0 to 100% LFL Ethylene-in-air atmospheres per FM 6310/6320 and ANSI 12.13.01.
Performance verified for 0 to 100% LFL Butane-in-air atmospheres per FM 6310/6320 and ANSI 12.13.01.

NOTES
Approval of the Model PIRECL does not include or imply approval of the apparatus to which the detector may 
be connected and which processes the electronic signal for eventual end use.  In order to maintain an approved 
system, the apparatus to which the detector is connected must also be approved.

This Approval does not include or imply Approval of the communications protocol or functions provided by the 
software of this instrument or the communications apparatus or software connected to this instrument.

RESPONSE TIME  (Average* in Seconds, with Weather Protection Baffle Installed, and 100% LFL Applied)—

Gas Baffle T50 T60 T90

Methane
Without Hydrophobic Filter 4.5 4.9 6.8

With Hydrophobic Filter 4.7 5.0 7.6

Propane
Without Hydrophobic Filter 5.2 5.6 7.5

With Hydrophobic Filter 5.3 5.6 8.1

Ethylene
Without Hydrophobic Filter 4.9 5.5 6.6

With Hydrophobic Filter 4.2 4.5 10.1

Butane
Without Hydrophobic Filter 5.1 5.4 7.6

With Hydrophobic Filter 5.8 6.1 8.9

*	Average of three consecutive trials, with the minimum and maximum response times no greater 
than ±2 seconds from the average indicated response time.

NOTE:  Add 2 seconds to response time for EQP compatible models.
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Accuracy—
±3% LFL from 0 to 50% LFL, ±5% LFL from 51 to 100% LFL
(at room ambient temperature, +23°C).

note
Product operates properly with 5 watt walkie talkie keyed at 1 meter.  

Other Gases

The Pointwatch Eclipse® is provided with field-selectable “standard gas” signal processing program settings for linear 
measurement of methane, propane, ethylene, and butane gases.  This means that the Eclipse is capable of providing 
an analog signal output that is directly proportional to the % LFL concentration for these gases, provided the proper 
gas setting has been selected, and the Eclipse has been calibrated with the proper calibration gas type.  The Eclipse 
is performance certified for detection of methane, propane, ethylene, or butane, and is shipped from the factory 
calibrated and set for the customer’s choice of one of these gases.  Digital communication (such as HART) is required 
to confirm the current setting and change it if required.  In addition to the gases listed above, the Eclipse is capable of 
detecting and measuring many other hydrocarbon gases and vapors, with settings provided for gases such as ethane 
and propylene.  For detection of other commonly encountered gases where specific gas settings are not provided, one 
of the standard settings will usually suffice.  Please consult the factory for details.  

Approved Accessories

Part Number DESCRIPTION

007355-001 Q900A Duct Mount Kit, Standard

009931-001 Q900C Duct Mount Kit, Marine

007525-003 Direct Duct Mount Kit, Stainless Steel, Vertical

007525-004 Direct Duct Mount Kit, Aluminum, Vertical

007525-005 Direct Duct Mount Kit, Stainless Steel, Horizontal

007525-006 Direct Duct Mount Kit, Aluminum, Horizontal

007529-XXX
Direct Duct Assembly w/PIRECL, Kit – This part number 

consists of several combinations of approved PIRECL detectors 
and Direct Duct Assemblies (007525-003-006).

006468-006 Gas Calibration Kit, 50% Butane

006468-003 Gas Calibration Kit, 50% Ethylene

006468-014 Gas Calibration Kit, 50% Methane (2.2% Vol.)

006468-914 Gas Calibration Kit, 50% Methane (Russian Certified, 2.2% Vol.)

006468-001 Gas Calibration Kit, 50% Methane (2.5% Vol.)

006468-906 Gas Calibration Kit, 50% Methane (Russian Certified, 2.5% Vol.)

006468-004 Gas Calibration Kit, 50% Propane (1.1% Vol.)

006468-015 Gas Calibration Kit, 50% Propane (0.85% Vol.)

006468-915 Gas Calibration Kit, 50% Propane (Russian Certified)

102740-002 Calibration Magnet

103922-001 475 HART Field Communicator

103922-002 475 HART & Foundation Fieldbus Field Communicator

note
Refer to the appropriate instruction manual for complete information regarding the following devices:

Q900A  -  95-8537
Q900C  -  95-8640

Direct Duct Mount Kits  -  95-8557



B-1 95-852614.1

Appendix B

CSA Approval Description

The following items, functions and options describe the CSA approval.

Approval

PointWatch Eclipse® Infrared Hydrocarbon Gas Detector,  Model PIRECL Series.

Explosion-proof for Class I, Division 1, Groups B, C, & D (T4) Hazardous (Classified) Locations per C22.2 #30,
With intrinsically safe output for HART communication in accordance with control drawing 007283-001.
Non-incendive for Class I, Division 2, Groups A, B, C & D (T3C) Hazardous (Classified) Locations per C22.2 #213.
Tamb = –40°C to +75°C.  Acidic atmospheres excluded.  Conduit seal not required.

Performance verified for 0 to 100% LFL Methane-in-air atmospheres per C22.2 #152.
Performance verified for 0 to 100% LFL Propane-in-air atmospheres per C22.2 #152.
Performance verified for 0 to 100% LFL Ethylene-in-air atmospheres per C22.2 #152.
Performance verified for 0 to 100% LFL Butane-in-air atmospheres per C22.2 #152.

NOTES
Approval of the Model PIRECL does not include or imply approval of the apparatus to which the detector may 
be connected and which processes the electronic signal for eventual end use.  In order to maintain an approved 
system, the apparatus to which the detector is connected must also be approved.

This Approval does not include or imply Approval of the communications protocol or functions provided by the 
software of this instrument or the communications apparatus or software connected to this instrument.

RESPONSE TIME  (Average* in Seconds, with Weather Protection Baffle Installed, and 100% LFL Applied)—

*	Average of three consecutive trials, with the minimum and maximum response times no greater 
than ±2 seconds from the average indicated response time.

NOTE:  Add 2 seconds to response time for EQP compatible models.

Gas Baffle T50 T60 T90

Methane
Without Hydrophobic Filter 4.5 4.9 6.8

With Hydrophobic Filter 4.7 5.0 7.6

Propane
Without Hydrophobic Filter 5.2 5.6 7.5

With Hydrophobic Filter 5.3 5.6 8.1

Ethylene
Without Hydrophobic Filter 4.9 5.5 6.6

With Hydrophobic Filter 4.2 4.5 10.1

Butane
Without Hydrophobic Filter 5.1 5.4 7.6

With Hydrophobic Filter 5.8 6.1 8.9
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Accuracy—
±3% LFL from 0 to 50% LFL, ±5% LFL from 51 to 100% LFL
(at room ambient temperature, +23°C).

Other Gases

The Pointwatch Eclipse® is provided with field-selectable “standard gas” signal processing program settings for linear 
measurement of methane, propane, ethylene, and butane gases.  This means that the Eclipse is capable of providing 
an analog signal output that is directly proportional to the % LFL concentration for these gases, provided the proper 
gas setting has been selected, and the Eclipse has been calibrated with the proper calibration gas type.  The Eclipse 
is performance certified for detection of methane, propane, ethylene, or butane, and is shipped from the factory 
calibrated and set for the customer’s choice of one of these gases.  Digital communication (such as HART) is required 
to confirm the current setting and change it if required.  In addition to the gases listed above, the Eclipse is capable of 
detecting and measuring many other hydrocarbon gases and vapors, with settings provided for gases such as ethane 
and propylene.  For detection of other commonly encountered gases where specific gas settings are not provided, one 
of the standard settings will usually suffice.  Please consult the factory for details.  
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Appendix C

ATEX Approval Description

The following items, functions and options describe the ATEX approval.

Approval

PointWatch Eclipse® Infrared Hydrocarbon Gas Detector, Model PIRECL Series.

 0539 FM�
APPROVED

®  II 2 G
Ex de IIC T4-T5 Gb
-- OR --
Ex de [ib] IIC T4-T5 Gb
(with HART communication port)
DEMKO 01 ATEX 129485X.
(Performance verified to Methane, Propane, Ethylene, and Butane in accordance with EN 60079-29-1).
T5 (Tamb –50°C to +40°C)
T4 (Tamb –50°C to +75°C)
IP66/IP67.
-- OR --

 0539 FM�
APPROVED

®  II 2 G
Ex d IIC T4-T5 Gb
-- OR --
Ex d [ib] IIC T4-T5 Gb
(with HART communication port)
DEMKO 01 ATEX 129485X.
(Performance verified to Methane, Propane, Ethylene, and Butane in accordance with EN 60079-29-1).
T5 (Tamb –55°C to +40°C)
T4 (Tamb –55°C to +75°C)
IP66/IP67.

HART Communication Port:
Uo = 4.0V	 Co = 20μF
Io = 100mA	 Lo = 500μH

Performance testing to EN60079-29-1:

The measuring function of the Infrared Gas Detector model PIRECL for explosion protection, according to
Annex II clause 1.5.5, 1.5.6 and 1.5.7 of the Directive 94/9/EC is, for methane, propane, ethylene, and butane, covered 
in this EC-Type Examination Certificate in the following configurations:

1.	 PIRECL Infrared Gas Detector (LON Model) tested in combination with the EQP System Controller Model EQ3XXX.

2.	 PIRECL Infrared Gas Detector tested in combination with the Model PIRTB, Termination Box.

3.	 PIRECL Infrared Gas Detector tested as a stand-alone gas detector. 
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ATEX Special Conditions for Safe Use (‘X’):

•	 The Infrared Gas Detector model PIRECL shall be installed in places where there is a low risk of mechanical damage.

•	 The field wiring terminal connections are certified for a single wire in size from 0.2 to 2.5 mm2, (or two conductors 
with same cross section 0.2 to 0.75 mm2).The screws must be tightened down with a torque 0.4 to 0.5 Nm.

•	 The metal housing of the model PIRECL Infrared Hydrocarbon Gas Detector must be electrically connected to earth 
ground.

•	 The intrinsically safe output on the HART Communicator Port is internally connected to earth ground.

•	 The Infrared Gas Detector model PIRECL has an ambient temperature rating for performance of –55°C to +75 °C.

•	 Alarm output latching requirement: High alarm outputs must be configured as latching, either as part of the alarm 
operation of the gas detector itself (in stand-alone applications), or as a function of the “high alarm” indication within 
the controller that is directly connected to the gas detector (for remote applications).

Additional Safety Notes:

•	 The following warning is on the product: Warning: Do not open when an explosive gas atmosphere may be present. 
For ambient temperature above 60°C use field wiring suitable for maximum ambient temperature. For temperature 
below –10°C use suitable field wiring for the lowest temperature.

•	 The ambient temperature range is limited to –55°C to +75°C (for Ex d version) or –50°C to +75°C (for Ex de version).

•	 Cable, bushings and the conduit entries shall be of a type already certified according to relevant ATEX standard, so 
the protection principle employed will not be impaired.

•	 Unused conduit entries shall be closed using stop plugs certified for the conditions of use (IP66/IP67 minimum). The 
stop plugs should be removable only with the aid of a tool.

•	 The terminal compartment for Eclipse without relays is designed for either an increased safety “e” termination or a 
flameproof “d” termination of the supply cable. If a flameproof connection is chosen, then an ATEX certified cable 
entry device certified to EN60079 must be used. The Eclipse with relays requires Ex d cable entry devices only.

•	 Shielded cable is required.

EN Standards: 
EN 50270: 2006
EN 50271: 2002
EN 60079-0: 2009
EN 60079-1: 2007
EN 60079-7: 2007
EN 60079-11: 2007
EN 60079-29-1: 2007
EN 60529: 1991+ A1 2000
EN 61000-6-4 (Emissions)
EN 61000-6-2 (Immunity)

CE: Conforms to:
Low Voltage Directive: 2006/95/EC,
EMC Directive: 2004/108/EC,
ATEX Directive: 94/9/EC.
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RESPONSE TIME  (Average* in Seconds, with Weather Protection Baffle Installed, and 100% LFL Applied)—

Accuracy—
±3% LFL from 0 to 50% LFL, ±5% LFL from 51 to 100% LFL
(at room ambient temperature, +23°C).

Other Gases

The Pointwatch Eclipse® is provided with field-selectable “standard gas” signal processing program settings for linear 
measurement of methane, propane, ethylene, and butane gases.  This means that the Eclipse is capable of providing 
an analog signal output that is directly proportional to the % LFL concentration for these gases, provided the proper 
gas setting has been selected, and the Eclipse has been calibrated with the proper calibration gas type.  The Eclipse 
is performance certified for detection of methane, propane, ethylene, or butane, and is shipped from the factory 
calibrated and set for the customer’s choice of one of these gases.  Digital communication (such as HART) is required 
to confirm the current setting and change it if required.  In addition to the gases listed above, the Eclipse is capable of 
detecting and measuring many other hydrocarbon gases and vapors, with settings provided for gases such as ethane 
and propylene.  For detection of other commonly encountered gases where specific gas settings are not provided, one 
of the standard settings will usually suffice.  Please consult the factory for details.  

*	Average of three consecutive trials, with the minimum and maximum response times no greater 
than ±2 seconds from the average indicated response time.

NOTE:  Add 2 seconds to response time for EQP compatible models.

Gas Baffle T50 T60 T90

Methane
Without Hydrophobic Filter 3.7 4.0 6.4

With Hydrophobic Filter 4.4 4.8 8.2

Propane
Without Hydrophobic Filter 5.2 5.6 7.5

With Hydrophobic Filter 5.2 5.6 8.1

Ethylene
Without Hydrophobic Filter 4.9 5.2 6.6

With Hydrophobic Filter 4.2 4.5 10.0

Butane
Without Hydrophobic Filter 5.1 5.4 7.6

With Hydrophobic Filter 5.8 6.1 8.9
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Appendix D

IECEx Approval Description

The following items, functions and options describe the IECEx approval.

Approval

PointWatch Eclipse® Infrared Hydrocarbon Gas Detector, Model PIRECL Series.

IECEx ULD 04.0002X
Ex de IIC T4-T5 Gb
-- OR --
Ex de [ib] IIC T4-T5 Gb
(with HART communication port)
T5 (Tamb –50°C to +40°C)
T4 (Tamb –50°C to +75°C)
IP66/IP67.
-- OR --
IECEx ULD 04.0002X
Ex d IIC T4-T5 Gb
-- OR --
Ex d [ib] IIC T4-T5 Gb
(with HART communication port)
T5 (Tamb –55°C to +40°C)
T4 (Tamb –55°C to +75°C)
IP66/IP67.

HART Communication Port:
Uo = 4.0V	 Co = 20μF
Io = 100mA	 Lo = 500μH

IEC Conditions of Certification:
•	 The field wiring terminal connections are certified for a single wire in size from 0.2 to 2.5 mm2, (or two conductors 

with same cross section 0.2 to 0.75 mm2). The screws must be tightened down with a torque 0.4 to 0.5 Nm.
•	 The metal housing of the Model PIRECL Gas Detector must be electrically connected to earth ground.
•	 The gas detector shall be protected against any impact greater than 4 joules.
•	 The intrinsically safe output on the HART Communicator Port is internally connected to frame.
•	 The power supply for the detector has to be a Safety Isolating transformer according to e.g. IEC61558.  The rating 

of the power supply line fuse shall be less than 3.1 A.
•	 When connecting to a circuit using up to 1% of Co or Lo, then the C or L is limited to the Co and Lo listed above. If 

either the C or L is above 1% of Co or Lo, then C or L are each limited to 50% of the Co or Lo listed above.
•	 Um is restricted to 250 V, prospective short circuit current < 1500 A.

IEC Standards: 
IEC 60079-0: 2007
IEC 60079-1: 2007-04
IEC 60079-11: 2006
IEC 60079-7: 2006-07
IEC 60529, 2.1 Edition with Corr. 1
(2003-01 + 2 (2007-10)

WARNING
Always ensure that the detector/junction box hazardous (classified) location ratings are applicable for the 
intended use.
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Appendix E

Other ApprovalS

The following items, functions and options describe various other approvals applicable to the Model PIRECL.

SIL Approval

IEC 61508
Certified SIL 2 Capable.

For specific information regarding SIL models, refer to the Safety Reference Manual, form 95-8630.

DNV

Type Approval Certificate No. A-11023.

Subject Matter of the Approval

Model PIRECL IR Hydrocarbon Gas Detector and PIRTB Termination Box are found to comply with Det Norske Veritas’ 
Rules for Classification of Ships and Det Norske Veritas’ Offshore Standards.

Application/Limitation

Location Classes
MODEL TEMPERATURE HUMIDITY VIBRATION EMC ENCLOSURE

PIRECL D B B B C

Relevant tests according to “Standard for Certification No. 2.4”.

MED

Certificate No. MED-B-5866.

Model PIRECL IR Hydrocarbon Gas Detector and PIRTB Termination Box are found to comply with the requirements 
in the following Regulations/Standards:
Annex A.1, item No. A.1/3.54 and Annex B, Module B in the Directive. SOLAS 74 as amended, Regulation II-2/4 & 
V1/3 and FSS Code 15.

The equipment is found to comply with the following location/application dependent requirements (for definition of 
each of the location classes, see the table below):

Model Temperature Vibration EMC Enclosure

PIRECL  TEM-D VIB-B EMC-B ENC-C

Definition of the location classes with reference to relevant standards:

	 Temperature
		  TEM-D Location (–25°C to +70°C) (ref. IEC 60092-504 (2001) table 1 item 6-7)

	 Vibration
		  VIB-D For eq. on reciprocating machines etc. (ref. IEC 60092-504 (2001) table 1 item 10)

	 EMC
	 	 EMC-B Bridge and open deck zone (ref. IEC 60092-504 (2001) table 1 item 19-20)

	 Enclosure
	 	 ENC-C Open deck (IP56) (ref. IEC 60092-201 table 5).  
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INMETRO

CEPEL 02.0078X
Ex d [ib] IIC T4-T5 Gb IP66/67
T5 (Tamb –55°C to +40°C)
T4 (Tamb –55°C to +75°C)

––OR––

Ex d e [ib] IIC T4-T5 Gb IP66/67
T5 (Tamb –50°C to +40°C)
T4 (Tamb –50°C to +75°C)

Note:	 All cable entry devices or blanking elements shall be Brazil certified in the type of explosion protection, 
flameproof enclosure ‘d’, suitable for the conditions of use and correctly installed, with an ingress protection 
rating of IP66/IP67.  

	 A screw or cover lock is provided for a secondary means of fastening the cover.
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Appendix F

HART Communication 

Digital communication with the Pointwatch Eclipse is necessary to monitor internal status and to modify the factory 
settings.  This appendix provides guidance on establishing HART communication, and describes the communication 
menu structure when using the Eclipse with the HART Handheld Communicator.

ESTABLISHING LOCAL HART COMMUNICATION WITH POINTWATCH ECLIPSE

The HART Handheld Communicator can be connected to the 4-20 mA circuit as shown in the wiring diagrams provided 
in the Installation section of this manual.  If the Eclipse is equipped with an I.S. HART communication port on the side of 
the detector, unscrew the protective cap and connect the HART Communicator test probes to the two terminals inside 
the port (non-polarized).

Press the "on" key to switch on the HART Handheld Communicator.  The Online menu is the first menu to appear when 
the Communicator is properly connected to the Eclipse.  This menu is structured to provide important information about 
the connected device.  The HART protocol incorporates a concept called the "Device Description Language" (DDL) 
that enables HART instrument manufacturers to define and document their product in a consistent format.  This format 
is readable by handheld communicators, PC's and other process interface devices that support DDL.

NOTES
Proper analog signal output termination and minimum loop resistance must be completed in all cases to enable 
HART communication.  Failure to provide proper analog signal output loop resistance will preclude all HART 
communication.

It is possible to establish HART Communication with the PIRECL in Generic HART communication mode.  In 
this mode, HART communication with the PIRECL detector will be established, but the Communicator will not 
recognize the PIRECL as a gas detector.  Generic HART communication will not provide access to the PIRECL 
DDL menu and important set-up, diagnostics or operation functions, including gas type selection.

PROCEDURE TO DETERMINE IF ECLIPSE DDL IS PRESENT IN YOUR COMMUNICATOR

1.	 From the Main menu, select the Offline menu.

2.	 From the Offline menu, select New Configurations to access the list of device descriptions programmed into your 
HART Communicator.  The Manufacturer menu displays a list of each manufacturer with available DDLs.  

3.	 Select a manufacturer, and the display will show the list of available device types.

4.	 If you cannot find the Eclipse device on your Communicator, the specific DDL is not programmed into the Memory 
Module.  Your HART Communicator will require a DDL upgrade in order to access all Eclipse DDL functions.

The HART Communication Foundation (www.hartcomm.org) manages the HCF Approved DDL Library and programming 
sites for HCF Approved field communicators.  A complete listing of the DD Library is available for download and 
provides manufacturer and device type file identification.
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Eclipse HART Menu Structure

This section displays the menu trees for the Pointwatch Eclipse.  The Menu tree shows the primary commands and 
options available when using menu selections.

1 Device Setup
2 Gas   xxxxxxx
3 PV   xxx %LEL
4 PV AO   xxx mA
5 PV URV  xxx % LEL

1 Process Variables

2 Diag/Service

3 Basic Setup

4 Detailed Setup

5 Review

1 Reference   xxxx
2 Snsr Temp   xxxx
3 Operating Mode
4 Calibration
5 xmtr flt 1
6 xmtr flt 2
7 xmtr status 1
8 xmtr status 2

1 Zero Trim
2 Calibrate Sensor
3 Cal Date 12/2/2000
4 D/A Trim

1 4 mA
2 20 mA
3 Other
4 End

1 Self Test
2 Response Test
3 Reset

1 Gas  xxxxxxxx
2 Conc    0.0% LEL
3 AO        4.00 mA

1 Running hrs  xxxx
2 Max Temperatures
3 Min Temperatures
4 Cal Log
5 Event Log

% LEL
ppm
Vol %

1 URV 20-100% LEL
2 LRV 0% LEL
3 USL 100% LEL
4 LSL 0% LEL

1 Tag    xxxxxx
2 Date:  6/30/2000
3 Descriptor
4 Message
5 Model:  Eclipse
6 Write Protect xx
7 Revision #'s
8 Final Assembly #
9 Dev id   xxxxxx

1 PV USL   xxxx unit
2 Active    xxxx
3 Reference   xxxx
4 Ratio     xxxx
5 Absorption  xxxx%
6 Span Factor  xxxxx
7 Snsr Temp xx degC
8 Vol % @ 100% LEL
9 Coefficient A
 Coefficient B
 Coefficient C
 Coefficient D
 Coefficient E

Spcl
Methane
Ethane
Propane
Ethylene
Propylene
Butane
Spare 6
Spare 7
Spare 8

1 Config Gas Alarms
2 Config Fault Out
3 Hart Output
4 Com Port

1 Password
2 Set Write Protect
3 Write Protect xx

Disable
Enable
Change Password

1 Protocol   xxxxx
2 Poll Addr    xxx
3 Baud Rate   xxxx
4 Parity     xxxx

1 EQ DIP Switch  xxx

1 Poll Addr     xx
2 Num Req preams   x

1 Analog Fault Codes
2 Analog Code Values

1 High Alarm Level
2 High Alarm Latch
3 Low Alarm Level
4 Low Alarm Latch

Spcl Gas Coef A
Spcl Gas Coef B
Spcl Gas Coef C
Spcl Gas Coef D
Spcl Gas Coef E
Spcl Gas Vol %

1 Universal Rev  5
2 Fld Dev Rev     1
3 Software Rev  xxx

Running Hrs   xxxxx
Event History
(Event)
xxxxx Hrs
1 Previous
2 Next
3 Exit

Running Hrs   xxxxx
Calibration History
(Event)
xxxxx Hrs
1 Previous
2 Next
3 Exit

Running Hrs   xxxxx
Minimum Temperature
xxxx Deg C   xxxx Hours
Min Temp Since Reset
xxxx Deg C xxxx Hours
Reset Min & Max Temp?
              ABORT OK

Running Hrs   xxxxx
Maximum Temperature
xxxx Deg C xxxx Hours
Max Temp Since Reset
xxxx Deg C xxxx Hours
Reset Min & Max Temp?
              ABORT OK

1 Calibrate
2 Cal Conc   xxxx
3 Cal Gas     xxxx
4 Gas Type     xxxx
5 Calib Type    xxxx
6 Cuvette Length

Same
Methane
Propane

Std
Cuvette

Eclipse
PIR 9400
User Defined

1 Warm Up
2 Blocked Optics
3 Calibration
4 Fault

Modbus
ASCII

1200
2400
4800
9600
19.2K

None
Even
Odd

1 Test Device

2 Loop Test

3 Calibration

4 Status

5 History

1 Tag      xxxxxx

2 PV Unit     xxxxxx

3 Range Values

4 Device Information

5 Gas   xxxxxxxx

1 Sensor Information

2 Gas Type   xxxxx

3 Output Condition

4 Device Information

5 Write Protect

NOTE
Refer to “Alarm Relays” in the 
Specifications section of this 
manual for important information 
regarding alarm relays.
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Connections and Hardware

The HART Communicator can interface with the Eclipse from the onboard I.S. communication port, from the control room, 
or any wiring termination point in the analog output signal loop.  To communicate, connect the HART communicator in 
parallel with the Eclipse analog signal or load resistor.  The connections are non-polarized.

Note
The HART Communicator needs a minimum of 250 ohms resistance in the loop to function properly.  The HART 
Communicator does not measure loop resistance.  Any external ohmmeter is required.

COMMONLY USED HART COMMANDS

The most commonly used HART commands for the PIRECL are:

1.	 Performing basic setup functions such as:

•	Assigning a tag number to the detector
•	Assigning unit of measure (%LEL, PPM, % Vol)

2.	 Performing detailed setup functions such as:

•	Assigning a special gas type
•	Configuring Gas Alarm Levels (Low & High threshold)
•	Configuring Fault Codes (analog signal output levels during various fault conditions)
•	Configuration of HART and MODBUS communication protocols
•	Write-protecting the HART programming, or assigning a password to protect the setup.

3.	 Performing Diagnostic and Service functions such as:

•	Reset Alarms or Faults
•	Performing a signal loop output test
•	Performing a Calibration
•	Monitoring detector history/data logs

It is important for the user to understand how to correctly operate the HART Field Communicator, and how to navigate 
through the various programming options and either select or de-select the desired parameters.  This document does 
NOT cover this fundamental information on the HART Field Communicator.  Please refer to the Field Communicator 
instruction manual for specific guidance on how to operate the communicator.
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TYPICAL SETUP OF A PIRECL

After HART communication has been established with the PIRECL, the following operational parameters are generally 
verified:

1.	 Inspect the Root menu to confirm that the gas type selected is proper for the gas hazard to be detected.  The 
PIRECL is shipped from the factory calibrated and set for detection of methane, propane, ethylene, or butane.  If a 
different  gas type is desired, then change the setting using the detailed setup programming option, and perform 
a field calibration using the same gas type as is selected.  Refer to the Calibration section of this manual.

2.	 Inspect the Gas Alarm level thresholds and Fault output signals using the Detailed setup option, and modify these 
settings if required.  

3.	 Enter a device Tag number and/or descriptor for future traceability and guidance.

While these three operations are typical, these steps may not be satisfactory for your application.  

The following data provides basic guidance on HART menu navigation.  Refer to the HART Field Communicator manual 
for additional guidance.

Online Menu

When HART communication is established with the PIRECL, the first menu displayed is the Root menu:

To select any of the 5 menu options shown, highlight the desired option using the up/down 
arrow key, and then press the “right arrow” key.

1 Device Setup

Press to access the Device Setup menu from the Online menu.  The Device Setup menu 
accesses every configurable parameter of the connected device. Refer to the Device Setup 
SubMenu for more information.  

2 Gas

This shows gas type selected for detection.  

3 PV (Primary Variable)

This shows the gas concentration being detected in %LEL.

4 PV AO (Analog Output)

This shows the Analog output level in selected units, typically milliamperes.

5 PV URV (Upper Range Value)

Select URV to view the upper range value and related engineering units.

1 Device Setup
2  Gas   xxxxx
3 PV   xxx %LEL
4 PV AO  xxx mA
5 PV URV   xxx %LEL
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Device Setup SubMenu

The Device Setup menu accesses every configurable parameter of the connected device.  
The first accessible setup parameters include:

1 Process Variables

Selecting this menu item will list all process variables and their values. 
These process variables are continuously updated, and include:
Gas  xxxxx  (gas type being detected).
Conc  0.0 %  (concentration of gas in % full scale).
AO  4.00 mA  (analog output of device).

2 Diag/Service Menu

Selecting this menu offers device and loop tests, calibration, and status/history options. 
Refer to the Diag/Service Submenu for more information.

3 Basic Setup

This menu provides quick access to a number of configurable parameters including tag, unit, range values, device 
information, and gas type. Refer to the Basic Setup Submenu for additional information.

The options available in the Basic Setup menu are the most fundamental tasks that can be performed with a given 
device. These tasks are a subset of the options available under the Detailed Setup menu.

4 Detailed Setup

Press to access the Detailed setup menu.
This menu provides access to:

1 Sensor information
2 Gas Type
3 Output Condition
4 Device information
5 Write protect

Refer to the Detailed Setup Submenu for additional information.

5 Review

Press to access the Review menu.  This menu lists all of the parameters stored in the connected device, including 
information about the measuring element, signal condition, and output. It also includes stored information about the 
connected device such as tag, materials of construction, and device software revision.

1 Process Variables

2 Diag/Service

3 Basic Setup

4 Detailed Setup

5 Review
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Diagnostics/Service Menu

The specific diagnostic and/or service functions available are:

1 Test Device

1 Self-test.	 Internal tests are performed and any problems are reported in
		  xmtr flt 1 and xmtr flt 2.
2 Response Test.	 The analog output is held at 4 mA to prevent the alarm relays
		  from activating when gas is applied.  Gas response is indicated
		  by the PV.
3 Reset.  Latched relay outputs are reset.

2 Loop Test

This test allows the operator to manually set the analog signal output to a selected constant 
value.

3 Calibration

This menu option initiates the calibration routine and is used to set device calibration preferences.  
Calibration Submenus include:
	 1 Zero Trim.  The current sensor input is used as the new zero reference.
	 2 Calibrate Sensor.  This is the command used to calibrate the Eclipse Detector.  Submenus include:
		  1 Calibrate.  Zero and span calibrations are performed.
		  2 Cal Concentration.  The output will be set to this value when gas is applied during calibration.
		  3 Cal Gas
		  4 Gas Type.  Submenu includes optional gases:
			   – Methane
			   – Propane
		  5 Calibration Type.  Submenu includes options:
			   – Standard
			   – Cuvette
		  6 Cuvette Length (in millimeters)
	 3 Calibration Date (CalDate).  Shows date of last calibration
	 4 D/A trim (internal use only).

4 Status

This menu option shows extensive status information about the detector.  Data available includes:
	 1 Reference  xxxx  (output value of the reference sensor).
	 2 Snsr temp  xxxx  (temperature of the sensor that is making the process measurement).
	 3 Operating mode  (calibration, normal, reset)
	 4 Calibration
	 5 xmtr flt 1.	 Xmtr flt and xmtr status provide status information relating to failures, warnings and status
		  of processes.
	 6 xmtr flt 2
	 7 xmtr status 1
	 8 xmtr status 2

1 Test Device

2 Loop Test

3 Calibration

4 Status

5 History
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5 History

This menu option shows extensive historical information about the detector.  Data available includes:
	 1 Running hrs xxxx  (the number of hours the unit has been powered).
	 2 Max temperatures	 (the maximum temperatures recorded in the device).
		  See max temperature submenu below.
	 3 Min temperatures	 (the minimum temperatures recorded in the device).
		  See min temperature submenu below.
	 4 Cal log	 (data regarding stored calibrations).  The most recent calibration is shown first.
		  Calibrations are recorded as zero only cal, cal OK (zero and span were successfully completed),
		  and cal failed.  See cal log submenu below.
	 5 Event log	 (data regarding stored events).  The most recent event is shown first.
	 	 Recorded events include blocked optics, warm-up, zero drift, low alarms and high alarms.
		  See event log submenu below.

	 Max Temperature Submenu:
	 Running hrs  xxxx
	 Maximum Temperature
	 xxxx degC  xxxx hours
	 Max temp since reset
	 xxxx degC  xxxx hours
	 Reset min&max temp?
	 ABORT  OK

	 Min Temperature Submenu:
	 Running hrs  xxxx
	 Minimum Temperature
	 xxxx degC  xxxx hours
	 Min temp since reset
	 xxxx degC  xxxx hours
	 Reset min&max temp?
	 ABORT  OK

	C al Log Submenu:
	 Running hrs  xxxx
	 Calibration history
	 (Event)
	 xxxxx Hrs
	 1 Previous
	 2 Next
	 3 Exit

	E vent Log Submenu:
	 Running hrs  xxxx
	 Event history
	 (Event)
	 xxxx Hrs
	 1 Previous
	 2 Next
	 3 Exit
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Basic Setup SubMenu

The tag number identifies a specific device. Changing units affects the engineering units 
that are displayed. Re-ranging changes the analog output scaling. 

1 Tag

Press to access the Tag number menu.  Enter the device tag number as desired.

2 PV Unit

Press to access PV Unit submenu.  Select %LEL for standard combustible applications.
	 – % LEL
	 – ppm
	 – Vol %

3 Range Values

Press to access Range Values submenu.
	 1 URV  20-100% LEL  (upper range value).
	 2 LRV  0% LEL  (lower range value).
	 3 USL  100% LEL  (upper sensor limit).
	 4 LSL  0% LEL  (lower sensor limit).

4 Device Information

Press to access device information submenu:

	 1 Tag  xxxx
	 2 Date 6/30/2000
	 3 Descriptor  (text associated with the field device that can be used by the operator in any way).
	 4 Message  (text associated with the field device that can be used by the operator in any way).
	 5 Model:  Eclipse
	 6 Write protect  xx.	This indicates whether variables can be written to the device, or whether commands
		  that cause actions to be performed in the device can or cannot occur.
	 7 Revision #’s.  See Revision #’s submenu below.
	 8 Final asmbly num
	 9 Dev  id  xxxx  (a number is used to identify a unique field device).

Revision # submenu
offers selection options for:
1 Universal rev
2 Fld dev rev
3 Software rev xx

5 Gas

Type of gas being detected.

1 Tag

2 PV Unit    xxxxx

3 Range Values

4 Device Information

5 Gas    xxxxxx
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Detailed Setup Menu

1 Sensor Information

This menu provides detailed information on the internal detector operations.  Submenu 
options include:
	 1 PV USL  xxxx.	 The upper sensor limit value defines the maximum usable
		  value for the upper range of the sensor.
	 2 Active  xxxx  (output value of the active sensor).
	 3 Reference  xxxx  (output value of the reference sensor).
	 4 Ratio  xxxx  (the ratio of the active sensor over the reference sensor).
	 5 Absorption  xxxx %  (the gas absorption expressed in percent).
	 6 Span Factor  xxxx  (the number used in calibrating this specific device).
	 7 Snsr temp xx degC	 (the temperature of the sensor that is making
		  the process measurement).
	 8 Vol % @ 100%LEL  (the % volume of gas equal to 100% LEL).
	 9	Coefficient A
		  Coefficient B
		  Coefficient C
		  Coefficient D
		  Coefficient E

2 Gas Type

Select the gas to be detected here.  Submenu options include:
	 – Spcl
		  Spcl Gas Coef A
		  Spcl Gas Coef B
		  Spcl Gas Coef C
		  Spcl Gas Coef D
		  Spcl Gas Coef E
		  Spcl Gas Vol %
	 – Methane
	 – Ethane
	 – Propane
	 – Ethylene
	 – Propylene
	 – Butane
	 – Spare 6
	 – Spare 7
	 – Spare 8

1 Sensor Information

2 Gas Type    xxxxx

3 Output Condition

4 Device Information

5 Write Protect
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3 Output Condition

Select and configure the output signal options for the Eclipse detector.  Submenu options:
	 1 Config Gas Alarms.  Submenu options inlcude:

	 1 High Alarm Level.	 The high alarm level cannot be set higher than 60% LEL or lower than the
		  low alarm level.
	 2 High Alarm Latch
	 3 Low Alarm Level.	 The low alarm level cannot be set lower than 5% LEL or higher than the
		  high alarm level.
	 4 Low Alarm Latch

NOTE
Refer to “Alarm Relays” in the Specifications section of this manual for important information regarding alarm relays.

	 2 Config fault out.  Submenu options include:
	 1 Analog fault codes.  This programs the analog output used to indicate faults.  Submenu options 

include:
		  – Eclipse
		  – PIR 9400
		  – User defined
	 2 Analog code values.  Submenu options include:
		  1 Warm up
	 	 2 Blocked Optics
		  3 Calibration
		  4 Fault

	 3 Hart output.  Submenu options include:
	 1 Poll addr  xx  (address used by the host to identify a field device).
	 2 Num req preams  x  (Number of Request Preambles).

	 4 Com Port.  Submenu options include:
	 1 EQ DIP switch   xxx  (used with Eagle Quantum systems only).
	 1 Protocol  xxxx  (protocol for RS-485 communications).  Submenu options:
		  – Modbus
		  – ASCII
	 2 Poll addr  xxx  (polling address for RS-485 communications).
	 3 Baud Rate  xxxx  (baud rate for RS-485 communications).  Submenu options include:

			   – 1200
			   – 2400
			   – 4800
			   – 9600
	 	 	 – 19.2k

		  4 Parity  xxxx  (parity for RS-485 communications).  Submenu options include:
		  – None
		  – Even
		  – Odd
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4 Device Information

Press to access device information submenu:

	 1 Tag  xxxx
	 2 Date  6/30/2000
	 3 Descriptor  (text associated with the field device that can be used by the operator in any way).
	 4 Message  (text associated with the field device that can be used by the operator in any way).
	 5 Model:  Eclipse
	 6 Write protect xx.	 This indicates whether variables can be written to the device, or whether commands
		  that cause actions to be performed in the device can or cannot occur.
	 7 Revision #’s.  See Revision #’s submenu below.
	 8 Final asmbly num
	 9 Dev  id  xxxx  (a number used to identify a unique field device).

Revision # submenu
offers selection options for:
1 Universal rev
2 Fld dev rev
3 Software rev xx

5 Write Protect

Enable/disable password and write protection capability.  Submenu options include:
	 1 Password.  A password is required to enable writing to the device.
	 2 Set Write Protect
		  – Disable
		  – Enable
		  – Change Password
	 3 Write Protect  xx.	 This indicates whether variables can be written to the field device or whether
		  commands that cause actions to the performed in the device can or cannot occur.
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Appendix G

MODBUS Communication

Overview

This appendix outlines the communication protocol and related memory structures that define the interface between 
PointWatch Eclipse Gas Detector and a system MODBUS Master.  The system MODBUS Master is defined as any 
device capable of reading and writing to the holding register area of a MODBUS slave device.  This includes proprietary 
software, HMI systems such as Wonderware and The FIX, PLCs and DCSs.

The Eclipse will respond as a slave device to a MODBUS Master, allowing the master to control data flow.  A MODBUS 
memory map is defined, which divides memory into functional blocks consisting of: factory constants,  configuration 
information, real time status, control and device defined information.  Each block is then subdivided into individual 
variables that may be simple integers or floating point numbers.

wiring

Typical RS-485/Modbus communication architecture is indicated in the diagram below.  Eclipse units act as slave 
devices to a Modbus Master.  Multiple Eclipse units are daisy-chained for RS-485 communication.  If long cable runs 
are used, 120 Ohm end-of-line termination resistors may be required.

Individual Eclipse units are wired as shown below.  Note the inclusion of the end-of-line termination resistor.

For more information, refer to the EIA RS-485-A standard.

A2341

–24 VDC

–24 VDC

+24 VDC

+24 VDC

CALIBRATE

+ 4-20 MA

– 4-20 MA

RS-485 A

RS-485 B

RELAY POWER

FAULT

LOW ALARM

HIGH ALARM

NO USER CONNECTION

1

2

3

4

5

6

7

8

9

10

11

12

13

24 VDC

POWER SUPPLY
+

–

MODBUS

MASTER

GND

A

B

PIRECL

120 OHM TERMINATION RESISTOR 
ON MASTER AND LAST SLAVE IN DAISY CHAIN

A2340

MODBUS

MASTER

GND

A

B
ECLIPSE
SLAVE #1

ECLIPSE
SLAVE #2

ECLIPSE
SLAVE #N
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Hardware Layer

RS-485 is used for the hardware interface layer.  The output drivers are capable of driving at least 32 devices.  The 
device RS-485 output is tri-stated until a command address matches the programmed address.  Default serial settings 
are MODBUS protocol, address 1, 9600 baud, 1 stop bit, and no parity.

Modbus Function Codes

Memory Map

Eclipse Memory Map

Factory Constants

This area holds values determined at the time of manufacture.  Device type and firmware version is determined when 
the program is compiled and can’t be changed.  The serial number and manufacture date is written as part of the 
manufacturing process.

Supported Modbus Functions

Function Number Definition

3 Read holding registers

6 Preset single registers

16 Preset multiple registers

Description Starting Address Ending Address Size in Words Access Memory Type

Factory Constants 40001 40100 100 Read/Write at Factory Flash/EEprom

Device Configuration 40101 40200 100 Read/Write EEprom

Status Information 40201 40300 100 Read Only Ram

Control Words 40301 40400 100 Write Only Pseudo RAM

Event Logs 40401 40430 30 Read Only EEprom

Calibration Logs 40431 40460 30 Read Only EEprom

Raw Signal Buffer 40500 40979 480 Read Only Ram

Eclipse Factory Constants

Description Address Value

Device Type 40001 3 (Eclipse)

Firmware Version 40003 00.00..99.99

Serial Number 40004

40005

Unsigned Long LSW

Unsigned Long MSW

Year (Manufacture Date) 40006 1999

Month 40007 1..12

Day 40008 1..31

Reserved 40009
to

40010
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Device Configuration:  (Read/Write)

This area of memory holds field adjustable parameters for the device.  The Hart configuration changed bit will be set 
on writes to this area.

Eclipse Device Configuration

Description Address Value

Modbus Polling Address 40101 1..247

Baud Rate Code 40102 See Codes

Parity Code 40103 See Codes

Gas Type 40104 See Codes

Calibration Gas Type 40105 See Codes

Calibration Method 40106 See Codes

Calibration Cuvette Length
(1.0 to 150.0 mm)

40107 Float LSW

40108 Float MSW

Analog Fault Code 40109 See Codes

4 to 20 Range
(20 to 100% LEL)

40110 Float LSW

40111 Float MSW

Cal Gas Concentration
(20 to 100% LEL)

40112 Float LSW

40113 Float MSW

Warmup Fault Level
(0.0 to 24.0 mA)

40114 Float LSW

40115 Float MSW

Blocked Optics Fault Level
(0.0 to 24.0 mA)

40116 Float LSW

40117 Float MSW

Calibration Current Level
(0.0 to 24.0 mA)

40118 Float LSW

40119 Float MSW

General Fault Current Level
(0.0 to 24.0 mA)

40120 Float LSW

40121 Float MSW

Volume at LEL
(Special Gas Type)

40122 Float LSW

40123 Float MSW

Gas Coefficient a
(Special Gas Type)

40124 Float LSW

40125 Float MSW

Gas Coefficient b
(Special Gas Type)

40126 Float LSW

40127 Float MSW

Gas Coefficient c
(Special Gas Type)

40128 Float LSW

40129 Float MSW

Gas Coefficient d
(Special Gas Type)

40130 Float LSW

40131 Float MSW

Gas Coefficient e
(Special Gas Type)

40132 Float LSW

40133 Float MSW

Low Alarm Level
(5 to 60% LEL)

40134 Float LSW

40135 Float MSW

High Alarm Level
(5 to 60% LEL)

40136 Float LSW

40137 Float MSW

Low Alarm Latch 40138 See Codes

High Alarm Latch 40139 See Codes

Reserved 40140

NOTE
Refer  to  “A larm Relays” in  the 
Specifications section of this manual for 
important information regarding alarm 
relays.
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Device Status  (Read only)

This area of memory holds real time status information. 

Eclipse Status Information

Description Address Value

General Status Bits 40201 Bit Values (See below)

Fault Status Bits 40202 Bit Values (See below)

Gas Level in LEL 40203 Float LSW

40204 Float MSW

Calibration Step 40205 See Codes

Active Sensor Signal 40206 Float LSW

40207 Float MSW

Reference Sensor Signal 40208 Float LSW

40209 Float MSW

Sensor Ratio 40210 Float LSW

40211 Float MSW

Sensor Absorption 40212 Float LSW

40213 Float MSW

Temperature (°C) 40214 Float LSW

40215 Float MSW

Hour Meter 40216 Unsigned Long LSW

40217 Unsigned Long MSW

Max Temperature 40218 Float LSW

40219 Float MSW

Max Temp Hour 40220 Unsigned Long LSW

40221 Unsigned Long MSW

Max Temp (Since Reset) 40222 Float LSW

40223 Float MSW

Max Temp Hour (Since Reset) 40224 Unsigned Long LSW

40225 Unsigned Long MSW

Ram Error Code 40226 Unsigned Integer

Volume at LEL
(Current Gas Type)

40227 Float LSW

40228 Float MSW

Gas Coefficient a
(Current Gas Type)

40229 Float LSW

40230 Float MSW

Gas Coefficient b
(Current Gas Type)

40231 Float LSW

40232 Float MSW

Gas Coefficient c
(Current Gas Type)

40233 Float LSW

40234 Float MSW

Gas Coefficient d
(Current Gas Type)

40235 Float LSW

40236 Float MSW

Gas Coefficient e
(Current Gas Type)

40237 Float LSW

40238 Float MSW
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General Status Bits

These bits are used to signal the current operating mode of the device.

Eclipse Status Information (continued)

Description Address Value

Min Temperature 40239 Float LSW

40240 Float MSW

Min Temp Hour 40241 Unsigned Long LSW

40242 Unsigned Long MSW

Min Temp (Since Reset) 40243 Float LSW

40244 Float MSW

Min Temp Hour (Since Reset) 40245 Unsigned Long LSW

40246 Unsigned Long MSW

Fixed 4 to 20 mA Value 40247 Float LSW

40248 Float MSW

Reserved 40249

Reserved 40250

Reserved 40251

Reserved 40252

Zero Ratio 40253 Float LSW

40254 Float MSW

Span Factor 40255 Float LSW

40256 Float MSW

5 Volt Power Supply Value

(As read by ADC)

40257 Float LSW

40258 Float MSW

12 Volt Power Supply Value

(As read by ADC)

40259 Float LSW

40260 Float MSW

24 Volt Power Supply Value

(As read by ADC)

40261 Float LSW

40262 Float MSW

Name Bit Description

Device Fault (any fault) 0 Set for all fault conditions

Calibration Active 1 Set during calibration

Warm up Mode 2 Set during warm-up

Low Alarm Active 3 Set while alarm is active

High Alarm Active 4 Set while alarm is active

Output Current Fixed 5 Set when output current is fixed

Modbus Write Protect 6 0 = Locked  1 = Unlocked

Calibration Input Active 7 True while the cal line is active

Magnetic Switch Active 8 True while the onboard magnetic switch is active

Hart Initiated Self Test 9 True when self test is initiated from the Hart interface

Reserved 10

Response Test Active 11 True during the gas response test.

Manual Self Test Active 12 True during manual self test
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Fault Status Word

These bits are used to signal the active faults of the device.

Control Words

Setting values in this area of memory initiates action in the device.  For example, it may start a calibration sequence.  
The device automatically clears command word bits after the function is performed.

Name Bit

Calibration Fault 0

Dirty Optics 1

Open Lamp 2

Cal Active at start 3

EE Error 1 4

EE Error 2 5

Ref ADC Saturated 6

Active ADC Saturated 7

Bad 24 volts 8

Bad 12 volts 9

Bad 5 volts 10

Zero Drift 11

Flash CRC Error 12

Ram Error 13

Eclipse Control Words

Description Address Value

Command Word 1 40301 See below

Command Word 2 (Reserved) 40302

Reserved 40303
to

40306
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Command Word 1

Event Logs

Fault and calibration logs are held in this area of memory.

Description Bit

Start Calibration 0

Abort Calibration 1

Warm up Mode 2

Low Alarm Active 3

High Alarm Active 4

Output Current Fixed 5

Modbus Write Protect 6

Calibration Input Active 7

Magnetic Switch Active 8

Hart Initiated Self Test 9

Reserved 10

Response Test Active 11

Manual Self Test Active 12

End Response Test 13

Reserved 14

Start Manual Self Test 15

Eclipse Event Logs

Description Address Value Notes

Event Hour 40401 Unsigned Long LSW 1 of 10 logs

40402 Unsigned Long MSW

Event ID 1 40403 See Codes

	Event Hour 40428 Unsigned Long LSW Last of 10

40429 Unsigned Long MSW

Event ID 10 40430 See Codes

Event Hour 40431 Unsigned Long LSW 1 of 10 logs

40432 Unsigned Long MSW

Calibration Event ID 1 40433 See Codes

Event Hour 40458 Unsigned Long LSW Last of 10

40459 Unsigned Long MSW

Calibration Event ID 10 40460 See Codes
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Value Codes

Baud Rate Code

Parity Code

Gas Type

Description Code

1200 0

2400 1

4800 2

9600 (Default) 3

19200 4

Description Code

Methane 0

Ethane 1

Propane 2

Ethylene 3

Propylene 4

Butane 5

Reserved 6

Reserved 7

Reserved 8

Special 9

Description Code

None (Default) 0

Even 1

Odd 2
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Calibration Gas Type

Calibration Method

Analog Fault Code

Calibration Step

Description Code

Waiting to Start 0

Waiting for Zero 1

Waiting for Signal 2

Waiting for Gas 3

Waiting for Span 4

Waiting for End 5

Calibration Terminated 6

Calibration Complete 7

Description Code

Same as Measured 0

Methane 1

Propane 2

Description Code

Eclipse 0

PIR 9400 1

User Defined 2

Description Code

Standard 0

Cuvette 1
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Alarm Latch Configuration

NOTE
Refer to “Alarm Relays” in the Specifications section of this manual for important information regarding alarm relays.

Event Log ID Codes

Calibration Log ID Codes

ASCII Protocol

The RS485 serial port can be configured for ASCII protocol, which is intended for applications that don’t require custom 
software on the host side.  Off the shelf terminal emulation software can be used to receive messages from the device.  
Percent LEL and sensor readings are sent once per second and user prompt messages are sent during the calibration 
process to guide the user at each step.  Default serial settings are 9600 baud, 1 stop bit, and no parity.  Protocol and 
serial parameters should be selected with the HART handheld communicator.

Description Code

Non-Latching 0

Latching 1

Description Code

Empty 0

Blocked Beam 1

Warm-up 2

Zero Drift 3

Low Alarm 4

High Alarm 5

Description Code

Empty 0

Zero Cal 1

Zero and Span 2

Failed Cal 3
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Appendix H

Eagle Quantum Premier compatible Eclipse

installation and wiring

The Eagle Quantum Premier (EQP) version of the Model PIRECL PointWatch Eclipse uses the identical installation 
procedure, device location guidelines, and power supply requirements as described in the “Installation” section of this 
manual.  Refer to the EQP version wiring diagram for specific wiring termination guidance.

An important difference in EQP applications is that LON network cabling will be routed both in and out from the the EQP 
Eclipse enclosure, so this requirement should be anticipated and planned for during EQP Eclipse installation.

Important
Det-Tronics recommends the use of shielded cable (required by ATEX) to prevent external electromagnetic 
interference from affecting field devices.

Important
For best fault isolation performance, the maximum LON wiring length should not exceed 1600 feet (500 meters).

Important
Be sure that selected cable meets all job specifications.  The use of other cable types can degrade system 
operation.  If necessary, consult factory for further suggested cable types.

Table H-1—LON Maximum Cable Lengths

Note:	 *Use the same type of cable in each wiring segment between 
network extenders. 

	 **Maximum wire lengths represent the linear wire distance of 
LON communications wiring between network extenders.

	 The maximum wire lengths given in Table C-1 are based upon 
the cable’s physical and electrical characteristics.

LON Cable
(Manufacturer and Part No.)*

Maximum Length**

Feet Meters

Belden 8719 6,500 2,000

Belden 8471 6,500 2,000

FSI 0050-000006-00-NPLFP 6,500 2,000

Technor BFOU 4,900 1,500

Level IV, 22 AWG 4,500 1,370
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Configuration and Operation

Configuration of the EQP Eclipse is accomplished using Det-Tronics Safety System Software (S3) that is running on the 
EQP Operator Interface Station (OIS).

OnBoard HART Port

The on-board HART port is functional on the EQP Eclipse, however, it should not be used for device configuration 
purposes.  All EQP device configuration should be performed using the S3 program.

Multi-Colored LED

Operation of the status indicating LED is identical to all other PIRECL versions.

Remote Calibration Option

Operation of the remote calibration option is identical to all other PIRECL versions.

Analog Output

A 4-20 mA analog current output is not available with EQP PIRECL.

RS-485 Communication

RS-485 communication is not available with EQP PIRECL.

Calibration Routine

The calibration procedure for the EQP PIRECL (normal and zero calibration) is identical to all other PIRECL versions.

NOTE
For complete information regarding installation, configuration or operation of the Eagle Quantum Premier system, 
refer to form 95-8533 (Eagle Quantum Premier hardware manual) or form 95-8560 (Safety System Software 
manual).

eclipse operation with eagle quantum Premier

Table H-2—Typical Update Rate for PIRECL in an EQP System

Field Device Transmit time to Controller (sec)

PIRECL

Gas Alarms

Gas Level

Immediate

1

Device Fault 1
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SETTING NETWORK ADDRESSES

Overview of Network Addresses

Each PIRECL IR gas detector on the EQP LON must be assigned a unique address.  Addresses 1 to 4 are reserved for 
the EQP controller.  Valid addresses for field devices including PIRECL gas detectors are from 5 to 250.

IMPORTANT
If the address is set to zero or an address above 250, the system will ignore the switch setting and the device.  

The LON address is programmed by setting rocker switches on an 8 switch “DIP Switch” located within the PIRECL 
housing.   The address number is binary encoded with each switch having a specific binary value with switch 1 being 
the LSB (Least Significant Bit).  (See Figure C-1.)  The device’s LON address is equal to the added value of all closed 
rocker switches.  All “Open” switches are ignored.

Example:  for node No. 5, close rocker switches 1 and 3 (binary values 1 + 4);  for node No. 25, close rocker switches 
1, 4 and 5 (binary values 1 + 8 + 16). 

NOTE
For convenience in setting LON address switches, a “Rocker Switch Table” is included in the EQP System 
manual (form 95-8533).

Table H-4—PIRECL Faults and Fixed Logic System Outputs

1 2 3 4 5 6 7 8

1 2 4 8 16 32 64 128

ON

NODE ADDRESS EQUALS THE ADDED VALUE
OF ALL CLOSED ROCKER SWITCHES

A2190

BINARY
VALUE

CLOSED = ON
OPEN = OFF

Figure H-1—PIRECL Address Switches

Table H-3—PIRECL Fixed Alarm Logic (Thresholds Programmed Using S3 Configuration Software)

Field Device Fire
Alarm

High Gas
Alarm

Low Gas
Alarm

Trouble Supervisory

PIRECL (Point IR Eclipse)

High Alarm X

Low Alarm X

Field Device VFD Faults Trouble
LED

Trouble
Relay

Calibration Fault X X

 Dirty Optics X X



H-4 95-852614.1

Do not assign duplicated addresses.  Duplicated addresses are not automatically detected.  Modules given the same 
address will use the number given and report to the controller using that address.  The status word will show the latest 
update, which could be from any of the reporting modules using that address.

After setting address switches, record the address number and device type on the “Address Identification Chart” (form 
95-8487).  Post the chart in a convenient location near the Controller for future reference.

IMPORTANT
The PIRECL sets the LON address only when power is applied to the device.  Therefore, it is important to set the 
switches before applying power.  If an address is ever changed, system power must be cycled before the new 
address will take effect.

PIRECL Address Switches

Address switches for PIRECL are located within the device enclosure. Refer to Figure C-2 for switch location.

WARNING
Disassembly of the PIRECL housing and removal of the front electronics module from the bulkhead is required to 
gain access to the network address switches.  Power should be removed from the detector before disassembly.  
If disassembly is performed in a hazardous areas, the area must be de-classified before starting disassembly.

WARNING
Disassembly of the PIRECL detector should only be performed with proper electrostatic discharge grounding 
protection.  A controlled lab or shop setting is recommended for device programming.

The PIRECL detector contains semiconductor devices that are sensitive to electrostatic discharge (ESD). 
Damage caused by electrostatic discharge can be virtually eliminated if the equipment is handled only in a 
static safeguarded work area and protective measures against static electricity discharge are employed during 
the disassembly process.  Since a static safeguarded work area is usually impractical in most field installations, 
handle the device by the housing, taking care not to touch electronic components or terminals.  Use a wrist 
grounding strap or similar method at all times to control accidental ESD when disassembling, programming, or 
reassembling the PIRECL gas detector.  

Figure H-2—Location of PIRECL Address Switches

ADDRESS SWITCHES

ELECTRONICS MODULE
REMOVED FROM HOUSING

A2192
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Switch Access Procedure

NOTE
It is strongly recommended to document all PIRECL gas detector network addresses as well as the addresses 
of all other LON devices on the Address Identification Chart before disassembling and programming the 
PIRECL gas detectors.

Removal of four stainless steel flange bolts and the front electronics module of the PIRECL IR gas detector from the 
bulkhead is required in order to gain access to the network address DIP switch.  Tools required for this procedure 
include a 4mm hex wrench and a torque wrench capable of accurately measuring 40 inch-pounds.  

1.	 Remove 24 Vdc power from the PIRECL detector.  Remove the weather baffle from the detector.

2.	 Remove the four stainless steel flange bolts using a 4mm hex wrench.  Take care to properly support the 
electronics module as the last flange bolt is removed.

3.	 Carefully remove the electronics module by extracting it straight out from the bulkhead.  

4.	 Set the network address switches.

5.	 Ensure that the module O-ring is intact and undamaged.  

6.	 Reinstall the electronics module by inserting it straight into the bulkhead.

Note
Take care to properly align the module’s electrical connector with the bulkhead connector before attempting to 
fully insert the module.  Failure to do so may result in damage to the module and/or bulkhead.  

7.	 Insert and tighten the four flange bolts in an opposing consecutive order in two stages — first partially 
tighten all four bolts equally, and then fully tighten each bolt in an opposing order to 40 inch-pounds (4.5 
Nm) of torque.  (Bolts are M6 per ISO 965 with M5 head, SST with a yield stress of 448 N/mm2 (65.000 PSI) 
minimum.)

8.	 Apply power after all network addresses have been programmed and all field enclosures are properly 
installed.

TYPICAL APPLICATIONS

Figure C-3 is a simplified drawing of a typical EQP system.  This system includes an EQP Controller, DCIO and various 
LON field devices.
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Appendix I

WARRANTY

Detector Electronics Corporation products are manufactured from high quality components and the completed device is 
rigorously inspected and tested before shipment; however, any electronic device is subject to failure beyond the control 
of the manufacturer.  To ensure system reliability, it is important for the user to maintain the system as recommended 
by the instruction manuals and to determine the frequency of functional checking of the system required for each 
specific installation.  The more frequent the checking, the greater the system reliability.  For the highest reliability, a 
completely redundant system is necessary.  The manufacturer warrants the PointWatch Eclipse against defective parts 
and workmanship, and will replace or repair equipment returned to the manufacturer for these reasons within five years 
after purchase date.  See manufacturer’s Standard Terms and Conditions on the invoice for complete details.  Please 
note that no other warranties, written or implied, will be honored by the manufacturer.

CAUTION
The detector contains no user serviceable components.  Service or repair should never be attempted by the 
user.  The manufacturer’s warranty for this product is void, and all liability for proper function of the detector is 
irrevocably transferred to the owner or operator in the event that the device is serviced or repaired by personnel 
not employed or authorized by Detector Electronics Corporation, or if the device is used in a manner not 
conforming to its intended use.
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appendix J

Control drawing
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INSTRUCTIONS

 FlexVu® Explosion-Proof 

Universal Display Unit

Model UD10

Important
Be sure to read and understand the entire 
instruction manual before installing or operating 
the gas detection system. This product  can be 
used with a variety of Det-Tronics gas detectors to 
provide early warning of the presence of a toxic or 
explosive gas mixture.  Proper device installation, 
operation, and maintenance is required to ensure 
safe and effective operation.  If this equipment 
is used in a manner not specified in this manual, 
safety protection may be impaired.

Application

The FlexVu® Model UD10 is recommended for 
applications that require a gas detector with digital 
readout of detected gas levels as well as analog 4-20 
mA output with HART, relay contacts, and Modbus 
RS485 (foundation™ Fieldbus option available).  The 
UD10 Universal Display Unit is designed for use with 
Det‑Tronics gas detectors listed in Table 1.  

The display unit is designed and approved as a ‘stand 
alone’ device and performs all the functions of a gas 
controller.  

When furnished with the CGS interface board, the 
device can be used only with a CGS sensor for detection 
of combustible gas.  The UD10/CGS combination is 
certified as a “Gas Detector”.

Gas concentration and unit of measurement are 
displayed on a digital display.  The display unit provides 
a linear isolated/non-isolated 4-20 mA DC output signal 
(with HART) that corresponds to the detected gas 
concentration. 

All electronics are enclosed in an explosion-proof 
aluminum or stainless steel housing.  The display unit is 
used with a single detector that may be either coupled 
directly to the UD10, or remotely located using a sensor 
termination box.  

The UD10 features non-intrusive calibration.  A magnet 
is used to perform calibration as well as to navigate the 
UD10’s internal menu.  

Description

The UD10 Universal Display can be used with various 
4-20 mA gas detection devices, with or without HART.  
The unit provides display, output and control capabilities 
for the gas detector.  

The UD10 utilizes the following I/O:

Signal Inputs:	 4-20 mA loop from the sensing device

User Inputs:	 Magnetic switches (4) on the display  
		  panel
		  HART communication (handheld field 
		  communicator or AMS)
		  foundation™ Fieldbus (if selected)

Signal Outputs:	 4-20 mA output loop with HART
		  Modbus RS485 or foundation™ Fieldbus
		  Three alarm relays and one fault relay

Visible Outputs:	 Backlit LCD display
		  HART slave interface via HART 
		  Communicator  

4.2	 ©Detector Electronics Corporation 2012	 Rev: 9/12	 95-8661
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Table 1—Range and Default Values for Alarms and Calibration Gas Concentration

UD10 Alarm Data Calibration

Gas Detector High Alarm Value Low Alarm Value Aux alarm Value Cal Gas

GT3000--
Hydrogen Sulfide

Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

GT3000--
Ammonia

Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

GT3000--Chlorine
Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

GT3000--
Hydrogen

Range 10-60% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

GT3000--Oxygen
Range 5-20.5% v/v 5-20.5% v/v 5-20.5% v/v 20.9% v/v

Default 18% v/v 18% v/v 18% v/v 20.9% v/v

GT3000--Carbon 
Monoxide

Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

GT3000--Sulfur 
Dioxide

Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

PIR9400
Range 10-60% 5-50% 5-90% 50%

Default 40% 10% 40% 50%

PIRECL
Range 10-60% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

OPECL
Range 1-3 LFL-meters 0.25-3 LFL-meters NA NA

Default 2 LFL-meters 1 LFL-meter NA NA

C706x*
Range 10-90% 5-50% 5-90% 30-90%

Default 40% 10% 40% 50%

CGS 
Combustible

Range 10-60% 5-50% 5-90% 50%

Default 40% 10% 40% 50%

Model 505/CGS 
Combustible

Range 10-60% 5-50% 5-90% N/A

Default 40% 10% 40% N/A

NTMOS--
Hydrogen Sulfide

Range 10-90% 5-50% 5-90% 50%

Default 40% 10% 40% 50%

Generic Detector
Range 10-90% 5-50% 5-90% N/A

Default 40% 10% 40% 50%

Notes:	 All values are a percentage of full scale with the exception of Oxygen, which is the actual percent of Oxygen, and 
OPECL, which is the value in LFL-meters.

	L ow alarm must be less than or equal to the high alarm.

	 Changing the Measurement Range will reset all alarm and Cal Gas values to the default settings for the selected range.

	 Alarm relays are selectable for either normally energized or normally de-energized coils, with selectable latching or 
non-latching contacts.  Fault relay is normally energized (with no faults). 

	 *Does not support C7064C hydrogen sulfide or C7065E oxygen, but includes C7064E hydrogen sulfide,  
C7067E chlorine, C7066E carbon monoxide, and C7068E sulfur dioxide. 
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HART communication

A HART interface provides device status information 
and field programming capability.

magnetic switches

Four internal magnetic switches provide a non‑intrusive 
user interface that allows navigation through the menu 
and adjustment of configuration parameters in the field 
without the use of a HART handheld device.  See Figure 
1 for switch locations.  

These switches are used for device configuration, 
checking status and event logs, and performing 
calibration.  The switches are labeled as follows:

  
CANCEL / ESCAPE

  

ENTER / SELECT / Menu ACCESS

  

Previous or if on Main Screen:  
	 Fault Shortcut

  
Next

To actuate a magnetic switch, lightly touch the magnet 
to the viewing window of the UD10 directly over the 
switch icon on the faceplate.

Caution
Handle magnets with care!  Personnel wearing 
pacemakers/defibrillators should not handle 
magnets.  Modern magnet materials are extremely 
strong magnetically and somewhat weak 
mechanically.  Injury is possible to personnel, and 
magnets themselves can easily get damaged if 
allowed to snap towards each other, or if nearby 
metal objects are allowed to be attracted to the 
magnets.

note
Det-Tronics offers two magnet options for 
activating internal magnetic switches.  While the 
two magnets can usually be used interchangeably, 
the best results will be achieved if they are used 
as follows:  The Magnetic Tool (p/n 009700-001) 
is the stronger magnet and is recommended 
for activating the switches on the UD10 
viewing window.  The Calibration Magnet (p/n 
102740‑002) is recommended for applications 
that involve initiating calibration or resetting the 
detector by touching the side of a metal junction 
box or detector housing (PIRECL, OPECL, etc).  
Throughout this manual, the term “magnet” can 
refer to either device.

Access To Menus

To access the menus, use the magnet to activate the 
Enter/Select button.  This will display the Main 
Menu.  

The actual menu structure varies depending upon the 
device that is connected to the UD10.  Menus for the 
various devices can be found in the corresponding 
Appendix in this manual.  

Some areas of the menu contain additional information, 
which is indicated by the presence of an arrow on that 
particular line.  By placing the magnet to the glass over 
the Enter/Select button, the next screen with the 
additional information will be shown.  

The UD10 automatically returns to the main screen after 
10 minutes if no activity occurs.

Quick Access/Shortcut: Fault Menu

To access the fault menu quickly, when a fault is present, 
touch the magnet to the glass by the Previous button.

CANCEL / ESCAPE

ENTER / SELECT

PREVIOUS

NEXT

B2426

Figure 1—Faceplate of UD10
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Relays

The display unit has 4 output relays — high alarm, low 
alarm, auxiliary alarm, and fault.  The relays have form 
C (SPDT) contacts.  Low, auxiliary and high alarm relay 
contacts are selectable for latching or non‑latching 
operation, as well as normally energized or normally 
de‑energized (default) coils.  During normal operation, 
the fault relay is energized. 

IMPORTANT
Direct connection of 120/240 VAC to the 
relay terminals inside the UD10 enclosure 
is not allowed, since switching relay contacts 
can induce electrical noise into the electronic 
circuitry, possibly resulting in a false alarm or other 
system malfunction.  If the application requires 
that AC powered equipment be controlled by the 
transmitter, the use of externally located relays is 
recommended.

External relays, solenoids, motors, or other devices 
that can cause inductive transients should be transient 
suppressed.  Place a diode across the coil for DC 
devices.  See Figure 2.

Figure 2—Transient Suppression for Inductive Loads

RELAY
SOLENOIDS

MOTORS
INDUCTION DEVICES

1N4004
TYPICAL

B0179

POSITIVE

NEGATIVE

MOV

HOT

NEUTRAL

120 VOLT – V13OLA10A

220/240 VOLT – V275LA20A
GE

TYPICAL{                               }
+

–

DCV LOADS

A0179

4-20 mA Output Modes

The UD10 offers two operating modes for its 4-20 mA 
output circuit.  

Note
A minimum output of 1 mA is required for proper 
HART communication.

In the Standard (default) Mode, the linear 4-20 mA 
output corresponds to 0-100% full scale gas detected at 
the sensor, with 3.8 mA indicating calibrate mode, and 
3.6 mA or lower indicating a fault condition.  This mode 
ensures that the current level is always high enough to 
support HART communication and must be selected 
when using HART communication for fault diagnostics.  

In Replicate Mode, the output of the UD10 matches 
the output of the connected detector (except for loop 
test/trim, response test, calibration, or if the UD10 
has an internal fault).  This mode can be used with 

detectors such as PIR9400 or PIRECL where multiple 
current levels below 4 mA are used for fault diagnostic 
purposes.  

UD10 with Model PIRECL

PIRECL supports two fault modes: PIR9400 and Eclipse 
mode.  PIR9400 fault mode uses fault codes below 1 
mA, while Eclipse mode uses no levels below 1 mA.  In 
the Standard (default) mode, the UD10 programs the 
PIRECL for Eclipse fault mode to ensure proper HART 
communication in the event of a fault.  In the Replicate 
mode, the UD10 programs the PIRECL for PIR9400 
fault mode.

MODBUS / fieldbus COMPATIBILITY

The UD10 supports RS485 Modbus RTU communi-
cation.  See Addendum number 95-8639 for details.  A 
model with Modbus RS485 or foundation™ Fieldbus 
communication (field selectable via jumpers) is also 
available.

Device ENCLOSURE

The UD10 housing is a 5 port aluminum or stainless steel 
explosion‑proof junction box with a clear viewing window.

Device DISPLAY

The UD10 is provided with a 160 x 100 dot matrix backlit 
LCD display.  See Figure 1.

During normal operation, the LCD continuously 
displays the detected gas level, gas type, and units 
of measurement.  The real time clock can also be 
displayed if desired.  

The display shows the following alarm information:
•	High gas alarm
•	Low gas alarm
•	Aux alarm

The display indicates the following fault information:
•	Device fault
•	Display fault

The UD10 has smart capabilities to allow easy access 
to the following information:
•	Detector information
•	Measurement range
•	Alarm setpoints
•	Alarm and event logs

For detailed HART menu structure, refer to the appropriate 
Appendix. 
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Logging

Events that can be logged in the UD10 include:

•	Calibration (Date, time and success Y/N are logged 
for detectors that do not provide their own calibration 
logging capabilities.)

Faults that are logged in the UD10 include:

•	Detector fault

•	Low power

•	General fault 

Alarms that are logged in the UD10 for gas detector inputs 
include:

•	High gas alarm

•	Low gas alarm

•	Aux alarm.

The UD10 has its own battery backed real time clock 
(RTC) and its own event logs. The RTC in the UD10 
can be set from the UD10 display, Modbus or HART 
interfaces. The RTC in the gas detector (any HART 
detector having an RTC) can be set independently 
using the UD10 menu, or by using the synchronize 
command, which will set the detector RTC to the same 
time as the UD10 RTC.  See Figure 3.

The UD10 can display the detector event and 
calibration logs (if available).  The UD10 has its own 
1,000‑entry event log available under the Display 
Status‑>History‑>Event Log menu. 

UD10 event logs can be read from the HART interface 
or the Modbus interface. 

Detector calibration and event logs can also be read 
from the detector HART interface (where available).

important safety notes

CAUTION
The wiring procedures in this manual are intended 
to ensure proper functioning of the device under 
normal conditions.  However, because of the 
many variations in wiring codes and regulations, 
total compliance to these ordinances cannot be 
guaranteed.  Be certain that all wiring complies 
with the NEC as well as all local codes.  If in 
doubt, consult the authority having jurisdiction 
before wiring the system.  Installation must be 
done by a properly trained person.

CAUTION
This product has been tested and approved 
for use in hazardous areas.  However, it must 
be properly installed and used only under the 
conditions specified within this manual and 
the specific approval certificates.  Any device 
modification, improper installation, or use in a 
faulty or incomplete configuration will render 
warranty and product certifications invalid.  

CAUTION
The device contains no user serviceable 
components.  Service or repair should never be 
attempted by the user.  Device repair should be 
performed only by the manufacturer.  

Liabilities
The manufacturer’s warranty for this product is 
void, and all liability for proper function of the 
detector is irrevocably transferred to the owner or 
operator in the event that the device is serviced or 
repaired by personnel not employed or authorized 
by Detector Electronics Corporation, or if the 
device is used in a manner not conforming to its 
intended use.  

Caution
Observe precautions for handling electrostatic 
sensitive devices.

caution
Unused conduit entries must be closed with 
suitably certified blanking elements upon 
installation.

GAS
DETECTOR UD10

CONTROL
SYSTEM
PLC/DCS

CONTROL
SYSTEM
PLC/DCS

AMS
HART

Handheld

HART
Handheld

HART

HART

MODBUS
or

FOUNDATION FIELDBUS

Figure 3—UD10 Logging
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Installation

note
The gas detector housing must be electrically 
connected to earth ground.  A dedicated earth 
ground terminal is provided on the UD10.

Note
Refer to the Model UD10 Safety Manual 
(number 95-8668) for specific requirements 
and recommendations applicable to the proper 
installation, operation, and maintenance of SIL-
Certified Model UD10 displays.

The detector must always be installed per local 
installation codes.  

Before installing the gas detector, define the following 
application details:  

Identification of vapor(s) to be detected

It is necessary to identify the vapor(s) of interest at the 
job site.  The fire hazard properties of the vapor, such 
as vapor density, flashpoint, and vapor pressure should 
be identified and used to assist in selecting the optimum 
detector mounting location within the area.

For cross sensitivity information, refer to each gas 
detector’s corresponding instruction manual.  Refer to 
Table 5 in the Specifications section for a list of gas 
detectors and their corresponding instruction manuals.

Identification of detector mounting 
locations

Identification of the most likely leak sources and 
leak accumulation areas is typically the first step in 
identifying the best detector mounting locations.  In 
addition, identification of air current/wind patterns 
within the protected area is useful in predicting gas leak 
dispersion behavior.  This information should be used 
to identify optimum detector installation points.

If the vapor of interest is lighter than air, place the detector 
above the potential gas leak.  Place the detector close 
to the floor for gases that are heavier than air.  Note 
that air currents may cause a gas that is slightly heavier 
than air to rise under some conditions.  Heated gases 
may also exhibit the same phenomenon.

The most effective number and placement of detectors 
varies depending on the conditions on site.  The individual 
designing the installation must often rely on experience 
and common sense to determine the detector quantity 
and best locations to adequately protect the area.  Note 
that it is typically advantageous to locate detectors 
where they are accessible for maintenance.  Locations 
near excessive heat or vibration sources should be 
avoided.  

Final suitability of possible gas detector locations 
should be verified by a job site survey.  

The gas detector must be mounted with the sensor in 
the correct orientation as shown in Table 2.

If the UD10 faceplate is not correctly oriented, it can 
be rotated at 90 degree increments by pulling the 
electronic module from the four mounting posts that 
secure it to the junction box and repositioning it as 
desired.  Note that the module is held in place by a 
compression fitting – no screws are involved.  

Table 2—Device Orientation

Device Orientation

GT3000 Vertical with Sensor Pointing Down

PIR9400 Horizontal

PIRECL Horizontal

OPECL Horizontal (Fixed to a vertical post)

CGS Vertical with Sensor Pointing Down

505/CGS Vertical with Sensor Pointing Down

C706X Vertical with Sensor Pointing Down

NTMOS Vertical with Sensor Pointing Down
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WIRING

power SUPPLY requirements

Calculate the total gas detection system power 
consumption rate in watts from cold start-up.  Select a 
power supply with adequate capability for the calculated 
load.  Ensure that the selected power supply provides 
regulated and filtered 24 Vdc output power for the entire 
system.  If a back-up power system is required, a float‑type 
battery charging system is recommended.  If an existing 
source of 24 Vdc power is being utilized, verify that system 
requirements are met.  The acceptable voltage range is 
18-30 Vdc measured at the input to the UD10.

note
The power supply must meet the noise requirements 
for HART systems.  If noise or ripple on the main 
power source could interfere with the HART 
function, an isolated power source (Figure 11) is 
recommended.  (For detailed information regarding 
power supply specifications, refer to the HART 
Communication Foundation’s document “FSK 
Physical Layer Specification” HCF_SPEC-54.)

Wiring cable requirements

Always use proper cabling type and diameter for input 
power as well as output signal wiring.  14 to 18 AWG 
shielded stranded copper wire is recommended.  Correct 
wire size depends on the device and wire length.  Refer 
to the appropriate Appendix for additional information.  
The maximum cable length from power source to UD10 is 
2000 feet.  Maximum cable length from UD10 to sensor 
is 2000 feet.   

note
The use of shielded cable in conduit or shielded 
armored cable is highly recommended.  In 
applications where the wiring is installed in 
conduit, dedicated conduit is recommended.  
Avoid low frequency, high voltage, and 
non‑signaling conductors to prevent nuisance 
EMI problems.

caution
The use of proper conduit installation techniques, 
breathers, glands, and seals is required to prevent 
water ingress and/or maintain the explosion-proof 
rating.

Shield Connections

The UD10 provides terminals for proper grounding of 
wiring cable shields (located on the sensor, 4-20 mA, 
and operating power terminal blocks).  These shield 
terminals are not connected internally, but are connected 
to ground through capacitors.  The capacitors ensure an 
RF ground, while preventing 50/60 Hz ground loops.

Ground all shields as shown in the wiring examples 
throughout this manual.

important
For proper grounding, all junction boxes / metal 
enclosures must be connected to earth ground.

The following are required for installations requiring CE 
Mark compliance:

•	For shielded cable installed in conduit, attach the wire 
shields to the “shield” connections on the terminal 
blocks, or to earth ground on the case.

•	For installations without conduit, use double shielded 
cable. Terminate the outer shield to earth ground on 
the case. Terminate the inner shield to the “shield” 
connection on the terminal blocks.

Jumper Setting for 4-20 mA Loop

In order for the 4-20 mA current loop to operate properly, 
+24 Vdc must be applied to terminal P1-3.  This can be 
accomplished in one of two ways:

•	For a non-isolated 4-20 mA loop, set jumper plug as 
shown in Figure 4. This applies +24 Vdc to P1-3 via an 
internal connection to terminals P2-2 and P2-5.

•	If the 4-20 mA loop will receive power from a source 
other than the UD10’s main power source (isolated), 
set the jumper plug as shown in Figure 5 to remove 
the internal connection.

Foundation Fieldbus (Optional)

Some UD10 models allow the use of either RS485/
MODBUS or Foundation Fieldbus communication via 
connection to J2 on the terminal board.  Four jumpers 
are provided to select between the two protocols.  If the 
device is equipped for Foundation Fieldbus, it will be 
shipped from the factory with the jumpers preset for that 
mode.  If the user wants to switch to RS485/MODBUS 
(for example, to retrieve logs), the four jumpers can 
easily be moved.  Figures 6 and 7 show the jumper 
settings for each mode of communication. 

Note that the pin identification for the J2 connector 
is different for each communication protocol. For 
Foundation Fieldbus it is “– +”.  For RS485/MODBUS 
it is “B A com”.  
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Wiring Procedure

NOTE
The following section shows the output of the 
UD10 wired to a generic 4-20 mA signal receiver 
in various configurations.  Since the UD10 can be 
used with a variety of different detection devices, 
information that is specific to each detector model 
(wiring, calibration, HART menus, etc.) is covered 
in an Appendix that is dedicated to that device.  
Refer to the appropriate Appendix at the back of 
this manual for specific information when wiring 
the detection system.  For information on devices 
not covered in an Appendix, refer to the manual 
provided by the device’s manufacturer.

Figure 4 shows jumper plug P12 positioned to power the 
4-20 mA loop from the main power source (non‑isolated 
output).  

Figure 5 shows jumper plug P12 positioned for powering 
the 4-20 mA loop from an external wire/jumper of from 
a separate power source (isolated output).  

Figure 6 shows the correct jumper positions and J2 
terminal identification for using Foundation Fieldbus 
communication. 

Figure 7 shows the correct jumper positions and 
J2 terminal identification for using MODBUS 
communication. 

Refer to Figure 8 for an illustration of the UD10 wiring 
terminal board (see Figure 6 for Foundation Fieldbus 
connections).  

Figure 9 shows a UD10 Wired to a PLC using 3-Wire 
Shielded Cable with a 4-20 mA Non-Isolated Sourcing 
Output.

Figure 10 shows a UD10 Wired to a PLC using 4-Wire 
Shielded Cable with a 4-20 mA Non-Isolated Sourcing 
Output.

Figure 11 shows a UD10 Wired to a PLC with a 4-20 mA 
Isolated Sourcing Output.

Grease/Lubrication

To ease installation and future removal, ensure that all 
junction box covers and sensor threads are properly 
lubricated.  If the need arises for additional lubrication, use 
either Lubriplate grease (see Ordering Information for part 
number) or Teflon tape.  Avoid the use of silicone grease.

Figure 4—Position of Jumper P12 for 
Non-Isolated 4-20 mA Loop Output
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Figure 5—Position of Jumper P12 for 
Isolated 4-20 mA Loop Output
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Figure 6—Foundation Fieldbus Communication
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Figure 7—MODBUS Communication
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Figure 9—UD10 Wired to PLC using 3-Wire Shielded Cable with 4-20 mA Non-Isolated Sourcing Output
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11 95-86614.2

Sensor Connector

Power Supply Connector

Output Loop
Connector

MODBUS
Connector

R
el

ay
 C

o
n

n
ec

to
r

P1

J2

J3

J4

P2

4-20 mA +

4-20 mA –

SHIELD

COM

RS485 A

RS485 B

HIGH ALARM COM

HIGH ALARM NC

HIGH ALARM NO

AUX ALARM COM

AUX ALARM NC

AUX ALARM NO

LOW ALARM COM

LOW ALARM NC

LOW ALARM NO

FAULT COM

FAULT NC

FAULT NO

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

S
H

IE
L

D

C
A

L
IB

R
A

T
E

24
 V

D
C

 –

4-
20

 m
A

24
 V

D
C

 +

P1-3

P1-2

P1-1

J2-3

J2-2

J2-1

J4-1

J4-2

J4-3

J4-4

J4-5

J4-6

J4-7

J4-8

J4-9

J4-10

J4-11

J4-12

J3
-1

J3
-2

J3
-3

J3
-4

J3
-5

P
2-

6

P
2-

5

P
2-

4

P
2-

3

P
2-

2

P
2-

1

UD10 
DISPLAY UNIT

E2440

24 VDC

INPUT

4-20 mA

PLC 4-20 mA INPUT CARD

–

+
250-600
OHMS

Notes: Resistor may be external if voltage input card is used.
 Sinking resistance at PLC must be 250-600 ohms 
 for HART communication.

P12

Figure 10—UD10 Wired to PLC using 4-Wire Shielded Cable with 4-20 mA Non-Isolated Sourcing Output

Figure 11—UD10 Wired to PLC with 4-20 mA Isolated Sourcing Output
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Important
Isolated operation is highly recommended to prevent noise or ripple on the main power source from interfering 
with the HART function.
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Startup

After power has been applied and the warm-up period 
is complete, select the UD10 operating mode.  To do 
this:

1.	 Access the Main Menu by touching the magnet to 
the ENTER/SELECT button.  From there, navigate to 
the “Mode Select” menu.

2.	 From the “Mode Select” menu, select and enter the 
appropriate operating mode based on the type of 
detector being used.

note
If using a PIR9400, note that changing the gas 
type on the UD10 does not change the gas type at 
the PIR9400.  This change is made using a switch 
located in the PIR9400.  Refer to the PIR9400 
instruction manual (95‑8440) for details.

NOTE
If using a C706X detector, navigate to the “Device 
Setup” menu and select the appropriate gas type 
and unit of measurement.

3.	 To exit, activate Cancel/Escape three times to 
return to the main display screen.  

4.	 If the detector is replaced with another detector 
type, the UD10 will not recognize it until the mode is 
changed.

5.	 If the UD10 Display is in PIR9400 mode and if:

a.	 The connection between PIR9400 and the UD10 
is removed, the UD10 will show a FAULT on the 
Gas Screen.  When the connection between 
PIR9400 and UD10 is restored, the UD10 will 
remove the FAULT indication when current 
increases beyond 3.6 mA.  

b.	 Someone removes the PIR9400 & connects 
a HART enabled Gas Detector, it will not be 
recognized by the UD10 Display until the mode 
is changed to HART.  

RTC
note

The UD10 is set at the factory for US Central 
Standard time.

To display and set the Real Time Clock and Date for 
the UD10:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the RTC menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Setup
Write Protect

Alarm Setting

Mode Select

HART Option

RTC

Display RS485

Input Loop Cal

RTC
Displayed

Seconds

Minutes

Hours

Day

Month

Year

2.	 The first item on the RTC screen is “Displayed”.  
Y (Yes) or N (NO) is shown to indicate whether 
the time and date will be displayed on the main 
screen.  To change the setting, use the Enter/
Select button to go to the next screen, then use 
the Previous or Next buttons to toggle between 
Y and N.  Once the chosen input is selected, use 
the Enter/Select button to enter the selection.  
Use the Cancel/Escape button to exit without 
changing. 

3.	 Use the same method to set time and date. 

Specifically for the GT3000 Transmitter, the RTC for 
the transmitter can be synchronized to the RTC of 
the display by going through the Main Menu->Device 
Setup->RTC-> 1st slot “Sync W/Disp”.   

Latching Alarms

The high, auxiliary and low alarm relay settings 
are programmable and can be set for latching or 
non‑latching operation.  Alarm configuration can be 
done using the local display menu or external HART 
interface.  Latched alarms on the display can be cleared 
through the Display Setup > Alarm Setting submenu 
using the magnet or external HART interface.  

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Setup
Write Protect

Alarm Setting

Mode Select

HART Option

RTC

Display RS485

Input Loop Cal

Mode Select
HART Device

PIR9400

C706X

505

NTMOS

CGS

Generic Device
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4-20 ma loop Calibration

Both the input and output current loops of the UD10 
are trimmed at the factory.  They can also be trimmed 
in the field for maximum accuracy using the following 
procedures.  If the detector connected to the UD10 is 
HART enabled, its 4-20 mA output signal can also be 
trimmed.

When the UD10 is used with a detector that supports 
HART communication, the output of the detector should 
be calibrated first. 

HART Detector Signal Calibration

Navigate down the menu to Device Test > D/A (Digital 
to Analog) Trim.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Test
Self Test

Response Test

Loop Test

D/A Trim

D/A Trim
Zero Trim

Gain Trim

Select Zero Trim.  When this screen is entered, a 
warning message is presented.  Select ENTER to 
continue.  When the message “Connect Reference 
Meter” is presented, install the current meter on the mA 
line between the detector and UD10.  Select ENTER 
to continue.  When the message “Set Input Current to 
4mA?” is presented, select ENTER to begin the Zero 
Trim function.  The detector will now set its 4 mA output 
value.  If the value indicated on the current meter is not 
4.00 mA, enter the measured value into the UD10 using 
the Previous and Next switches.  The UD10 calculates 
and corrects for the difference between the actual and 
entered values.  When the current meter value is at the 
desired 4.00 mA, select ENTER to accept the new zero 
trim value.

Select Gain Trim.  Follow the same procedure for gain/
span calibration.

UD10 Input Trim

When the UD10 is used with a detector that supports 
HART communication, an automated process can be 
used to trim the UD10 input.  Navigate down the menu 
to “Input Loop Cal”. 

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Setup
Alarm Setting

Mode Select

HART Option

RTC

RS485

Input Loop Cal

Upon entering Input Loop Cal, the UD10 commands 
the detector to output 4 mA, and then automatically 
calibrates its own input.  The UD10 then commands the 
detector to output 20 mA and subsequently calibrates 
its own input.

If a non-HART detector is being used, the Input Loop 
Cal may be performed with a mA current source or loop 
calibrator connected to the UD10 Sensor Connector. 
Follow the loop calibration instructions shown by the 
UD10 for this procedure.
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UD10 Output Trim

To calibrate the UD10 output loop, navigate down the 
menu to Display Test > D/A Trim.  

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Test
Self Test

Response Test

Loop Test

D/A Trim

D/A Trim
Zero Trim

Gain Trim

Select Zero Trim.  When this screen is entered, a warning 
message is presented.  Select ENTER to continue.  
When the message “Connect Reference Meter” is 
presented, install the current meter on the UD10 mA 
output.  Select ENTER to continue.  When the message 
“Set Output Current to 4mA?” is presented, select 
ENTER to begin the Zero Trim function.  The UD10 
will now set its 4 mA output value.  If the measured 
value on the current meter is not 4.00 mA, enter the 
measured value into the UD10 using the Previous and 
Next switches.  The UD10 calculates and corrects for 
the difference between the actual and entered values.  
When the current meter value is at the desired 4.00 mA, 
select ENTER to accept the new zero trim value.  

Select Gain Trim.  Follow the same procedure for gain/
span calibration.  

Optional System Tests

The following tests are available for verifying proper 
operation of various functions of the gas detection 
system:
–	 The Self Test, Response Test, and Loop Test are 

accessed from the “Display Test” screen.  (A “Device 
Test” screen is available for performing the same 
tests on HART enabled detectors.)  

–	 The Proof Test is performed by applying test gas 
to the sensor.  It is not accessed from the “Display 
Test” screen and does not inhibit the outputs.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Test
Self Test

Response Test

Loop Test

D/A Trim

Self-Test

This test commands the UD10 to perform a fully 
automatic internal test.  At the completion of the test, 
the UD10 will indicate a pass or fail.  

Response Test

This test inhibits the UD10’s outputs, thereby providing a 
means of testing the system by applying gas to the detector 
without activating any alarms or affecting the output.

note
If the Response Test is not terminated by the 
operator, the test will automatically time out after 
ten minutes and the UD10 will return to normal 
operation.

Loop Test

This test temporarily forces the UD10’s 4-20 mA output 
to a specific level.  This is an easy way to test the output 
signal of the UD10 for accuracy, to verify the capabilities 
of the system, and to verify the input signal of a receiver.  
To perform this test, connect a current meter to the 
output loop.  Navigate to Display Test and select Loop 
Test, then follow the prompts on the UD10 Screen.

note
If the Loop Test is not terminated by the operator, 
the test will automatically time out after one minute 
and the UD10 will return to normal operation.

Proof Test

A Proof Test (bump test) can be performed at any time 
to verify proper operation and calibration of the system.  
Since this test does not inhibit the UD10’s outputs, secure 
any output devices prior to performing the test to prevent 
unwanted actuation.  

History

There are two separate histories, one for the display 
and one for the detector (if available).  Both will state 
the number of hours that the unit has been operating, 
and the highest and lowest recorded temperature (with 
time and date stamp).  
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Password protection

The UD10 allows the use of a password for restricting 
changes to configuration parameters and limiting 
access to safety critical commands.  The UD10 is 
shipped from the factory with the password protection 
(Write Protect) feature disabled.

The following are locked when Write Protect security is 
enabled:

Alarm Setting screen – All options except “RST Latch 
Alarms”

Mode Select screen – All options

HART Option – All options

RTC – All options except Displayed Y/N

Output Mode

Display Test screen – All options

To enable the Write Protect feature, navigate to the Write 
Protect screen.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test

Display Setup
Alarm Setting

Mode Select

HART Option

RTC

RS485

Input Loop Cal

Contrast Contrl

Output Mode

Backlight Ctrl

Write Protect

Write Protect
Change State

Change Password

Write Protect     xxx

Select “Change State” to toggle between Enabled and 
Disabled.

Select “Change Password” to enter a new password.

“Write Protect” indicates whether password protection 
is Enabled or Disabled.  

The default password is 1*******.  

IMPORTANT
Take care not to lose the password.  Future  
changes cannot be made without a password.  

Display Backlight Operation

The UD10 can be programmed to turn on the backlight 
feature of the digital display when an alarm or fault 
occurs or a magnetic switch is activated.  Navigate to 
the Backlight Ctrl screen.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Display Setup
Alarm Setting
Mode Select
HART Option
RTC
RS485
Input Loop Cal
Contrast Contrl
Output Mode
Backlight Ctrl
Write Protect

Backlight Ctrl
Off
On
Automatic

Off =	 The backlight is always off.

On =	 The backlight is always on.

Automatic =	 Normal operation – Backlight is off
	 Alarm – Backlight flashes on and off
	 Fault – Backlight is on steady
	 Magnetic Switch – Backlight is on steady

The backlight automatically turns off 10 minutes after the 
last Magnetic Switch activation.

If the backlight is on following a magnetic switch 
activation and then an alarm condition occurs, the 
backlight will remain on steady and not flash until the 10 
minute time-out is complete.  Then it will begin flashing.
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Troubleshooting

If a Fault condition is indicated on the UD10 faceplate, 
the nature of the fault can be determined by using 
the magnetic tool to navigate to the appropriate Fault 
screen.

NOTE
Refer to the Menu in the appropriate Appendix 
of this manual for the path to the proper Fault 
screen.  

Shortcut: From the main display screen, touch 
the magnet to the “Previous” switch to go directly 
to the Fault screen.  

Example:

For a Display (UD10) related fault:
Main Menu > Display Status > Fault/Status > Fault

For a Device (Sensor) related fault:
Main Menu > Device Status > Fault/Status > Sensor Fault

When the active fault has been identified, refer to the 
Troubleshooting Tables for a description of the fault and 
suggested corrective action.

Refer to Table 3 for Display Faults and Table 4 for Device 
Faults. 

Display Faults Description Recommended Action

Input Loop FLT Fault in sensor or sensor loop
Check sensor wiring.
Calibrate sensor.
Ensure that sensor type matches configuration.

Output Loop FLT Fault in 4-20 mA output loop Check 4-20 mA loop wiring for shorts or opens.

EE Fault Fault in non-volatile memory Return to factory.

ADC Ref Fault ADC reference voltage too high or low Return to factory.

24V Fault Problem in 24 volt power supply or power wiring Check power wiring and output voltage of power 
supply.

Flash Fault FLASH memory Fault Return to factory.

RAM Fault Fault in volatile memory Return to factory.

WDT Fault Watchdog timer is non-functional Return to factory.

12V Fault 12 volt internal power supply out of tolerance
Check power source. 
Return to factory.

5V Fault 5 volt internal power supply out of tolerance
Check power source. 
Return to factory.

3V Fault 3 volt internal power supply out of tolerance
Check power source. 
Return to factory.

Table 3—Troubleshooting Guide - Display Faults

Note:	 A fault condition will cause an oxygen detector to generate an alarm output as the decreasing 4-20 mA signal passes 
through the alarm range.  



17 95-86614.2

Table 4—Troubleshooting Guide - Device Faults

Device Faults Description Recommended Action

Loop Fault Current loop below fault threshold Check 4-20 mA loop wiring for shorts or opens.

Supply Voltage 
Fault 24 volt power supply voltage too low Verify proper wiring to the device and correct 

voltage output from the power supply.

Calibration Fault Bad calibration

This fault can be caused if the calibration is 
allowed to time out. If so, recalibrate.
Ensure that there is enough gas in the calibration 
bottle to complete the calibration.
Ensure that the gas being used for calibration is 
the correct type and concentration. It must match 
the configured setting.

Memory Fault Self-detected memory fault Return to factory.

ADC Fault Self-detected ADC fault Return to factory.

Internal Voltage 
Fault Self-detected voltage fault

Check supply voltage.
Return to factory.

Zero Drift Sensor signal has drifted negative
Device may have been calibrated with background 
gas present. Recalibrate the detector. Purge with 
clean air if needed.

Temperature 
Sensor Fault Temperature sensor is out of range Return to factory.

Wrong Sensor 
Type Wrong sensor type is installed Sensor type must match configuration. Change 

sensor or configuration.

Lamp Fault Open or shorted lamp
Replace lamp.
Return to factory.

Alignment Fault Open path alignment problem Align the device as specified in the instruction 
manual.

Blocked Optic 
Fault Optical path is blocked Locate and remove obstruction from the optical 

path.

Cal Line Active Cal line is active at start-up Ensure that the Cal line wiring is not shorted and 
the switch is open.

Low Cal Line Cal line is shorted. Check wiring.

Sensor Fault Self-detected fault with the sensor
Check sensor wiring.
Calibrate sensor.
Ensure that sensor type matches configuration.

Noise Fault* Excessive noise on signal Check OPECL alignment.

Align ADC Fault* Alignment ADC saturated Check OPECL alignment.

Align Fault* Alignment fault Check OPECL alignment.

Align Warning* Alignment warning Check OPECL alignment.

DAC Fault DAC fault detected Return to factory.

General Fault Unspecified fault Verify correct power wiring and supply voltage.
Consult the factory.

High Fault Detector output is higher than specified limit Verify correct sensor type and calibration.

Low Fault Detector output is lower than specified limit Verify correct sensor type and calibration.

Dirty Optics Detector optics are dirty Perform the cleaning procedure as described in 
the detector manual, then perform calibration.

Start Cal Fault Calibration fault Verify correct sensor type and calibrate.

*OPECL only.
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Device Faults Description Recommended Action

EE Fault Fault in non-volatile memory
Power may have been interrupted while the device 
was updating its internal data logs.  Recycle 
power.

Ref ADC Sat Sensor signal level is outside the range of the AD 
converter Return to factory.

Active ADC Sat Sensor signal level is outside the range of the AD 
converter Return to factory.

24V Fault Problem in 24 volt power supply or power wiring Check power wiring and output voltage of power 
supply.

Flash CRC Fault Memory fault Return to factory.

RAM Fault Fault in volatile memory Return to factory.

Low Voltage Power supply voltage outside of limits
Check power supply voltage.
Return to factory.

Temp Fault Temperature sensor fault Return to factory.

Software Fault Internal software fault Return to factory.

EE Safety Fault Internal configuration fault Return to factory.

Gas Under Range Sensor signal has drifted negative
Device may have been calibrated with background 
gas present. Recalibrate the detector. Purge with 
clean air if needed.

Sensor Mismatch Wrong sensor type is installed Sensor type must match configuration. Change 
sensor or configuration.

ADC CNTR Fault Internal hardware fault Return to factory.

3V Fault 3 volt internal power supply out of tolerance Return to factory.

Comm Fault Communication fault Check detector wiring and power supply.

GEN Fault Unspecified fault Verify correct power wiring and supply voltage.
Consult the factory.

12V Fault 12 volt internal power supply out of tolerance Return to factory.

5V Fault 5 volt internal power supply out of tolerance Return to factory.

Table 4—Troubleshooting Guide - Device Faults, Continued
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Specifications

operating voltage—
24 Vdc nominal, operating range is 18 to 30 Vdc.  
Ripple cannot exceed 0.5 volt P-P.

operating power—
Standard model, with heater and backlight off:
No alarm:	 1.5 watts @ 24 Vdc.
Alarm:	 3 watts @ 24 Vdc (20 mA current 

loop output, and all 3 alarm relays 
energized.)

Backlight on:	 0.5 watt additional.
Heater on:	 3.5 watts additional.
CGS model:	 Add 4 watts with CGS interface 

board and CGS sensor installed.

Maximum power in alarm, with heater and backlight on:
	 7 watts @ 30 Vdc (Standard model)
	 11 watts @ 30 Vdc (CGS model)

note
Heater turns on when the internal temperature 
drops below –10°C (default operation).  Heater 
function can be disabled to save power.  

note
Appropriate relays will be activated when a fault 
or alarm occurs.

CURRENT OUTPUT—
Linear isolated 4-20 mA output with HART.  
3.8 mA indicates calibrate mode.  
3.6 mA or less indicates a fault condition.
Maximum loop resistance is 600 ohms at 18 to 30 Vdc.

CURRENT OUTPUT Response Time—
Toxic gas mode:	 T90 ≤5 seconds.
Combustible gas mode:	 T90 ≤4 seconds.
Combustible gas - open path mode:	T90 ≤4 seconds.
UD10 with CGS:	 T90 <12 seconds.

Current Output Accuracy—
Toxic gas mode:	 <1% error.
Combustible gas mode:	 <1% error.
Combustible gas - open path mode:	≤0.01 LFL-m.
UD10 with CGS:	 ±3% LFL 0-50 range,
	 ±5% LFL 51-100 range.

RELAY CONTACTS—
Three Alarm Relays:	Form C, 5 amperes at 30 Vdc.
	 Selectable energized/de-energized.
	 Selectable latching or non‑latching.
	 Refer to Table 1 for range and 
	 default settings.

Warning
When in non-latching mode, the control device 
must latch the alarm output.

One Fault Relay:	 Form C, 5 amperes at 30 Vdc.  
	 Normally energized for no fault
	 condition with power applied.

Relay Response Time—
≤ 2 seconds.  

Wiring terminals—
14 to 18 AWG wire can be used.

Operating temperature—
–55°C to +75°C.

Storage Temperature—
–55°C to +75°C.

Humidity Range—
5 to 95% RH  (Det-Tronics verified).  

electro-magnetic compatibility—
EMC Directive 2004/108/EC
EN55011 (Emissions)
EN50270 (Immunity)

DIMENSIONS—
See Figures 12 and 13.
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Conduit Entries—
3/4” NPT or M25. 

ENCLOSURE MATERIAL—
Epoxy coated aluminum or 316 stainless steel.  

SHIPPING WEIGHT—
Aluminum:  	 4.15 pounds (1.88 kilograms).
Stainless steel:	 10.5 pounds (4.76 kilograms).  

WARRANTY—
12 months from date of installation or 18 months from 
date of shipment, whichever occurs first. 

Detector compatibility—
The UD10 can be used with the Det‑Tronics gas 
detectors listed in Table 5. 

Unit of Measurement—
PPM, % LFL, % V/V, LFL-m, or mg/m3.  

Figure 12—Dimensions of UD10 with GT3000 in Inches (Centimeters)
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4.7
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R0.175

5.86
(14.9)

A2442
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Certification—
For complete approval details, refer to the appropriate 
Appendix: 

Appendix A – FM
Appendix B – CSA
Appendix C – ATEX
Appendix D – IECEx  
Appendix E – INMETRO  

SIL Approval -	 IEC 61508
	 Certified SIL 2 Capable.

For specific information regarding SIL safety 
certification, refer to the Model UD10 Safety Reference 
Manual (form 95-8668).  

Figure 13—Dimensions of Model STB Termination Box 
in Inches (Centimeters)

3.77
(9.6)

1.28
(3.3)

3.46
(8.8)

4.7
(11.9)

2.7
(6.9)

5.2
(13.2)

5.86
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C2281

FM
APPROVED

®

Device Toxic1 Catalytic 
Combustible

IR2 

Combustible
Instruction 

Manual

GT3000 X 95-8616

PIR9400 X 95-8440

PIRECL X 95-8526

OPECL X 95-8556

CGS X 90-1041

505/CGS X 95-8472

C706X3 X

95-8396 
95-8411 
95-8414 
95-8439

NTMOS4 X 95-8604

1	 Hydrogen sulfide, Ammonia, Chlorine, Hydrogen, Oxygen, 
	 Carbon Monoxide, and Sulfur Dioxide.
2	 Methane, Ethane, Ethylene, Propane, and Propylene.
3	 C7065E Oxygen detector is not supported.
4	 Hydrogen sulfide only.

Table 5—Gas Detectors Compatible with the UD10
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DEVICE REPAIR AND RETURN

Prior to returning devices, contact the nearest local 
Detector Electronics office so that a Return Material 
Identification (RMI) number can be assigned.  A 
written statement describing the malfunction must 
accompany the returned device or component to 
assist and expedite finding the root cause of the 
failure.

Pack the unit properly.  Always use sufficient packing 
material.  Where applicable, use an antistatic bag 
as protection from electrostatic discharge.  The RMI 
number should be clearly marked on the outside of the 
box.

note
Inadequate packaging that ultimately causes 
damage to the returned device during shipment 
will result in a service charge to repair the damage 
incurred during shipment.

Return all equipment transportation prepaid to the 
factory in Minneapolis.

NOTE
It is highly recommended that a spare be kept on 
hand for field replacement to ensure continuous 
protection.  

ORDERING INFORMATION

Sensor module, transmitter module and termination 
boxes (if used) must be ordered separately.

Refer to the UD10 Model Matrix for ordering details.  

accessories

Part Number	 Description

009700-001	 Magnetic Tool
103922-001	 475 Field Communicator
010268-001	 Gas Inspector CD  
010204-001	 W6300G1003 Gas Inspector Connector
005003-001	 Lubriplate grease, 1 oz.
101197-001*	 Stop Plug, 3/4” NPT, AL
101197-004*	 Stop Plug, 3/4” NPT, SS
101197-005	 Stop Plug, M25, AL, IP66
101197-003	 Stop Plug, M25, SS, IP66
010816-001	 Stop Plug, 20PK, 3/4” NPT, AL 
010817-001	 Stop Plug, 20PK, 3/4” NPT, SS
010818-001	 Stop Plug, 20PK, M25, AL, IP66, EXDE
010819-001	 Stop Plug, 20PK, M25, SS, IP66, EXDE
104190-001	 Stop Plug, M25, AL, INMETRO
104190-002	 Stop Plug, 3/4” NPT, AL, INMETRO
104190-003	 Stop Plug, M25, SS, INMETRO
104190-004	 Stop Plug, 3/4” NPT, SS, INMETRO
102804-001	 Reducer, M25 to M20, AL
102804-003	 Reducer, M25 to M20, SS

*NEMA/Type 4X, IP66 rating requires addition of Teflon 
tape.  

Replacement Parts

Part Number	 Description

010569-001	 Electronics Module - Relay/4-20 mA
010550-001	 Electronics Module - Foundation Fieldbus

Assistance

For assistance in ordering a system to meet the needs 
of a specific application, please contact:

Detector Electronics Corporation
6901 West 110th Street
Minneapolis, Minnesota  55438  USA
Operator:  (952) 941-5665 or (800) 765-FIRE
Customer Service:  (952) 946-6491
Fax:  (952) 829-8750
Web site:  www.det-tronics.com
E-mail:  det-tronics@det-tronics.com  
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UD10 Model Matrix

MODEL DESCRIPTION

UD10 Universal Display Unit

TYPE MATERIAL

A Aluminum

S Stainless Steel (316)

TYPE THREAD TYPE

5M 5 Port, Metric M25

5N 5 Port, 3/4" NPT

TYPE OUTPUTS

25 Relay, 4-20 mA, RS485, HART

27 Relay, 4-20 mA, Foundation™ Fieldbus, HART

28 EQP / DCU Emulator

TYPE APPROVALS*

B INMETRO (Brazil)

R VNIIFTRI (Russia)

S SIL

T SIL/FM/CSA/ATEX/CE/IECEx

W FM/CSA/ATEX/CE/IECEx

TYPE CLASSIFICATION (Div/Zone)

2 Ex d (Flameproof)

TYPE OPTIONAL CONDITIONING BOARD

(Blank) None

C CGS

N NTMOS**

*	 Type Approvals can use one or more letters to designate 
the approvals of the product.

**	Not required for DCU Emulator model.
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Appendix A

FM APPROVAL DESCRIPTION

Class I, Div. 1, Groups B, C & D (T5);
Class I, Div. 2, Groups B, C & D (T4);
Class I, Zone 1/2 AEx d IIC (T5);
Class II/III, Div. 1/2, Groups E, F & G.
Tamb –55°C to +75°C
NEMA/Type 4X, IP66
Conduit seal not required.

Performance verified in accordance with:
ANSI/ISA-92.00.01
ANSI/ISA-12.13.01 (CGS excluded)
FM 6310/6320
ANSI/ISA-12.13.04/FM 6325

This approval does not include or imply approval of gas detector heads or other apparatus to which the subject 
instrument may be connected. In order to maintain a Factory Mutual Research approved system, the measurement 
input signal to which this instrument is connected must also be approved by Factory Mutual Research.

Note
Consideration must be given to overall Gas System Performance Requirements.  

Warning
When a sensor/detector is connected directly to the UD10 housing, the lower ratings of the two devices  

will prevail.

A-1



4.2 95-866125

Appendix B

CSA CERTIFICATION DESCRIPTION

CSA 08 2029512.
Class I, Div. 1, Groups B, C & D (T5);
Class I, Div. 2, Groups B, C & D (T4);
Class II/III, Div. 1/2, Groups E, F & G.
(Tamb = –55°C to +75°C)
Type 4X
Conduit seal not required.
Performance verified in accordance with:
CSA C22.2 #152. 

Note
Consideration must be given to overall Gas System Performance Requirements.  

Warning
When a sensor/detector is connected directly to the UD10 housing, the lower ratings of the two devices  

will prevail.

B-1
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Appendix C

ATEX APPROVAL DESCRIPTION

 0539 FM�
APPROVED  II 2 G

Ex d IIC T5 Gb
Tamb –55°C to +75°C
FM08ATEX0042X
IP66.

Performance verified in accordance with:
EN 60079-29-1 and EN 60079-29-4.

Special Conditions for Safe Use (‘X’):
The UD10 control unit complies with EN 60079-29-1 and EN 60079-29-4 only when connected to a Detector Head 
that also has been evaluated to EN 60079-29-1 and EN 60079-29-4.

Note
Consideration must be given to overall Gas System Performance Requirements.  

Warning
When a sensor/detector is connected directly to the UD10 housing, the lower ratings of the two devices  

will prevail.

C-1
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Appendix D

IECEx APPROVAL DESCRIPTION

Ex d IIC T5 Gb
Tamb –55°C to +75°C
IECEx FMG 08.0010X
IP66.

Performance verified in accordance with:
IEC 60079-29-1

Special Conditions for Safe Use (‘X’):
The UD10 control unit complies with IEC 60079-29-1 when connected to a Detector Head with an IEC certificate of 
conformity to IEC 60079-29-1.

Note
Consideration must be given to overall Gas System Performance Requirements.  

Warning
When a sensor/detector is connected directly to the UD10 housing, the lower ratings of the two devices  

will prevail.

D-1
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Appendix E

Additional APPROVALS

INMetro (Brazil)

CEPEL 09.1803
Ex d IIC T5 Gb IP66
T5 (Tamb –40°C to +75°C) With integral CGS
– OR –
Ex d IIC T6 Gb IP66
T6 (Tamb –55°C to +75°C) Without integral CGS

All cable entry devices shall be Brazil certified in the type of explosion protection, flameproof enclosure ‘d’, suitable 
for the conditions of use and correctly installed, with an ingress protection rating of IP66.

A screw or cover lock is provided for a secondary means of fastening the cover.
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Appendix F

using a handheld hart device connected to the ud10’s 4-20 ma output

(UD10 WITH any detector) 

note
Refer to the front of this manual for complete information regarding installation, wiring and startup of the UD10.

wiring

Important
To ensure proper operation of the HART communication system, a power supply with low noise and ripple must 
be used.  If noise or ripple on the main power source could interfere with the HART function, an isolated power 
source is recommended.  For additional information, refer to “Power Supply Requirements” in the Wiring section 
of this manual.

MENU STRUCTURE 

Refer to the following menu tree when using a HART handheld communicator, connected to the UD10’s 4-20 mA 
output.  

Menu Help

Status menus only allow the user to view the data.
The Setup menus allow the user to both view and edit the data.  
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UD10 
DISPLAY UNIT

D2441

24 VDC

24 VDC

INPUT

4-20 mA

PLC 4-20 mA INPUT CARD

–

–

+
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250-600
OHMS

Notes: Resistor may be external if voltage input card is used.
 Sinking resistance at PLC must be 250-600 ohms 
 for HART communication.

P12

HART Handheld Communicator Connected to the UD10’s 4-20 mA Output



Main Menu

1) Process Variables
2) Display Status Menu
3) Device Status Menu 
4) Display Setup
5) Device Setup
6) Device Cal
7) Display Test Menu

Process Variables

1) Gas Name xxxxx
2) Gas Value xxxx.x
3) High Alarm T/F
4) Low Alarm T/F
5) AUX Alarm T/F
6) Analog Output xxxxx
7) Upper Range Value xxxxx
8) Lower Range Value xxxxx
9) Fault T/F
10) SV Value xxxxx
11) TV Value xxxxx
12) QV Value xxxxx

Display Status Menu

1) Display General Info
2) Display Fault/Status Info
3) Display History
4) Display Info

Display Fault/Status Info

1) Operating  Mode          xxxxx
2) Display Status 1          xxxxx
3) Display Status 2          xxxxx
4) Display Fault 1                        xxxxx
5) Display Fault 2          xxxxx

Display RTC

1) Seconds        xxxxx
2) Minutes        xxxxx
3) Hours        xxxxx
4) Day        xxxxx
5) Month        xxxxx
6) Year        xxxxx

Display General Info

1) Manufacturer
2) Tag        xxxxx
3) Descriptor        xxxxx
4) Message        xxxxx
5) Final Asmbly Num        xxxxx
6) Dev ID        xxxxx
7) Write Protect        xxxxx
8) Model        xxxxx

Display History

1) History
2) Event Log

History

1) Running Hrs     xxxx
2) Max Temp     xx.xx C
3) Max Temp Time
4) Min Temp     xx.xx C
5) Min Temp Time

Display Info

1) Display RTC
2) Serial Number        xxxxx
3) Hardware Rev        xxxxx
4) Firmware Revision        xxxxx
5) Universal Rev        xxxxx
6) Fld Dev Rev        xxxxx
7) Software Rev        xxxxx
8) DD Build Version

DD/MM/YY                      HR:MM:SS
xx / xx / xx    xx:xx:xx

Device Status Menu

1) Device Info
2) Device Fault/Status
3) Device Info 2
4) Sensor Info
5) Device History Info

Display Setup

1) Write Protect
2) Alarm Setting
3) Display HART Option
4) Display RTC

Device Setup

1) Device HART Option

Display Test Menu

1) Self Test
2) Response Test
3) Reset
4) Loop Test
5) D/A Trim

Device History Info

1) Calibration Log

Device Info

1) Manufacturer        xxxxx
2) Tag        xxxxx
3) Descriptor        xxxxx
4) Message        xxxxx
5) Final Asmbly Num        xxxxx
6) Dev ID        xxxxx
7) Write Protect        xxxxx
8) Model        xxxxx 

Device Fault/Status

1) Operating Mode       xxxxx
2) Calibration State       xxxxx
3) Device Status 1                    xxxxx
4) Device Status 2       xxxxx
5) Device Fault 1       xxxxx 
6) Device Fault 2       xxxxx 
7) Device Fault 3       xxxxx
8) Device Fault 4       xxxxx
9) Extended Fault/Status

Device Info 2

1) Serial Number        xxxxx
2) Hardware Revision        xxxxx
3) Firmware Revision        xxxxx
4) Universal Rev        xxxxx
5) Fld Dev Rev        xxxxx
6) Software Rev        xxxxx

Sensor Info

1) Sensitivity        xxxxx
2) Gas Name        xxxxx
3) Revision        xxxxx
4) PV USL        xxxxx
5) PV LSL        xxxxx
6) Hours        xxxxx
7) Serial Number        xxxxx
8) Hardware Revision        xxxxx
9) Firmware Revision        xxxxx
Cal Point Zero        xxxxx
Cal Point Span        xxxxx

Device Fault 1

Loop Fault ON/OFF        
Supply Voltage Fault ON/OFF        
Calibration Fault ON/OFF        
Memory Fault ON/OFF     
ADC Fault ON/OFF         
Internal Voltage Fault ON/OFF     
Zero Drift ON/OFF  
Temperature Sensor Fault ON/OFF

Device Fault 2

Wrong Sensor Type ON/OFF 
Lamp Fault ON/OFF
Alignment Fault ON/OFF
Blocked Optic Fault ON/OFF
Cal Line Active ON/OFF
Sensor Fault ON/OFF
Noise Fault ON/OFF
Align ADC Fault ON/OFF

Device Fault 3

Align Fault ON/OFF
Align Warning ON/OFF
DAC Fault                      ON/OFF
High Fault                      ON/OFF
Low Fault                      ON/OFF
Device Warm Up               ON/OFF
Ref Channel Fault              ON/OFF
Act Channel Fault         ON/OFF

Device Fault 4

Incompatible Version ON/OFF
Detection Disable Fault ON/OFF
Oi Fault ON/OFF
Diminished Detect Fault ON/OFF
Communication Fault ON/OFF
Reserved ON/OFF
Reserved ON/OFF
General Fault ON/OFF

Device Status 1

Calibration Active ON/OFF
Warm Up ON/OFF
Low Alarm                     ON/OFF
Aux Alarm ON/OFF
High Alarm ON/OFF
Self Test ON/OFF
Configuration Change    ON/OFF
Alignment Mode ON/OFF

Device Status 2

Write Protect ON/OFF
Response Test ON/OFF
4-20 Fixed ON/OFF
Sensor Removed ON/OFF
Sensor End Of Life ON/OFF
Loop Test Active              ON/OFF
TDSA Alarm ON/OFF
Quick Alarm ON/OFF

Calibration Log
--------------------------------------------------
Calibration Log                 
CalCode: xx Timestamp: xxxxxxxxx
-----------------------------------------------

 First
 Previous
 Next
 End

Display HART Option

1) Tag  xxxxx
2) Descriptor  xxxxx
3) Message  xxxxx
4) Date  xxxxx
5) Final asmbly num  xxxxx

Display RTC

1) Seconds  xxxxx
2) Minutes  xxxxx
3) Hours  xxxxx
4) Day  xxxxx
5) Month  xxxxx
6) Year  xxxxx

Device HART Option

1) Tag        xxxxx
2) Descriptor        xxxxx
3) Message        xxxxx
4) Final asmbly num                 xxxxx

Loop Test

1) 4 mA
2) 20 mA
3) Other
4) End 

Event Log

 1) Event Log

Event Log
___________________________

XXXX On dd/mm/yy-hh:mm:ss
--------------------------------------------

 First
 Previous
 Next
 End

Display Status 2

Any Fault ON/OFF
CAL  Active                       ON/OFF
Warm up Mode ON/OFF
Low Relay Active ON/OFF
Hi Relay Active ON/OFF
Aux Relay Active ON/OFF
Current Fixed ON/OFF
MB Write Protect            ON/OFF

Display Fault 1

12V Fault         ON/OFF
5V Fault                       ON/OFF
3V Fault                       ON/OFF
Reserved ON/OFF
Output Loop FLT ON/OFF
Input Loop FLT ON/OFF
Reserved ON/OFF
Reserved ON/OFF

Display Fault 2

Reserved         ON/OFF
Reserved ON/OFF
FRAM Fault ON/OFF
ADC Ref Voltage Fault ON/OFF
24V Fault         ON/OFF
Flash Fault       ON/OFF
RAM Fault                       ON/OFF
WDT Fault                      ON/OFF

DET-TRONICS

Display Status 1

Cal Line Active ON/OFF
Cal SW Active ON/OFF
HART Test ON/OFF
LON Attached ON/OFF
Response Test ON/OFF
Manual Self Test ON/OFF
Input HART ON/OFF
Reserved ON/OFF

Alarm Setting

Rst Latch Alarms
High Alarm Level xx.xx
High Alarm Latch          Y/N
High Alarm NE/NDE
Low Alarm Level           xx.xx
Low Alarm Latch           Y/N
Low Alarm NE/NDE
Auxilary Alarm Level          xx.xx
Aux Alarm Latch           Y/N
Aux Alarm NE/NDE

Device Cal

1) Sensor Calibration

Calibration

1) Execute
2) Abort

Extended Fault/Status

Extended Byte 0 xxxxx
Extended Byte 1 xxxxx
Extended Byte 2 xxxxx
Extended Byte 3 xxxxx
Extended Byte 4 xxxxx
Extended Byte 5 xxxxx
Extended Byte 6 xxxxx
Extended Byte 7 xxxxx

Write Protect

1) Change Mode
2) Write Protect Y/N

20-Feb-13HART 
Handheld 4.21

Detector Electronics
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Appendix G

UD10 with GT3000 TOXIC GAS DETECTOR

note
For complete information regarding the GT3000 Gas Detector, refer to instruction manual 95-8616.

wiring
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UD10 with GT3000
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Wire Size

Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to sensor/STB termination box is 2000 feet.

Sensor Connector

Power Supply Connector

Output Loop
Connector

MODBUS
Connector

R
el

ay
 C

o
n

n
ec

to
r

P1

J2

J3

J4

P2

4-20 mA +

4-20 mA –

SHIELD

COM

RS485 A

RS485 B

HIGH ALARM COM

HIGH ALARM NC

HIGH ALARM NO

AUX ALARM COM

AUX ALARM NC

AUX ALARM NO

LOW ALARM COM

LOW ALARM NC

LOW ALARM NO

FAULT COM

FAULT NC

FAULT NO

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

S
H

IE
L

D

C
A

L
IB

R
A

T
E

24
 V

D
C

 –

4-
20

 m
A

24
 V

D
C

 +

P1-3

P1-2

P1-1

J2-3

J2-2

J2-1

J4-1

J4-2

J4-3

J4-4

J4-5

J4-6

J4-7

J4-8

J4-9

J4-10

J4-11

J4-12

J3
-1

J3
-2

J3
-3

J3
-4

J3
-5

P
2-

6

P
2-

5

P
2-

4

P
2-

3

P
2-

2

P
2-

1

GT3000

GAS DETECTOR

BLACK

RED

GREEN

SEE NOTE 1

NOTE 1 CONNECT THE GREEN SENSOR LEAD 
 TO THE CHASSIS GROUND LUG ON THE 
 INSIDE BOTTOM OF THE DISPLAY ENCLOSURE.

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.

UD10 
DISPLAY UNIT

C2400

GT3000 Detector Wired Directly to UD10
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UD10 Wired to GT3000 Detector with Sensor Termination Box

NOTE 1 GROUND THE SHIELD AT THE DISPLAY
 UNIT END ONLY.

NOTE 2 HOUSINGS MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.

SEE NOTE 1

UD10 DISPLAY UNIT

C2401
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GAS DETECTOR

SENSOR TERMINATION BOX
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ORIENTATION

The device must be mounted in a vertical position only, 
with the GT3000 pointing down.  

Live Maintenance

Note
The sensor module on the GT3000 Gas Detector 
can be hot swapped, i.e. replaced without 
removing power or de‑classifying the area.  To 
replace a GTX Transmitter connected to the UD10 
with a new transmitter or a different detector type, 
the area must be de‑classified.  

note
Removing the sensor module with power applied 
will result in a fault condition until a new sensor 
module of the same type is installed.  When 
replacing an oxygen sensor, this action will also 
result in an alarm condition as the decreasing 
4-20 mA signal passes through the alarm range.  
Inhibit response devices to prevent unwanted 
actuation.

For complete information regarding sensor replacement 
with the GT3000 Gas Detector, refer to the GT3000 
instruction manual number 95-8616.
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CALIBRATION

GT3000 with Toxic Gas Sensor

From GT3000:

1.	 Using the magnet, activate the magnetic calibration 
switch on the GT3000.  The green LED turns to 
yellow.  

MAGNETIC
SWITCH

LED

A2443

Location of Magnetic Switch on GT3000

2.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with the yellow LED on the detector 
housing illuminated continuously.

3.	 The UD10 will then display “Waiting for Signal” on 
the screen, while the yellow LED on the detector 
is flashing.  The device automatically performs the 
zero calibration.

4.	 The UD10 will display “Waiting for Gas” on the 
screen, while the yellow LED on the detector is 
flashing.

5.	 Apply calibration gas to the sensor.

6.	 The UD10 will display “Waiting for Span” on the 
screen, while the yellow LED on the detector is 
flashing.

7.	 When the UD10 displays “Remove Cal Gas” on the 
screen and all LEDs on the detector housing are off, 
remove the calibration gas.

8.	 After successful calibration, the UD10 automatically 
returns to the normal display with the green LED 
illuminated on the detector.   

From UD10

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the Calibration menu. 

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Cal
Cal Gas Conc

Calibration

Change Snsr Type

Calibration
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the 
main display screen, with the yellow LED on the 
detector housing illuminated continuously.  The 
device automatically performs the zero calibration.

4.	 The UD10 will then display “Waiting for Gas” on 
the screen, while the yellow LED on the detector is 
flashing.

5.	 Apply calibration gas to the sensor.

6.	 The UD10 will display “Waiting for Span” on the 
screen, while the yellow LED on the detector is 
flashing.

7.	 When the UD10 displays “Remove Cal Gas” on the 
screen and the LEDs on the detector housing are 
off, remove the calibration gas.

8.	 After completion of a successful calibration, the 
UD10 automatically returns to the normal mode with 
the green LED illuminated on the detector.  

UD10 mA Output During Calibration
(UD10 with GT3000)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Waiting for Zero 3.8 3.8

Waiting for Gas 3.8 3.8

Waiting for Span 3.8 3.8

Remove Cal Gas 3.8 3.8

Back to Normal 4.0 4.0
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GT3000 with Oxygen Sensor

From GT3000:

1.	 Using the magnet, activate the magnetic calibration 
switch on the GT3000.  The green LED turns to 
yellow.  

2.	 The device automatically performs the zero 
calibration.  

	 The yellow LED on the GT3000 is on continuously.
	 The UD10 displays “Waiting for Zero” on the main 

display screen.  

3.	 When the yellow LED on the GT3000 flashes, the 
device automatically performs the span calculation.

	 If using bottled 20.9% oxygen, apply immediately.
	 The UD10 displays “Waiting for Span” on the 

screen.  

4.	 After successful calibration, the green LED on 
the GT3000 is on continuously and the UD10 
automatically returns to the normal display.  

	 Remove calibration gas (if used).

From UD10

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the Calibration menu. 

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Cal
Cal Gas Conc

Calibration

Change Snsr Type

Calibration
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the 
main display screen, with the yellow LED on the 
detector housing illuminated continuously.  The 
device automatically performs the zero calibration.

4.	 When the UD10 displays “Waiting for Span” on 
the screen and the yellow LED on the detector is 
flashing, the device automatically performs the span 
calculation.  If using bottled 20.9% oxygen, apply 
immediately.

5.	 After completion of a successful calibration, the 
UD10 automatically returns to the normal mode with 
the green LED illuminated on the detector.  Remove 
calibration gas (if used).

MENU STRUCTURE

UD10 with GT3000 Detector

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS 
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST 
DEVICE TEST 

PROCESS VARS

GAS NAME XXXXX
GAS VALUE X.XX
HIGH ALARM            Y/N
LOW ALARM                 Y/N
AUX ALARM Y/N
ANALOG INPUT            X.XX MA
ANALOG OUTPUT           X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO 
RS485
DEBUG MENU

DISPLAY SETUP

ALARM SETTING
MODE SELECT  
HART OPTION 
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST 
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTON XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM          XXXXX
DEVICE ID XXXXX

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER           XXXXX
I/O BOARD ID              XXX
MFG DATE                      DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV           XXXXX
FIELD DEV REV           XXXXX
RUNNING HOURS          XXXXX
TEMPERATURE XX.XX C
HEATER CTRL                  AUTO/ON/OFF
BACKLIGHT CTRL            AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE                       XXXXX
PARITY                       XXXXX
POLL ADDRESS                XXXXX

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST             ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

EVENT LOG

EVENT            XXXXX
DATE            DD/MMM/YYYY
TIME            HH:MM:SS

RTC

DISPLAYED    Y/N
SECONDS     XX
MINUTES     XX
HOURS     XX
DAY     XX
MONTH     XX
YEAR     XX

HART OPTION

TAG           XXXXX
DESCRIPTOR        XXXXX
DATE           XXXXX
MESSAGE           XXXXX
FINAL ASSY NUM  XXXXX

RTC

DISPLAYED           Y/N
SECONDS           XX
MINUTES           XX
HOURS           XX
DAY           XX
MONTH           XX
YEAR           XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

D/A TRIM

ZERO TRIM
GAIN TRIM

DEVICE TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

LOOP TEST

SET 4-20 MA 

DEVICE CAL

CAL GAS CONC XX.XX
CALIBRATION
CHANGE SNSR TYPE

CALIBRATION

EXECUTE
ABORT

DEVICE SETUP

DEVICE OPTION
HART OPTION
RTC 
WRITE PROTECT

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXX
FINAL ASSY NUM XXXX

DEVICE OPTION

GAS NAME XXXX
UNIT OF MEASURE
URV XXXX
LRV XXXX
USL XXXX
LSL XXXX 

RTC

SYNC W/DISP
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

DEVICE STATUS

GENERAL INFO              
FAULT/STATUS
TX INFO
SENSOR INFO
HISTORY
DEBUG MENU

HISTORY

TX HISTORY
SENSOR HISTORY
CALIBRATION LOG
EVENT LOG

GENERAL INFO

MANUFACTURER
MODEL FGP_TX
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

FAULT/STATUS

OP MODE XXXXX
CAL STATE XXXXX
TX STATUS Y/N
TX FAULT Y/N
SENSOR STATUS Y/N
SENSOR FAULT Y/N

TX INFO

RTC
SERIAL NUMBER XXXXX
H/W REV XX.XX
F/W REV XX.XX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
S/W REV XX.XX
RUNNING HOURS XXXXX
TEMPERATURE XX.XXC

SENSOR INFO

SENSITIVITY XXXXX
GAS TYPE XXXXX
SERIAL NUMBER XXXXX
H/W REV XX.XX
F/W REV XX.XX
REV XXXXX
USL XX.XX
LSL XX.XX
RUNNING HOURS XXXXX
CAL POINT ZERO XX.XX
CAL POINT SPAN XX.XX
PPM HOURS XXXXX
TEMPERATURE XX.XXC

EVENT LOG

EVENT          XXXXX
DATE         DD/MMM/YYYY
TIME           HH:MM:SS

CALIBRATION LOG

CAL ID XXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XX.XX
SPAN XX.XX

RTC

SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

DEBUG MENU

HART ERRORS                 XXXXX
MODBUS ERRORS           XXXXX
OUTPUT READBACK      XX.XX MA
ANALOG INPUT XX.XX MA

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

TX HISTORY

RUNNING HOURS XX:XX:XX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX

DISPLAY HISTORY

RUNNING HOURS   XXXX
MAX TEMP          XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP           XX.XX C
MIN TEMP TIME  XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

TX STATUS

TX FAULT ON/OFF 
WARM UP ON/OFF 
CHANGE CONFIG ON/OFF 
MULTI DROP ON/OFF 
WRITE PROTECT ON/OFF 
SELF TEST ON/OFF 
RESPONSE TEST ON/OFF 
CURRENT FIXED ON/OFF 
LOOP TEST ON/OFF
FACTORY MODE ON/OFF 
SNSR ASSY REMOVE ON/OFF

TX FAULT

EE FAULT ON/OFF
ADC FAULT ON/OFF
DAC FAULT ON/OFF
LOW VOLTAGE ON/OFF
FLASH CRC FAULT ON/OFF
RAM FAULT ON/OFF
TEMP FAULT ON/OFF
SOFTWARE FAULT ON/OFF
EE SAFETY FAULT ON/OFF
ZERO DRIFT FAULT          ON/OFF
SENSOR MISMATCH ON/OFF
SENSOR FAULT ON/OFF

SENSOR STATUS

SENSOR FAULT  ON/OFF  
WARM UP  ON/OFF  
CAL ACTIVE  ON/OFF  
CAL SWITCH  ON/OFF  
WRITE PROTECT  ON/OFF  
EOL SENSOR  ON/OFF  
CHANGE CONFIG  ON/OFF 
GEN ACTIVE                      ON/OFF
GEN INSTALLED                ON/OFF

SENSOR FAULT

CAL FAULT ON/OFF
EE FAULT ON/OFF
ADC FAULT ON/OFF
ADC CNTR FAULT ON/OFF
3V FAULT ON/OFF
ZERO DRIFT FAULT ON/OFF
FLASH CRC FAULT ON/OFF
RAM FAULT ON/OFF
TEMP FAULT ON/OFF
COMM FAULT ON/OFF
CELL MISSING FLT ON/OFF
GEN FAULT ON/OFF

DEBUG MENU

MODBUS ERRORS           XXXX

SENSOR HISTORY

RUNNING HOURS   XXXX
MAX TEMP          XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP           XX.XX C
MIN TEMP TIME  XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MIN RESET TEMP XX.XX C

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT           XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH        Y/N
HGH ALARM NE/ND      
LOW ALARM LEVEL         XX.XX
LOW ALARM LATCH        Y/N
LOW ALARM NE/ND      
AUX ALARM LEVEL          XX.XX
AUX ALARM LATCH         Y/N
AUX ALARM NE/ND      

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

UNIT OF MEASURE

PPM
%
MGM3

20-Feb-13GT3000 4.21

Detector Electronics

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

OP FEEDBACK FLT 

OFF
ON
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Appendix H

UD10 with PIR9400 POINTWATCH IR Gas Detector

note
For complete information regarding the PIR9400 Gas Detector, refer to instruction manual 95-8440.

wiring
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UD10 with PIR9400
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Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to PIR9400/PIRTB termination box is 2000 feet.

UD10 DISPLAY UNIT

PIR9400 
POINTWATCH

BLACK

RED

YELLOW

WHITE

GREEN

SEE NOTE 1

NOTE 1 CONNECT THE GREEN SENSOR LEAD 
 TO THE CHASSIS GROUND LUG ON THE 
 INSIDE BOTTOM OF THE DISPLAY ENCLOSURE.

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.C2402
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PIR9400 Wired Directly to UD10



H-2 95-86614.2

INSTALLATION Notes

IMPORTANT
Hydrocarbon-based grease emits hydrocarbon 
vapors that will be measured by PointWatch, 
resulting in inaccurate gas level readings.  Use 
only low vapor pressure Lubriplate grease or 
Teflon tape on the PointWatch detector and 
associated termination box.  Do not get grease 
on the optics of the detector.  A suitable grease is 
listed in the “Ordering Information” section in this 
manual.  

IMPORTANT
In applications where both PointWatch and 
catalytic type sensors are used, ensure that the 
grease used to lubricate the PointWatch detector 
threads does not come into contact with the 
catalytic sensors, since poisoning of the catalytic 
sensors could result.  It is strongly recommended 
that maintenance personnel wash their hands 
between handling the two types of sensors.  

ORIENTATION

It is highly recommended that the PIR9400 be 
installed in the horizontal position.  The detector 
is not position-sensitive in terms of its ability to detect 
gas.  However, the weather baffle assembly provides 
superior performance when installed in a horizontal 
position.  (See illustration below).

UD10 Wired to PIR9400 with PIRTB Termination Box

UD10 DISPLAY UNIT
SEE NOTE 1

NOTE 1 CONNECT THE GREEN SENSOR LEAD 
 TO THE CHASSIS GROUND LUG ON THE 
 INSIDE BOTTOM OF THE PIRTB.

NOTE 2 HOUSINGS MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.A2556
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PIRTB JUNCTION BOX
PIR9400
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WHITE
BLACK
RED

SPARE
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changing operating modes

When used with a PIR9400, the operating mode of 
the UD10 must be changed from “HART Device” to 
“PIR9400” mode.  Refer to the “Startup” section of this 
manual for details.

CALIBRATION

To initiate calibration of the PIR9400 from the UD10 
Display:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the “Calibration” menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Cal
Calibration

Calibration
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen.

4.	 The UD10 will then display “Waiting for Gas” on the 
screen.

5.	 Apply calibration gas to the PIR9400.

6.	 The UD10 will continue to display “Waiting for Gas” 
on the screen.

7.	 When the UD10 displays “Remove Cal Gas” on 
the screen, remove the calibration gas from the 
PIR9400.

8.	 The UD10 automatically returns to the normal mode 
after successful calibration.

To initiate calibration from the PIRTB Termination Box 
while monitoring calibration using the UD10 display:

1.	 Using the magnet, activate the magnetic calibration 
switch on the PIRTB Termination Box.  The LED at 
the PIRTB turns from off to steady red.

2.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with a steady red LED at the PIRTB.

3.	 The UD10 will then display “Waiting for Gas” on the 
screen, while the LED at the PIRTB is flashing red.

4.	 Apply calibration gas to the PIR9400 detector.

5.	 The UD10 will display “Waiting for Span” on the 
screen, with a red flashing LED at the PIRTB.

6.	 When the UD10 displays “Remove Cal Gas” on the 
screen and the LED at the PIRTB turns off, remove 
the calibration gas.

7.	 After successful calibration, the UD10 automatically 
returns to the normal mode, and the LED on the 
PIRTB remains off.

UD10 mA Output During Calibration
(UD10 with PIR9400)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Waiting for Zero 3.8 2.2

Waiting for Gas 3.8 3.8

Waiting for Span 3.8 3.8

Remove Cal Gas 3.8 3.8

Back to Normal 4.0 4.0

CALIBRATE SWITCH

B2056

HOLD CALIBRATION MAGNET
AT OUTSIDE BASE OF JUNCTION 
BOX AT THIS LOCATION
TO ACTIVATE CALIBRATION SWITCH

REMOTE LED

PIRTB Termination Box



H-4 95-86614.2

MENU STRUCTURE

UD10 with PIR9400 PointWatch Detector

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS 
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST 

PROCESS VARS

GAS NAME XXXX
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

DEVICE INFO

MANUFACTURER
MODEL PIR9400
GAS NAME XXXXX
UNIT OF MEASURE XXXXX
URV XX.XX
LRV XX.XX

DEVICE STATUS

DEVICE INFO
FAULT/STATUS
CALIBRATION LOG

CALIBRATION LOG

CAL ID XXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XXXX
SPAN XXXX

DEVICE SETUP

DEVICE OPTION

DEVICE OPTION

GAS TYPE
GAS NAME XXXXX
UNIT OF MEASURE %LFL
URV XX.XX
LRV XX.XX

DEVICE CAL

CALIBRATION
CAL GAS CONC XX.XX

GAS TYPE

METHANE
ETHANE
PROPANE
PROPYLENE
ETHYLENE

CALIBRATION

EXECUTE
ABORT

SET 4-20 MA

3.5MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

FAULTS

WARM UP ON/OFF 
REF. CHANNEL FLT ON/OFF
ACT CHANNEL FLT ON/OFF
STARTUP CAL FLT ON/OFF
24 V FAULT ON/OFF 
BLOCK OPTICS ON/OFF 
CAL FAULT ON/OFF 
LOW FAULT ON/OFF 
HIGH FAULT ON/OFF 

FAULTS/ STATUS

FAULTS Y/N

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13PIR9400 4.21

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix I

UD10 with MODEL PIRECL

note
For complete information regarding the PIRECL Gas Detector, refer to instruction manual 95-8526.

WIRING
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Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to detector/STB termination box is 2000 feet.
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UD10 DISPLAY UNIT

24 VDC –
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CALIBRATE
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NOTE 1 INTERNAL JUMPER REQUIRED FOR
 NON-ISOLATED CURRENT OUTPUT
 (SINGLE POWER SUPPLY).

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.

1

Model PIRECL Wired Directly to UD10

ORIENTATION

It is highly recommended that the PIRECL be 
installed in the horizontal position.  The detector 
is not position-sensitive in terms of its ability to detect 
gas.  However, the weather baffle assembly provides 
superior performance when the PIRECL is installed 
with the baffle in a horizontal position.  

CORRECT INCORRECT
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CALIBRATION

To initiate calibration of the PIRECL from the UD10 
Display:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the “Calibration” menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Cal
Cal Gas Con

Cal Gas Type

Calibration

Date

Calibration
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with a solid red LED on the PIRECL 
housing illuminated.

4.	 The UD10 will then display “Waiting for Gas” on the 
screen, while the LED on the PIRECL is flashing red.

5.	 Apply calibration gas to the PIRECL

6.	 The UD10 will display “Waiting for Span” on the 
screen, while a red flashing LED on the PIRECL 
housing is illuminated.

7.	 When the UD10 displays “Remove Cal Gas” on the 
screen and the LED on the PIRECL housing is off, 
remove the calibration gas.

8.	 After successful calibration, the UD10 automatically 
returns to the normal display with the green LED 
illuminated on the PIRECL housing.  

To initiate calibration from the PIRECL while monitoring 
calibration using the UD10 display:

1.	 Using the magnet, activate the magnetic calibration 
switch on the PIRECL detector.  See Figure below.  
The LED turns from green to red.

2.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with a solid red LED on the PIRECL 
housing illuminated.

3.	 The UD10 will then display “Waiting for Gas” on the 
screen, while the LED on the PIRECL is flashing red.

4.	 Apply calibration gas to the PIRECL detector.

5.	 The UD10 will display “Waiting for Span” on the 
screen, while a red flashing LED on the PIRECL 
housing is illuminated.

6.	 When the UD10 displays “Remove Cal Gas” on the 
screen and the LED on the PIRECL housing is off, 
remove the calibration gas.

7.	 After successful calibration, the UD10 automatically 
returns to the normal mode with the green LED 
illuminated on the PIRECL.

CALIBRATION MAGNET

CALIBRATION NOZZLE

MULTICOLOR LED

HART COMMUNICATION PORT
(COVER INSTALLED)

PLACE CALIBRATION MAGNET
HERE TO ACTIVATE INTERNAL
REED SWITCH

B2435

Model PIRECL Gas Detector

UD10 mA Output During Calibration
(UD10 with PIRECL)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Waiting for Zero 3.8 2.2

Waiting for Gas 3.8 2.0

Waiting for Span 3.8 2.0

Remove Cal Gas 3.8 1.8

Back to Normal 4.0 4.0
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MENU STRUCTURE

UD10 with Model PIRECL

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST
DEVICE TEST

PROCESS VARS

GAS NAME XXXXXX 
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXX
PARITY XXXX
POLL ADDRESS XXXX

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XXXXX
MINUTES XXXXX
HOURS XXXXX
DAY XXXXX
MONTH XXXXX
YEAR XXXXX

RTC

DISPLAYED Y/N
SECONDS XXXXX
MINUTES XXXXX
HOURS XXXXX
DAY XXXXX
MONTH XXXXX
YEAR XXXXX

BAUD RATE

1200
2400
4800
9600
19.2K

D/A TRIM

ZERO TRIM
GAIN TRIM

SENSOR INFO

ACTIVE XX.XX
REFERENCE XX.XX
RATIO XX.XX
ABSORPTION XX.XX
TEMPERATURE XX.XXC
VOL % XX.XX
USL XX.XX
LSL XX.XX
SPAN FACTOR XX.XX

FAULT/STATUS

OP MODE XXXXX
CAL STATE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL ECLIPSE
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM           XXXXX
DEVICE ID XXXXX

HISTORY

DEVICE HISTORY
CALIBRATION LOG
EVENT LOG

DEVICE INFO 

SERIAL NUMBER XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
S/W REV XXXXX

DEVICE STATUS 

GENERAL INFO
FAULT/STATUS
DEVICE INFO
SENSOR INFO
HISTORY

EVENT LOG

EVENT XXXXX
HOURS XXXXX

CALIBRATION LOG

CAL ID XXXXX
HOURS XXXXX

STATUS

CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW ALARM ON/OFF
HIGH ALARM ON/OFF
HART SELF TEST ON/OFF
CHANGE CONFIG ON/OFF

FAULT

CAL FAULT ON/OFF
DIRTY OPTICS ON/OFF
LAMP FAULT ON/OFF
START CAL FAULT ON/OFF
EE 1 FAULT ON/OFF
EE 2 FAULT ON/OFF
REF ADC SAT ON/OFF
ACTIVE ADC SAT ON/OFF
24V FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
ZERO DRIFT FAULT ON/OFF
FLASH CRC FAULT ON/OFF
RAM FAULT ON/OFF

D/A TRIM

ZERO TRIM
GAIN TRIM

DEVICE TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA

DEVICE CAL

CAL GAS CONC XX.XX
CAL GAS TYPE
CALIBRATION
CAL DATE DD/MMM/YYYY

CALIBRATION

EXECUTE
ABORT

DEVICE SETUP

DEVICE OPTION
ALARM SETTING
HART OPTION
RS485
WRITE PROTECT

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

DEVICE OPTION

GAS TYPE
UNIT OF MEASURE
URV XX.XX
LRV XX.XX
USL XX.XX
LSL XX.XX
ANALOG CODE VAL
ANALOG FLT CODE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY
NONE
EVEN
ODD

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N

UNIT OF MEASURE

%LFL
PPM
VOL%

ANALOG CODE VAL

WARM UP XX.XX
BLOCKED OPTIC XX.XX
CALIBRATION XX.XX
FAULT XX.XX

GAS TYPE

METHANE
ETHANE
PROPANE
ETHYLENE
PROPYLENE
BUTANE
SPECIAL

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXX

PARITY

NONE
EVEN
ODD

LOOP TEST

SET 4-20 MA                    

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

LOOP TEST

3.5MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

DEVICE HISTORY

RUNNING HOURS XXXXX
MAX TEMP XX.XX C
MAX TEMP TIME XXXX 
MIN TEMP XX.XX C
MIN TEMP TIME XXXX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XXXX
MIN RESET TEMP XX.XX C
MIN RESET TIME XXXX

ANALOG  FAULT CODE

ECLIPSE
PIR9400
USER DEFINED

CAL GAS TYPE

SAME AS MEASURE GAS
METHANE
PROPANE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD
WRITE PROTECT XXXX

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL 
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13 4.21PIRECL

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix J

UD10 with OPEN PATH ECLIPSE MODEL OPECL

note
For complete information regarding the OPECL Gas Detector, refer to instruction manual 95-8556.

WIRING
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Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to detector/STB termination box is 2000 feet.
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UD10 DISPLAY UNIT

MODEL OPECL

24 VDC –

24 VDC –

24 VDC +

24 VDC +

CALIBRATE

4-20 MA +

4-20 MA –

RS-485 A

RS-485 B
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1

NOTE 1 INTERNAL JUMPER REQUIRED FOR
 NON-ISOLATED CURRENT OUTPUT
 (SINGLE POWER SUPPLY).

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND. C2405
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Model OPECL Wired Directly to UD10
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ORIENTATION

OPECL modules must be affixed to a solid, non-vibrating 
structure capable of supporting a minimum of 100 lbs (46 
kg), located within the system’s rated separation distance.  
See examples below.

In all cases, the maximum movement of the supporting 
structure under all anticipated operating conditions must 
be no more than ±0.25 degrees.  When using a vertical 
post, the post should be absolutely stable and without 
vibration.  Generally, when the post is set into the ground, 
the portion below grade should be set in concrete at least 
1 meter deep.

CALIBRATION

To initiate zero calibration of the OPECL from the UD10 
Display:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the “Calibration” menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Calibration
Cal Gas Type

Zero Cal

Span Cal

Cal Date

Calibration
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with a solid red LED on the OPECL 
housing illuminated.

4.	 After the calibration is successfully completed, the 
UD10 automatically returns to the normal display with 
the green LED illuminated on the OPECL housing.  

A2306

UD10 mA Output During Calibration
(UD10 with OPECL)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Waiting for Zero 3.8 2.2

Back to Normal 4.0 4.0
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To initiate zero calibration from the OPECL:

1.	 Using the magnet, activate the magnetic calibration 
switch on the OPECL receiver.  See Figure below.  
The green LED will turn red.

2.	 The UD10 will display “Waiting for Zero” on the main 
display screen, with a solid red LED on the OPECL 
housing illuminated.

3.	 After the calibration is successfully completed, the 
UD10 automatically returns to the normal display with 
the green LED illuminated on the OPECL housing.  

OPECL Transmitter Lamp Fault 
Condition

If the OPECL system experiences a Transmitter (Tx) 
Lamp Fault condition, the UD10 display will not indicate 
a fault condition and its output will remain at 4 mA.  The 
OPECL system is still fully functional and able to detect 
gas.  If a gas alarm condition should occur, the alarm 
condition will override the Tx Lamp Fault condition.  

The OPECL system indicates a fault condition by 
amber indicator LEDs on both the transmitter and the 
receiver.

To verify an OPECL Tx Lamp Fault condition, within the 
Menu Structure of the UD10 Display navigate to the 
device Fault/Status menu:

The Fault status will indicate Y (Yes).  Click on “Fault” 
and the Fault menu will identify the fault as a “Lamp 
Fault”.

For complete information regarding OPECL fault 
indications and operation of the OPECL transmitter 
lamps, refer to the OPECL instruction manual, number 
95‑8556.

MENU STRUCTURE

UD10 with Open Patch Eclipse Model OPECL

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  

Location of Receiver’s Internal Magnetic Switch

PLACE CALIBRATION MAGNET
HERE TO ACTIVATE INTERNAL
REED SWITCH

A2349

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test
Device Test

Device Status
General Info

Fault/Status

Device Info

Sensor Info

History

Fault/Status
Op Mode

Cal State

Fault                  Y

Status



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST 
DEVICE TEST 

PROCESS VARS

GAS NAME XXXXXXX 
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

BAUD RATE

1200
2400
4800
9600
19.2K

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

RTC

SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

HISTORY

DEVICE HISTORY
CALIBRATION LOG
EVENT LOG

DEVICE HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME X:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME X:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

GENERAL  INFO

MANUFACTURER
MODEL OPECL_RX
TAG XXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXX
FINAL ASSY NUM XXXX
DEVICE ID XXXX 

FAULT/STATUS

OP MODE XXXXX
CAL STATE XXXXX
FAULT Y/N
STATUS Y/N

DEVICE INFO 

RTC
SERIAL NUMBER XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
S/W REV XXXXX

SENSOR INFO

ACTIVE XX.XX
REFERENCE XX.XX
RATIO XX.XX
GAS GAIN XX.XX
TEMPERATURE XX.XX C
ABSORPTION XX.XX
COEFFICIENT

COEFFICIENT

COEFF A X.XXXXX
COEFF B X.XXXXX
COEFF C X.XXXXX
COEFF D X.XXXXX
COEFF E X.XXXXX

DEVICE STATUS 

GENERAL INFO
FAULT/STATUS
DEVICE INFO
SENSOR INFO
HISTORY

EVENT LOG

EVENT XXXXX
DTIME MM/DD-HH:MM

CALIBRATION LOG

CAL ID XXXXX
DTIME MM/DD-HH:MM

STATUS

CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW ALARM ON/OFF
HIGH ALARM ON/OFF
HART SELF TEST ON/OFF
ALIGN MODE ON/OFF
CHANGE CONFIG ON/OFF

FAULT

CAL FAULT ON/OFF 
DIRTY OPTICS ON/OFF 
LAMP FAULT ON/OFF 
START CAL FAULT ON/OFF 
EE FAULT ON/OFF 
NOISE FAULT ON/OFF 
REF ADC SAT ON/OFF 
ACTIVE ADC SAT ON/OFF 
24V FAULT ON/OFF
ALIGN ADC SAT ON/OFF
ALIGN FAULT ON/OFF
ZERO DRIFT FAULT ON/OFF
FLASH CRC FAULT ON/OFF 
RAM FAULT ON/OFF
ALIGN WARNING ON/OFF
BLOCKED OPTICS ON/OFF

DEVICE SETUP

DEVICE OPTION
ALARM SETTING
HART OPTION
RS485
RTC
WRITE PROTECT

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXX

DEVICE OPTION

GAS NAME
UNIT OF MEASURE
URV XXXXX
LRV XXXXX
USL XXXXX
LSL XXXXX
ANALOG CODE VAL
ANALOG FLT CODE
BLOCK OPTIC TIME XXXXX
HEATER CONTROL X 

RS485

BAUD RATE
PARITY
POLL ADDRESS XXX 

BAUD RATE
1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN 
ODD

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XXXXX
HGH ALARM LATCH Y/N
LOW ALARM LEVEL XXXXX
LOW ALARM LATCH Y/N

ANALOG CODE VAL

WARM UP XXXXXX
BLOCKED OPTIC XXXXXX
CALIBRATION XXXXXX
FAULT XXXXXX

GAS NAME

METHANE
ETHANE
PROPANE
PROPYLENE
BUTANE
SPECIAL

ANALOG FLT CODE

OPECL
PIR9400
USER DEFINED

RTC

SYNC W/DISP
SECONDS XXXX
MINUTES XXXX
HOURS XXXX
DAY XXXX
MONTH XXXX
YEAR XXXX

D/A TRIM

ZERO TRIM
GAIN TRIM

DEVICE TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

SET 4-20 MA

3.5MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA

DEVICE CAL

CAL GAS CONC XX.XX
CAL GAS TYPE
ZERO CALIBRATION
SPAN CAL FACTOR XXXXX
CAL DATE DD/MMM/YYYY

ZERO CALIBRATION

EXECUTE
ABORT

UNIT OF MEASURE

LFLM
VOLM
PPMM

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

SET 4-20 MA

3.5MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

PARITY

NONE
EVEN
ODD

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

RS485

BAUD RATE XXXX
PARITY XXXX
POLL ADDRESS XXXX

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

CAL GAS TYPE

SAME AS MEASURE GAS
METHANE
PROPANE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD
WRITE PROTECT XXXX

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT`
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13OPECL 4.21

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix K

UD10 with NTMOS H2S Detector

note
For complete information regarding the NTMOS Gas Detector, refer to instruction manual 95-8604.

WIRING
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Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to detector/STB termination box is 2000 feet.

INSTALLATION notes

NOTE
Never use silicone grease with the NTMOS 
detector.

note
A junction box spacer or standoff may be used to 
increase the distance between the device and the 
mounting surface, thereby facilitating installation 
and use of the ampoule calibrator.

Note
For non-HART applications, the NTMOS detector 
can be wired to the Sensor Connector terminals 
(J3) on the UD10 module.  If HART communication 
will be used, the NTMOS detector must be wired 
to the optional NTMOS Connector Board, located 
on the inside bottom of the UD10 housing.  Refer 
to the appropriate wiring diagram.

Proper Termination of Orange and Grey Wires

The orange and grey wires on the NTMOS detector are 
for factory use only.  Proper field termination of these 
wires can be accomplished in any of the following ways:

–	If wiring to optional NTMOS Connector Board, use the 
terminals provided (grey to COM 1 & orange to COM 2).

–	If codes allow, they can be taped off and left 
unconnected.

–	Connect both wires to the “Shield” terminal (J3‑1).

–	Connect both wires to Power Supply Minus (24 Vdc –).

–	Connect to unused terminals in the STB Sensor 
Termination Box.
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NTMOS
DETECTOR

BLACK

RED

GREY

YELLOW

WHITE

ORANGE

NOTE 1 GREY AND ORANGE WIRES FOR FACTORY USE ONLY.

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.
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SEE NOTE 1

NTMOS Detector Wired Directly to UD10 (Non-HART Applications Only)

NOTE 1 GREY AND ORANGE WIRES FOR FACTORY USE ONLY.

NOTE 2 HOUSINGS MUST BE ELECTRICALLY CONNECTED TO 
 EARTH GROUND.

UD10 
DISPLAY UNIT

C2482

Sensor Connector

Power Supply Connector

Output Loop
Connector

MODBUS
Connector

R
el

ay
 C

o
n

n
ec

to
r

P1

J2

J3

J4

P2

4-20 mA +

4-20 mA –

SHIELD

COM

RS485 A

RS.485 B

HIGH ALARM COM

HIGH ALARM NC

HIGH ALARM NO

AUX ALARM COM

AUX ALARM NC

AUX ALARM NO

LOW ALARM COM

LOW ALARM NC

LOW ALARM NO

FAULT COM

FAULT NC

FAULT NO

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

24
 V

D
C

 –

24
 V

D
C

 +

S
H

IE
L

D

S
H

IE
L

D

C
A

L
IB

R
A

T
E

24
 V

D
C

 –

4-
20

 m
A

24
 V

D
C

 +

P1-3

P1-2

P1-1

J2-3

J2-2

J2-1

J4-1

J4-2

J4-3

J4-4

J4-5

J4-6

J4-7

J4-8

J4-9

J4-10

J4-11

J4-12

J3
-1

J3
-2

J3
-3

J3
-4

J3
-5

P
2-

6

P
2-

5

P
2-

4

P
2-

3

P
2-

2

P
2-

1

STB TERMINATION BOX

NTMOS 
H2S DETECTOR

R
E

D

B
L

A
C

K
W

H
IT

E

Y
E

L
LO

W
G

R
E

Y
O

R
A

N
G

E

UD10 Wired to NTMOS Detector with STB Termination Box (Non-HART Applications Only)
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NOTE 1 REMOVE UD10 ELECTRONIC MODULE FOR ACCESS
 TO NTMOS CONNECTOR BOARD (NO TOOLS REQUIRED).

NOTE 2 GREY AND ORANGE WIRES FOR FACTORY USE ONLY.

NOTE 3 HOUSINGS MUST BE ELECTRICALLY CONNECTED TO 
 EARTH GROUND.
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NTMOS Detector Wired Directly to UD10 via the NTMOS Connector Board
(NTMOS Connector Board is Required for HART Communication)

UD10 with NTMOS Connector Board Wired to NTMOS Detector with STB Termination Box
(NTMOS Connector Board is Required for HART Communication)

NOTE 1 REMOVE UD10 ELECTRONIC MODULE FOR ACCESS
 TO NTMOS CONNECTOR BOARD (NO TOOLS REQUIRED).

NOTE 2 GREY AND ORANGE WIRES FOR FACTORY USE ONLY.

NOTE 3 HOUSINGS MUST BE ELECTRICALLY CONNECTED TO 
 EARTH GROUND.
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FACTORY INSTALLED CABLE

NTMOS CONNECTOR BOARD
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ORIENTATION

The UD10/NTMOS assembly must be mounted 
with the detector pointing down (see photo below).  

calibration
Calibration Notes

The NTMOS detector must be calibrated using 50 ppm 
H2S in air (never use H2S in nitrogen).  

Det-Tronics provides two acceptable sources of 50 
ppm H2S calibration gas for use with NTMOS detectors.

Warning
The use of any other H2S calibration mixture will 
produce inaccurate calibration results, possibly 
resulting in a dangerous condition if the detector 
under-reports the level of H2S.

1.	 50 ppm Ampoule Calibration Kit (p/n 007098-005) 
with 50 ppm ampoules (p/n 225741-001)

To operate the Ampoule Calibrator:
–	 Remove the cover and insert a 50 ppm H2S 

ampoule into the ampoule holder inside the 
calibrator.  Tighten the thumb screw until snug.

–	 Place the cover back on the calibrator and 
connect it snugly to the NTMOS detector.  

–	 Tighten the thumb screw until the ampoule breaks.
–	 Rotate the mixing fan by slowly turning the mixing 

fan lever.   

2.	 Humidification Tube Calibration Kit (p/n 
010272‑001) with bottled 50 ppm H2S in air (p/n 
227117-014).  For complete information regarding 
use of the Humidification Tube Calibration Kit, 
refer to Instruction Manual number 95-8648.

Note
When calibrating with bottled 50 ppm H2S in air, 
the humidification tube must be used.

FLEXVU UD10

NTMOS H2S DETECTOR

AMPOULE CALIBRATOR

THUMB SCREW

MIXING FAN LEVER

Ampoule Calibrator Attached to NTMOS Detector
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Calibration Procedure

To calibrate the NTMOS detector with the FlexVu UD10 
Display:

1.	 Touch the magnet to the ENTER/SELECT button to 
display the Main Menu.  Follow the illustration below 
to navigate to the “Calibrate” menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test

Device Cal
Cal Gas Conc

Calibrate

Calibrate
Execute

Abort

2.	 Activate “Execute” (Enter/Select) to begin the zero 
calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen.

4.	 When zero calibration is complete (approximately 
one minute), the UD10 will display “Waiting for 
Span” on the main display screen.  

5.	 Apply calibration gas to the detector.  

6.	 With 50 ppm H2S applied to the detector, the UD10 
display will continue to show “Waiting for Span” while 
the span calibration is being performed. 

7.	 When the UD10 Display shows “Remove Cal Gas” 
the calibration is complete.  Remove calibration gas 
from the detector.

8.	 When the gas level falls below the lowest alarm 
setpoint, the UD10 automatically exits the Calibrate 
mode and returns to normal operating mode.

MENU STRUCTURE

UD10 with NTMOS H2S Detector

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  

Humidification Tube Calibration Kit Attached to NTMOS Detector

UD10 mA Output During Calibration
(UD10 with NTMOS)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Waiting for Zero 3.8 2.2

Waiting for Gas 3.8 3.8

Waiting for Span 3.8 3.8

Remove Cal Gas 3.8 3.8

Back to Normal 4.0 4.0



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST

PROCESS VARS

GAS NAME XXXXXXX 
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XXXXX
MINUTES XXXXX
HOURS XXXXX
DAY XXXXX
MONTH XXXXX
YEAR XXXXX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA

DEVICE STATUS

FAULT/STATUS
CALIBRATION LOG CALIBRATION LOG

CAL ID XXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XXXX
SPAN XXXX

DEVICE SETUP

GAS NAME XXXX
DETECTOR TYPE
UNIT OF MEASURE

DETECTOR TYPE

NTMOS  H2S  100  PPM
NTMOS  H2S    50  PPM

DEVICE CAL

CALIBRATION
CAL GAS CONC XXX.XX

CALIBRATION

EXECUTE

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO
RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF

FAULTS/ STATUS

FAULTS Y/N

FAULTS

HIGH FAULT ON/OFF
LOW FAULT ON/OFF
CAL FAULT ON/OFF

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13NTMOS 4.21

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

UNIT OF MEASURE 

PPM
MGM3

OP FEEDBACK FLT 

OFF
ON
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Appendix L

UD10 with C706X TOXIC GAS sensor

note
For complete information regarding the C7064E H2S Gas Sensor, refer to instruction manual 95-8396.
For the C7067E Chlorine Gas Sensor, refer to instruction manual 95-8439.

WIRING
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UD10 with C706X
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Wire Size

Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to sensor/STB termination box is 2000 feet.

 Model C7065E oxygen sensor is not supported.
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C706X SENSOR

BLACK

RED

GREEN

SEE NOTE 1

NOTE 1 CONNECT THE GREEN SENSOR LEAD 
 TO THE CHASSIS GROUND LUG ON THE 
 INSIDE BOTTOM OF THE DISPLAY ENCLOSURE.

NOTE 2 UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.
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C706X Sensor Wired Directly to UD10

NOTE 1 GROUND THE SHIELD AT THE DISPLAY
 UNIT END ONLY.

NOTE 2 HOUSINGS MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.
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UD10 Wired to C706X Sensor with STB Termination Box
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INSTALLATION

WIRING REQUIREMENTS

The simplest installation involves installing the sensor 
into one of the UD10 openings and connecting the wiring 
directly to the UD10.  If the installation requires separation 
of the C706X sensor and the UD10 Display, the sensor 
can be connected to a STB sensor termination box, and 
the C706X/STB combination wired to the UD10.  In this 
case, shielded cable is recommended to help protect 
against interference caused be extraneous electrical 
“noise.”  In applications where the cable is installed in 
conduit, the conduit should not be used for wiring to 
other electrical equipment whenever possible.  If other 
equipment power wiring is run in the same conduit, the 
cabling must be shielded.  The maximum allowable 
distance between the C706X sensor and UD10 Display 
Unit is limited by the resistance of the cabling used.  

INSTALLATION AND WIRING procedure

1.	 Determine the best mounting locations for the 
detectors.

2.	 Install the C706X sensor within the proper opening 
in the UD10 or STB junction box.  Mount the UD10/
C706X with the sensor oriented vertically and the 
opening pointing down.  The UD10 should be 
electrically connected to earth ground.

Note
The electrochemical sensor cell does not need 
to be installed within the C706X housing while 
installing and wiring the detector/junction box.  
It is recommended to keep the sensor in the 
manufacturer’s sealed shipping bag in a cool 
storage environment until actual power-up and 
calibration commissioning is performed.  This 
will ensure that the sensor will provide maximum 
longevity.

3.	 Terminate all three C706X conductors at the proper 
terminals.  Refer to the appropriate illustration for 
details.   

4.	 Double check that all wiring is the proper size 
and type and has been installed correctly.  Check 
operating voltage at the C706X sensor and the 
UD10 Display Unit.

NOTE
Do not apply power to the system with the junction 
box cover removed unless the area has been de-
classified.

5.	 Proceed with startup and calibration.
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CALIBRATION

To initiate calibration of the C706X sensor from the 
UD10 Display:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the “Calibrate” menu.

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen as it performs zero calibration.

4.	 When zero calibration is complete, the UD10 will 
display “Waiting for Gas” on the screen.

5.	 Apply calibration gas to the sensor.

6.	 The UD10 will display “Waiting for Span” on 
the screen while the span calibration is being 
performed.  

7.	 When the UD10 displays “Remove Cal Gas” on the 
screen, remove the calibration gas from the sensor.

8.	 When calibration is complete, “Remove Cal Gas” is 
no longer displayed on the screen and the UD10 
automatically returns to the normal operating 
mode.  

MENU STRUCTURE

UD10 with C706X Series Sensor

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test

Device Cal
Cal Gas Conc

Calibrate

Calibrate
Execute

Abort



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST

PROCESS VARS

GAS NAME XXXXXX 
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP           XX.XX C
MIN TEMP TIME  XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA

DEVICE STATUS

FAULT/STATUS
CALIBRATION LOG

CALIBRATION LOG

CAL ID XXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XXXX
SPAN XXXX

DEVICE SETUP

GAS NAME XXXX
DETECTOR TYPE

DETECTOR TYPE

C7064 H2S     20 PPM
C7064 H2S     50 PPM
C7064 H2S   100 PPM
C7067 CL2     10 PPM
C7066 CO   100 PPM
C7066 CO   500 PPM
C7066 CO 1000 PPM
C7068 SO2   100 PPM
C7069 NO2     20 PPM

DEVICE CAL

CALIBRATION
CAL GAS CONC XXX.XX

CALIBRATION

EXECUTE
ABORT

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

FAULT/ STATUS

FAULTS Y/N

FAULTS

HIGH FAULT ON/OFF
ZERO DRIFT FAULT ON/OFF
CAL FAULT ON/OFF

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13C706X 4.21

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix M

UD10 with MODEL CGS COMBUSTIBLE GAS sensor

WIRING

important notes

Note
The UD10 with CGS Interface option and 
CGS sensor is certified as a “Gas Detector” 
and performance approved to standards 
FM6310/6320, ATEX 60079-29-1, and IEC 
60079-29-1.

Note
Only Constant Current type CGS sensors may be 
used with the UD10.

caution
The sintered metal flame arrestor is an integral 
part of the combustible gas sensor. DO NOT 
operate the gas detector if the flame arrestor is 
damaged or missing, since the exposed element 
is a potential ignition source.

CAUTION
Silicone based lubricants must never be used on 
or near the CGS sensor, since this can result in 
irreversible damage to the sensing element.

CAUTION
When used as a stand alone device, the high 
alarm must always be programmed for latching 
operation.  When used in conjunction with a 
Control Unit and configured for a non-latching 
high alarm, the control unit must always latch and 
require a deliberate manual action to clear a high 
gas alarm.  
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Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to CGS sensor is 500 feet
 (using 16 AWG cable minimum).
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NOTE 1 REMOVE UD10 ELECTRONICS MODULE FOR ACCESS
 TO CGS INTERFACE BOARD (NO TOOLS REQUIRED).

NOTE 2 HOUSINGS MUST BE ELECTRICALLY CONNECTED TO 
 EARTH GROUND.

CGS INTERFACE BOARD
LOCATED INSIDE
UD10 HOUSING

B2507

CONNECT TO UD10 MODULE VIA
CABLE (FACTORY INSTALLED)

CGS INTERFACE BOARD

CGS
SENSOR

SW1

J3

BLK
W

HT
RED

1

2

3

P10

J10

J11

CONNECT CGS SENSOR 
TO TERMINAL J10

SET ALL SWITCHES
TO THE “ON” POSITION

(FACTORY DEFAULT SETTING)

TERMINAL J11 FOR FACTORY USE ONLY
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CGS Sensor Wired Directly to UD10

NOTE 1 REMOVE UD10 ELECTRONICS MODULE FOR ACCESS
 TO CGS INTERFACE BOARD (NO TOOLS REQUIRED).

NOTE 2 HOUSINGS MUST BE ELECTRICALLY CONNECTED TO 
 EARTH GROUND.

CGS INTERFACE BOARD
LOCATED INSIDE
UD10 HOUSING

B2508

CONNECT TO UD10 MODULE VIA
CABLE (FACTORY INSTALLED)

CGS INTERFACE BOARD

SW1

J3

BLK
W

HT
RED

1

2

3

P10

J10

J11

SET ALL SWITCHES
 TO THE “ON” POSITION

(FACTORY DEFAULT SETTING)

TERMINAL J11 FOR FACTORY USE ONLY

CONNECT KEYED SENSOR
PLUG TO PIN CONNECTOR

CONNECT SHIELD TO EARTH GROUND
TERMINAL WITHIN UD10 HOUSING

CGS
SENSOR

BLK

WHT

RED

MODEL STB1

SENSOR TERMINATION BOX
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UD10 Wired to CGS Sensor with STB Termination Box
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INSTALLATION

WIRING REQUIREMENTS

The simplest installation involves installing the sensor 
into one of the UD10 openings and connecting the 
wiring directly to the CGS interface board.  

Sensor Separation

If the installation requires separation of the CGS sensor 
and the UD10 Display, the sensor can be connected to 
a model STB1 sensor termination box, and the CGS/
STB combination wired to the UD10.  

In this case, shielded cable is recommended to help 
protect against interference caused by extraneous 
electrical “noise.”  

In applications where the cable is installed in conduit, 
the conduit should not be used for wiring to other 
electrical equipment whenever possible.  If other 
equipment power wiring is run in the same conduit, the 
cabling must be shielded.  

The maximum allowable distance between the 
CGS sensor and UD10 Display Unit is 500 feet, with 
connecting cable 16 AWG minimum.  

INSTALLATION AND WIRING procedure

1.	 Determine the best mounting locations for the 
detectors.

2.	 Install the CGS sensor within the proper opening in 
the UD10 or STB junction box.  Mount the device 
with the sensor oriented vertically and the opening 
pointing down.  All junction boxes should be 
electrically connected to earth ground.

3.	 Terminate all wiring at the proper terminals.  Refer to 
the appropriate illustration for details.   

4.	 Double check that all wiring is the proper size and 
type and has been installed correctly.  Check for 
correct operating voltage at the device.

NOTE
Do not apply power to the system with the junction 
box cover removed unless the area has been 
de‑classified.

5.	 Proceed with startup and calibration.

CALIBRATION

To initiate calibration of the CGS sensor from the UD10 
Display:

1.	 Using the magnet to activate the switches on the 
UD10 display, navigate to the “Calibrate” menu.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test

Device Cal
Calibration

Cal Gas

Cal Gas Concentration

K Factor

Calibration
Execute

2.	 Activate “Execute” (Enter/Select) to start calibration.

3.	 The UD10 will display “Waiting for Zero” on the main 
display screen as it performs zero calibration.

4.	 When zero calibration is complete, the UD10 will 
display “Waiting for Gas” on the screen.

5.	 Apply calibration gas to the sensor.

6.	 The UD10 will display “Waiting for Span” on the 
screen while the span calibration is being performed.  

7.	 When the UD10 shows “Remove Cal Gas” on the 
screen, remove the calibration gas from the sensor. 

8.	 The UD10 automatically exits the Calibrate mode and 
returns to normal operating mode upon completion 
of a successful calibration.

UD10 mA Output During Calibration
(UD10 with CGS)

UD10 Display Reading
Standard 

Mode
Replicate 

Mode

Apply Zero Gas 3.8 2.2

Waiting for Gas 3.8 3.8

Waiting for Span 3.8 3.8

Remove Cal Gas 3.8 3.8

Back to Normal 4.0 4.0
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Determining Sensor Life Remaining

At the time of calibration, the UD10 logs the sensor 
mV signal.  This value can be used for determining the 
approximate sensor life remaining.  

To view all the recorded mV signal values for the sensor, 
from the Main Menu, navigate to: 
	 Device Status > Calibration Log > Span.

To view the mV signal from the most recent calibration 
only, from the Main Menu, navigate to:
	 Device Status > Device Info > Response.

A typical new sensor reads between 45 and 55 mV. 

•	 At 21-55 mV, “Cal OK” is recorded in the Cal Log, 
along with the Span value.

•	 At 15-20 mV, “Cal OK” is recorded in the Cal Log, 
along with the Span value.  In addition, “Weak 
Sensor” is shown on the UD10 display for about 
20 seconds.  After 20 seconds, the “Weak Sensor” 
message is no longer seen, but a “Weak Sensor” 
status is recorded (Device Status > Fault/Status > 
Status).  

•	 At 14 mV or less, “Weak Sensor” is shown on the 
UD10 display for about 20 seconds, then a Cal Fault 
is shown.  The Cal Log shows “Cal Fail” with a Span 
value of 0.00 mV.

K Factor

If the system will be detecting a gas/vapor other 
than the gas used in the actual calibration process, 
a conversion K-Factor must be used.  The K-Factor 
can be entered prior to calibration by navigating to the 
“Device Option” menu, then selecting “K-Factor”.  Enter 
the desired K-Factor and activate the “Enter” button.  
The new K-Factor will be applied when the sensor is 
calibrated.

Main Menu
Process Vars
Display Status
Device Status
Display Setup
Device Setup
Device Cal
Display Test

Device Setup
Device Option

Device Option
Gas Name

K-Factor

The UD10 communicates the K-Factor to the CGS 
Interface Board during the calibration process, where 
the proper correction is made to ensure accurate 
calibration.

The actual effect of the K-Factor can be observed 
as the span portion of the calibration is completed.  
For example, suppose a K-Factor of 0.865 has been 
programmed.  When calibration is performed, the 
UD10 will display 50% as span is accepted.  It will then 
apply the K-Factor, and the displayed value will change 
to 43.3% LFL.

For additional information regarding K-Factors, 
including a list of K-Factors for many common gases, 
refer to Technical Bulletin number 76-1017.

MENU STRUCTURE

UD10 with CGS Series Sensor

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.   



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST

PROCESS VARS

GAS NAME XXXXX
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

DEVICE INFO

MANUFACTURER
MODEL CGS
GAS NAME XXXXX
UNIT OF MEASURE %LFL
URV 100
LRV 0
K-FACTOR XXXX
RESPONSE XXXX MV

DEVICE STATUS

DEVICE INFO
FAULT/STATUS
CALIBRATION LOG

CALIBRATION LOG

CAL ID XXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XXXX
SPAN XXXX MV

DEVICE SETUP

DEVICE OPTION

DEVICE OPTION

GAS NAME XXXXX
K-FACTOR XXXXX

DEVICE CAL

CALIBRATION
CAL GAS CONC 50.00
CAL GAS XXXXXXXX
K FACTOR XX.XX

CALIBRATION

EXECUTE

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST             ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

DISPLAY HISTORY

RUNNING HOURS   XXXX
MAX TEMP          XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP           XX.XX C
MIN TEMP TIME  XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

SET 4-20 MA

3.5MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
USA

FAULTS

HIGH FAULT ON/OFF
LOOP FAULT ON/OFF
WARM UP ON/OFF
SENSOR FAULT ON/OFF
CAL FAULT ON/OFF
ZERO DRIFT FAULT ON/OFF
CGS COMM FAULT ON/OFF

FAULTS/STATUS

FAULTS Y/N
STATUS Y/N

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

STATUS

WEAK SENSOR ON/OFF

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

20-Feb-13CGS 4.21

Detector Electronics

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix N

UD10 with Model 505 transmitter / CGS sensor

note
For complete information regarding the Model 505 Transmitter, refer to instruction manual 95-8472.

WIRING
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UD10 with PIRECL/OPECL/Model 505

12
14
16
18

AWG
Wire Size

Notes: Maximum cable length from power source to UD10 is 2000 feet.  
 Maximum cable length from UD10 to sensor/STB termination box is 2000 feet.

UD10 
DISPLAY UNIT

MODEL 505 TRANSMITTER

CGS
SENSOR

B2424

–
SIG

RED

SENSOR

WHT BLK

+

Sensor Connector

Power Supply Connector

Output Loop
Connector

MODBUS
Connector
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4-20 mA +

4-20 mA –

SHIELD

COM

RS485 A

RS485 B

HIGH ALARM COM

HIGH ALARM NC

HIGH ALARM NO

AUX ALARM COM

AUX ALARM NC

AUX ALARM NO

LOW ALARM COM

LOW ALARM NC
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FAULT COM

FAULT NC
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NOTE  UD10 HOUSING MUST BE ELECTRICALLY
 CONNECTED TO EARTH GROUND.

UD10 Wired to Model 505 Transmitter/CGS Sensor
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UD10 
DISPLAY UNIT

MODEL 505 TRANSMITTER

B2475

–
SIG

RED

SENSOR

WHT BLK

+

Sensor Connector

Power Supply Connector

Output Loop
Connector

MODBUS
Connector
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J4
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4-20 mA +

4-20 mA –

SHIELD
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RS485 A

RS485 B

HIGH ALARM COM

HIGH ALARM NC

HIGH ALARM NO

AUX ALARM COM

AUX ALARM NC

AUX ALARM NO

LOW ALARM COM

LOW ALARM NC

LOW ALARM NO

FAULT COM

FAULT NC

FAULT NO
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NOTES
1.  SHIELDED SENSOR WIRING CABLE REQUIRED.

2.  GROUND SENSOR WIRE SHIELD AT TRANSMITTER END ONLY.

3.  SHIELDS SHOULD BE STRIPPED BACK WITHIN JUNCTION BOXES.

4.  P/N 102883-001 TERMINAL CONNECTOR REQUIRED FOR SENSOR CONNECTION 
4.  (PROVIDED WITH SENSOR TERMINATION BOX).

5.  HOUSINGS MUST BE ELECTRICALLY CONNECTED TO EARTH GROUND. CGS
SENSOR

CONNECT KEYED SENSOR
PLUG TO PIN CONNECTOR

BLK
WHT
RED

Installation

Refer to the Model 505 Instruction Manual (number 
95-8472) for complete information regarding proper 
installation of the Model 505 with combustible gas 
sensor.

Orientation

The Model 505/CGS must be mounted with the CGS 
sensor opening pointing down. 

UD10 Wired to Model 505 Transmitter/CGS Sensor Using Sensor Separation Termination Box
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Calibration

Model 505

The Model 505/CGS must be calibrated when the 
system is commissioned as well as when the CGS 
sensor is replaced.  Calibration is performed at the 
Model 505 using the following procedure.  Calibration 
at the UD10 is not supported.

WARNING
Before removing the junction box cover, verify that no dangerous levels of gas are present.

Step Switch Position Operator Action

1
CAL/NORM switch in the CAL 
position.

1.  LED turns on. 
2.  Connect a digital voltmeter to the transmitter test jacks. 
3.  Set the meter range to 2 Vdc.

2
ZERO/SPAN switch in the ZERO 
position.

1.  Adjust the ZERO potentiometer to read 0.000 Vdc on the 
voltmeter.  See Note 3 below.

3
ZERO/SPAN switch in the SPAN 
position. 

1.  Adjust the 4 mA potentiometer to read 0.167 Vdc on the 
voltmeter.

2.  Apply the 50% LFL calibration gas to the sensor. When the 
output has stabilized, adjust the SPAN potentiometer for a 
reading of 0.500 on the voltmeter.

4
ZERO/SPAN switch in the ZERO 
position.

1.  Sensitivity test. The meter must read greater than 0.015 Vdc.  
See Note 4 below.

2.  Remove the calibration gas.
3.  When the meter reads 0.002 Vdc or less, remove the test 

probes.

5
CAL/NORM switch in NORM 
position. 

1.  The LED turns off.
2.  The calibration is complete.
3.  Replace the junction box cover.

NOTES:

1.	 When the CAL/NORM switch is in the CAL position, the yellow LED turns on and the 4-20 mA output signal goes to 3.4 mA.

2.	 The voltmeter must be suitable for use in a hazardous location.

3.	I f the possibility of background gases exists, purge the sensor with clean air prior to the zero adjustment to assure accurate 
calibration. 

4.	 A typical sensitivity reading with 50% LFL gas applied to the sensor is 35 to 50 millivolts for a new sensor. Sensor replacement 
is recommended when the sensitivity reading is less than 15 millivolts.

5.	I f a dust cover or splash shield is used, inspect it to be sure that it is not dirty or plugged. A plugged dust cover can restrict 
the flow of gas to the sensing element, seriously reducing its effectiveness. For optimum performance, sensor covers/filters 
should be replaced frequently to ensure that they are not degraded or plugged.

ZERO ADJUST
ZERO/SPAN SWITCH
SENSOR VOLTAGE ADJUST

CAL/NORM SWITCH
CALIBRATE LED
4 mA ADJUST

SPAN ADJUST

TEST POINTS

A1944
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MENU STRUCTURE

UD10 with Model 505 / CGS Sensor

Refer to the following menu when using the UD10’s 
LCD display and internal magnetic switches. 

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DEVICE CAL
DISPLAY TEST

PROCESS VARS

GAS NAME XXXXXXX 
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA

DEVICE STATUS

FAULT/STATUS
CALIBRATION LOG CALIBRATION LOG

CAL ID XXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS
ZERO XXXX
SPAN XXXX

DEVICE SETUP

GAS NAME XXXX
DETECTOR TYPE

DETECTOR TYPE

505   CH4   100   %LFL

DEVICE CAL

CALIBRATION
CAL GAS CONC XXX.XX

CALIBRATION

EXECUTE
ABORT

6901 WEST 110TH STREET
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STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

FAULTS

HIGH FAULT ON/OFF
LOW FAULT ON/OFF

FAULTS/ STATUS

FAULTS Y/N

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND      
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC
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HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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Appendix O

UD10 with Generic 4-20 mA sensors

note
For complete information regarding installation, wiring, and calibration of the sensor, refer to the instruction 
manual provided by the sensor manufacturer.

Operation

The UD10 can be used with generic sensors that 
generate a calibrated linear 4-20 mA signal, with 
or without HART.  The UD10 allows the operator to 
select the upper and lower range values and unit of 
measurement.  The UD10 then analyzes the 4-20 mA 
input signal from the sensor and displays the value with 
the designated measurement unit, and also controls 
the alarm outputs.

Upper and Lower Range Values

The upper range value (URV) and lower range value 
(LRV) are selected using the magnetic tool and the 
UD10’s menu system (Main Menu > Device Setup).  
The URV corresponds to the 20 mA signal while the 
LRV corresponds to 4 mA.  The default values are 0 
for the LRV and 100 for the URV.  When the generic 
detector supports HART communication, the URV and 
LRV come from the attached detector.

Measurement Unit Text

The operator can select the appropriate measurement 
unit from a pre-entered list: % (default), PPM, LFL, or 
PPB, or he can enter his own custom 4-character string.  
Measurement unit text is displayed on the main screen 
with the process variable.  When the generic detector 
supports HART communication, the unit text comes 
from the attached detector.

Low Fault Threshold

The operator can enter a low input fault threshold in the 
range of 0.5 to 4 mA (default is 3.5 mA).  When the input 
signal is at or below this point, an “Out of Range Low 
Fault” is annunciated.  This feature can be enabled/
disabled as desired. 

High Fault Threshold

The operator can enter a high input fault threshold in the 
range of 20 to 27 mA (default is 21 mA).  When the input 
signal is at or above this point, an “Out of Range High 
Fault” is annunciated.  This feature can be enabled/
disabled as desired. 

Alarms

The Low, High and Auxiliary alarm levels are 
independently field adjustable.  Alarm levels are set 
and displayed with the selected measurement units.  All 
alarm levels must be within the LRV to URV range.  

Alarm Latching

Latching or non-latching function is independently 
selectable for each alarm.  The default setting is 
non‑latching.  Latched alarms can be reset with a “Reset 
Latched Alarms” command from the menu system or a 
power cycle.  

Sensor Calibration

The UD10 does not support generic sensor calibration.  
Generic sensors must be pre-calibrated following the 
procedure described in the instruction manual provided 
by the sensor manufacturer.  

4-20 ma output reading

While in Generic mode, the UD10 displays values below 
the 4 mA level to allow the use of 0-20 mA sensors.

MENU STRUCTURE

UD10 with Generic 4-20 mA Sensors

Refer to the following menus when using the UD10’s 
LCD display and internal magnetic switches.  Two 
different menus are provided to accommodate sensors 
with or without HART communication.

When connecting a HART Communicator to the UD10’s 
4-20 mA output, refer to the “UD10 HART” menu in 
Appendix E.

Menu Help
Status menus only allow the user to view the data.  
The Setup menus allow the user to both view and 
edit the data.  



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DISPLAY TEST

PROCESS VARS

USER TEXT XXXXXX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

STATUS

ANY FAULT ON/OFF
CAL ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

DISPLAY HISTORY

RUNNING HOURS XXXX
MAX TEMP XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP ` XX.XX C
MIN TEMP TIME XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

LOOP TEST

SET 4-20 MA                     

6901 WEST 110TH STREET
MINNEAPOLIS, MN  55438
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FAULTS

HIGH FAULT ON/OFF
LOW FAULT ON/OFF

DEVICE STATUS

FAULT/ STATUS
HIGH FAULT LEVEL XX.XX
HIGH FAULT ENABLED/DISBALED
LOW FAULT LEVEL XX.XX
LOW FAULT ENABLED/DISBALED

FAULT/ STATUS

FAULTS Y/N

DEVICE SETUP

USER TEXT XXXX
SELECT UNIT
USER UNIT %
URV XXXX
LRV XXXX
HIGH FAULT LEVEL XX.XX
HIGH FAULT
LOW FAULT LEVEL XX.XX
LOW FAULT

SELECT UNITS

 %
PPM
%LFL
PPB
USER SELECT

HIGH FAULT

DISABLED
ENABLED

LOW FAULT

DISABLED
ENABLED

UNITS CAN BE EDITED 
WHEN “USER SELECT” 

IS SELECTED

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD 
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC
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HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF



MAIN MENU

PROCESS VARS
DISPLAY STATUS
DEVICE STATUS
DISPLAY SETUP
DEVICE SETUP
DISPLAY TEST
DEVICE TEST

PROCESS VARS

USER TEXT XXXXXX
GAS VALUE X.XX
HIGH ALARM Y/N
LOW ALARM Y/N
AUX ALARM Y/N
ANALOG INPUT X.XX MA
ANALOG OUTPUT X.XX MA
URV X.XX
LRV X.XX
FAULT Y/N

DISPLAY STATUS

GENERAL INFO
FAULT/STATUS
HISTORY
DISPLAY INFO
RS485
DEBUG MENU

DISPLAY SETUP

ALARM SETTING
MODE SELECT
HART OPTION
RTC
RS485
INPUT LOOP CAL
CONTRAST CONTRL
OUTPUT MODE
BACKLIGHT CTRL
WRITE PROTECT
OP FEEDBACK FLT

DISPLAY TEST

SELF TEST
RESPONSE TEST
LOOP TEST
D/A TRIM

FAULT/STATUS

OP MODE XXXXX
FAULT Y/N
STATUS Y/N

GENERAL INFO

MANUFACTURER
MODEL UD-10
TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX
DEVICE ID XXXXX

HISTORY

DISPLAY HISTORY
EVENT LOG

DISPLAY INFO

RTC
SERIAL NUMBER XXXXX
I/O BOARD ID XXX
MFG DATE DD/MM/YYYY
F/W REV XXXXX
UNIVERSAL REV XXXXX
FIELD DEV REV XXXXX
RUNNING HOURS XXXXX
TEMPERATURE XX.XX C
HEATER CTRL AUTO/ON/OFF
BACKLIGHT CTRL AUTO/ON/OFF
INPUT VOLTAGE XX.XX

RS485

BAUD RATE XXXXX
PARITY XXXXX
POLL ADDRESS XXXXX

STATUS

ANY FAULT ON/OFF
CAL  ACTIVE ON/OFF
WARM UP ON/OFF
LOW RELAY ACTIVE ON/OFF
HI RELAY ACTIVE ON/OFF
AUX RELAY ACTIVE ON/OFF
CURRENT FIXED ON/OFF
MB WRITE PROTECT ON/OFF
HART SELF TEST             ON/OFF
LON ATTACHED ON/OFF
RESPONSE TEST ON/OFF
MANUAL SELF TEST ON/OFF
INPUT HART ON/OFF

EVENT LOG

EVENT XXXXX
DATE DD/MMM/YYYY
TIME HH:MM:SS

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

HART OPTION

TAG XXXXX
DESCRIPTOR XXXXX
DATE DD/MMM/YYYY
MESSAGE XXXXX
FINAL ASSY NUM XXXXX

RTC

DISPLAYED Y/N
SECONDS XX
MINUTES XX
HOURS XX
DAY XX
MONTH XX
YEAR XX

MODE SELECT

HART DEVICE
PIR9400
C706X
505
NTMOS
CGS
GENERIC DEVICE

BAUD RATE

1200
2400
4800
9600
19.2K

PARITY

NONE
EVEN
ODD

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

RS485

BAUD RATE
PARITY
POLL ADDRESS XXXX

DISPLAY HISTORY

RUNNING HOURS   XXXX
MAX TEMP          XX.XX C
MAX TEMP TIME XX:XX:XX
MIN TEMP           XX.XX C
MIN TEMP TIME  XX:XX:XX
RESET MAX MIN
MAX RESET TEMP XX.XX C
MAX RESET TIME XX:XX:XX
MIN RESET TEMP XX.XX C
MIN RESET TIME XX:XX:XX

OUTPUT MODE

STANDARD
REPLICATE

WRITE PROTECT

CHANGE STATE
CHANGE PASSWORD
WRITE PROTECT XXXX

ALARM SETTING

RST LATCH ALARMS
HGH ALARM LEVEL XX.XX
HGH ALARM LATCH Y/N
HGH ALARM NE/ND
LOW ALARM LEVEL XX.XX
LOW ALARM LATCH Y/N
LOW ALARM NE/ND
AUX ALARM LEVEL XX.XX
AUX ALARM LATCH Y/N
AUX ALARM NE/ND

DEVICE TEST

SELF TEST
LOOP TEST
D/A TRIM

D/A TRIM

ZERO TRIM
GAIN TRIM

LOOP TEST

SET 4-20 MA

SET 4-20 MA

3.5 MA
4 MA
6 MA
8 MA
10 MA
12 MA
14 MA
16 MA
18 MA
20 MA

DEVICE SETUP

BASIC SETUP
DETAILED SETUP
FAULT SETUP
UNIT SETUP

DEVICE STATUS

PROCESS VARS
DEVICE REVIEW
PV X.XX MA
PV LOOP CURRENT X.XX MA
PV LRV X.XX
PV URV X.XX
FAULT/ STATUS
HIGH FAULT LEVEL XX.XX
HIGH FAULT ENABLE/DISABLE
LOW FAULT LEVEL XX.XX
LOW FAULT ENABLE/DISABLE

PROCESS VARS

PV XXXX
PV % RANGE XXX %
PV LOOP CURRENT 4.00 MA
SENSOR INFO
SV XXXX
TV XXXX
QV XXXX

DEVICE REVIEW

DISTRIBUTOR XXXX
PV UNIT XXXX
PV USL XXXX
PV LSL XXXX
PV MIN SPAN XXXX
PV DAMP XXXX
PV % RANGE XXXX
PF TX FUNCTION XXXX
PV UNIT RANGE XXXX
PV URV XXXX
PV LRV XXXX
PV LOOP CURRENT XXXX
PV ALARM TYPE XXXX
PV SENSOR S/N XXXX
WRITE PROTECT Y/N
MANUFACTURE XXXX
DEVICE ID XXXX
TAG XXXX
DESCRIPTOR XXXX
MESSAGE XXXX
DATE XXXX
UNIVERSAL REV XXXX
FIELD DEV REV XXXX
SOFTWARE REV XXXX
REQ NO PREAMBLES XXXX

DETAILED SETUP

SIGNAL CONDITION
CONDITION OUTPUT

BASIC SETUP

USER TEXT
TAG XXXX
RANGE VALUES
PV TXF FUNC XXXX
PV DAMP XXXX
DEV INFORMATION

SIGNAL CONDITION

PV DAMP XXXX
PV URV XXXX
PV LRV XXXX
PV TXF FUNCTION XXXX
PV % RANGE XXXX

DEVICE INFORMATION

DISTRIBUTOR XXXX
DEVICE ID XXXX
TAG XXXX
DATE XXXX
WRITE PROTECT Y/N
DESCRIPTOR XXXX
MESSAGE XXXX
PV SNSR S/N XXXX
FINAL ASSY NUM XXXX
REVISION #S

CONDITION OUTPUT

ANALOG OUTPUT
HART OUTPUT

RANGE VALUES

PV URV XXXX
PV LRV XXXX
PV LSL XXXX
PV USL XXXX

ANALOG OUTPUT

LOOP CURRENT XXXX
AO ALARM TYPE XXXX
LOOP TEST
D/A TRIM

HART  OUTPUT

REQ NO PRMBLES XXXX

REVISION #S

UNIVERSAL REV XXXX
FLD DEVICE REV XXXX
SOFTWARE REV XXXX

BACKLIGHT CTRL 

OFF
ON
AUTOMATIC

6901 WEST 110TH STREET
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USER TEXT

ENTER TEXT XXXX
COPY TAG

FAULTS

HIGH FAULT ON/OFF
LOW FAULT ON/OFF

FAULT/ STATUS

FAULTS Y/N

FAULT SETUP

HIGH FAULT LEVEL XX.XX
HIGH FAULT
LOW FAULT LEVEL XX.XX
LOW FAULT

UNIT SETUP

PV SENSOR UNIT XXXX
USER UNIT XXXX

HIGH FAULT

DISABLED
ENABLED

LOW FAULT

DISABLED
ENABLED

20-Feb-13GENERIC 
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SENSOR INFO

PV LSL XXXX
PV USL XXXX
PV MIN SPAN XXXX

HGH ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

LOW ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

AUX ALARM NE/NDE

NE-NORMALY ENERGIZED
NDE-NORMALY DEENERGIZED

DEBUG MENU

HART ERRORS XXXXX
MODBUS ERRORS XXXXX
OUTPUT READBACK XX.XX MA
ANALOG INPUT XX.XX MA

OP FEEDBACK FLT 

OFF
ON

FAULT

LOW CAL LINE ON/OFF
EE FAULT ON/OFF
ADC FAULT  ON/OFF
24V FAULT ON/OFF
FLASH FAULT ON/OFF
RAM FAULT ON/OFF
WDT FAULT ON/OFF
12V FAULT ON/OFF
5V FAULT ON/OFF
1.25V FAULT ON/OFF
O/P LOOP FAULT ON/OFF
INPUT LOOP FAULT ON/OFF
0V FAULT ON/OFF
ADC REF FAULT ON/OFF
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8000 SERIES

PHOTOELECTRIC TYPE OPEN AREA SYSTEM DETECTORS

Installation Instructions - Owner's Information

INTRODUCTION 8000 SERIES
The 8000 Series Smoke Detector is an open area 

photoelectric system detector, engineered to provide reliable early
warning against smoke.  Each detector is provided with a 
standard Form A/Form C relay for alarm and auxiliary functions.

Supplied with each detector is a quick-disconnect wiring
harness and universal mounting bracket.

MODELS AVAILABLE:

8240/8243.........................................24 VDC
8100/8103.........................................120 VAC, 60 HZ

OPTIONS, SELECTIONS:
** P - BUILT-IN EVACUATION HORN

T - INTEGRAL 135°F THERMAL SENSOR
* H - ISOLATED 135°F THERMAL SENSOR

Y - NON-LATCHING/SELF-CLEARING

* The H Series 135°F Normally Open Isolated 
Thermal is not wired into the detection circuit.  
It is for remote connection to the auxiliary 
annunciation circuit.  The "H" Thermal is 
supervised with two wires in and two wires out.

** Model numbers ending with a 3 with the P option 
have a temporal horn output.

All detectors with the horn option include smoke 
detector reverse polarity horn activation.  Relay 
contacts are not activated with the application of 
reverse polarity power.

HOW IT WORKS
The 8000 Series Smoke Detector operates on the 

photoelectric light scatter principle.  The unit's sensing chamber
houses a light source and a light sensor. 

The darkened sensing chamber is exposed to the
atmosphere and designed to permit optimum smoke entry from
any direction while rejecting light from outside the detector.

The light source is an infrared (invisible) LED which
pulses every 4 to 8 seconds.  The light sensor is a photodiode
matched to the light frequency of the LED light source.

Under normal conditions, the light generated by the
pulsing infrared LED is not seen by the light beam.  When smoke
enters the sensing chamber, light from the pulsing LED light
source is reflected by the smoke particles onto the photodiode
light sensor.  At the first sighting of smoke, the detector is put into
a pre-alarm mode.  This is indicated by a rapidly flashing LED on
the face of the detector.

Once the light sensor confirms smoke for 2 consecutive
pulses inside the chamber, the light sensor produces the signal 
necessary to trigger the alarm.

This technique of verifying the smoke condition, 
combined with a 5-to-1 signal-to-noise ratio, substantially reduces
the possibility of nuisance alarms.

LOCATION
This smoke detection alarm can be mounted on a 

ceiling or wall with equal efficiency in either location.
ww Ceiling location - detector should be mounted as close as 
possible to the center of a hallway or room.  If this is not possible,
the edge of the detector should be at least 12 inches from any
wall.
ww Wall location - locate the top of the detector at least 4 inches
and not more than 12 inches from the ceiling.  Observe detector
for proper top/bottom orientation (test knob is near the bottom of
unit).

Each detector and spacing shall be determined by an
evaluation based on engineering judgment supplemented, if pos-
sible, by field tests and NFPA 72.  For additional information on
Detector Location and Spacing, contact: National Fire Protection
Association, Batterymarch Park, Quincy, MA 02269, and request
a copy of NFPA 72, Standard on Automatic Fire Detectors.
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INSTALLATION - GENERAL
CAUTION - New Construction:  DO NOT attach detector head
until AFTER sanding, insulation, painting, and other dust 
creating situations are finished.

COMMERCIAL OR INDUSTRIAL USE
Recommendation according to

NFPA Standard 72

LOCATION SPACING RECOMMENDATION
Smooth ceiling Spacing of 30 feet between detectors may 

be used.

Joisted ceiling Joists 8" or less may be considered as a 
smooth ceiling.

Sloped ceiling Within 3 feet of peak, measured 
horizontally.  Additional detectors based on 
horizontal projection of ceiling.

High ceiling If air temperature near ceiling is high 
enough to cause loss of thermal lift (smoke 
stops rising and stratifies), install detectors 
at alternate levels:  half at ceiling level, half 
3 feet below ceiling.  Typical structure 
where stratification may occur is a 
warehouse with metal roof.

Beam ceiling Beams less than 8" may be considered as 
a smooth ceiling.  Beams more than 8" and
less than 18" thick require reduced spacing
for detectors.  Beams 18" or larger spaced 
on 8-foot centers - each bay shall be 
treated as a separate area requiring at 
least one detector.

MOUNT ROUGH-IN BOX & 
RUN WIRING
IMPORTANT:  INSURE THAT ALL FLUORESCENT 
LIGHTING FIXTURES ARE PROPERLY GROUNDED.
1.  Use a 2" x 3" switch box or a 4" square or octagon junction  

box.  Mount a box for each detector and run the system   
fire detection circuit plus the power circuit to all smoke  
detector locations.  See Wiring Diagrams, Figures A and  
B, for Latching Models, and Figures C and D for Self 
Clearing Models.

CAUTION:  Break wire runs to provide supervision for con-
nections made to each wire pair.

FIG. A 

Class B Panel Wiring Diagram

FIG. B

Class A Panel Wiring Diagram

FIG. C

Class B Panel Wiring Diagram
One Detector Per Zone

FIG. D

Class A Panel Wiring Diagram
One Detector Per Zone

NOTE: Non-Latching/Self Clearing Detector Models, Figures
C and D, are only UL Listed with the following Control Panels:

MANUFACTURER PART #
FCI SBP-4
SIMPLEX 4001

4002
FARADAY 19000A

2.  If wall mounting is desired, be sure the box screws are 
oriented to upper right and lower left corners, Figure E.   
The volume of the box is determined by the number of  
conductors entering and exiting the box.  Use 1-3/4 cubic 
inches per conductor (#16 AWG).
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INSTALL MOUNTING 
PLATE & CONNECT WIRES
1.  Remove the plug and wire assembly from the 

shipping container and wire it in junction box as follows:
2.  Major Circuits (power in, power out, and alarm contacts)   

have two wires, one for the incoming circuit and one for 
the outgoing circuit.  Auxiliary relay contacts are single 
wire circuits.  Make connections as detailed on wiring 
diagrams, Figure F.

3.  Lace the connector through the provided mounting plate 
cover and secure the plate to the junction box.

NOTE: For trouble areas where there can be a large volume
of air blowing out through the electrical junction box.  You
must first insert the cardboard shield packaged with your
smoke detector to the backside of detector before securing it
to mounting plate.

FIG. F 

SECURE DETECTOR
TO MOUNTING PLATE
1.  Plug the wire connector into the detector base.
2.  Place the detector up to the mounting plate, rotating it  

clockwise until detector firmly snap locks into place.  Keep  
the detector parallel to the mounting plate so upper and 
lower tabs on plate seat correctly into detector, Figure G.

CHECKOUT & TROUBLESHOOTING
1.  Turn test knob on each unit to the NORMAL position and 

supply power to the system Control Unit.
a.  If the fire alarm sounds, one or more smoke detector    

connections to the fire detection circuit may be   
reversed.  Check wire color codes and trace.

b.  If the trouble buzzer sounds, the fire detection circuit  
may be reversed or disconnected at the Control Unit.

2.  Turn the test knob on the front of the unit to TEST 1 
position (counter-clockwise).  See Figure H.  The alarm 
should sound in less than 20 seconds.  To reset the 
system, return the knob to its NORMAL position and use 
the reset switch on the system Control Panel.  Hold in  
reset for 5 or more seconds.
To test detector for high sensitivity, rotate test knob clockwise to   
the TEST 2 position.  Alarm should remain silent. Return test knob 
to normal position.
If your detector alarmed during TEST 2 the detector's sensitivity 
has become too high and may cause false alarms.
This may mean your detector is dirty and should be cleaned as 
described in the below maintenance procedure.
If your detector still alarms in TEST 2 position following washing  
and recommended drying time then return it to Gentex Corp. for 
service.  
The test knob actually tests the sensitivity of the unit by using the  
same principle involved as when smoke enters the detector.  
When  you turn the test knob to the TEST 1 position, you are 
scattering the detector's LED light to the equivalent of 3.4% actual  
smoke.  TEST 2 position is equivalent to 0.85%.

FIG. H

The test knob is not an electrical switch, nor is it connected in any   
way to the alarm horn.  Therefore, when you test with the test 
knob, you are simulating the smoke condition in the detector and  
testing all elements of the smoke detector that are necessary for 
the detection of actual smoke.
To check for proper smoke entry into your detector's sensing  
chamber,  Gentex recommends using the Home Safeguard  
Smoke Detector spray.
This test should be performed once a year and should be sprayed  
from a distance no closer than 12 inches from smoke detector 
(refer to NFPA 72 for details).

3.  A trouble buzzer will sound if any detector is removed from its 
socket in supervised circuits.  CAUTION:  When a smoke detector 
is removed it may cause other detectors to have a loss of power  
and become inoperative.  If this happens, reconnect the detector 
until a replacement can be installed, or use a jumper plug which 
can be ordered separately from the factory.

4.  Power-On - Alarm Light.  The LED on the face of the detector 
blinks every 15-30 seconds, indicating electrical power is being 
supplied.  See Figure H.  If the smoke (or test knob)  persists for  
about 20 seconds, the LED will be on continuously for latching 
models or flash rapidly for non-latching models to indicate the  
alarm condition of the detector.  It will stay on until the system is 
reset.

Pg. 8-3
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MAINTENANCE
After your detector has been in operation for a period of time or if it was

installed prior to the completion of all building construction, your detector 
may have become more sensitive due to dirt build-up in the detector's optic 
sensing chamber.  This could cause nuisance alarms or cause the alarm to 
activate from small amounts of smoke build-up.

For further information regarding frequency of maintenance and testing, 
refer to NFPA 72, NFPA, Batterymarch Park, Quincy, MA  02269.

If this should occur, following this simple washing procedure will restore 
your smoke detector back to its original condition.

IMPORTANT:  Failure to follow full cleaning instructions could 
result in damage to this smoke detector.
1.  Turn off electrical power to the detector.
2.  Twist the detector counter-clockwise to remove it from its mounting    

plate. WARNING: The fire alarm system shall remain active during all     
maintenance.  Therefore, while servicing one detector, either use a 
replacement detector or jumper plug to keep the fire alarm system 
operative.  Contact your local Gentex distributor for the proper jumper 
plugs to use with your fire system.

3.  Unplug the connector from the back of the detector.  Do not remove the 
wire connection; leave the connector for your replacement detector or 
jumper plug.

4.  Select three (3) standard size wash buckets and fill them each with one 
gallon of normal tap water (distilled or de-ionized treated water is  
recommended as a final rinse if water is extremely hard in your area).

5.  Add 1/8 cup of Ivory dishwashing liquid to the first bucket of water and  
allow it to mix thoroughly, then place dirty detector in the soap water  
mixture until it becomes completely covered or submerged.  NOTE:  If  
the detectors are exceptionally dirty, you may wish to first wipe off any 
excess dirt before washing detector so as not to dirty the wash water 
too quickly.
WARNING:  ONLY IVORY DISWASHING LIQUID IS TO BE USED.  
OTHER BRANDS ARE NOT RECOMMENDED AND MAY CAUSE 
YOUR DETECTOR TO MALFUNCTION.

6.  Allow detector to soak for approximately 10 minutes (longer if extremely 
dirty).  Then agitate for 5 or 10 seconds to flush out any remaining dirt 
left inside detector's housing.

7.  Remove detector from wash water and transfer directly to one of the 
first rinse buckets containing clear water.  Again, allowing detector to 
become completely submerged, agitate once more for 5 or 10 
seconds to remove soap residue.

8.  Finally, transfer detector to your second and final rinse bucket, 
repeating method found in Step 7, then remove detector to a clean dry  
area for a period of 48 hours to allow it to thoroughly dry.

WARNING:  SMOKE DETECTORS ARE TO AIR DRY ONLY.  DO NOT 
PLACE  DETECTOR IN OVEN OR USE A HOT AIR BLOWER TO 
ACCELERATE DRYING TIME.  THIS COULD RESULT IN DAMAGE TO
YOUR SMOKE DETECTOR.
IMPORTANT:  IT IS RECOMMENDED TO CHANGE WASH AND RINSE
WATER AFTER FIVE (5) DETECTORS.  IF YOUR DETECTORS ARE
EXTREMETLY DIRTY, WATER SHOULD BE CHANGED MORE 
FREQUENTLY.

In the event you experience difficulty in the cleaning of your smoke 
detectors or if you have any questions, please contact Gentex Corporation 
or your local Gentex distributor. 

TO RETURN A DETECTOR
Should you experience problems with your smoke detector,

proceed as follows:
1.  Turn off electrical power to the detector.
2.  Push-n-turn the detector counter-clockwise to remove it 

from its mounting plate.
3.  Unplug the connector from the back of the detector. Do not 

remove the wire connection; leave the connector for your 
replacement detector.  If the system is to remain active 
while the detector is removed, a jumper plug must be 
installed.  Contact factory for part.

4.  Carefully pack (the manufacturer cannot be responsible for 
consequential damage) and return to the manufacturer.  
Include complete details as to exact nature of difficulties 
being experienced and date of installation.

5.  Return to:  Gentex Corporation, 10985 Chicago Drive, 
Zeeland, Michigan  49464.  Prior to returning, call 1-800-
436-8391 for a RMA number.

ELECTRICAL SPECIFICATIONS
MODEL NUMBERS 8240 8100
Operating Voltage

Nominal: 24VDC 120VAC
Range Min: 18VDC 110VAC

Max: 30VDC 120VAC
Frequency ------ 60Hz.
Current consumption at Normal Operating Voltage

Standby 6mA 70mA
Alarm 60mA 70mA

NOTE:  For "P" Option (horn), alarm current consumption is
unchanged.  Reverse polarity current is 15mA.
Alarm Relay Contacts-1 Form A..............Rated Load (Resistive)

1 Amp at 24 Volt DC
0.5 Amp at 120 Volt AC

Auxiliary Relay Contact-1 Form C...........Rated Load (Resistive)
1 Amp at 24 Volt DC
0.5 Amp at 120 Volt AC

Temperature.............................................40°F-100°F(4.4°C-37.8°C)
Humidity...................................................10%-93% Relative Humidity
Size..........................................................5.7"W x 5.7"H x 2.8"D
E.O.L. RELAY MODULES MUST BE U.L. LISTED.  APPROVED
TYPES AND MANUFACTURER ARE LISTED AS FOLLOWS:

MANUFACTURER PART # DET. MODEL#
FCI 2040-120 8100
269 GROVE ST. 2040-24 8240
NEWTON, MA 02166

LIMITED WARRANTY

For a period of 24 months from the date of purchase, or a maximum of 20 months from the
date of manufacture,  Gentex warrants to you, the original consumer purchaser, that your Smoke
Detector will be free from defects in workmanship, materials, and construction under normal use
and service.  If a defect in workmanship, materials, or construction should cause your Smoke
Detector to become inoperable within the warranty period, Gentex will repair your Smoke
Detector or furnish you with a new or rebuilt replacement Smoke Detector without charge to you
except for postage required to return the Smoke Detector to us.  Your  repaired or replacement
Smoke Detector will be returned to you free of charge and it will be covered under this warranty
for the balance of the  warranty period.

This warranty is void if our inspection of your Smoke Detector shows that the damage or 
failure was caused by abuse, misuse, abnormal usage, faulty installation, improper 
maintenance, or repairs other than those performed by us. ANY WARRANTIES IMPLIED
UNDER ANY STATE LAW, INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE, APPLY ONLY FOR THE WARRANTY PERIOD
SPECIFIED ABOVE.  PLEASE NOTE THAT SOME STATES DO NOT ALLOW LIMITATIONS
ON HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE EXCLUSION MAY NOT
APPLY TO YOU.

GENTEX WILL NOT BE LIABLE FOR ANY LOSS, DAMAGE, INCIDENTAL OR 
CONSEQUENTIAL DAMAGES OF ANY KIND ARISING IN CONNECTION WITH THE
SALES, USE OR REPAIR OF THIS SMOKE DETECTOR.  PLEASE NOTE THAT SOME
STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR 
CONSEQUENTIAL DAMAGES, SO THE ABOVE EXCLUSION MAY NOT APPLY TO YOU.

If a defect in workmanship, materials, or construction should cause your Smoke Detector
to become inoperable within the warranty period, you must return the Smoke Detector to
Gentex postage prepaid.  You must also pack the Smoke Detector to minimize the risk of it
being damaged in transit.  You must also enclose a return address. Smoke Detectors
returned for warranty service should be sent to:  Gentex Corporation, 10985 Chicago Drive,
Zeeland, MI  49464.

If we receive a Smoke Detector in a damaged condition as the result of shipping, we will
notify you and you must file a claim with the Shipper.

THIS LIMITIED WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS.   YOU MAY ALSO
HAVE OTHER RIGHTS WHICH VARY FROM STATE TO STATE.

GENTEX CORPORATION
10985 CHICAGO DRIVE, ZEELAND, MI  49464

PHONE: 1-800-436-8391                   
550-139-7 9-29-97

Pg. 8-4



			   Operating	 Standby	 Decibels @
Model	 Voltage	 Current	 Current	 10'	 1m	 T-Code1

302GCX-024	 24VDC	 1 amps	 50 mA	 114	 124	 T6

302GCX-024	 24VAC  50/60Hz	 1.40 amps	 100 mA	 114	 124	 T6

302GCX-120	 120VAC  50/60Hz	 0.30 amps	 50 mA	 114	 124	 T6

302GCX-240	 240VAC  50/60Hz	 0.15 amps	 35 mA	 114	 124	 T6

DESIGNED FOR USE IN  
HAZARDOUS LOCATIONS

•	 Available in 24VAC/DC,  
120VAC and 240VAC

•	 Reliable, solid-state circuitry

•	 Digital signal amplification

•	 Fused input and output

•	 Built-in gain control, adjustable 
between 0dBA to 114dBA @ 10'  
(0dBA to 124dBA @ 1m)

•	 Type 4X enclosure

•	 External mounting tabs

•	 Indoor/outdoor use

•	 UL 1480 and CSFM Approved

•	 UL and cUL Listed 

SelecTone® Hazardous 
Location Audible  
Signaling Device
Model 302GCX

Federal Signal’s Model 302GCX SelecTone® Speaker Amplifier is 
designed to produce tones, digital voice messages and live public 
address in harsh environments with high ambient noise levels.  

The rugged speaker cone and projector are constructed of spun alu-
minum. The amplification circuitry, tone module, and gain control are 
contained in a housing constructed of die-cast aluminum. All surfaces 
are sealed with powder-coat paint. Dust- and moisture-proof gaskets 
provide protection from the elements.

The 302GCX is UL Listed for Class I, Division 2, Groups A, B, C and D; 
Class II, Division 2, Groups F & G, and Class III. It has been tested and 
approved for use in Type 4X applications.  

Internal gain control allows output adjustment from 0dBA to a maxi-
mum of 114dBA at 10 feet.

SelecTone Speaker Amplifiers are used individually or as part of a 
plant-wide emergency notification system. The Model UTM Universal 
Tone Module, with 32 tones, or the TM33 Custom Tone Module is 
plugged into a single SelecTone Speaker Amplifier for stand-alone use 
or into a SelecTone Command Unit for plant-wide signaling.  

For plant-wide signaling, a Connector Kit is installed into each 
SelecTone Speaker Amplifier and wired to a central controller, 
SelecTone Command Unit or CommCenter® Digital Message Center. 
Command Units and CommCenters broadcast tones, voice messages, 
melodies and live public address to an unlimited number of SelecTone 
Speaker Amplifiers.  

Applications for SelecTone include emergency warning, evacuation, 
start/dismissal, public address, and process control signaling.

FEDERAL SIGNAL CORPORATION

5yr5555y
W A R R A N T Y

1  T-Code in Class 1 Division 2 A,B,C,D
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HAZARDOUS LOCATION AUDIBLE SIGNALING DEVICE (302GCX)

H O W  T O  O R D E R

•	 Specify model number and voltage

•	 Specify Tone Module for stand  
alone operation 
  Universal Tone Module (UTM) 
  Custom Tone Module (TM33)

•	 Specify Connector Kit for use in  
systems (Call factory for system  
design assistance) 
  25 Vrms Connector Kit (AM25CK) 
  70 Vrms Connector Kit (AM70CK)

•	 Please refer to Model Number Index 
302GCX beginning on page 361 359

S P E C I F I C A T I O N S
Operating Temperature:	 -67°F to 150°F	 -55°C to 66°C
Net Weight:
  24VAC/DC	 7.9 lbs.	 3.6 kg
  120/240VAC	 7.9 lbs.	 3.6 kg
Shipping Weight:
  24VAC/DC	 7.9 lbs.	 3.6 kg
  120/240VAC	 9.3 lbs.	 4.2 kg
Height:	 13.9"	 353.0 mm
Width:	 10.2"	 258.0 mm
Depth:	 9.9"	 252.0 mm

13.9"/ 
353 mm

5.63"/ 
143 mm

3.38"/ 
85.9 mm

9.9"/252 mm

10.2"/258 mm

4.9"125 mm

5.5"/139.7 mm

6"/152.4 mm

Re-entrant 
Trumpet-Type 
Loudspeaker

Spun 
Aluminum 
Projector

Plug-In Tone 
Module
(purchased 
separately)

Full Speaker  
Rotation

2645 Federal Signal Dr., University Park, IL 60484   Tel: 708.534.4756    Fax: 708.534.4852    www.federalsignal-indust.com
Rev. 073113

R E P L A C E M E N T  P A R T S

Description	 Part Number
Amplifier Assembly, 24VAC/DC	 K2005502A-02

Transformer, 120VAC	 K120846A 

Transformer, 240VAC	 K120856A

Voice Coil, Series C	 K8590246A

Speaker Assembly	 K8593103A
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Warranty – Seller warrants all goods for five years on parts and 2-1/2 years 
on labor, under the following conditions and exceptions: Seller warrants that 
all goods of Seller's manufacture will conform to any descriptions thereof for 
specifications which are expressly made a part of this sales contract and at the 
time of sale by Seller such goods shall be commercially free from defects in 
material or workmanship. Seller reserves the right at the Seller’s discretion 
to “Repair and Return” or “Replace” any item deemed defective during the 
warranty period. This warranty does not cover travel expenses, the cost of 
specialized equipment for gaining access to the product, or labor charges for 
removal and reinstallation of the product. This warranty shall be ineffective 
and shall not apply to goods that have been subjected to misuse, neglect, 
accident, damage, improper maintenance, or to goods altered or repaired by 
anyone other than Seller or its authorized representative, or if five years have 
elapsed from the date of shipment of the goods by Seller with the following 
exceptions: lamps and strobe tubes are not covered under this warranty. 
Outdoor warning sirens and controllers manufactured by Federal Warning Sys-
tems are warranteed for two years on parts and one year on labor. No agent, 
employee, representative or distributor of Seller has any authority to bind the 
Seller to any representation, affirmation, or warranty concerning the goods 
and any such representation, affirmation or warranty shall not be deemed to 
have become a part of the basics of the sales contract and shall be unenforce-
able. THE FOREGOING WARRANTIES ARE EXCLUSIVE AND IN LIEU 
OF ALL OTHER WARRANTIES OR MERCHANTABILITY, FITNESS 
FOR PURPOSE AND OF ANY OTHER TYPE, WHETHER EXPRESS 
OR IMPLIED. These warranties shall not apply unless Seller shall be given 
reasonable opportunity to investigate all claims for allegedly defective goods. 
Upon Seller's instruction a sample only of allegedly defective goods shall be 
returned to Seller for its inspection and approval. The basis of all claims for al-
leged defects in the goods not discoverable upon reasonable inspection thereof 
pursuant to paragraph 8 hereof must be fully explained in writing and received 
by Seller within thirty days after Buyer learns of the defect or such claim shall 
be deemed waived.

Industrial Systems
2645 Federal Signal Drive • University Park, IL 60484-3167
Tel: 1-877-289-3246 • Fax: 708-534-4852
www.federalsignal-indust.com • www.fs-isys.com
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Installation and Service Instructions

Model 191XL Series LED Beacon

Safety Messages to Installers

It is important to follow all instructions shipped with this product. 
This device is to be installed by a trained electrician who is 
thoroughly familiar with the National Electrical Code and/or 
Canadian Electrical Code and will follow the NEC and/or CEC 
Guidelines as well as all local codes. This beacon should be 
considered a part of the warning system and not the entire warning 
system. 

The selection of the mounting location for the beacon, its controls 
and the routing of the wiring are to be accomplished under the 
direction of the facilities engineer and the safety engineer. In 
addition, listed below are some other important safety instructions 
and precautions you should follow:

•	 Read and understand all instructions before installing or 
operating this beacon.

•	 Do not connect this beacon to the system when power is on.

•	 Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

•	 After installation, make sure that all set screws and threaded 
joints are properly tightened.

•	 Never alter the unit in any manner. Safety in hazardous 
locations may be endangered if additional openings or other 
alterations are made in units specifically designed for use in 
these locations.

•	 To be an effective warning device, this product produces bright 
beacon that can be hazardous to your eyesight when viewed at 
a close range. Do not stare directly into this lighting product at 
a close range or permanent damage to your eyesight may occur.
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Installation and Service Instructions

Model 191XL Series LED Beacon

•	 After installation, test the beacon to make sure that it is 
operating properly.

•	 Keep the unit tightly closed when in operation.

•	 After testing is complete; provide a copy of this instruction 
booklet to all personnel.

•	 Establish a procedure to routinely check the beacon for proper 
activation and operation.

Failure to follow all safety precautions and instructions may result 
in property damage, serious injury, or death.

An Overview of the 191XL Series
This equipment is suitable for use in Class I, Division 2, Groups A, 
B, C and D; Class II, Division 1, Groups E, F & G; Class III OR 
non-hazardous locations only.

This strobe light can be mounted to a Federal Signal Model 
LHWB bracket. If installed in this way, the entire assembled 
device is suitable only for Class I, Div. 2, Groups A, B, C, and D; 
Class II, Div. 2, Groups F and G; Class III locations.

The Model 191XL LED Beacon is a UL listed visual signal for 
operation in harsh environments and hazardous locations and has 
been investigated by UL as meeting Type 4X and IP66 enclosure 
requirements. The unit is rated for operation on 100Vac to 265 Vac, 
50/60 Hz, 0.21 A, 277 Vac, 50/60 Hz, 0.13A, or 24 Vdc/ac 
50/60 Hz, 0.38 A. The 191XL can be supplied with colors of red, 
amber, green, blue, and clear. The 191XL is factory-set to operate 60 
flashes/minute. There is an option to operate the LED Beacon in 
Steady Mode. (See “Changing from Flash Mode to Steady Mode” 
on page 13). Models are available for pipe mounting (191XL) or 
surface mounting (191XL-S).

These devices are intended for permanent installation and 
operation in accordance with Title 46, Code of Federal 
Regulations, Parts 110–113, or Title 33, Code of Federal 
Regulations, Part 183, Sub-part I, Section 183.410, and the 
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Installation and Service Instructions

Model 191XL Series LED Beacon

applicable requirements of the American Boat and Yacht Council, 
Inc., and/or ANSI/NFPA 302, “Fire Protection Standard for 
Pleasure and Commercial Motor Craft.”

Unpacking the Beacon

EXPLOSION HAZARD—Damaged domes can lead to explosions 
that could result in serious  injury or death.

After unpacking the beacon, examine it for damage that may 
have occurred in transit. If the beacon has been damaged, do not 
attempt to install or operate it. File a claim immediately with 
the carrier, stating the extent of the damage. Carefully check all 
envelopes, shipping labels, and tags before removing or discarding 
them. Disposal of all shipping materials must be carried out in 
accordance with national and local codes and standards. If any 
parts are missing, please call Federal Signal Customer Support at 
708-534-4756.

Table 1  Electrical ratings

Operating Voltage: 24 Vdc/ac 100–265,  
277 Vac 277 Vac

Flashes/Minute: 60 FPM 60 FPM 60 FPM
Maximum Operating 
Current: 380 mA 210 mA 130 mA

Frequency: DC/50/60 50/60 50/60
DC In-Rush Current: 1.75 A at 24 Vdc for 5 ms.

AC In-Rush Current: 2.0 A at 85 Vac and 1.5 A at 265 and 
277 Vac for 0.25 ms.

Table 2  Installation Environment Ratings

Ambient Storage Rating: –55 °C to +70 °C
Ambient Operating Rating: –50 °C to +66 °C
Type 4X (water-tight and corrosion resistant) and indoor/outdoor use
IP66 (dust-tight and protection against heavy seas) and outside type 
(saltwater)
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Model 191XL Series LED Beacon

Table 3  Ambient and Operating Temperature Range

Temperature Code or Maximum Temperature, °C
40 °C Ambient 55 °C Ambient 66 °C Ambient

Hazardous 
Locations

24 
V

100–265 
Vac

277 
Vac

24 
V

100–265 
Vac 

277 
Vac

24 
V

100–265  
Vac

277 
Vac

Class I,  
Div 2,	
Groups A, 
B, C, and D

T6 T6 T5 T5 T5 T5 T4A T4A T5

Class II, Div 
1, Groups 
E, F, and G

T6 T6 T6 T6 T6 T6 T6 T6 T6

Class III T6 T6 T6 T6 T6 T6 T6 T6 T6

Pipe-Mounting the Beacon (191XL)

EXPLOSION HAZARD—To reduce the risk of fire or explosion, 
do not install the beacon in a hazardous location if the operating 
temperature exceeds the hazardous atmosphere’s ignition 
temperature. Before proceeding, consult the product nameplate 
and determine the operating temperature of the beacon.

NOTE: To comply with NEC Section 300-14, which requires a 
minimum of 6 inches (15.25 cm) of free conductor at a junction, when 
mounting the Model 191XL, the mounting pipe used to join the unit to 
a splice box should be no longer than 10 inches (25.4 cm).

The Model 191XL has provisions for mounting a 3/4" pipe and can 
be mounted in any position. 

1.	 Before mounting the beacon, ensure that the mating threads 
are clean. 

2.	 To prevent the ingress of water and dust, apply conductive 
sealant to the conduit threads prior to mounting. If non-
conductive sealant is used, the enclosure must be earthed 
via the provided internal grounding wire/grounding screw to 
ensure proper grounding continuity. 
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Model 191XL Series LED Beacon

3.	 In high-humidity environments when units are mounted dome 
down, condensation may occur in the conduit system. Use 
properly rated conduit seals/drains to prevent moisture from 
entering the fixture. 

	 IMPORTANT: To prevent the connection from loosening, 
tighten the fixture to a MINIMUM torque of 5 ft-lb (6.8 N·m) 
after threading it onto the pipe.

4.	 Thread the fixture onto the 3/4" pipe and secure it with the set 
screw.

Figure 1  Pipe-mounted beacon

191XL LIGHT 
ASSEMBLY

3/4" NPT PIPE

290A6881
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Installation and Service Instructions

Model 191XL Series LED Beacon

Surface-Mounting the Beacon (191XL-S)
To surface mount the beacon:

1.	 Use the mounting base as a template to mark the location of 
the two mounting holes.

2.	 Drill a 9/32 inch (7.143 mm) hole at each mark.

3.	 Secure the beacon to the mounting surface with installer 
supplied hardware.

Figure 2  Surface-mounted beacon

191XL-S LIGHT
ASSEMBLY

DRILL TWO 9/32"
(7.143 mm) HOLES

MOUNTING SURFACE

290A6880

INSTALLER-SUPPLIED
MOUNTING HARDWARE
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Wiring the Beacon

SHOCK HAZARD
To avoid electrical shock hazards, do not connect wires while 
power is applied.

EXPLOSION HAZARD
Do not disconnect the beacon while the circuit is live or unless 
the area is known to be free of ignitable concentrations. Keep 
the beacon tightly closed when in operation.

Wiring must comply with the National Electrical Code or Canadian 
Electrical Code and the local authority having jurisdiction.

The Model 191XL Series LED Beacon should be installed per the 
NEC or CEC, STATE and LOCAL CODES. Alternate installation 
locations and/or orientations should only be performed with the 
approval of the authority having jurisdiction. In addition, the unit 
can be mounted using an optional ceiling mount or optional wall 
mount.

SHOCK HAZARD—To avoid electrical shock hazards, do not 
connect wires while power is applied.

NOTE: Model 191XL that are 24 V models are designed to 
operate on AC and DC supply voltages. The 120–240 Vac model 
is designed to operate 100 Vac to 265 Vac at 50/60 Hz. See Table 1 
on page 7 for electrical ratings.

REVERSE POLARITY/MISWIRING—The 191XL is not polarity 
sensitive, but MAY BE DAMAGED by incorrect electrical hookup. 
Damage will result if the voltage rating of the particular model is 
exceeded.
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Model 191XL Series LED Beacon

NOTE: Field terminations made inside of the surface mount 
enclosure will require the printed circuit board (PCB) assembly 
to be removed from the housing. See Figure 3 on page 15 and 
follow steps 1‒4 and 6‒8 of “Changing from Flash Mode to Steady 
Mode” on page 13 for the PCB removal and installation process.

The surface mount enclosure is not suitable for feed-through 
branch-circuit conductors.

Wiring 120-240, 277 Vac Models
The 120-240, 277 Vac models are supplied with three 24-inch 
leads: white, black, and green/yellow. Connect the black lead to 
the phase (hot) side of the power source and the white lead to 
the common (neutral) side of the power source. If required, the 
green/yellow lead in the housing is provided for connection to 
an earth ground.

Wiring 24 Vac/dc Models
The 24 Vac/dc models are supplied with two 24" leads, one red 
and one black. Connect the red (+) lead to the positive or phase 
(hot) side of the power source and the black (–) lead to the 
negative or common (neutral) side of power source.

Safety Message to Maintenance Personnel

Listed below are some important safety instructions and 
precautions you should follow:

• 	 Read and understand all instructions before operating this system.

• 	 Any maintenance to the light system must be done with power 
turned off.

• 	 Any maintenance to the light system must be performed 
by a trained electrician who is thoroughly familiar with all 
applicable national and local codes in the country of use.

•	 Do not connect this beacon to the system when power is on.
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•	 Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

• 	 Never alter the unit in any manner. Safety of the unit may be 
affected if additional openings or other alterations are made to 
the internal components or housing.

• 	 The nameplate should NOT be obscured, as it contains 
cautionary and/or other information of importance to 
maintenance personnel. Ensure the nameplate remains readable 
if the housing exterior is painted.

• 	 If the dome is damaged in any way, it MUST be replaced.

• 	 After performing any maintenance, test the light system to 
ensure that it is operating properly.

Failure to follow all safety precautions and instructions may result 
in property damage, serious injury, or death to you or others.

Changing from Flash Mode to Steady Mode

EXPLOSION HAZARD—To prevent ignition of hazardous 
atmospheres, disconnect the fixture from the supply circuit 
before opening it.

EXPLOSION HAZARD
Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

EXPLOSION HAZARD—To maintain the vapor-tight enclosure, 
do not damage the dome or threads while disassembling or 
reassembling the unit. Lubricated threaded joints exposed 
for long periods of time may attract small particles of dirt or 
other foreign materials. Housing and cover joints should be 
reassembled immediately, with all the threads fully engaged.
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To change from the default Steady Mode to Flashing Mode.

1.	 Disconnect power to the device.

2.	 See Figure 3 on page 15. Remove the threaded dome assembly 
by twisting it counterclockwise. 

3.	 Using a No. 2 Phillips screwdriver, remove two #8-32 pan-
head screws holding the printed circuit board assembly to 
the die-cast housing. Be sure to retain the two nylon screw 
bushings isolating the bracket from the screws.

4.	 Gently lift the printed circuit board (PCB) assembly from the 
housing and turn the assembly over to access the component 
side of the printed circuit board.

5.	 See Figure 4 on page 16. Locate jumper J3 and lift the jumper 
to remove it from “Flash” setting. Re-seat the jumper over the 
pins labeled “Steady.”

6.	 Place the printed circuit board assembly back into housing, 
making sure that four insulating pads are seated between 
the metal bracket and die-cast housing. The bracket must 
be oriented so that the notch in the bracket is aligned with 
the ground screw in the die-cast housing. This step must be 
carefully followed to prevent arcing and dielectric failure.

7.	 Slide two #8-32 pan-head screws into the screw bushings and 
tighten screws to secure the printed circuit board assembly to 
the die-cast housing.

8.	 Thread the dome assembly back onto the housing by turning it 
clock-wise to tighten.

SHOCK HAZARD
To avoid electrical shock hazards, do not connect wires 
while power is applied.

9.	 Reconnect the beacon to power.
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10.	 Test the device by applying power and verifying the steady 
operation of the LED lamp.

Figure 3  PCB removed from housing

DOME ASSEMBLY

NYLON SCREW BUSHING

#8-32 PAN-HEAD SCREW

PRINTED CIRCUIT BOARD ASSEMBLY

INSULATING PADS

CAST HOUSING

290A6283C
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Figure 4  Location of jumper J3 on PCB

C1R16 C16

D6

J1
CX1

C19
U3

L2

C14
R13

+

C15
R14 +

C17

R15

R12

F1
VR1

CR1

+

C13

+
J2

J3

L3 C8

Q1
R11 R10

C10

SPADE

CY
1

R9

D1
HS2

U1

C18+

R6

C12C2

C7

D3

D4

+

OPTO

-

o

T1

R3

D7

D2

R5

2005416A

C9D5

1 U2 C11
C4

+ HS1
R1

STEADY

FLASH

2005416A-01

J3 JUMPER LOCATION

(100−240 VAC MODEL SHOWN) 290A6286B

Cleaning the Fixture

EXPLOSION HAZARD—Never use an abrasive material or file to 
remove corrosive materials from threaded surfaces. In extremely 
corrosive locations, equipment should be periodically inspected 
to guard against unusual deterioration and possible porosity, 
since this may weaken the enclosure structurally.

Maintenance procedures sometimes require fixtures to be hosed 
down for good housekeeping. The circuit should be turned off 
prior to hosing down the fixture.

The fixture should be cleaned periodically to maintain maximum 
light output. Only mild, non-abrasive cleaning agents should be 
used. The glass dome should be regularly inspected for scratches 
and chips, and if damaged, MUST be replaced.
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Lubricating the Threaded Joint
The threaded joint on the cover should be kept well lubricated 
with a corrosion inhibiting grease such a petrolatum or soap-
thickened mineral oil. If corrosive materials have accumulated on 
the threaded joints and cannot be removed with solvents, the parts 
should be discarded and replaced.  

Getting Service, Assistance, and Parts
Please call 1-877-289-3246 for service, assistance and replacement 
parts. For instruction manuals and information about related 
products, please go to http://www.federalsignal-indust.com. 

EXPLOSION HAZARD—Substitution of components may impair 
suitability for Class I, Division 2.

Typical spare parts are listed below. Due to certification, certain 
component parts are not available for field replacement. Units with 
this type of damage must be either replaced entirely or returned to 
Federal Signal for service.

Table 4  Replacement parts

Description Part Number
Dome Assy., Red K8449078
Dome Assy., Amber K8449078-01
Dome Assy., Clear K8449078-04
Dome Assy., Blue K8449078-06
Dome Assy., Green K8449078-07
Gasket K8449080
Grease, 8 oz Tube KR81-05-01
Dome Guard K8449090
LED Emitter, Amber K147169-06
LED Emitter, Blue	 K147169-07
LED Emitter, Green K147169-08
LED Emitter, Red	 K147169-09
LED Emitter, Clear K147169-10
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Returning the Product for Credit
Product returns for credit require a return authorization from your  
local distributor prior to returning the product to Federal Signal. 
Please contact your distributor for assistance. 

A product is qualified to be returned for credit when the following 
conditions are met:

• 	 Product is resalable and in the original cartons

• 	 Product has not been previously installed

• 	 Product is the current revision

• 	 Product has not been previously repaired

• 	 Product is a standard product

• 	 Product is not a service part

All returns are subject to a re-stock fee.

Defective products that are returned within the warranty period 
will be repaired or replaced at Federal Signal’s sole discretion. 
Defective products do not include those products with lamp 
failure.

Circumstances other than those listed above will be addressed on a 
case-by-case basis.
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 1 of 77/30/2015 11:24:58

Quote Expires On 12/31/2015

SHELL CANADA ENERGY SHELL CANADA ENERGY
PO BOX 548 STATION 100 P.O. BOX 480, STATION 100
CALGARY, AB T2P 2J2 CALGARY, AB T2P 2J1
CA CA

7809923878

344594

House  CalgaryRec Spares ARLENE.RODGER

1.000 0.000 1.000 (001) JON JPMG-336-CE-R ELEMENTEA
1.0 GAS COALESCENT FILTER

1,491.2800 1,491.28EA
1.0

Order Line Notes: REC SPARES FOR: GAS COALESCER
VESSEL
MODEL JVC - 3 - 8 - 1440 - 1 - 336 - STD

SOLD ONLY IN A BOX OF 4

QTY'S NEEDED ARE PER EACH UNIT:

START UP  =  1 BOX
2 YEARS     =  2 BOXES

1.000 0.000 1.000 (002) AGS B906080008101121EA
1.0 8" GASKET, FLEX CGI 600#

37.6200 37.62EA
1.0

Order Line Notes: REC SPARES FOR: GAS COALESCER
VESSEL
MODEL JVC - 3 - 8 - 1440 - 1 - 336 - STD

QTY'S NEEDED ARE PER EACH UNIT:

START UP  =  1 
2 YEARS     =  2 

2.000 0.000 2.000 (003) SPACO SCALEEA
1.0 MAGTECH REPLACEMENT SCALE

296.0000 592.00EA
1.0

Order Line Notes: REC SPARES FOR: MAGTECH LEVEL
GAUGE
S/N 24301N / 24302N 

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  2
2.000 0.000 2.000 (004) SPACO VISUAL INDICATOREA

1.0 MAGTECH REPLACEMENT VISUAL INDICATOR
862.0000 1,724.00EA

1.0
Order Line Notes: REC SPARES FOR: MAGTECH LEVEL

GAUGE
S/N 24301N / 24302N
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QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  2
1.000 0.000 1.000 (005) SPACO FLOATEA

1.0 MAGTECH REPLACEMENT FLOAT
7,570.0000 7,570.00EA

1.0
Order Line Notes: REC SPARES FOR: MAGTECH LEVEL

GAUGE
CAT # F063ADT - 1T/8B TITANIUM BALL
FLOAT
LENGTH  -  18"

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (006) SPACO FLOATEA

1.0 MAGTECH REPLACEMENT FLOAT
5,046.0000 5,046.00EA

1.0
Order Line Notes: REC SPARES FOR: MAGTECH LEVEL

GAUGE
CAT # F088ADT - 1T/4B TITANIUM BALL
FLOAT
LENGTH  -  12"

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (007) SPACO RD4XNACE232EA

1.0 2" D4 1/2" PORT NACE TRIM PARTS
1,356.0800 1,356.08EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064A, PCV - 08064D

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (008) SPACO RD4X0000022EA

1.0 KIT, REPAIR, D4, ACTUATOR, PTFE PACKING
523.0600 523.06EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064A, PCV - 08064D

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (009) SPACO RD4XNACE242EA

1.0 2" D3 3/4" PORT NACE TRIM PARTS
1,342.2200 1,342.22EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064B, PCV - 08064E
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QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (010) SPACO RD4X0000022EA

1.0 KIT, REPAIR, D4, ACTUATOR, PTFE PACKING
523.0600 523.06EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064B, PCV - 08064E

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (011) SPACO RD4XNACE252EA

1.0 2" D4 1" PORT NACE TRIM PARTS
1,352.2200 1,352.22EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064C, PCV - 08064F

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (012) SPACO RD4X0000022EA

1.0 KIT, REPAIR, D4, ACTUATOR, PTFE PACKING
523.0600 523.06EA

1.0
Order Line Notes: REC SPARES FOR: FISHER D4E CONTROL

VALVE W/ EASY-DRIVE
TAG: PCV - 08064C, PCV - 08064F

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (013) SPACO 4KG26A34SEA

1.0 2600 GASKET KIT
219.0800 219.08EA

1.0
Order Line Notes: REC SPARES FOR: 3" 150 RF X 4" 150 RF

FARRIS RELIEF VALVE
TAG: PSV-08064B

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (014) SPACO 301218X9-010EA

1.0 DISC L
1,095.3600 1,095.36EA

1.0
Order Line Notes: REC SPARES FOR: 3" 150 RF X 4" 150 RF

FARRIS RELIEF VALVE
TAG: PSV-08064B

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1



Order Date Page

Order Number

Quantities

Allocated
Item ID
Item DescriptionOrdered Remaining

Unit
Price

Extended
Price

D
UOM

Unit Size

Pricing
UOM

Unit Size

QUOTATION

7376019

7/30/2015 11:24:58 7 4 of

1.000 0.000 1.000 (015) SPACO 4KG26A3SEA
1.0 2600 GASKET KIT

127.8000 127.80EA
1.0

Order Line Notes: REC SPARES FOR: 1 1/2" CL900 RF X 2"
CL300 RF FARRIS RELIEF VALVE
TAG: PSV-08064A

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (016) SPACO 308482X5-010EA

1.0 DISC D
472.2200 472.22EA

1.0
Order Line Notes: REC SPARES FOR: 1 1/2" CL900 RF X 2"

CL300 RF FARRIS RELIEF VALVE
TAG: PSV-08064A

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (017) SPACO 4KG26A1SEA

1.0 2600 GASKET KIT
127.8000 127.80EA

1.0
Order Line Notes: REC SPARES FOR: 600RFX2 150RF FARRIS

RELIEF VALVE
TYPE 2600 PSV
MODEL 26DA13-120L/C
SET @ 9930 KPAG
1" 600 RF X 2" 150 RF
TAG: PSV-08063A

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (018) SPACO 308482X5-010EA

1.0 DISC D
472.2200 472.22EA

1.0
Order Line Notes: REC SPARES FOR: 600RFX2 150RF FARRIS

RELIEF VALVE
TYPE 2600 PSV
MODEL 26DA13-120L/C
SET @ 9930 KPAG
1" 600 RF X 2" 150 RF
TAG: PSV-08063A

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (019) SPACO 4KG26A1SEA

1.0 2600 GASKET KIT
127.8000 127.80EA

1.0
Order Line Notes: REC SPARES FOR: 600RFX2 150RF FARRIS

RELIEF VALVE
TYPE 2600 PSV
MODEL 26DA10-120L/C
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SET @ 9930 KPAG
1" 600 RF X 2" 150 RF
TAG: PSV-08115A

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (020) SPACO 308482X5-010EA

1.0 DISC D
472.2200 472.22EA

1.0

1.000 0.000 1.000 (021) EXH 041167.01.ELEA
1.0 ELEMENT

3,122.1400 3,122.14EA
1.0

Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A
DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  10
3.000 0.000 3.000 (022) EXH 041167.01.STUDBOLTSEA

1.0 STUDBOLT
280.1400 840.42EA

1.0
Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A

DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  3
1.000 0.000 1.000 (023) EXH S9090205000003EA

1.0 RTD
1,514.3800 1,514.38EA

1.0
Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A

DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (024) EXH S9090245000003EA

1.0 RTD
1,148.0000 1,148.00EA

1.0
Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A

DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

START UP  =  0
2 YEARS     =  1
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1.000 0.000 1.000 (025) EXH S0230200100004EA
1.0 GASKET

824.1800 824.18EA
1.0

Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A
DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

START UP  =  1
2 YEARS     =  1

1.000 0.000 1.000 (026) EXH S03702000500199EA
1.0 ACH

987.5200 987.52EA
1.0

Order Line Notes: REC SPARES FOR: 230KW EXE CLASS A
DIV.2
ELECTRICAL HEATER

QTY'S NEEDED ARE PER EACH UNIT:

START UP  =  0
2 YEARS     =  1

1.000 0.000 1.000 (027) END 71097759EA
1.0 KIT P.S.B. 40/8X 24V REX330

1,735.6090 1,735.61EA
1.0

Order Line Notes: REC SPARES FOR: 7F2B50-19R3/0 &
7F2B2H-13J8/0

7F2B50-C3CCCD1AASK+EBJALALDZ &
7F2B2H-C3BCCD1AASK+EBJALALDZ1

PROW IRL F 200, 7F2B50, DN59 2"
VORTEX FLOWMETER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (028) END 50094003EA

1.0 KIT 10 FUSES 250 VAX T 2A00
321.8000 321.80EA

1.0
Order Line Notes: REC SPARES FOR: 7F2B50-19R3/0 &

7F2B2H-13J8/0

7F2B50-C3CCCD1AASK+EBJALALDZ &
7F2B2H-C3BCCD1AASK+EBJALALDZ1

PROW IRL F 200, 7F2B50, DN59 2"
VORTEX FLOWMETER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
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1.000 0.000 1.000 (029) END 50106097EA
1.0 KIT MEAS.AMPLIFIER PROMASS 83/8ME WEA

2,666.6000 2,666.60EA
1.0

Order Line Notes: REC SPARES FOR: 7F2B50-19R3/0 &
7F2B2H-13J8/0

7F2B50-C3CCCD1AASK+EBJALALDZ &
7F2B2H-C3BCCD1AASK+EBJALALDZ1

PROW IRL F 200, 7F2B50, DN59 2"
VORTEX FLOWMETER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (030) END 50098301EA

1.0 KIT COM 53/55/83/93 CURR./FREQ.OUT EX
2,930.5400 2,930.54EA

1.0
Order Line Notes: REC SPARES FOR: 7F2B50-19R3/0 &

7F2B2H-13J8/0

7F2B50-C3CCCD1AASK+EBJALALDZ &
7F2B2H-C3BCCD1AASK+EBJALALDZ1

PROW IRL F 200, 7F2B50, DN59 2"
VORTEX FLOWMETER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1
1.000 0.000 1.000 (031) END 50096754EA

1.0 KIT DISPLAY MODULE
1,298.7200 1,298.72EA

1.0
Order Line Notes: REC SPARES FOR: 7F2B50-19R3/0 &

7F2B2H-13J8/0

7F2B50-C3CCCD1AASK+EBJALALDZ &
7F2B2H-C3BCCD1AASK+EBJALALDZ1

PROW IRL F 200, 7F2B50, DN59 2"
VORTEX FLOWMETER

QTY'S NEEDED ARE PER EACH UNIT:

2 YEARS     =  1

SUB-TOTAL:
TAX:

Total Lines: 31 42,585.01
2,129.24

AMOUNT DUE: 44,714.25
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Section I - System Description 

This package is used to reduce pressure and meter the natural gas for the construction CMT at Carmon 
Creek Field Facilities. The process is to use a series of pressure regulators to reduce the gas pressure 
from the package inlet pressure down to the required outlet pressure while maintaining a set outlet gas 
temperature at a measurable flow rate. 

Natural gas for the construction CMT will be supplied by a 2” inch natural gas pipeline; the system is 
designed to supply natural gas at Max. Flow rate 1540 m³/day at the desired pressure and temperature, 

the minimum flow rate can be as low as 10% of the Max. Flow rate (See P&ID & PFD'S and Heat Mass 
Balance for base cases). 

The package consists of coalescer filter with isolation valves & bypass in the piping system, natural gas 
electrical heater, condensate storage tank with truck out and enviro box, mercaptan odorizer, pressure 
reduction system  (1 stream,1 x 100% operating, with three pressure regulators to satisfy various process 
conditions and isolation valves), coriolis flow meter, high - integrity pressure protection system, pressure 
relief valves, associated piping, fittings and instrumentation (pressure transmitter, pressure gauge, 
temperature transmitter and temperature gauge, etc.). 

Electrical Room: 

Process and Safety Control is performed by three Control Panels found in the Electrical Room. The 
natural gas heater is controlled by CP-21603. Safety Shutdowns are performed by SIL rated trip alarms 
and relay modules located in CP-21602. A PLC located in CP-21601 controls the automated process, as 
well as monitors both CP-21602 and CP-21603. An HMI located on CP-21601 allows the operator to view 
the status of all three panels, as well as control over the skid process, based on user level. Critical 
building alarms are sent from CP-21601 to the control room through the remote PLC inside TER-202. The 
control room can remote trip the natural gas skid though CP-21602. 

Building, HVAC and Miscellaneous 

The natural gas pressure reduction package has a self-framing building with HVAC system. 

HVAC is sized and based on heat gain from equipment; Six (6) Air Changes per Hour (ACH) shall be 
maintained at a positive pressure during normal operating conditions. This is achieved by one fan in each 
room operating all the time (C-08169 for the electrical room and C-08165 for the process room). Also the 
shelter shall maintain minimum temperature of 10 °C in winter and maximum temperature of 35 °C in 
summer. The minimum temperature is maintained by a thermostat and heater in each room (TS-08170 
and H-08170 in the electrical room and TS-08167 and H-08167 in the process room). The maximum 
temperature is controlled by a thermostat and fan in each room (TS-08166 and C-08166 in the electrical 
room and TS-08168 and C-08168 in the Process Room). C-08168 can also be activated by confirmed 
LEL detection in the process room (see cause and effects diagrams). 

Normal operation has the hand switches for the fans (SW-08166 and SW-08169 in the electrical room 
and SW-085174 and SW-08165 in the process room) on (closed contact) at all times. 

HVAC CP-21604 sends a common alarm XI-21601A1 to control room (see Cause and Effects for more 
details). A building low temperature alarm (XI-21601B1) is provided by TT-21601A is sent to the control 
room. 

Inlet Section: 

The ESDV is used to isolate the skid from the upstream gas line in the case of an emergency. The ESDV 
is open in normal operation but will close when the skid trips from CP-21602. See the Cause and Effects 
diagrams for more details on what causes the skid to trip. 
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Coalescer Filter: 

Natural Gas Filter Coalescer Unit is installed to remove the entrained liquids and solid particles from the 
gas stream down to less than 0.5 microns. Coalesced particles and liquids greater than 0.5 microns will 
be collected in the vessel. These particles and liquids can be drained manually using choke valves into 
the truck out storage tank (V-08092).Manual draindown of the coalesce filter should be done when the 
liquid level in LI-08070B reaches ½ to ¾ of the level gauge. Note: Operator to be aware that when 
draining down liquid level there is a possibility for gas blow through. Relief valve PSV 08070A has been 
designed for fire case on the coalescer filter.  

Initial pressure drop across the filter (PDI-08070A) should be low and typically not exceed 7 to 10 kPag 
with clean and dry condition; once the element are wetted, the clean pressure drop may reach 14 kPag. 
The filter is replaceable, and in normal service, the recommended element change out interval is once 
every 12 months or earlier. If excessive solids are present, this may necessitate a more frequent change-
out based on differential pressure of 70 -83 kPag. Periodic checks will be required to monitor the pressure 
drop across the filter.  

Condensate Storage Tank: 

The collected fluid will be stored in a condensate tank and will be emptied through a truck-out connection 
complete with enviro box and will be trucked out when necessary (typically the liquid content reaches to 
1/2 – 3/4 volume of the tank), the level gauge indicator is mounted on the top of the tank and shows the 
liquid level of the tank in eighths of a tank on one side, and quarters of a tank on the other side. 

Condensate storage tank is vented to atmosphere (outside the skid) and may have hydrocarbon release 
when draining down the coalescer filter to tank. 

Natural Gas Electric Heater: 

Natural Gas Heater is installed to avoid the formation of hydrates, liquid hydrocarbons, and liquid/solid 
water as a result of pressure reduction. The gas heater is designed to raise the temperature of the gas so 
that after pressure reduction, the temperature meets the outlet gas temperature set-point of 25°C.  

Pressure Control Valves: 

The pressure regulators control the outlet gas pressure to a normal operating pressure of 160 kPag at the 
skid limit though a three valve let-down stream.  

Downstream of the control valves PZT-08071D will protect the piping by tripping the skid (See cause and 
effects diagrams) at 563 kPag. In addition there are two PSVs, one located upstream of the PRVs and 
one downstream that will protect the piping in the case of overpressure due to fire around the natural gas 
heater (upstream PSV) and PRV failure (downstream PSV). See the P&ID for more details.   

Flow Measurement section: 

The gas flow is measured using a Coriolis Meter (FT-08071A1) with a volumetric output in standard 
meters cubed per day. There is a totalizer built into the local PLC that will record the daily gas usage. 
Previous day, present day, and running totals are available on the HMI on CP-21601. 

Mercaptan Odorizer: 

The Natural Gas from the pipeline is odorless, so for use around human occupancy it is required to 
introduce mercaptan into the gas stream to provide a smell. This is accomplished by diverting a portion of 
un-odorized natural gas through the mercaptan odorizer vessel V-08116 where it picks up some of the 
mercaptan before returning to the main gas line. Factory technicians would provide the service on initial 
setup including the valve adjustment to the proper volume of the by-passed gas through the odorizer. 
During operation, the refill interval is based on the usage; its range could be as low as one refill every ten 
years (minimum flow case of 150 Sm3/day) or be as high as one refill every two years (Max flow case of 
1540 Sm3/day. The level gauge LI-08116A on the top of the odorizer is required to check the level of the 
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mercaptan and should be monitored periodically to determine when the refill will be required. The factory 
provided refill services are to meet the CSA standard Z662-11 for oil and gas pipeline systems. Detailed 
info.for the odorizer including details on initial set-up can be found in its IOM (See Hardware, Software 
and Firmware Manuals). 

A PSV is located downstream of V-08116 for the fire case. 

Section II - Start-Up and Operating 

Factory Acceptance Test (FAT) has been performed in the shop prior to shipping to site. Instrumentation 
and control systems have been tested and calibrated to ensure proper operation, the electrical power and 
control panel has been pre-set to a “ready to run” status as well. The gas heater and its control panel 
were unable to be tested due to the possibility of damaging the heater with no gas flowing through it. 
Commissioning to thoroughly check the gas heater and its control panel prior to start-up and ensure any 
other outstanding items from the FAT are closed out prior to start-up. See the factory acceptance test 
report for more details. 

Caution: 

Ensure the source natural gas to the package inlet has been fully shut off before the starting the 
following procedure. 

Ensure all external connections to skid are complete. 

Electrical Hookup and pre-check before unit start. 

Confirm all ESD, Fire, and LEL alarms have been cleared. 

Check to ensure the coalescing filter is in position, refer to filter vessel IOM. 

Check the hydraulic oil is in the correct level in the reservoir on ESDV valve, refer to ESDV IOM. 

Check the odorizer has been properly filled, refer to odorizer IOM. 

Ensure to close all the drain/vent valves on the equipment and piping, refer to PID. 

Ensure to close the process bypass valves, refer to PID. 

Ensure to open the all the process valve including those isolating valves for the equipment and 
instruments, refer to PID. 

Ensure to close the outlet drain valve after the condensate storage tank, refer to PID. 

Confirm all Control Loop Auto Set points and ensure pressure control parameters are set. 

Once the above steps have been properly finished, the package can be pressurized to operation by 
gradually opening the site natural gas supply.  

Plan valve line-up to allow for slow and controlled pressure-up of skid checking for gas leaks as pressure 
increases. 

 

 

Caution:  

Observe to see if the package is in a steady condition.  

If any abnormal condition appears, SHUT OFF the natural gas supplies immediately and Recheck 
the unit. 
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Reference Document Table 

 Document description Shell Document # 

1 P & ID drawing CCK-4512109130-0735-C01-00001-001 

2 Bill and Materials drawing CCK-4512109130-0735-C04-00001-000 

3 General Arrangement drawing CCK-4512109130-0735-B01-00001-001 

4 Cause and Effect Diagram - Process CCK-4512109130-0735-C14-00001-000 

5 Cause and Effect Diagram – Fire and Gas CCK-4512109130-0735-C14-00002-000 

6 Factory Acceptance Test Report CCK-4512109130-0735-K05--00002-000 

7 Control Philos. and Block Logic Diagrams CCK-4512109130-0735-C15-00001-000 

8 Erection and installation Procedure CCK-4512109130-0735-G01-00001-000 

9 PFD’S and Heat Mass Balance CCK-4512109130-0735-C13-00001-000 

10 Startup and Shutdown Flowcharts CCK-4512109130-0735-J01-00001-000 

11 Hardware, Software and Firmware Manuals CCK-4512109130-0735-J01-00003-000 

 



           
 

SECTION 3.0 

QUALITY CONTROL DOCUMENTS  

 



           
 

 

3.1 Testing Procedures  
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1. Introduction and Certification 

1.1. Purpose of Quality Assurance Management 

1.1.1. Definition 

Quality Management is a method for ensuring that all the activities necessary to design 
develop and implement a product or service are effective and efficient with respect to the 
system and its performance. Quality management can be considered to have three main 
components: quality control, quality assurance and quality improvement. Quality 
management is focused not only on product quality, but also the means to achieve it. Quality 

Assurance is the control of processes as well as products to achieve more consistent quality.  

1.1.2. Certification of the Quality Management System 

The quality system in place at National Process Equipment was developed under the 
guidelines of ISO 9001:2008 Quality System, and is accurately documented in the Quality 
Assurance Manual. 

I certify that the system described in this manual, and in the supporting procedures and 
instruction, is fully implemented at: 

National Process Equipment        

David Zyba 

Vice President Operations, National Process Equipment Inc. 

1.1.3. QMS Manual Foundation and Structure  

 

The Quality Program Manual makes reference to both higher and lower level documents in 
the next immediate tier. The same practice will be followed for all other quality system 
documents. (For example, the appropriate Quality Assurance Procedures are referenced in 
this manual. Detailed instructions and forms are not - they will be referenced in the applicable 
procedure.) This practice reduces the opportunities for error as well as improving the 
efficiency of the maintenance activities. 
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2. Organization Table and Functional Definition and 
Responsibilities 

2.1. Natpro Matrix Organizational Chart 

2.1.1. Chief Operating Officer (COO) 

The COO has complete responsibility and authority concerning all Quality Assurance 
matters, including but not limited to, defining and implementing Quality Assurance policies. 

2.1.2. Vice President of Operations 

The VP of operations will provide adequate resources to maintain the quality system and 
nominates as his representative the Quality Assurance Manager.  The VP of Operations will 
conduct annual Quality Assurance Review Committee meetings and other management 
reviews, as required. 

2.1.3. Quality Assurance Manager 

The VP of Operations of National Process Equipment will appoint the Quality Assurance 
Manager.  The Quality Assurance Manager will be responsible for the implementation and 
maintenance of the quality assurance system throughout the National Process Equipment 
organization.  The Quality Assurance Manager will be responsible for: 

a) Creation of the Quality Assurance Policy Manual and all appropriate changes. 

b) Auditing or review of appropriate process notes and procedures as initiated by other 
teams or offices including verification of their compatibility with the Quality Assurance 
Policy Manual. 

c) Overseeing planning, preparation and establishment of the required internal and external 
quality audits. 

d) Verifying the implementation of corrective action(s) resulting from quality system audits. 

e) The functional operation of the Quality Assurance Department. 

f) QA Manager reviews and has control over our engineering practices. 

g) Annually reporting of Quality Assurance program status to the VP of Operations. 
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2.1.4. Sales  

The sales team will verify that technical and commercial information is provided to National 
Process Equipment customers. 

The sales team will review customer requests for quotations and ensure that the quotation 
covers all aspects of the inquiry and that the requirements can be provided by National 
Process Equipment before a purchase order is accepted. 

The sales teams will compile the quotation covering the customer's inquiry. 

The sales team will review the customer contract and its specifications for compliance to the 
National Process Equipment quotation.  Any deviations will be reported and then the 
necessary proposal(s) negotiated until final agreement and approval is obtained from the 
parties involved. Project management will provide order acceptance. 

The records concerning deviation approval will be properly maintained.  The Sales team will 
process all required documents quickly and completely to ensure compliance to contractual 
specifications.  

2.1.5. Operations 

Engineering will ensure that all goods, services, and processes meet Customer 
specifications, NPE standards, and industry codes. 

Project Management will ensure the conformity to listed contract specifications.  

Project Management will ensure the Customer is fully communicated with regarding schedule 
and compliance to the agreed plan. 

Contract Administration will generate the required documents in a timely manner to facilitate 
compliance to contractual specifications. 

The Production team will be responsible for producing the final product in accordance with 
the specifications and requirements stipulated by Project Management. 

Production will be responsible for establishing internal schedules and programs for 
compliance to contractual requirements. 

Production will verify that appropriate personnel understand the established work procedures 
concerning product quality. 

Procurement will obtain goods and services that conform to specifications and will participate 
in auditing selected suppliers. (Production will acquire general consumption goods and 
subcontracted services.) 

The Service Department will provide assistance to customers according to contractual 
requirements or as appropriate. 

Service tasks will be performed in a professional manner to maintain customer satisfaction. 

Field problems and corrective actions, including proposals for product improvements, will be 
documented. 
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2.1.6. Accounting and Finance 

The Accounting and Finance Group maintains ledgers and records needed to meet 
regulatory requirements according to generally accepted accounting principals. 

2.1.7. Quality Assurance Review Committee 

A Quality Assurance Review Committee (QMS) exists and functions to oversee compliance 
to policies and procedures of the quality system. The Quality Assurance Review Committee 
shall consist of, as a minimum, the VP of Operations, the VP of Sales, the Value Stream 
Managers, the Functional Managers, and the Manager of Quality Assurance. 
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3. Quality System Policies 

3.1. Management Responsibilities 

3.1.1. Objective 

National Process Equipment is committed to be the most valuable link between the 
manufacturers and the customers in the supply of industrial pumps, compressors and related 
process equipment in Canada. We will attain this by identifying and focusing on the elements 
of our distinctive core competencies:  

a) Building principal supplier relationships, 

b) Pre-sale, technical and sales expertise, 

c) After-market service, and 

d) Integrated logistics. 

It is to this end that management directs all employees of the company to ensure that the 
quality of products and services supplied meet our customers' requirements. The policy 
statements provided in the Quality Assurance Manual are intended to direct our efforts in key 
areas to ensure that this goal is consistently achieved. These policies are mandatory for 
employees involved in the affected functions. 

3.1.2. Policy 

Every employee will strive to meet or exceed customer expectations in all transactions and 
activities through use of a planned total quality management system and observation of the 
following principles: 

a) Employees emphasize a pro-active work environment for prevention rather than 
detection and correction. 

b) Employees recognize and treat each internal or external recipient of a process or activity 
as interdependent process. 

c) Employees apply methods of continuous improvement in their efforts to produce quality 
products and customer service. 

d) Employees increase their levels of proficiency by taking advantage of training 
opportunities, both individually and collectively. 

e) Employees use verifiable methods to measure and control processes. 

f) Employees measure and report progress in key elements (such as timely delivery and 
customer service) of customer satisfaction. 

g) Employees are responsible for reporting any known product non-conformance, process 
failure, document error and system non-compliance to their supervisor. 

Each employee of National Process Equipment is responsible for providing quality products 
and customer satisfaction. 
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3.1.3.  Commitment 

The management of National Process Equipment provides the resources necessary to 
ensure that this quality assurance policy is understood, implemented and maintained at all 
levels in the organization. 

3.1.4. Purpose and Scope 

All personnel through proper responsibility, authority and channels according to the following 
descriptions and organization table shown in 3.1 will support the defined quality program of 
National Process Equipment.  This program shall comply with general industrial norms and 
the ISO-9002: 1994 standard with the exception of Statistical Techniques, which are neither 
required nor used in National Process Equipment processes. 

3.1.5. Method 

The Quality Assurance department will define, document and ensure implementation of 
quality policies, procedures and operating instructions at all levels of the organization.  
Management will provide adequate resources for the attainment of quality products, services, 
and work environment objectives.  

The authority to maintain and verify the effectiveness of the quality assurance system in 
accordance with the ISO-9002: 1994 will be delegated to the Quality Assurance Manager.  
The Quality Assurance Manager, as the management representative, has the authority to 
initiate actions and solutions to prevent non-conformities and to prevent the manufacture, 
assembly and testing of all non-conforming product(s). This Quality Assurance Policy Manual 
is made available to customers and employees.  The Quality Assurance Manual shall be 
updated and controlled according to National Process Equipment Quality Assurance 
Procedure QAP-017 and controlled according to procedures QAP-005. 

Training in the Quality Assurance Procedures shall be provided to all employees at National 
Process Equipment.    

3.1.6. Verification Activities (Resources and Personnel) 

The Sales Team identifies product requirements.  These include external customer 
requirements, as applicable.  

Project Management is responsible for establishing verification methods that will ensure 
customer requirements are met and documenting them on engineering drawings, quality 
plans, and production planning. 

Project Management is responsible for auditing the test procedures to assure verification 
requirements are satisfied. 

Production is responsible for testing the product(s) per test procedures.   

Quality Assurance will schedule and maintain documentation of internal audits per the 
Internal Audit Procedure to assure that resources are available to complete all defined 
inspection, test and monitoring activities. 

It is each office or groups' responsibility to assure that their employees fully understand all 
procedures pertaining to their area of responsibility. 
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3.1.7. Management Review 

The Quality Assurance Review Committee, led by the VP of Operations or their designate, 
shall conduct a thorough review of the entire quality system at least once a year.   

This review will cover, as a minimum, the following: 

a) Evaluation of the suitability and effectiveness of the established plans, procedures and 
internal/external audits as defined by the Quality Assurance Policy Manual. 

b) Evaluation of the proposed process changes and financial implications as they affect 
quality. 

c) Customer complaints and corrective action requests concerning quality received and 
proposed corrective and preventive action plans. 

d) The quality objectives of the previous period shall be reviewed and quality objectives for 
the next period shall be established during this review..    

The results of the quality system review will be documented and reported to all National 
Process Equipment personnel. 

3.1.8. References 

a) QAP-005, Document Control Procedure 

b) QAP-017, Internal Quality System Audit Procedure 

c) QN-400, Quality Assurance Manual 

d) Special Procedures 

e) Quality Assurance Forms 

f) Quality System Review meeting agenda, minutes and task lists. 

g) ISO 9002, paragraph 4.1 

h) QMS Policy and Procedure 

3.1.9. Records 

The Quality Assurance Manager will maintain the Quality Assurance Manual, Special 
Procedures and Quality Assurance Review Committee reports. 
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3.2. Quality Management System 

3.2.1. Policy 

In order to implement and maintain management of quality and ensure that the product 
requirements are clearly defined and met, National Process Equipment has created and 
implemented a quality system based on the ISO 9002:1994 standard. 

To achieve compliance with the specified requirements, the quality system involves the 
following activities: 

a) Preparation of Quality Plans. 

b) Identification and acquisition of verification equipment used to meet the specified quality. 

c) Maintenance and updating of manufacturing/inspection resources. 

d) Evaluation of metrology needs. 

e) Clarification of standards of acceptability. 

f) Compatibility of all organization processes, procedures and documentation. 

g) Accurate identification and maintenance of quality records. 

Effective implementation of the procedures shall be verified through internal audits.  If 
stipulated by the original purchase order, the customer or his representative can inspect the 
effective implementation of the quality program. 

3.2.2. Purpose and Scope 

The Quality Management System establishes and maintains documented procedures 
ensuring that a quality system is implemented for conformance to specified requirements 
from quotation, to order award, through shipment of product, invoicing, financial completion, 
warranty support, ending with aftermarket support. 

3.2.3. Responsibility 

The responsibility and authority to maintain the quality management system is assigned to 
the Quality Assurance Manager 
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3.2.4. Method 

The quality system is implemented and maintained through the use of: 

a) Quality Assurance Manual: The Quality Assurance Manual stipulates the company's 
general structure, objectives and guidelines to implement the ISO 9002 standard 
continuously and successfully.  Furthermore, the Quality Assurance Manual references 
procedures and other documentation applicable to the different policy requirements. 

b) Quality Assurance Procedures: Quality Assurance Procedures provide detailed 
directions in a local area, as required.  The procedures are developed and maintained to 
provide the control of activities affecting quality and to determine responsibilities within 
the quality system. 

c) Forms and Records: Quality Assurance Forms are supporting documents which are 
used to distribute information and record data which is retained for possible future usage 
as a quality record. 

d) Quality Plan: A Quality Plan is "a document setting out the specific quality practices, 
resources and sequence of activities relevant to a particular product, project or contract." 
When required by contract or the scope of work, Quality Plans shall be order specific. The requirements of 

the operating procedures and will define the quality plan for all other products and orders.  

e) Quality Assurance Stamps: Quality Assurance Stamps are numbered rubber stamps 
registered to employees who are responsible for identifying hold and inspection points 
and for performing inspections.  The stamp is applied according to Procedure QAP-023. 

3.2.5. Documents 

a) Quality Assurance Manual (QPM) 

b) Special Procedures 

c) Forms and Records 

d) QAP-023, Quality Assurance Stamp Procedure 

e) ISO 9002, paragraph 4.2 

f) ISO 8402. Paragraph 3.1 

g) ISO/DIS 9004-5 (Reference only)  

h) QMS Policy and Procedure Document 

3.2.6. Records 

An index of all quality documents (polices, procedures, operating instructions and forms) is 
available from the Quality Assurance Manager. 
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3.3. Contract Review 

3.3.1. Policy 

The Sales Team is responsible for reviewing and handling customers' documents according 
to defined guidelines.  Inquiries will be evaluated for compatibility with company goals.  
Inquiries will be evaluated on the basis of customer, product line and feasibility. 

Emphasis is placed on products manufactured by National's principal suppliers. 

Inquiries will be responded to in a professional and timely manner.  Responses will be well 
supported technically and commercially.  The technical merits and benefits of products 
offered shall be sufficiently detailed. Literature supplied will identify National Process 
Equipment as the representative for that product. 

In the case of inquiries in which no suitable product can be supplied by National Process 
Equipment, the customer will be notified of our intention not to quote in a timely and 
professional manner. 

When a quoted inquiry results in the award of an order that accurately reflects National's 
quote, a unique order number shall be assigned to the contract. If the order as awarded 
differs from the quote, Sales shall ensure that the discrepancies are fundamentally resolved 
and documented prior to proceeding with the order. 

Customer purchase orders for new product that is to be invoiced shall be written.  They must 
be identified as a purchase order and may be received by mail, fax or e-mail. Work for these 
orders shall not proceed prior to verification of signed customer purchase order by Sales. (If 
a customer uses a system that does not include issue of written purchase orders, appropriate 
measures must be taken to ensure that both parties are in full agreement regarding the 
specification of product and the commercial terms. In all such cases, Project Management 
and Accounts Receivable must approve the order prior to commencing work.) 

Communications between the customer and National Process Equipment that affect the 
contract shall be fully documented.  Updates and coordination with the customer shall be 
established and maintained. 

Performance may occur for field service and counter sale orders. In the case of field service, 
customer acceptance is signified on the applicable control document. In the case of counter 
sale orders, acceptance is signified through prepayment. In both cases customer acceptance 
is used to ensure that National Process Equipment has a clear understanding of the order 
requirements. 

3.3.2. Purpose and Scope 

The Inquiry Review process is used to evaluate the customer inquiry requirements for 
compatibility with the capabilities of the appropriate National Process Equipment product 
lines, and to ensure these are adequately documented. 

 Contract Review procedures ensure that National Process Equipment understand all 
contractual requirements of the customer's order, and to ensure these are adequately 
documented and passed to the appropriate functions within the organization. 
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3.3.3. References 

a) Quotation 

b) Technical Literature 

c) QAP-004, Contract Review Procedure 

d) QAP-021, Contract Amendment Procedure 

e) Contract File  

f) Customer Purchase Order and change orders 

g) ISO 9002, paragraph 4.3 

h) Baan Order Processing Procedures 

i) Order Management Procedures 

3.4. Design Control 

In our company, we design the product according to the contracted requirements 
or specification. That design sometimes may change due to evolving technical 
improvements and/or revised design requirements. 

3.4.1. Goal 

We believe it is important for us to maintain control over how our products are 
being designed and over the possible changes in the design. This is to make sure 
the product not only fulfills customer requirements but also stays within 
contracted features. 

We believe that effective design control will result in reduced costs by helping 
eliminate wasted effort and material due to incorrect or unauthorized design 
changes. It will also ultimately result in increased business due to customer 
satisfaction from getting expected goods and services. 

3.4.2. Policy 

Thus, it is the policy of this company to adhere to the ISO 9001 section 4.4 
standard on Design Control. 

To ensure that the contracted requirements are met, it is our policy to always 
maintain control of the design of the products we make and to verify that design. 

It is also our policy to use and maintain procedures to control and verify the 
design of our product. 
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3.4.3. Design and Development Planning 

To effectively coordinate the design effort and avoid misdirection or areas of work 
not covered, it is our policy to always have plans that identify the responsibility for 
each design and development activity. 

To maintain the management of the project, it is also our policy to always use 
these plans to describe or reference these activities. These plans are always 
updated as the design evolves. 

3.4.4. Activity Assignment 

To ensure the design and verification activities are done correctly, those activities 
are planned and assigned to qualified staff equipped with adequate resources. 

3.4.5. Organizational and Technical Interfaces 

To avoid poor or incomplete communications that could result in lack of design 
coordination and even cause mistakes, it is our policy to always identify the 
organizational and technical interfaces between different involved groups and to 
document, transmit, and regularly review the necessary information concerning 
these interfaces. 

3.4.6. Design Input 

To avoid confusion about the inputs to the design and to ensure complete 
understanding of what the customer wants, it is our policy to always identify, 
document and review the selection by our engineering staff for adequacy of the 
design input requirements relating to the product. 

It is also our policy to always resolve incomplete, ambiguous, or conflicting 
requirements with those responsible for drawing up these requirements. This is 
done during the design review. 
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3.4.7. Design Output 

To ensure the design conforms to the goal of satisfying customer requirements, it 
is our policy to always document our design output and express it in terms of 
requirements, calculations, and analyses. 

It is also our policy that our design output always: 

1. Meets the design input requirements; 

2. Contains or references acceptance criteria; 

3. Conforms to appropriate regulatory requirements whether or not these have 
been stated in the input information; 

4. Identifies those characteristics of the design that are crucial to the safe and 
proper functioning of the product. 

3.4.8. Design Verification 

To avoid careless or incomplete verification of our design, it is our policy to always 
plan, establish, document, and assign to competent personnel functions for 
verifying that design. 

By design verification we mean the activity that establishes that design output 
meets the design-input requirement by means of design control measures such 
as: 

1. Holding and recording design reviews; 

2. Undertaking qualification tests and demonstrations; 

3. Carrying out alternative calculations; and 

4. Comparing the new design with a similar proven design, if available. 

3.4.9. Design Changes 

To avoid unauthorized, unnecessary, or incorrect changes and modifications to the 
design of our product, as well as to avoid the risk of losing track and control of 
changes, it is our policy to always have design changes and modifications 
identified, documented, and reviewed and approved. 
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3.5. Document Control 

3.5.1. Policy 

Documents related to internal quality standards are approved, reviewed and updated by the 
originator where possible, and appropriate approval functions depending on the document type. 

Technical documents related to a contract will be processed in time to prevent delays in 
production and delivery. 

Paper documents that do not bear the appropriate status control indicator are considered to 
be uncontrolled, with the exception of master copies. 

3.5.2. Purpose and Scope 

Document control procedures ensure that: 

a) Pertinent issues of appropriate documents are available at all locations where operations 
essential to the effective functioning of the quality system are performed. 

b) Obsolete documents are promptly removed from all controlled points of issue or use 
and, if necessary, replaced by an updated document. 

c) Obsolete quality documents are maintained in the Quality Assurance office for historical 
reference only. 

Essential documentation includes but is not limited to: 

d) the Quality Assurance Manual 

e) engineering specifications, drawings, procedures and work instructions 

f) Quality Plan 

g) special process procedures and documentation 

3.5.3. References 

a) QAP-005, Document Control Procedure 

b) ISO 9002, Paragraph 4.5 
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3.6. Purchasing 

3.6.1. Policy 

National Process Equipment ensures that purchased products conform to specified 
requirements by:  

a) assessing sub-contractors on the basis of their ability to meet National Process 
Equipment requirements, including quality requirements 

b) providing clear and detailed descriptions on purchase orders 

c) verifying that the purchased product meets the specified requirements either at source or 
upon receipt. 

3.6.2. Purpose and Scope 

This procedure ensures that the purchased product conforms and meets the specified 
requirements of the contract.  All purchasing activities, from selection of sub-contractors to 
receipt of purchased product, are documented in the purchasing procedure QAP-006. 

Purchasing activities include selection of sub-contractors, establishment of Approved Suppliers 
List, issuing of purchase orders and verifying that purchased products meet the specified 
requirements. 

3.6.3. References 

a) QAP-006 Purchasing Procedure 

b) ISO 9002, paragraph 4.6 

c) Baan Order Processing Procedures 

d) QAP-056 Commodity Standardization Procedure 

3.7. Control of Customer Supplied Product 

3.7.1. Policy 

Procedures for inspection, safe handling and integration of the customer's supplied materials 
shall be defined.  Customer supplied material that is to be incorporated into the National 
Process Equipment or principal's scope of supply shall be inspected upon receipt.  It shall be 
stored safely and any instructions concerning storage or maintenance shall be followed to 
ensure its suitability for use. 

In case of damage, loss or unsuitability reported to or by Contract Administration or the 
Production Manager, the customer shall be notified and mutually agreeable corrective action 
shall be determined according to procedure. 
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3.7.2. Purpose and Scope 

Customer Supplied Product procedures ensure conformity of the customer supplied product 
and its point of incorporation into the production scheduling. 

Note: verification by National Process Equipment does not absolve the customer of the 
responsibility to provide acceptable product. 

3.7.3. References 

a) QAP-007, Customer Supplied Product Procedure 

b) QAP-010, Inspection and Testing Procedure 

c) QAP-013, Control of Non-conforming Product Procedure 

d) QAP-015, Handling, Storage, Packaging and Delivery Procedure 

e) ISO 9002, paragraph 4.7 

f) Baan Order Processing Procedures 

3.8. Product Identification and Traceability 

3.8.1. Policy 

Established procedures and work instructions control the identification and traceability of 
individual parts or components. 

Identification of products shall commence upon receipt of a customer purchase order an 

unique order identification number shall be assigned to each contract.   This number shall follow the 
Quality Assurance System from receipt of products through to shipment of goods.  This 
number shall be stamped, where feasible, on an identification plate and permanently 
attached to the equipment. 

3.8.2. Purpose and Scope 

Procedures are established and maintained to ensure product identification and traceability 
upon receipt of customer purchase order and during all stages of production, delivery and 
installation. 

3.8.3. References 

a) QAP-008 Product Identification and Traceability Procedure 

b) QAP-010 Inspection and Testing Procedure 

c) ISO 9002, paragraph 4.8 

d) Contract File with unique order number 

e) Supplier Quality documents (such as tests and material certificates as applicable to a 
particular contract). 
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3.9. Process Control 

3.9.1. Policy 

Process control procedures ensure that order processes are carried out under controlled 
conditions by qualified personnel using qualified process procedures, documentation, and 
equipment. 

Controlled conditions include: 

a) Use order specific written instructions that outline production, installation and servicing 
details critical to the production of quality products. 

b) Compliance with reference standards/codes, inspection and test plan, and/or 
documented procedures. 

c) Monitoring and control of process parameters and product characteristics during 
production, installation and servicing. 

d) Use of properly maintained and/or calibrated equipment. 

e) Use of properly trained personnel and safe work practices. 

Applicable special process needs are recognized at the contract review stage and properly 
identified during production planning. 

3.9.2. Purpose and Scope 

Production processes that directly affect quality are identified and planned to ensure that they 
are carried out under controlled conditions. 

Fabrication and manufacturing shall be carried out in accordance with National Process 
Equipment Quality Assurance Procedures or contractually defined requirements.  Applicable 
work instructions, as required, shall be available for each process activity.   

In-process monitoring and control is performed at selected points during production to ensure 
that the product conforms to specified requirements. 

3.9.3. References 

a) QAP-009, Process Control Procedure 

b) QAP-011, Inspection Measuring and Test Procedures 

c) QAP-019, Service Procedure 

d) ISO 9002, paragraph 4.9 

e) Baan Order Processing Procedures 
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3.10. Inspection and Testing 

3.10.1. Policy 

Components manufactured by National Process Equipment are evaluated according to 
established inspection and testing procedures in order to verify that the specified 
requirements for the product are met.  Special requirements for inspection, testing, and 
records to be established are detailed in the Quality Plan. 

3.10.2. Purpose and Scope 

Purchased material is verified according to the specification contained in National Process 
Equipment’s purchase order.  If final product performance test is required, it is verified for its 
conformance with the requirements specified in the customer purchase order and on the 
Quality Plan. 

Inspection and testing procedures verify some or all of the following, as appropriate for each 
contract: 

a) Quantities 

b) Type of equipment or material 

c) Proper identification of product by subcontractor 

d) Required documentation (eg. mill certificates, test reports etc. as described on purchase 
order) 

e) Dimensions 

f) Performance 

g) Other special requirements specified on purchase order 

3.10.3. References 

a) QAP-009, Process Control Procedure 

b) QAP-010, Inspection and Testing Procedure 

c) QAP-011, Inspection, Measuring and Test Equipment Procedure 

d) QAP-013, Control of Non-conforming Product Procedure 

e) ISO 9002, paragraph 4.10 
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3.11. Control of Inspection, Measuring and Testing  Equipment 

3.11.1. Policy 

All inspection, measuring and test equipment that is used to check product conformity shall 
be calibrated according to written procedures.  Records of this activity shall be stored in 
Production.  Any equipment that is on loan or supplied by the customer for a specific contract 
shall be calibrated. Evidence that the equipment is calibrated or in a condition acceptable to 
the customer shall be kept in the contract file. 

Confidence in measurement is established in the following ways: 

a) The inspection, measuring and test equipment shall be adequately selected for its 
identified use. 

b) Equipment that establishes the product conformance shall be identified and calibrated at 
planned intervals or as required.  Calibration shall be performed against equipment 
traceable to national standards. 

c) Calibration records shall be maintained and shall include the following information: 

• list of equipment with description and calibration intervals, 

• date of last calibration and estimated re-calibration, 

• allowable error reading and action status if limits are exceeded, and 

• Manufacturer’s limitation and maintenance instructions shall be logged, including 
repairs performed by qualified persons in-house or outside the company. 

d) All test/inspection equipment shall be evaluated and selected for the accuracy and 
precision as required by the National Process Equipment quality system. 

e) The calibration status for each piece of equipment shall be indicated by an adhesive 
sticker or proper listing of those instruments with date of calibration and for re-
calibration.  Calibration records of the equipment shall be maintained to demonstrate 
continuous quality. 

3.11.2. Purpose and Scope 

All measuring and testing equipment is controlled, calibrated and maintained in order to 
produce reliable test results.  This applies to all equipment that is used to verify the quality of 
products produced by National Process Equipment.  

If required by contract, calibration data shall be made available to the client to verify the 
adequacy of the inspection, measuring or test equipment. 

Test software is not used by National Process Equipment. 

3.11.3. References 

a) ISO 9002, paragraph 4.11 

b) ISO 10012-1 

c) QAP-011, Control of Inspection, Measuring and Test Equipment Procedure 
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3.12. Inspection and Test Status 

3.12.1. Policy 

Inspection results for partially finished products are recorded to provide information to be 
used as evidence in obtaining permission to continue fabrication or shipment within the 
required specifications. 

3.12.2. Purpose and Scope 

Inspection and Test Status procedures provide a positive means of knowing whether or not a 
product has been 

a) inspected, 

b) inspected and accepted, or 

c) inspected and rejected 

so that only products that have passed the required inspections and tests are used in 
fabrication or shipped to client. 

3.12.3. References 

a) QAP-012 Inspection and Test Status Procedure 

b) QAP-013 Control of Non-conforming Product Procedure 

3.13. Control of Non-conforming Product 

3.13.1. Policy 

Non-conforming products and services are held and identified for evaluation.  Non-
conformances are resolved in a timely manner to minimize interruption of production and 
service.  

3.13.2. Purpose and Scope 

Products that do not meet quality requirements will be clearly identified to avoid being 
inadvertently used in the production cycle until disposition is determined. 

Non-conforming products shall be defined as: 

a) Products which fail to meet specific requirements upon inspection. 

b) Products accepted at one stage, but due to a requirement change are no longer 
acceptable in their present condition. 

c) A supplied product or sub-assembly found unacceptable after its delivery. 

Control shall provide for identification, documentation, evaluation, segregation (when 
practical), and disposition of nonconforming product and for notification to the functions 
concerned. 
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3.13.3. References 

a) QAP-012 Inspection and Test Status Procedure 

b) QAP-013, Control of Non-conforming Product Procedure 

3.14. Corrective and  Preventive Action 

3.14.1. Policy 

National Process Equipment maintains documented procedures for implementing corrective 
and preventive action. 

Any corrective or preventive action taken to eliminate the causes of actual or potential non-
conformities shall be to a degree appropriate to the magnitude of problems and 
commensurate to the risks encountered. 

Any changes in the documented procedures resulting from corrective and preventive action 
shall be implemented and recorded. 

3.14.2. Purpose and Scope 

Corrective and preventive action procedures are used to eliminate causes of non-
conformities or prevent non-conformities from occurring in any National Process Equipment 
product, process or quality system.  

3.14.3. References 

a) QAP-014A Corrective Action Procedure 

b) QAP-014B Preventive Action Procedure 

3.15. Handling, Storage, Packaging and Delivery 

3.15.1. Policy 

Established procedures and work instructions will control the handling, storage, packaging 
and delivery of the final product.  These instructions will be defined and will include the 
following. 

a) Instructions for in-house handling and storage of material. 

b) Instructions for lifting device safety in operation, training and inspection for damage or 
deterioration. 

c) Instructions to avoid potential damage to the final product at National Process 
Equipment's facility, by providing adequate storage and protection.   

3.15.2. Purpose and Scope 

Procedures are established and maintained to ensure that handling, storage and packaging 
methods meet all the requirements of National Process Equipment Quality Assurance from 
receipt of the product through to shipment. 
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3.15.3. References 

a) QAP-010 Inspection and Testing Procedure 

b) QAP-013 Control of Non-conforming Product Procedure 

c) QAP-015 Handling, Storage, Packaging and Delivery Procedure 

d) Packing Slip 

3.16. Control of Quality  Records 

3.16.1. Policy 

Identification, collection, indexing, filing, storage and maintenance procedures for quality 
records will be established and maintained. 

Quality records will be established and maintained to demonstrate conformance of completed 
products to specified requirements and compliance with specified processing procedures. 

Quality records are made available to the customer representative for analysis and review. 

3.16.2. Purpose and Scope 

Procedure(s) will describe the way in which records used in the quality management system 
are identified, stored and maintained.  The records will demonstrate achievement of the 
required quality and effective operation of the quality system. 

Procedure(s) will address the following items: 

a) Identification of records required in the operation of the quality management system. 

b) Quality records include (but are not limited to) contract review results, inspection reports, 
performance test data, material certifications, certification of conformity, calibration 
results, sub-contractor assessment reports, corrective action reports, training record, 
internal audit reports and management review meeting minutes. 

c) Quality records are identifiable to the product or process concerned, as appropriate. 

d) Quality records are stored and maintained in a manner that provides ready access, 
minimizes deterioration or damage and prevents loss. 

e) Quality records are retained according to the internal retention schedule. 

3.16.3. References 

a) QAP-016 Quality Record Procedure 
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3.17. Internal Quality System Audit 

3.17.1. Policy 

Internal audits will be performed according to documented procedures to verify the 
effectiveness of the quality management system.  Internal quality audits shall be scheduled 
on the basis of criticality and performance history.  The frequency of audits may be altered 
according to audit results and approval by Quality Assurance.   

Results of the quality audits are documented and are distributed to management responsible 
for the audited area. Actions to correct reported non-compliances will be proposed and 
implemented by the responsible function in a timely manner.  Quality Assurance will follow up 
the corrective action implementation to ensure effectiveness. 

Report copies will be forwarded to the President who oversees and reviews the total quality 
assurance of National Process Equipment. 

3.17.2. Purpose and Scope 

The Internal Quality System Audit procedure is used to evaluate the effectiveness and 
implementation of the quality system.   The effectiveness and implementation of the quality 
system shall be evaluated as to the compliance of the final product (and its production 
documentation) with the contractual requirements. 

3.17.3. References 

a) QAM-017 Internal Quality Audit Procedure 

3.18. Training 

3.18.1. Policy 

On-going training is both required and encouraged at all levels in the National Process 
Equipment organization.  Training is provided for all National Process Equipment employees 
to the extent necessary to ensure a high standard of product quality.   

Personnel performing specific assigned tasks are qualified on the basis of appropriate 
education, training and experience, as required. 

Qualifications and training requirements for all personnel are identified and documented in 
the job description for each function.  The Quality Assurance department maintains records 
of training for each employee. 

3.18.2. Purpose and Scope 

Training is provided to ensure that personnel performing activities affecting quality are 
adequately qualified to perform those activities. 
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3.18.3. References 

a) QAP-018 Training Procedure 

b) Curricula Vitae of personnel 

c) Certification of completion of training (as available) 

d) Job descriptions 

3.19. Service 

3.19.1. Policy 

Servicing procedures are used to identify, perform, verify and report service work in order to 
ensure that customer requirements are met. In addition, policies and procedures are defined 
to ensure that records and installation data is maintained and will ensure ongoing support is 
available for equipment sold and serviced by National Process Equipment. 

3.19.2. Purpose and Scope 

Service work includes commissioning of equipment, warranty repairs, investigation and 
resolution of field operating problems and any other equipment repairs performed by National 
Process Equipment.  Installation service is traceable to the order on which the installed 
equipment is sold. All after-sales service requests are identified with a unique order number 
and are subject to the appropriate contract review procedure. 

a) Field service is work that is performed, either partly or wholly, at the customers' sites. 
These types of orders are characterized by verbal requests by the customer and short 
lead times. Often, the work is initiated and completed outside normal business hours and 
involves only the customer maintenance personnel and a National Service Technician. 
Controls appropriate to this type of business are used to ensure that work is documented 
and accepted. 

b) Shop Service is work performed entirely in a National Process Equipment shop. Controls 
applied for this type of service are a hybrid of new production and field service 
procedures. 

c) Installation service, such as start-up of equipment, is controlled within the sale of 
equipment contract when part of the original order. 

Service procedures include provisions for ensuring data pertinent to the operation of 
equipment sold and serviced by National Process Equipment is maintained and retrievable. 
Installation related records will include serial number specific configuration information, 
application data, and performance and maintenance records as applicable and available.  

3.19.3. References 

a) QAP-019 Service Procedure 

b) QAP-004 Contract Review Procedure 

c) QAP-020 Customer Service Procedure 

d) Equipment Operation and Maintenance Manual 
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3.20. Numerical Analysis (Not Defined) 
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NPE Customer 

1.1 S/I H H

1.2 S/I H H

2.0

2.1 S/I H H

2.2 S/I H H

2.3 S/I H H

2.4 S/I H H

2.5 S/I H H

2.6 S/I H H

2.7 S/I H H

2.8 S/I H H

2.9 S/I H H

2.10 S/I H H

2.11 S/I H R

2.12 S/I H H

3

3.1 Sub-Vendor
/NPE H R

3.2 Sub-Vendor
/NPE H R

3.3 Sub-Vendor
/NPE H R

3.4 Sub-Vendor
/NPE H R

3.5 Sub-Vendor
/NPE R R

3.6 Sub-Vendor
/NPE R R

3.7 Sub-Vendor
/NPE R R

Electrical  Drawings Customer Customer PO : 
4512109130 Customer   Approval Returned documents with code 1 or 2 status

Returned documents with code 1 or 2 status

HAVC Drawings  if applicable Customer Customer PO : 
4512109130 Customer   Approval Returned documents with code 1 or 2 status

Returned documents with code 1 or 2 status

Valve

Sub-Vendor
/NPE Shell DEP and CSA Codes - NPE PO to Sub-Vendor

Welding Procedure (NPE) for piping spool Customer Customer PO : 
4512109130 Customer   Approval

Returned documents with code 1 or 2 status

- NPE PO to Sub-Vendor

- CRNs, Testing Report
- MTRs

- CSA for all electrical devices if applicable

Instrumentation-PSV, CV, LG, PG, TG, LIT, PIT, TIT, etc. Sub-Vendor
/NPE MFG Standard 

Sub-Vendor
/NPE Shell DEP and CSA Codes

Condensate Storage Tank MFG Standard - NPE PO to Sub-Vendor - NPE PO to Sub-Vendor

Piping Material

- NPE PO to Sub-Vendor

Customer PO : 
4512109130 Customer   Approval

Sub-Vendor
/NPE MFG Standard 

- NPE PO to Sub-Vendor

- NPE PO to Sub-Vendor
- CRNs, Testing Report

- MTRs
- CSA for all electrical devices if applicable

Sub-Vendor
/NPE

- MTRs
- Calibration Certificate, Test Report if availible

- CRN's

Customer   Approval Returned documents with code 1 or 2 status

- NPE PO to Sub-Vendor

MFG Standard 

Natural Gas Electrical Heater Sub-Vendor
/NPE

Mercaptan Gas Odorizer

Customer 

Building Drawings 

Leak Test Procedure Customer 

- CRNs, Testing Report
- MTRs

- CSA for all electrical devices if applicable

Returned documents with code 1 or 2 status

Customer   Approval Returned documents with code 1 or 2 status

Customer PO : 
4512109130

ITP # NPE SLS 338716

Purchaser P.O. #

Activity Description

LOCATION - Address, City & Country:

NPE Customer PO : 
4512109130

Approval Drawings and NPE Procedures

4512109130

Control Procedure Ref.Location

Returned documents with code 1 or 2 status

Customer PO : 
4512109130

PROJECT: Shell Carmon Creek Project INSPECTION AND TEST PLAN

Rev. No. Inspection  Plan Legend: H = Hold,   W = Witness, R =  Review 

Verifying Documents

SLS 338716, CMT Natural Gas Pressure Reduction Skid Package (0735A-08030)

Customer PO : 
4512109130Welding Procedure (NPE) for structural skid

Purchase Order Document Review

Pre-Fab Meeting

Inspection Points (Date and Signature required)

Receipt Manufactured  Items

Structural Skid Drawings and Calculation

Supplier/Sub-supplier Name: 

Customer Customer PO : 
4512109130

Coalescer Filter

Activity 
No.

5049 -74 ave SE, Calgary, AB

Customer 

NDE Procedure (RT, MT, PT, UT, PMI, etc.) Customer PO : 
4512109130

Inspection and Test Plan Form

Supplier/Sub-supplier Work Scope: 

National Process Equipment

Responsible Party Acceptance Criteria

Customer   Approval

P&ID, BOM, and GA's Drawing

SDR

Meeting Minutes

Commercial & Technical Specification 
compliance between Quote & PO

NPE Meeting Minutes

Customer   Approval

Customer Customer PO : 
4512109130 Customer   Approval

Customer 

- MTRs

Customer   Approval Returned documents with code 1 or 2 statusHydrostatic Test Procedure Customer Customer PO : 
4512109130

MFG Standard 

Sub-Vendor
/NPE

Customer Customer PO : 
4512109130 Customer   Approval Returned documents with code 1 or 2 status

- MTRs
- CRN's

Welder Certifications Customer Customer PO : 
4512109130 Customer   Approval Returned documents with code 1 or 2 status

Coating Procedure / ITP for Coating vendor
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NPE Customer 

ITP # NPE SLS 338716

Purchaser P.O. #

Activity Description

LOCATION - Address, City & Country:

4512109130

Control Procedure Ref.Location

PROJECT: Shell Carmon Creek Project INSPECTION AND TEST PLAN

Rev. No. Inspection  Plan Legend: H = Hold,   W = Witness, R =  Review 

Verifying Documents

SLS 338716, CMT Natural Gas Pressure Reduction Skid Package (0735A-08030)

Inspection Points (Date and Signature required)

Supplier/Sub-supplier Name: 

Activity 
No.

5049 -74 ave SE, Calgary, AB

Inspection and Test Plan Form

Supplier/Sub-supplier Work Scope: 

National Process Equipment

Responsible Party Acceptance Criteria

3.8 Sub-Vendor
/NPE R R

3.9 Sub-Vendor
/NPE R R

4

4.1 NPE R R,W

4.2 NPE R R,W

4.3 NPE R W,H,R

4.4 NPE R R,W

4.5 NPE R R

4.6 NPE R H

4.7 NPE R R

4.8 NPE R R

4.9 NPE R R

4.10 NPE R H

4.11 NPE R H

5

5.1 NPE R R,W

5.2 NPE R R,W

5.3 NPE R R,W

- Assembly drawings

Piping Assembly and Equipment Installation NPE

- NPE QA/QC for mechanically assembled process 
piping (AQP-21321)

- ASME B31.3
- Manufacturer IOM

- Shell DEP 31.38.01.31

- NPE QA/QC for mechanically assembled 
process piping (AQP-21321)

- ASME B31.3
- Manufacturer IOM

- Shell DEP 31.38.01.31

- Assembly drawings

Assembly and Installation

Piping Hydrostatic Test

HVAC Installation if applicable

Oderizer Hydrostatic Test

Filter Hydrostatic Test NPE

Building Installation

NPE

NPE

NPE

- Weld Maps
- NDE Report

- NDE Operator Qualification Record
- Fabrication Drawings

Piping Spool (PWHT and NDE)
   - 100% Visual Inspection
   - 10% Min. RT on Butt Weld

Fabrication, Examination and Testing

-Shell DEP 34.28.00.31
-CSA W48.1

- Painting Inspection Report 
- Fabrication Drawings

- NPE Sub-Vendor NDE Procedure
- CSA W59 

- Shell DEP 34.28.00.31
- Shell CCK-0000-CS-7880-000-0002-000

Piping Spool (Welding)

Sub-Vendor

Sub-Vendor

NPE

NPE

Skid (NDE)
   - 100% Visual Inspection
  - 100%  UT on full penetration welds
  - 25% MPI on all fillet welds
  - 100% MPI on the lifting lugs configuration.

Skid (Welding)

- NPE NDE Procedure
- ASME B31.3

- Shell Standard 3-1.12

- NPE Sub-Vendor NDE Procedure
- CSA W59 

- Shell DEP 34.28.00.31
- Shell CCK-0000-CS-7880-000-0002-000

- MTRs

- Approved drawings
- ASME B31.3

- NPE WPS and PQR 
- CSA W59, CSA W47.1
- Shell DEP 34.28.00.31

- B31.3 Certs for welders 
- Fabrication Drawings

- Weld Maps
- NDE Report

- NDE Operator Qualification Record
- Fabrication Drawings

- MTRs

- NPE and/or Sub Vendor Procedure
- Surface Preparation & Painting Specification

- Shell CCK-0000-CS-2408-026-0002-001

-Test Report

 NPE and/or Sub Vendor Procedure
-Alberta Building Code 2006

 - Shell CCK-0000-CB-7880-000-0001-000
 - Shell CCK-0000-CB-7880-000-0002-000

 NPE and/or Sub Vendor Procedure
-Alberta Building Code 2006

 - Shell CCK-0000-CB-7880-000-0001-000
 - Shell CCK-0000-CB-7880-000-0002-000

Sub-Vendor
/NPE

- NPE Test Procedure
- ASME B31.3

-Shell DEP 34.28.00.31
-CSA  G40.21

NPE

- NPE WPS and PQR 
- CSA W59, CSA W47.1
- Shell DEP 34.28.00.31

Sub-Vendor
/NPE

- NPE WPS and PQR 
- ASME B31.3

- Shell DEP 34.38.01.31

- NPE WPS and PQR 
- ASME B31.3

- Shell DEP 34.38.01.31

 NPE and/or Sub Vendor Procedure
- Shell DEP 31.76.10.11

 NPE and/or Sub Vendor Procedure
- Shell DEP 31.76.10.11 - Assembly drawings

- Test Procedure
-ASME Vessel code V III Div.1

-Shell DEP 31.22.20.31

- Test Procedure
-ASME Vessel code V III Div.1

-Shell DEP 31.22.20.31
- Test Report

- Test Procedure
-ASME Vessel code V III Div.1

-Shell DEP 31.22.20.31

- Test Procedure
-ASME Vessel code V III Div.1

-Shell DEP 31.22.20.31

Structral Material

Skid (Coating Applications)
- Sandblasted to SSPC-SP6
- Primer - Per shell spec.
- Finish - Per shell spec.
- Color - Per shell spec.

Consumables -Shell DEP 34.28.00.31
-CSA W48.1

- CSA W47.1 Certs for welders 
- NPE Structural Steel data book (CWB)

 - Fabrication Drawings

-Shell DEP 34.28.00.31
-CSA  G40.21

- ASME B31.3
-CSA W47, W59

-Shell DEP 31.38.01.31
Returned documents with code 1 or 2 status

- NPE NDE Procedure
- ASME B31.3

- Shell Standard 3-1.12

NPE

- NPE and/or Sub Vendor Procedure
- Surface Preparation & Painting Specification

- Shell CCK-0000-CS-2408-026-0002-001

- NPE Test Report
- ASME B31.3

WPS Verification for Skid NPE -CSA W47, W59
-Shell DEP 31.28.01.31

-CSA W47, W59
-Shell DEP 31.28.01.31 Returned documents with code 1 or 2 status

Welder Certifications NPE
- ASME B31.3

-CSA W47, W59
-Shell DEP 31.38.01.31

WPS Verification for Piping NPE - ASME B31.3
-Shell DEP 31.38.01.31

- ASME B31.3
-Shell DEP 31.38.01.31 Returned documents with code 1 or 2 status
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NPE Customer 

ITP # NPE SLS 338716

Purchaser P.O. #

Activity Description

LOCATION - Address, City & Country:

4512109130

Control Procedure Ref.Location

PROJECT: Shell Carmon Creek Project INSPECTION AND TEST PLAN

Rev. No. Inspection  Plan Legend: H = Hold,   W = Witness, R =  Review 

Verifying Documents

SLS 338716, CMT Natural Gas Pressure Reduction Skid Package (0735A-08030)

Inspection Points (Date and Signature required)

Supplier/Sub-supplier Name: 

Activity 
No.

5049 -74 ave SE, Calgary, AB

Inspection and Test Plan Form

Supplier/Sub-supplier Work Scope: 

National Process Equipment

Responsible Party Acceptance Criteria

5.4 NPE R R,W

5.5 NPE R R,W

6

6.1 S/I H H

6.2 NPE R H

7

7.1 S/I H H

7.2 S/I H H

7.3 S/I H H

7.4 S/I H H

7.5 NPE H R

Legend

Date Date Date

Prepared by Supplier/Sub-supplier Rep. Reviewed & Approved by Supplier/Sub- supplier Quality Rep. Reviewed By  Owner

Print Name / Initial

Final Data Book ( 1 Month after package shipment) NPE Customer PO : 
4512109130

Customer PO : 
4512109130 Approved VDR 

S = Supplier (NPE)     I = Purchaser     C = Authorized Inspector    
 E = Owner W = Witness Point     H = Hold Point     R = Review

Electrical Installation NPE

NPE and/or Sub Vendor Procedure
- Shell DEP33.04.20.10
- Shell DEP33.04.30.30
- Shell DEP33.04.30.31

NPE and/or Sub Vendor Procedure
- Shell DEP33.04.20.10
- Shell DEP33.04.30.30
- Shell DEP33.04.30.31

- Assembly drawings

Release for Shipment -
Review ABSA certification documents prior to release (including pressure vessels, 
PSV, piping and fittings with ABSA design registrations, ASME data reports, AB-
83/81/41, name plate photos, etc)

NPE - Handling & Shipping Procedures including 
Preservation, Storage, and Packing. Packing Slip - Signed Inspection release

NPE - Surface Preparation & Painting Specification
- Shell DEP 30.48.00.31

Piping Spool (Coating Applications)
- Sandblast to SSPC-SP6
- Primer - Per shell spec.
- Color - Per shell spec.

 FAT Test and CSA if applicable
Electrical, Control Panel, I & C, HVAC, ….etc.
-3 rd Party Electrical Inspection (Marex)

NPE

Print Name / Initial

NPE - NPE QC/QA 

- NPE Test Report
- CSA

CSA 22.1 
Customer   Approval

- Non-conformance Report / Log (NCR) closed 
- Deviation Decision Requests and Index closed 

Approved by Purchaser

Print Name / Initial

Customer PO : 
4512109130

Customer PO : 
4512109130

-Signed ITP
- Code 1 Drawings

Marking, Tagging, Preparation for shipment/storage -handling & shipping procedures including 
preservation, storage, and packingNPE - Handling & Shipping Procedures including 

preservation, storage, and packing

- Painting Inspection Report 
- Fabrication Drawings

Final Inspection NPE

- Surface Preparation & Painting Specification
- Shell DEP 30.48.00.31

-Leak Test Procedure

CSA 22.1 
Customer PO :  4512109130

- NPE Leak Test Procedure Completed skid Package Leak Test
  - Leak test with shop air @ 25 psig

- Non-conformance Report (NCR) - Non-conformance Report /Log (NCR)  
CLOSED

PackageTesting

Leak Test Certificate (Package only) 

Final Inspection

NPE

Print Name / Initial

- Name Plate Pic. Etc.
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Hazardous Area Process Heat & Control Solutions
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NATIONAL PROCESS EQUIPMENT Management responsibility OP/01

P.O No.: Contract review Sales process

PUR630251 Design control Design process

Document control OP/04/01

Description: Purchasing Purchasing process

1 X 4.4KW ELECTRICAL HEATER Product identification & traceability WI/07

TAG NO: TBA Manufacturing control Manufacturing process

Inspection & testing Test & inspection process

Control of measuring & test equipment WI/10/03

Inspection & test status WI/11

Non-conformity OP/12

Corrective action OP/13

Handling, storage, marking, packing & delivery Despatch process

Quality documentation & records OP/15
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Quality Plan / Inspection & Test Plan Document number: 041168.QP

No
Activity description Control documents Acceptance criteria Verification record Inspection clearance

ExHeat Client

1.0 Contract review Sales process Quotation contract Review sheet H

2.0 Design control

2.1 Design & development planning / handover meeting Design process Client specification Data sheet/prod plan H

2.2 Organisational & technical interfaces Design process N/a Minutes of meeting M

2.3 Design review Design process Client specification Minutes of mtg/data sheet H

2.4 Design input Design process Client specification Data sheets R

2.5 Design output Design process Client specification Drawings/documentation H

2.6 Design verification Design process Client specification Design verification form H

3.0 Quality plan approval

3.1 Approval of this quality plan Manufacturing process N/a Endorsed quality plan H

3.2 Approval of vessel quality plan Manufacturing process N/a Endorsed quality plan H
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R
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7.0 Manufacture (heater)
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7.3 Elements / sensor sub assembly Manufacturing process Approved drawings Endorsed route card I
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8.0 Final (witness) inspection
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9.0 Final despatch

9.1 Prepare for despatch Despatch process WI/09/130 Endorsed route card H

9.2 Packing & preservation Despatch process Endorsed packing proc Endorsed route card H

9.3 Delivery Despatch process Client purchase order Delivery note H

Inspection & surveillance codes: "I" – Inspection Codes, "H" – Hold Point, "M" – Monitor, "R" – Review, "%" – Percentage Inspection, "W" – Witness Point. "¤" – Milestone Review
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Quality Plan VQ0512 
 
 
 
 
 
 
 

Customer   : Exheat Ltd 

Customer Order Number : P103468 

Equipment Description  : 6” 900# Shell Line Heater Vessel 

Equipment Number  : TBC 

Vessco Job No.   : UJ0404-1 

 

 
 
 

 
 
 
 
 
 

 
Vessco Engineering Limited – 

Approval Signature 

 
Date 

 
Authorised Inspector –  

Approval Signature 

 
Date 

 
 
 

   

  

Revision History 

Rev       Remarks Prep Chk’d App’d Date 

0 Issued for Customer Approval MVD PT JVD 17/09/14 

      

      

      

      



Document Number VQ0512 Rev 0 
Page 2 of 7 

 
 
 

 
 
 
 
 
 
 
 
 
 

Design Code: ASME VIII Div.1 Edition 2013, Certification Mark ‘U’ 
 
 

A.I.A.: Royal Sun Alliance 
 



Document Number VQ0512 Rev 0 
Page 3 of 7 

SCHEDULE OF SPECIFICATIONS, STANDARDS AND STANDARD DRAWINGS 
 
 
041168.01.eds Rev 1    Exheat datasheet 
CCK-0735-MS-2105-000-00001-000 Company datasheet 
 

 

 

INTERNATIONAL AND NATIONAL CODES 

 

ASME Boiler and Pressure Vessel Code                      Section VIII, Div. 1, c/w ‘U’ Stamp 

ASME Boiler and Pressure Vessel Code Section IX Welding, Brazing & Fusing 
Qualifications 

 
ASME Boiler and Pressure Vessel Code Section V Non Destructive 

Examination 
 
ASME Boiler and Pressure Vessel Code Section II Part A Ferrous Material 

Specifications 
  

 

 

 

VESSCO DOCUMENTS 

Control of Documents Procedure VQ0002 

Goods Inward VQ0006 

In Works Material Traceability VQ0022 

Vessco Radiographic Examination Procedure NDT-OPR-011 

Vessco Ultrasonic Procedure NDT-OPR-021 

Vessco MPI Procedure VQ0201-2 

Hydrotest Pressure Testing VQ0018 

Handling, Storage, Packing and Delivery VQ0007 

General Assembly Drawing 

 

VQ0510  

 

                                                                                                             

  



     Inspection Points & Signatures 
 

     Hold (H), Witness (W), Review (R), Surveillance (S)  

No. Description of Activities Reference Specification Acceptance Criteria Vessco Exheat       AI  Date 
 

Document Number VQ0512 Rev 0 
Page 4 of 7 

  PRELIMINARY             

1 Contract Review             

1.1 Review scope of work, project 
requirements, purchase order 
 

- Project specifications and 
standards 

- Order acknowledgement R       

                

2 Document Review           

2.1 Document submittal & approval 
 General arrangement drawing(s) 
 

- VQ0002: Control of 
Documents Procedure 
- Reference Mechanical 
Datasheets (to ASME VIII Div 1 
2013 c/w ‘U’ Stamp)  

- Signed approved doc’s H 
 

R      R   

2.2 Document submittal & approval  
 - Quality plan 

- VQ0002: Control of 
Documents Procedure 
- Reference Mechanical 
Datasheets (to ASME VIII Div 1 
2013 c/w ‘U’ Stamp) 

- Signed approved doc’s H 
 

R       H   

2.3 Document submittal & approval  
 Mechanical design check  

- VQ0002: Control of 
Documents Procedure 
- Reference Mechanical 
Datasheets (to ASME VIII Div 1 
2013 c/w ‘U’ Stamp) 

- Signed approved doc’s H 
 

R       R   

2.4 Document submittal & approval 
 WPS/WPQR/WPQs 
 

- VQ0002: Control of 
Documents Procedure 

- Reference Mechanical 
Datasheets (to ASME VIII Div 1 
2013 c/w ‘U’ Stamp) 

- Signed approved doc’s H 
 

R       R   

2.5 Document submittal & approval 
 NDT Procedures 

- - VQ0002: Control of 
Documents Procedure 
- Reference Mechanical 
Datasheets (to ASME VIII Div 1 
2013 c/w ‘U’ Stamp) 

- Signed approved doc’s H 
 

R       R   

                

3 Pre Inspection Meeting (if required) 
  

H H 
   

         

  MATERIAL             

4 Material Procurement             

4.1 List of Materials / Sub-orders: 
a) Pipes 
b) Flanges  
c) Fittings 
d) Plates 
 

- Purchase Orders 
- Project requisition 
- ASME II Part A 
- ASME VIII Div. 1 
  

- Approved Drawings 
(VQ0510) 
- Vessco BOM 

H R      R   



     Inspection Points & Signatures 
 

     Hold (H), Witness (W), Review (R), Surveillance (S)  

No. Description of Activities Reference Specification Acceptance Criteria Vessco Exheat       AI  Date 
 

Document Number VQ0512 Rev 0 
Page 5 of 7 

4.2 All Pressure Retaining Materials to be 
certified to EN10204 3.1 

-Ref ASME II part A 
 

EN10204 3.1 
 

R R     R  

4.3 Incoming Goods Inspection: 
a) Dimensional 
b) Quantity 
c) Traceability 
d) Code Required Marking 

- Material Goods Inwards 
Inspection report 
- Material certificates (including        
welding consumables) 
- Approved Drawing(s):  
 VQ0510 
- VQ0006: Goods Inward 
 

- Pressure parts & all other 
materials: 
Min requirement for material 
certification to be to BS EN 
10204 3.1 
 

H R            R 
 
 
 
 
 

  

4.4 Material segregation and allocation of 
working area / bay (In C.S. workshop) 
 

- VQ0006: Goods Inward 
 

  R R      

 PRODUCTION        

5. Marking & Preparation             

5.1 Edge preparation 

Dimensional check on materials: 
 
a) Nozzle Pipes 
b) Flanges 
c) Fittings 
d) Plates 
 

- Approved Drawing(s):  
  VQ0510 
 
 
 
 

- ASME VIII Div 1: UG-96: 
Dimensional Check of 
Component Parts 
 

 
 
 

H 
H 
H 
H 

 
 
 

R 
R 
R 
R 

 
 
 
      

 
 
 
R 
R 
R 
R 

 

5.2 Material traceability check to ensure 
no. has been maintained on all items 
- Heat Number 

- VQ0006 Goods Inward 
Procedure 
- MTC certificates 
 
 

- ASME VIII Div 1: UG-77:  
Material Identification 
 

 
H 

 
R 

 
      

 
R 
 
 
 

 

                

6 Fit-up & Assembly             

6.1 Check tack-up & alignment: 
a) Body flange to shell 
b) End cap to shell 
 

- Approved Drawing(s):  
 VQ0510 
 

- ASME VIII, Div 1 2013 
 

 

 
H 
H 

 
R 
R 

  
 R 
 H 

  

6.2 Carry out welding to approved WPS’s. 
Ensure qualified welders are used. 

Approved WPS’s, WPQRs, 
WPQs 

- ASME VIII, Div 1 2013, 
Section IX 
 

R R        R  

6.3 Check tack up and alignment of 
nozzles. 

- Approved Drawing(s):  
 VQ0510 
 

- ASME VIII, Div 1 2013 
 

H R      R  



     Inspection Points & Signatures 
 

     Hold (H), Witness (W), Review (R), Surveillance (S)  

No. Description of Activities Reference Specification Acceptance Criteria Vessco Exheat       AI  Date 
 

Document Number VQ0512 Rev 0 
Page 6 of 7 

6.4 Carry out welding to approved WPS’s. 
Ensure qualified welders are used. 

Approved WPS’s - ASME VIII, Div 1 2013, 
Section IX 
 

R R    R  

               

7 Inspection Testing & Examination             

 Non-destructive examination             

 Radiographic Examination 

100% Radiography Examination of 
Type No. 1 welds (category A & B). 
 
 

- Radiographic Procedure NDT- 
OPR-011 
- Approved Drawing(s):  
  VQ0510 

 
 
 

- ASME VIII Div 1: UW-11: 
Radiographic Examination 
(also UW-51) 
- ASME VIII Div 1: UHA-33: 
Radiographic Examination 
- Radiographic report 

H R            R  

 Magnetic Particle Examination 

100% MPI of all welds 
-Vessco procedure VQ0201-2 
- Approved Drawing(s):  
  VQ0510 
 

- ASME VIII Div 1 2013 
-  Inspection reports. 

H 
 
 
 

R    R  

 Ultrasonic Examination 

U.T. of nozzle to shell welds 
- Ultrasonic testing procedure 
NDT-OPR-021 
- Approved Drawing(s):  
  VQ0510 
 

- ASME VIII Div 1 2013 
-  Inspection reports. 

H R          R  

                

  POST PRODUCTION             

8 Inspection             

8.1 Final visual and dimensional check of 
fully assembled unit to ensure all 
dimensions are within tolerances 
 

- Approved Drawing(s):  
  VQ0510 
 

-Fabrication tolerances 
shown on vessel GA 

H W          R   

8.2 Hydrostatic/Pneumatic testing  
 
 

- VQ0018: Hydrotest Pressure 
Testing 
 

Ensure no visible leakage 
and pressure drop  
- Gauge Calibration 
ASME VIII Div. 1 UG-99 
 

H W          H/W  

8.3 Nameplate & Application of Code 
Symbol Stamping (include a 
photocopy for the Manufacturing Data 
Book) 

- Approved Drawing(s):  
  VQ0510 
 

- ASME VIII, Div 1 2013, 
UG-119 

R R          H/W   

                



     Inspection Points & Signatures 
 

     Hold (H), Witness (W), Review (R), Surveillance (S)  

No. Description of Activities Reference Specification Acceptance Criteria Vessco Exheat       AI  Date 
 

Document Number VQ0512 Rev 0 
Page 7 of 7 

 PRE-SHIPMENT INSPECTION             

9 Prepare for dispatch             

9.1 - Packing & preservation 
 

- VQ0007: Handling, Storage, 
Packing and Delivery 
 
 

 
 
 

R            

9.2 Delivery of unit(s) to client - Purchase order states 
delivery address and due date 
   

 R       

                

  FINAL DOCUMENTATION             

10 Final release / certification             

10.1 Manufacturing Data Book compilation -Approved Data Book Index ASME VIII Div. 1 
- Signed approved doc’s 
 

R R  R   

10.2 Complete ASME U1A Data Report ASME VIII Div. 1 UG 120 Manufacturer to sign. 
AI to sign. 

H R  H/W  
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GENERAL NOTES

1. ALL DIMENSIONS ARE IN INCH [mm] U.N.O.

2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.

3. HOLE & TAP LOCATIONS TOLERANCE +/-  1/32"[0.8mm] U.N.O.

4. CUT LENGTHS TO BE CONFIRMED BY FABRICATOR.

5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED

DURING EQUIPMENT MOUNTING AND SPOOL ASSEMBLY.

7. JOINTS OF MAIN BEAMS (W8X21) SHALL BE FULL-PENETRATION

WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS

ONE SINGLE PIECE.

9. WELDING EXAMINATIONS:

       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).

       - COLOR: WARM GRAY.
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GENERAL NOTES

1. ALL DIMENSIONS ARE IN INCH [mm] U.N.O.

2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.

3. HOLE & TAP LOCATIONS TOLERANCE +/-  1/32"[0.8mm] U.N.O.

4. CUT LENGTHS TO BE CONFIRMED BY FABRICATOR.

5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED

DURING EQUIPMENT MOUNTING AND SPOOL ASSEMBLY.

7. JOINTS OF MAIN BEAMS (W8X21) SHALL BE FULL-PENETRATION

WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS

ONE SINGLE PIECE.

9. WELDING EXAMINATIONS:

       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).

       - COLOR: WARM GRAY.
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GENERAL NOTES

1. ALL DIMENSIONS ARE IN INCH [mm] U.N.O.

2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.

3. HOLE & TAP LOCATIONS TOLERANCE +/-  1/32"[0.8mm] U.N.O.

4. CUT LENGTHS TO BE CONFIRMED BY FABRICATOR.

5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED

DURING EQUIPMENT MOUNTING AND SPOOL ASSEMBLY.

7. JOINTS OF MAIN BEAMS (W8X21) SHALL BE FULL-PENETRATION

WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS

ONE SINGLE PIECE.

9. WELDING EXAMINATIONS:

       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).

       - COLOR: WARM GRAY.
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GENERAL NOTES

1. ALL DIMENSIONS ARE IN INCH [mm] U.N.O.

2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.

3. HOLE & TAP LOCATIONS TOLERANCE +/-  1/32"[0.8mm] U.N.O.

4. CUT LENGTHS TO BE CONFIRMED BY FABRICATOR.

5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED

DURING EQUIPMENT MOUNTING AND SPOOL ASSEMBLY.

7. JOINTS OF MAIN BEAMS (W8X21) SHALL BE FULL-PENETRATION

WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS

ONE SINGLE PIECE.

9. WELDING EXAMINATIONS:

       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).

       - COLOR: WARM GRAY.
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1. ALL DIMENSIONS ARE IN INCH [mm] U.N.O.

2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.

3. HOLE & TAP LOCATIONS TOLERANCE +/-  1/32"[0.8mm] U.N.O.

4. CUT LENGTHS TO BE CONFIRMED BY FABRICATOR.

5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED

DURING EQUIPMENT MOUNTING AND SPOOL ASSEMBLY.

7. JOINTS OF MAIN BEAMS (W8X21) SHALL BE FULL-PENETRATION

WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS

ONE SINGLE PIECE.

9. WELDING EXAMINATIONS:

       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).
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       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:

       - SANDBLASTING TO SSPC-SP6.

       - ONE COAT OF RUST EXPOXY PRIMER (DFT: 4.0-8.0 mils) AND

         ONE TOP COAT OF URETHANE FINISH (DFT: 2.0-4.0 mils).

       - COLOR: WARM GRAY.
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2. FABRICATION TOLERANCE +/-  1/8"[3mm] U.N.O.
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5. BREAK ALL SHARP EDGES AND CORNERS.

6. ALL HOLES FOR EQUIPMENT & PIPE CLAMPS TO BE DRILL & TAPPED
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WELDED.

8. NO JOINTS ARE ALLOWED FOR THE BEAMS THAT ARE DESIGNED AS
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       - 100% VISUAL AND DIMENSIONAL CHECK.

       - 100% ULTRASONIC TEST FOR FULL PENETRATION WELDS.

       - 25% MPI FOR FILLET WELDS.

10.  SURFACE PREPARATION & PAINTING:
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118.12876L3X3X1/4422

5.2851L3X3X3/8324

5.2851L3X3X3/8325

478.171314L3X3X3/8926

35.11N/APL-1/2 X 7.5000 X 7.5000227

40.02460RB3/4828

318.192257W8X10229

409.642891W8X10230

432.452996W8X10231

TOTAL WEIGHT:  3139.36

WEIGHT (KGS)LENGTH (mm)LONG ANNOTATIONQTY

MARK

2.18178
FB2x1/412

5.30216FB2x1/443

191.163456FB3x3/824

30.1119FB4x1/415

12.01489FB4x1/416

72.562951FB4x1/417

31.22254FB5x1/228

86.862356FB6x1/419

110.442996FB6x1/4110

4.2276FB6x3/8111

50.49130FB6x3/8912

15.03508L2 1/2X2 1/2X1/4113

11.091232L2 1/2X2 1/2X1/4214

12.49422L2 1/2X2 1/2X1/4115

30.531032L2 1/2X2 1/2X1/4116

87.142945L2 1/2X2 1/2X1/4117

87.712964L2 1/2X2 1/2X1/4118

66.35510L3X3X1/4419

22.75679L3X3X1/4120

116.31864L3X3X1/4421

BILL OF MATERIAL

--SATY GATE, INTREPID INDUSTRIES 132

-2983 x 2324 SERRATED GRATING, TYPE 30,133

-1092FB6x1/4134

32mm x4.8mm, UNCOATED

UDG-27" OR EQUIVALENT, YELLOW

LONG ANNOTATIONQTY

MARK

BILL OF MATERIAL

4.2951L2 1/2X2 1/2X1/4335

32.801133L2 1/2X2 1/2X1/4136

33.951124L2 1/2X2 1/2X1/4137

69.082337L2 1/2X2 1/2X1/4138

LENGTH (mm) WEIGHT (KGS)

116.31
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SUMMARY OF CHANGES SINCE PREVIOUS VERSION: 
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1.0 INTRODUCTION 

This document describes the method used for radiographic examination of welds in all materials when working 
to ASME V Article 2.  It is qualified for use only when read in conjunction with the relevant technique. 
 
Techniques are available on the Business Management System or on compact disk, as appropriate.  In cases 
where the techniques do not meet local requirement they may be amended by appropriately qualified personnel 
as described in Section 21. 

2.0 REFERENCES 

The documents referenced in this procedure, below, concern the method and not the design code. The 
design code acceptance criteria are referenced on the technique sheet or job sheet as applicable.  
 
Except in the case of superseded standards being specified, the current issue is applicable. Variations or 
customer specific requirements are detailed on technique sheets or job sheets. 
 
Changes to standards are controlled via e-mail reminders from an Internet based system, subscribed to by 
Oceaneering. The procedure is reviewed on the issue of new or revised standards. If there is no impact to 
the method then the procedure is not updated, but the record of the review stored in the database. Where 
there is an impact the procedures are revised and re-issued. 
 

ASME SECTION V Boiler and pressure vessel code - NDT 

ASTM E142 Controlling the quality of radiographic testing 

ASTM E747 Test method for controlling quality of radiographic testing using wire penetrameters 

ASTM E1742 Standard practice for radiographic examination 

SNT-TC-1A  Personnel Qualification and Certification in Non-Destructive Testing 

ASNT CP-189 Personnel Qualification and Certification in non-destructive testing 

SI 1999 No 3232 Ionising Radiation Regulations 1999. 

L121 Working with Ionising Radiation (Ionising Radiations Regulations 1999 ACOP) 

BS EN ISO 9712 Non-destructive testing - Qualification and certification of NDT personnel 

BS EN ISO 19232-1 Non-destructive testing. Image quality of radiographs. Determination of the image 
quality value using wire-type image quality indicators. 

RAD-SPR-010 General Local Rules – Sites.  Amended to the specific location 

CAL-OPR-016 Calibration and Verification of Film Densitometers 

NDT-OPR-019 Film Processing and Darkroom Control 

 

3.0 DEFINITIONS 

For the purpose of this procedure the following definitions apply. 
 

Single Wall method: 
(SWSI) 

A method of radiographic examination in which the source of radiation is 
outside the pipe and the film is close to the inside surface of the intervening 
wall, or in which the source is inside the pipe and the film is close to the 
outside wall. 

Double Wall method A method of radiographic examination in which the source of radiation is 
outside the pipe and the film is close to the outside of the pipe on the side 
remote from the source, the radiation passing through both walls of the pipe. 

Double Wall, Single 
Image method 
(DWSI) 

An application of the double wall method providing a usable image of only a 
part of the weld adjacent to the film. 
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Double Wall, Double 
Image method 
(DWDI) 

An application of the double wall method providing a usable image of both 
walls.  Coverage of the whole weld can be accomplished on two or more films 
depending on pipe diameter, thickness and set-up. 

Source to film 
distance (SFD) 

The distance between the radiation source and the film measured in the 
direction of the radiation beam. 

Source to object 
distance (SOD) 

The distance between the radiation source and the source side of the test 
object measured along the central axis of the radiation beam. 

Object to film 
distance (OFD) 

The distance between the radiation side of the test piece and the film surface 
measured along the central axis of the radiation beam 

Source size The size of the effective focal/source size of the radiation source.  

4.0 PERSONNEL 

The personnel carrying out radiography shall be experienced, accustomed to the equipment to be used and 
to producing radiographs that will comply with this procedure. Unless otherwise specified by the client or 
contract, the radiographic team employed for site work shall at all times include a qualified technician to meet at 
least one of the following; 
 
• BS EN ISO 9712 (PCN Level 2 or equivalent) 
• CSWIP Grade 2 
• SNT Level II 
 
The qualification level is specified on the technique sheet. 
 
Qualified technicians shall be capable of reading the letter sizes equivalent to those defined as Jaeger 1 
(times roman N4.5) and shall be tested for colour blindness particularly in the colours or shades to be used 
in subsequent testing.   This shall be carried out annually and a record of the tests shall be maintained on 
file.  
 
All other personnel will at all times be under the supervision of the appointed qualified person and be familiar 
with this procedure. 
 
All members of radiographic crews shall be classified persons as defined in the Ionising Radiations 
Regulations. There will be a Radiation Protection Supervisor available on site while radiography is being 
carried out. 
 
Radiographic interpretation shall be carried out by suitably experienced and qualified personnel (level 2), and 
they must be familiar with the applicable acceptance standard.  

5.0 SAFETY 

All work shall be performed in accordance with Company Operating Procedures, Safety Procedures and 
local rules.   Also, where applicable, client’s local rules such as "Permit to Work" systems shall be observed. 
 
The radiographer must have a copy of the Company Local Rules (and client Local Rules, where applicable) 
available during the period of the inspection. 
 
Only classified personnel who are fully capable of ensuring the safety of themselves and others shall carry 
out radiography. There will be a Radiation Protection Supervisor available on site while radiography is being 
carried out. 
 
Prior to radiography on site, barrier rope, warning signs & lights shall be erected and positioned around the 
area of exposure as a controlled area.  Radiation monitors shall be used at all times to ensure that the level 

of radiation does not exceed a dose rate of 7.5 Sv/hr (micro-sieverts per hour) at the erected barriers. 

6.0 EQUIPMENT 

Gamma-ray containers shall be maintained in accordance with the manufacturers' recommendations and 
checked in accordance with the approved code of practice (ACOP) and the appropriate radiation safety 
procedure. 
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The operator, prior to and upon completion of each job, shall check delivery tubes and “wind-out” cables for 
damage. 
 
X-ray generators shall be maintained in accordance with the manufacturers' recommendations and checked 
in accordance with Company Operating Procedures. 
 
The radiation energy to be used shall result in radiographs which meet achieve the required density and IQI 
sensitivity requirements.  

7.0 SURFACE CONDITION 

Surfaces shall be free from spatter; attachments or any irregularities such as weld ripples, grinding/chipping 
marks or any others that may interfere with the interpretation of the radiographs. 
 
Alteration to the weld or parent material finish shall only be carried out by the fabricator or maintenance 
contractor.  Any doubtful indications shall be identified on the test report. 

8.0 WELD IMAGE LOCATION 

The weld shall be positioned as close to the centre of the film as the geometry of the work-piece permits.   
Welds in the as welded condition do not require their location shown by markers, but welds which are 
dressed flush must have their location shown by the use of lead arrows adjacent to the weld, a minimum of 
10mm from the weld toe. 

9.0 IDENTIFCATION AND MARKING 

Unless specified by the client or contract, wherever practicable, identification markers shall be placed on the 
source side of the item under inspection.   Each section of material being radiographed shall have suitable 
symbols affixed to uniquely identify:- 
 
• The Job or Workpiece,. (Job Number, Drawing Number. Line Number, Spool  Number, Part Number 

as  applicable), 
• The weld number, or location, 
• The Section of the weld, 
• Date, 
• Welder (if applicable). 
 
The symbols may consist of lead letters and/or flashed identification. Numbers or pipe tapes shall be positioned 
so that their image shall appear on the radiograph, to ensure identification of the radiograph, and the area of 
the weld being inspected.   Whenever possible, these shall be positioned outside the area of interest  
 
Radiographs of weld repairs shall be suitably identified as such.  
 
For example  Repair 1 unique item identification, suffixed by ...R1 
 Repair 2 unique item identification, suffixed by ...R2 etc. 
 
Unless specified by the client or contract, a datum shall be marked on each work-piece using suitable markers 
not detrimental to the material being inspected (e.g. paint or wax markers). The datum shall be taken from 
easily describable parts of the part (e.g. 12 o'clock position moving clockwise or an intersecting weld) or a 
sketch may be supplied. 
 
A record detailing the identification of the radiographs shall be made on the NDT Report   

10.0 FILM SCREEN COMBINATION 

Radiographic Film 

Unless otherwise specified by the Client or contractual agreement a fine grain, high contrast type film shall 
be used. (e.g. AGFA - D7 or equivalent). The technique sheet details the requirements for the applicable 
standard and class of technique, as appropriate. 
 
The table below details film types and their classifications. The relative speeds for gamma, using Ir192, for 
AGFA film are shown in brackets.  
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Film Types Classification 
 

Agfa Fuji Kodak ASTM E1815 ISO 11699-1 JIS K7627 

D2  (8.0) IX25 DR50 Special C1 T1 

D3  (5.0) N/A M100 Class I  C2 T1 

D4  (3.0) IX50 MX125 Class I C3 T2 

D5  (1.5) IX80 T200 Class I C4 T2 

D7 (1.0) IX100 AA400 Class II C5 T3 

D8/F8 (0.6) IX150 CX (HS 800) Class III C6 T4 

 
 
Intensifying Screens 

Intensifying screens shall be used in all techniques except where otherwise indicated on the technique sheets 
 
Cassettes 

The film screen combination shall be encased in a flexible/rigid cassette and all precautions shall be taken to 
ensure good film to screen contact.   
 
For double wall, double image methods or butt welds in plates, the cassette shall be placed as close as 
possible to the surface of the weld, remote from the source. 
 
Unless otherwise specified either on the technique or on the report there is only one film per cassette. 

11.0 INTERCEPTION OF SCATTERED RADIATION 

In order to reduce the effects of scattered radiation the beam from the source shall be collimated, whenever 
possible. 
 
Where scattered radiation is expected or suspected then the film/cassette combination shall be shielded.   
The effects of backscatter shall be reduced using at least 1mm thick lead sheets placed behind the film 
cassette.   Undercut or side scatter, may be inhibited by the use of lead shot, edge blocking, or by filtration.  
 
A method for checking for the adequacy of shielding from backscatter radiation is to place a lead letter "B" on 
the cassette remote from the source of radiation. The dimensions of the letter shall be at least 13mm high & 
1.5mm thick. 
 
A light image of the "B" will be cause for rejection of the film.   No image or a darker image of the letter is 
considered as adequate protection from backscatter. 

12.0 DIRECTION OF RADIATION 

Unless otherwise specified, the central beam of radiation shall be directed to the centre of the diagnostic area 
at an angle normal to the material surface wherever possible. 
 
Where specifically required by the client or contract, the alignment may be altered to detect defects with a 
specific orientation, (e.g. fusion face defects where the exposure may be made with the beam directed along 
the fusion face). 
 
The relevant technique sheet shall provide a sketch, which details the direction of radiation. 

13.0 MINIMUM SFD/FFD AND GEOMETRIC CONSIDERATIONS 

13.1 Object to film distance 

The distance between the film and the adjacent weld surface shall be kept to a minimum. 
 
The nominal OFD (object to film distance) is normally the object or weld thickness.   However, consideration 
shall be given to any unavoidable gap between the weld surface and film cassette and so the actual OFD 
shall be defined as the sum of the nominal object to film distance plus any unavoidable gap. 
 
For the double wall, double image method, the nominal OFD shall be considered as the outside diameter of 
the pipe. 
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13.2 Source to film distance 

The minimum source to film distance (SFDmin) is dictated by the maximum allowable geometric unsharpness 
value(Ug) and the object to film distance (OFD). 
 
SFDmin = SOD + OFD 
 
Where SFDmin is the minimum source (or focal) to film distance 

SOD is the source (or focal) to object distance 
OFD is object to film distance as described above 

13.3 Geometric Unsharpness 

The geometric unsharpness values required is contained in the technique sheets 
 
The geometric unsharpness value can be determined by using the following calculation: 
 

Ug = 
F x OFD 

SOD 
 

Where; 
Ug  = geometric unsharpness  
F  = source or focal spot size 
OFD = object to film distance as described above 
SOD = source to object distance (source to film distance less OFD). 

 

13.4 Diagnostic film length / number of exposures 

The requirements for ASME V are the incident beam not to exceed 10% of the actual thickness at the 
extremities of the diagnostic length. The Technique Sheets provide the details of the minimum number of 
exposures required or diagnostic length of each exposure and the tables to determine the required number 
of shots are appended to this procedure The tables are extracted from BS EN ISO 17636 class B which is 
equivalent to the ASME requirements 
 
The maximum diagnostic film length on flat surfaces when there is an increase in penetrated thickness of 
10% can be derived from the formula  Length = 1.16 x Source to Film Distance.  

14.0 OVERLAP OF FILM 

The separate radiographs of a welded joint shall overlap sufficiently to ensure that no portion of the joint 
remains un-examined.  Unless otherwise specified, the minimum overlap shall be 25mm either side of the 
diagnostic area. 

15.0 RADIOGRAPHIC DENSITY 

The film density requirements of the material under examination shall be detailed on the technique sheet. 
When using gamma radiography the minimum density allowable is 2.0 and when using X-Rays the value is 
1.8. For composite viewing of multiple films the minimum density for any on film is 1.3. 
 
The maximum density for any of the above is 4.0. However the viewer in use must be capable of reading the 
density shown. 
 
The density shall be measured using a calibrated digital or analogue transmission densitometer.  The 
densitometer used shall be calibrated by comparison with a certified stepwedge density strip traceable to a 
national standard.    
 
Densitometer calibration and validation is carried out, By the MERC department or locally as appropriate, 
against the requirements of CAL-OPR-016 for Merc department and Appendix 1 of this procedure if 
conducted locally . 
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16.0 IMAGE QUALITY INDICATORS (IQI’S) 

The method of indicating that the required quality of radiograph has been obtained is by the use of an IQI 
and The method of indicating that the required quality of radiograph shall be in accordance with ASME V 
Article 2. 
 
IQI’s can be the wire, or hole/step type, but in the absence of further instruction the type to be used shall be 
the wire type, that conform to the requirements of ASTM E747.  
 
Positioning and number of IQI’s to be used shall be in accordance with ASME V Article 2 as detailed on the 
relevant Technique sheets. 
 
IQI's shall be selected appropriate to the thickness of the specimen and placed as follows: 
 
On the source side of the specimen, whenever possible.  When placement on the source side is not possible 
then the lead symbol ‘F’ shall be attached to the IQI to indicate film side placement.  
 
In contact with the weld such that the lengths of the wires lie perpendicular to the length of the weld. 
 
Where geometric configuration permits IQI identification numbers, or where applicable, the lead letter ‘F’, 
shall not be positioned in the area of interest. 
 
The IQI characteristics and image quality values required from the radiographic techniques of this procedure 
are defined in Tables 2 and 3 as follows: - 
 
Table 1: Standard wire numbers and their respective nominal diameters. 
 
Table 2: The minimum image quality value (essential wire diameter) required for both ‘Source side’ and 
‘Film side’.  The designated visible wire to achieve the required sensitivity shall be determined from Table 3 
(extracted from T-276) shown below or from ASME V Article 2, Table T276. 
 
Any specific contract requirements shall be specified on the relevant technique sheet, which shall detail the 
precise standard, IQI model and type. 
If required to express a value in terms of percentage sensitivity, this can be calculated as below:-  
 

% Sensitivity =  of the thinnest wire/hole visible X 100 
Thickness of section being radiographed* 

 
* Thickness of diagnostic area, not penetrated thickness 
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Table 1 Standard Wire Numbers & Nominal Diameters 

 

ASME IQI Designation Wire Identity  

Set ‘A’ Set ‘B’ Set ‘C’ Set ‘D’ Wire number 
ASME Nominal wire 

diameter (mm) 
BS EN 19231 Nominal 

wire diameter (mm) 

X    W 1 0.08 3.2 
X    W 2 0.10 2.5 
X    W 3 0.13 2.0 
X    W 4 0.16 1.6 
X    W 5 0.20 1.25 
X X   W 6 0.25 1.0 
 X   W 7 0.33 0.8 
 X   W 8 0.41 0.63 
 X   W 9 0.51 0.5 
 X   W 10 0.64 0.4 
 X X  W 11 0.81 0.32 
  X  W 12 1.02 0.25 
  X  W 13 1.27 0.2 
  X  W 14 1.60 0.16 
  X  W 15 2.03 0.125 
  X X W 16 2.54 0.1 
   X W 17 3.20 0.08 
   X W 18 4.06 0.063 
   X W 19 5.08 0.050 
   X W 20 6.35 N/A 
   X W21 8.13 N/A 

Note: Alternative wire IQI’s designed and manufactured in accordance with other national or international standards 
may be used provided that the essential designated wire diameter on the ‘Alternative IQI’ is equal to or less 
than the relevant size/s detailed above. 

 

Table 2 Minimum Image Quality Values 

Single Wall Techniques – Essential IQI Wire 
 

Nominal Thickness (t) in mm Source Side Film Side 

Up to 6.4 W5 W4 
Above 6.4 to 9.5 W6 W5 
Above 9.5 to 12.7 W7 W6 
Above 12.7 to 19.0 W8 W7 
Above 19.0 to 25.4 W9 W8 
Above 25.4 to 38.1 W10 W9 
Above 38.1 to 50.8 W11 W10 
Above 50.8 to 63.5 W12 W11 
Above 63.5 to 101.6 W13 W12 

Notes: Consideration shall be given to weld reinforcements. Where applicable, the IQI essential wire designation shall 
be based on the weld thickness. 
Weld thickness shall be considered to be the combined total of nominal single wall thickness + any applicable 
estimated weld reinforcements. 
Backing rings or strips shall not be considered as part of the weld thickness. 
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17.0 QUALITY OF RADIOGRAPHS 

All radiographs shall be free from mechanical, chemical, or other blemishes to the extent that they cannot 
mask or be confused with the image of any discontinuity in the object being radiographed.   Such blemishes 
include, but are not limited to: 
 
• Fogging 
• Processing defects such as streaks, water marks, or chemical stains 
• Scratches, finger marks, crimps, dirtiness, static marks, smudges or tears 
• Loss of detail due to poor screen-to-film contact 
• False indications due to defective screens 

18.0 PROCESSING 

Films shall be processed manually or using automatic processors in accordance with the relevant 
manufacturer's recommendation. 
 
Processing chemicals and activities shall be routinely monitored in accordance with the procedure 
NDT-OPR-019. 
 
Manual Processing 

Manual development of exposed film will be based on the recommended time/temperature charts using a 
standard of 4-8 minutes at 20ºC, followed by washing in clean running water or immersion in an acid stop 
bath. 
  
Fixing time shall be at least twice the clearing time and the films shall be final washed for a period of 20/30 
minutes. 
 
Films shall be dried in a warm air drying cabinet or an automatic dryer operated in accordance with the 
manufacturer's instructions. 
 
Automatic Processing 

Processing may be carried out using automatic equipment operated to the manufacturers' instructions 
 
The processing chemicals and replenishments shall be in accordance with the manufacturers' 
recommendations. 

19.0 VIEWING 

Viewing shall be carried out in a darkened room. 
 
The radiographic viewing screen shall be masked to prevent extraneous light from around the edge of a 
radiograph or light coming through low-density portion of the radiograph from interfering with the 
interpretation.   
 
Film interpretation personnel shall allow sufficient time for their eyes to become adapted to the lighting 
conditions in the viewing room prior to examining any radiograph. 
 
The illuminator used for interpretation shall conform to the requirements of ASTM 1742. 
 
All films shall be viewed in the dry condition only. 
 
All films shall be sentenced and reported by Oceaneering (level 2 technician) prior to submission for client 
acceptance. 
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20.0 ACCEPTANCE CRITERIA 

The acceptance criteria to be applied shall be detailed by the client either on a written work request or written 
contract documents.  
 
Where the client or contract does not require items to be assessed in accordance with defined acceptance 
criteria, an assessment to provide a factual report detailing all detected flaw indications will be carried out. 
 
In this instance Oceaneering will not accept or reject an item.   Determination of acceptability shall be the 
responsibility of the client. 

21.0 TECHNIQUE COMPILATION 

This procedure is applied in conjunction with the appropriate technique sheet/s. Standard technique sheets 
are available on the business management system. 
 
Where required, by a client or contract, ‘job specific’ technique sheets shall be compiled and issued to 
address any differing parameters that may be applicable.  These technique sheets shall overrule standard 
techniques, but they must be read in conjunction with this procedure. 
 
Technique sheets shall be compiled and/or approved by personnel qualified to at least Level 2 in the 
appropriate method, sector & category 
 
The numbering system to be used for specific techniques is to prefix the standard technique number with the 
contract/job number or system agreed by the client if appropriate. 
 
The technique shall supply the following information:- 

 
• Job Specific Technique Number, if standard techniques not used. 
• Weld configuration to which technique applies (e.g. butts welds less than 90mm diameter). 
• Operator qualification requirements. 
• Standard on which the technique is based, including year of issue or status. 
• The acceptance criteria, including year of issue or status. 
• Type of material to be examined. 
• Thickness range(s). 
• Film type and speed (equivalents can be used). 
• Screen type and thickness. 
• Maximum source/focal spot size. 
• Radiation type. 
• Maximum KV/strength. 
• Minimum FFD/SFD. 
• Geometric unsharpness requirements (where applicable). 
• Sensitivity standard/model(s) and type of IQI. 
• Density range required. 
• Sketch of set up. 
• Number of shots/diagnostic film length. 
• Any other specific reference documents not included in this procedure. 
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22.0 REPORTING 

All inspections shall be the subject of a test report, which shall be issued on completion of the examination 
on Oceaneering standard reports, written in accordance with Company Procedures. 
 
If another reporting format is required, such as a client's report form, it shall be detailed on the technique 
sheet and the relevant report supplied to the technician. 
 
The test report shall contain the following information: 
 
• Client 
• Contract numbers – Oceaneering and client as required. 
• Unique identification of welds or items (i.e. Drawing. No. Line no. and weld no. if applicable). 
• Date of test. 
• Heat treatment status, (if applicable). 
• Procedure number, including revision status. 
• Technique number, including revision status. 
• Standard on which technique is based, including the year of issue. 
• Acceptance criteria, including the year of issue. 
• Exposure details. 
• Film type and size(s). 
• IQI type/model and location. 
• Sensitivity or quality level. 
• Density required and achieved. 
• SFD/FFD. 
• Screens. 
• Test restrictions or necessary deviations from technique. 
• Material thickness(es). 
• Statement or indication of acceptance or rejection. 
• Location from datum, position of defect in weld along with defect type if possible. 
• Operator name & Signature (signature of the person sentencing radiographs is mandatory. The person 

producing radiographs may also be on the report). 
• Operator qualification. 
• Date of report. 

23.0 RECORDS AND STORAGE 

Unless otherwise agreed, the client shall be responsible for the storage of radiographs.   On completion of a 
job, Oceaneering shall pass on to the client, all relevant test reports and associated radiographs.  
 
The retention period for reports held shall be 6 years, unless otherwise specified by the contract. 
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24.0 INDEX OF TECHNIQUES 

The following table provides a list of techniques available on the Business Management System or the 
compact disks issued by the QA department. 

 

Technique Number Description 

NDT-TEC-R100 Double Wall Single Image (DWSI) using X Rays. Covers pipe, long 
seams and nozzles 

NDT-TEC-R101 Double Wall Single Image (DWSI) using gamma rays. Covers pipe, 
long seams and nozzles 

NDT-TEC-R102 Double Wall Double Image (DWDI) using X-Rays. Covers pipes less 
than 90mm diameter 

NDT-TEC-R103 Double Wall Double Image (DWDI) using gamma rays. Covers pipes 
less than 90mm diameter 

NDT-TEC-R104 Single Wall Single Image (SWSI) using X-Rays. Covers pipes and 
plates. 

NDT-TEC-R105 Single Wall Single Image (SWSI) using gamma rays. Covers pipes 
and plates. 
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APPENDIX 1 METHOD OF VALIDATING DENSITOMETERS 

 
Calibration 

 Switch on both the viewer and densitometer and allow 30 minutes for the densitometer circuitry to 
stabilise 

 

 Place the densitometer on the centre of the viewer and adjust the meter to read ‘Zero’.  
 

 The calibrated strip to be used shall be a ‘Master Strip’ which is to be used only for calibration 
purposes. 
 

 Place the strip on the viewer and using the densitometer, take a density reading from each step of 
the strip over the density range required.  

 

 Enter the densitometer readings on the latest revision of Form No. NDT-FRM-030 (Calibration by 
MERC on new or repaired equipment) NDT-FRM-022 (calibration on site in addition to validation) and 
compare these to the calibrated strip. 

 

 The tolerance of the readings shall be within ± 0.05 Density of the calibrated step. 
 

 Densitometers, which do not comply, shall be labelled as such and returned to the store and then 
sent for adjustment. 
 
Densitometers that do comply, shall be labelled with the next calibration due date. 

 

 Initial and enter the next due date on a label and attached to the densitometer. 
 The completed Form shall be kept on file in the appropriate calibration register. 

 

 The interval for calibration is three monthly. 
 

 Calibrated strips shall be replaced five years after their initial use. 
 
  
Verification 

 The strip used for verification is a day to day ‘Working Strip’ and shall be the same type as that used 
for calibration purposes. 

 

 Verification of densitometers takes place on a daily basis or whenever it is in use. 
Verification is not required to be recorded unless the instrument is found to be out of  
tolerance (± 0.05). 

 

 The verification procedure shall be carried out in the same way as the calibration described in Section 
1 above. 

 

 Where a densitometer is found to be out of tolerance, then radiographs taken in the preceding 
period shall be re-checked. 

 

 On a three monthly basis, the ‘Working Strip’ shall be verified against the ‘Master Strip’. 
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APPENDIX 2 METHODS FOR DETERMINING MINIMUM REQUIREMENTS FOR ILLUMINATORS. 

 
Scope 

 
The purpose of this work instruction is to specify checks to be carried out to monitor the performance of 
radiographic viewers (illuminators) and to ensure that the viewers’ illuminance is sufficient for the density of 
the radiographs to be viewed. This instruction has been prepared in accordance with the general 
requirements of BS EN 25580:1992 Minimum requirements for industrial radiographic illuminators for non-
destructive testing, and ASTM E 1742, Standard practice for radiographic examination. 

 
The maximum permissible density checks for a viewer are carried out by the manufacturer and 
Oceaneering will conduct this check when the viewers are repaired or when a bulb has been changed. 
 
The diffusion and uniformity checks are aimed at the manufacturers of viewers and will only be 
carried out by Oceaneering on site when specified by a client or contract. 

 
This instruction applies only to viewers, which are used in the final interpretation of radiographs. 

 
Minimum Requirements for Luminance. 

 
The luminance (brightness) transmitted through an illuminated radiograph shall not be less than  
 

30 candelas/m
2 
for film densities ≤ 2.5  and 10 candelas/m

2 
for film densities >2.5. 

Wherever possible approximately 100 candelas/m
2
 or higher. 

 
To determine the maximum permissible density of a viewer, use a calibrated photometer and take a reading 
at the centre of the screen for spot viewers or the visible dimmest are of the viewing surface for others. Note 
that edges can be masked to reduce the viewing area and exclude dimmer areas. 
 
Diffusion of Light. 

 
The luminance is measured on a semi-circle whose centre is the centre of the screen and the radius is the 
maximum dimension of the screen (diagonal of the rectangle) or at least 500 mm. 
 

The readings are taken using a white light meter and three readings have to be taken  at 5, 20and 45 as 

shown. The diffusion factor “” is calculated as follows: 
 

 = 
Lux reading at 45 + Lux reading at 20 

2 x Lux reading at 5 

 shall be greater than or equal to 0.7. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Light luminance measurement 

L5 L20 

L45 

Viewer 
Screen Diagonal 
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Uniformity of Screen Luminance 
 

Divide the screen into squares measuring 35mm.    The first square is the centre of the screen with the other 

squares built around this.    A clear film can be used as a template for this check.  

 
Read the luminance of each of the squares and average the highest four and the lowest four readings. The 
uniformity factor “g” is calculated as shown: 
 

Average of the lowest four readings 

Average of the highest four readings 

 
The uniformity factor should be greater than or equal to 0.5. 
 
 
5.0 Intervals and Records 
 
5.1 A record of the above checks will be recorded on the latest revision of Form No NDT-FRM-023.  
 
5.2 The interval for the above tests after repair or maintenance (including a change of bulb). 

 
 



NDT PROCEDURE 
PROCEDURE FOR RADIOGRAPHY OF WELDS IN ACCORDANCE WITH ASME V  
  

 

 
NDT-OPR-011 Issue 3 Rev 2  Page 17 of 19 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

APPENDIX 3 METHOD FOR ESTIMATING X-RAY FOCAL SPOT SIZE 

 
Application: Focal spots sizes of X-Ray 

equipment 

Operator 
Qualifications: 

PCN Level 2 (EN 473 equivalent) or 
SNT Level 2 

Maximum 
Strength: 

Half of the KV and mA 
output of the set 

Reporting 
Criteria: 

Record size of focal spot 

Min SFD/FFD: 
1 metre 

Film 
(brand & type): 

Agfa D4 or equivalent 

Geometric 
Unsharpness: 

Diameter of the hole size 
Screen Type 
+ Thickness: 

None 

Density Range: 
1.0 to 3.6 

IQI’s: 
None 

Technique Illustration:-  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Figure 1 above details the set-up for producing film to measure focal spot size. 
 

2. Figure 2 above shows the required image (Crescent shaped line images) and the measurements 
to be taken.  

 
3. If the line images are not visible then take the complete image, measure it’s size and subtract 

twice the pinhole diameter to give the size.  
 
4. Measurements are made using an optical comparator with a graticule, with 0.1mm divisions and 

a magnification between X5 and X10 

Additional Instructions:   

 The serial number of the X-Ray equipment and exposure details are to be recorded on the 
report. 

 The film is to be retained at least until the next verification check. 

 The recommended interval of this check is yearly. 

 Equipment, which has been hired out, is to be re-checked on it’s return. 

 
  

Lead Backing 

Record actual size 

Record actual size and 
multiply by 0.7 

Figure 2 

Beam Centre 

X-Ray Set 

Lead sheet, with 
pinhole.  To be set at ½ 
FFD 
 

Film 
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i
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APPENDIX 4 DETERMINATION OF DIAGNOSTIC FILM LENGTH FOR TUBULAR PRODUCTS 

BS EN ISO 17636 Figure A.1 
 

 

 



NDT PROCEDURE 
PROCEDURE FOR RADIOGRAPHY OF WELDS IN ACCORDANCE WITH ASME V  
  

 

 
NDT-OPR-011 Issue 3 Rev 2  Page 19 of 19 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

BS EN ISO 17636 Figure A.2 
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1.0 INTRODUCTION 

This document describes the method used for the ultrasonic examination of welds and materials in steel 
when working to ASME V Article 4. It is qualified for use only when read in conjunction with the relevant 
technique. The procedure and associated technique sheets cover thickness ranges greater than 6mm. Other 
thickness ranges may be qualified by producing further techniques without amendment of this procedure. 
 
Techniques are available on the Business Management System or on compact disk, as appropriate.  In 
cases where the techniques do not meet local requirement they may be amended by appropriately qualified 
personnel as described in Section 8. 

2.0 REFERENCES 

The documents referenced in this procedure, below, concern the method and not the design code. The 
design code acceptance criteria are referenced on the technique sheet or job sheet as applicable.  
 
Except in the case of superseded standards being specified, the current issue is applicable. Variations or 
customer specific requirements are detailed on technique sheets or job sheets. 
 
Changes to standards are controlled via e-mail reminders from an Internet based system, subscribed to by 
Oceaneering. The procedure is reviewed on the issue of new or revised standards. If there is no impact to 
the method then the procedure is not updated, but the record of the review stored in the database. Where 
there is an impact the procedures are revised and re-issued. 
 
ASME SECTION V Boiler and pressure vessel code - NDT 

ASTM 164 Standard practice for Ultrasonic Contact Examination of Weldments 

ASTM E 1316 Terminology for Non-destructive Examinations 

SA 578 Standard specification for straight beam ultrasonic examination of plain and clad 
steel plates 

SA 435 Standard specification for straight beam ultrasonic examination of steel plates 
SNT-TC-1A  Personnel Qualification and Certification in Non-Destructive Testing 
ASNT CP-189 Personnel Qualification and Certification in non-destructive testing 
BS EN ISO 9712 Non-destructive testing - Qualification and certification of NDT personnel 

3.0 DEFINITIONS 

For the purpose of this procedure the following definitions apply. 
 
ASNT American Society of Non destructive Testing 
ASME American Society of Mechanical Engineers 
DAC Distance Amplitude Correction 

4.0 PERSONNEL 

All personnel carrying out Ultrasonic examination in accordance with this procedure shall be approved in the 
technique to American Society of Non-Destructive Testing (ASNT) requirements (SNT-TC-1A) unless they 
are undertaking on-job training or working in an assistant capacity under the direct supervision of a 
certificated person.   
 
Utilisation of other approval schemes is permitted by prior agreement between contracting parties.  The 
approval scheme to be used shall be detailed in and form part of the specific technique sheet. Typical 
schemes are listed below: 
 
• BS EN ISO 9712 Level 2 
• CSWIP Grade 2 
• SNT Level 2 
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Qualified technicians shall be capable of reading the letter sizes equivalent to those defined as Jaeger 1 
(times roman N4.5) and shall be tested for colour blindness particularly in the colours or shades to be used 
in subsequent testing.   This shall be carried out annually and a record of the tests shall be maintained on 
file.  

5.0 EQUIPMENT 

5.1 Flaw Detectors 

The examination shall be carried out manually using the pulse-echo method with direct contact coupling.  
The flaw detector shall have 'A' scan presentation with a well-defined trace.  Permanent graticule markings 
shall be used for both range and amplitude. 
 
The equipment shall be capable of working at test frequencies between 1 to 5 MHz and conform to the 
requirements of ASME V Article 4 or other corresponding National standard. 
 
Flaw Detectors shall be calibrated annually to ensure performance to manufacturing tolerances. On site checks 
are carried out as follows. 
 
Flaw Detector Performance Checks 
 
The following equipment checks shall be carried out as detailed in Appendix 6 of this procedure; 
 
a) Timebase Linearity 
b) Amplifier Linearity 

 
Flaw Detector/Probe System Checks 
 
a) Resolution 
b) Dead Zone 
c) Signal to Noise 
 
Probe performance checks 

 
a) Angle probe index point. 
b) Angle of Refraction. 
 
The maximum deviation shall not exceed ± 1.5° 

 

5.2 Calibration and Reference Blocks 

Reference blocks for routine calibration for sensitivity shall conform to the requirements of ASME V Article 4 
T434.  The appropriate Calibration Block with thicknesses and hole sizes shall be selected for the material 
thickness under examination.   
 
Requirements for basic piping and non-piping calibration blocks are contained in Appendix 1.   
 
Calibration and reference blocks for routine calibration or for equipment performance shall conform to the 
requirements of BS EN 12223 (V1), BS EN 27963 (V2) or other corresponding National Standard that may 
be required. 
 
The probes and test blocks used during calibration shall be maintained at a temperature within +14° C of that 
of the joint(s) to be examined, although it is unlikely that weld testing will being conducted at temperatures 
higher that ambient.. 
 
Other reference blocks to be used for setting sensitivity shall comply with the standard, and will be detailed 
on the technique sheet. 
 
A method of setting DAC curves is explained in Appendix 2. 
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5.3 Probe Selection 

Probes to be used shall be compatible with the flaw detector in use and shall be in the operating frequency 
range 2 - 5 MHz.  
 
There are numerous factors, which effect the selection of probes.  
 
Factors to consider are as follows; 
 
• Material Thickness. 
• Material Attenuation Characteristics. 
• Size, location and orientation of defects being sought. 
• Weld preparation and Geometry etc. 
 
The table below provides a guide to probe selection for butt welds where the client does not specify 
particular requirements. 
 

Material 
Thickness 

Compression wave  probes 
 

Shear wave probes 
 

0° Single Twin Freq. 45° 60° 70° Freq. Single Twin 
< 12 Yes  Yes 5 No No Yes 4 Opt. Opt. 

12 to 25 Yes  Yes 5 No Yes Yes 4 Yes  
25 to 38 Yes Opt. Opt. 4/5 Yes Yes Yes 4 Yes  
38 to 100 Yes Yes Opt. 2/5 Yes Yes No 4 Yes  

> 100 Yes Yes  1/2.5 Yes Yes No 2 Yes  

 
Opt. = Optional 

  
This table is intended only as a guide since it is not possible to cover all eventualities.  

 
Probes indicated as optional are dependent on the other test conditions and factors.   Typical examples are 
as below: 
 
• When the evaluation is carried out based on length and amplitude the frequency shall be as low as 

possible within the above range, 
• When the evaluation is based on characterization of imperfections higher frequencies may be used to 

improve range resolution 
• On thin wall nozzle welds a 45° or 60° probe may provide better coverage of the fusion face. 
 
The ultrasonic operator shall select the appropriate probes for the configuration of weld using the above 
table as a guide and taking into account, other influencing factors. 
 
Where possible, shear wave probes with angles less than 38° should be avoided due to the probable 
generation of subsidiary compressional wave beams.    Similarly, angles above 75°, depending on surface 
contour and roughness, should be avoided to minimise the production of spurious surface wave echoes. 
 
On thicknesses > 12mm, at least two different angle probes shall be used. 
 
The minimum number of probes to be used shall be detailed on the technique sheet.  However, during 
inspection, additional probes may be used at the operator’s discretion, provided that it is beneficial to the 
test.   All probes used shall be recorded on the test report.  
 
Where required by the client or contract, additional or alternative requirements may be applicable.   These 
shall be detailed or referred to on a ‘Job Specific’ technique sheet. 

5.4 Couplant 

Coupling shall normally be achieved using proprietary couplants where surface temperatures are less than 
50° C. 
 
The couplant, including additives, shall not be detrimental to the material being examined. 
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Conventional Couplant 
 
The couplant shall be a proprietary ultrasonic couplant, a suitable cellulose based wallpaper adhesive, e.g. 
Polycell, grease, oil or water as appropriate.   
 
Halogen / Sulphur Free Couplant 
 
Couplants used on nickel based alloys be shall be low in sulphur and in the case of austenitic stainless 
steels low in halides.  The maximum permitted content of each shall not exceed 250ppm. 
 
Any change of coupling requirements for specific contracts or standards shall be detailed on the applicable 
technique sheet. 

6.0 SURFACE CONDITION 

Weld Surface 
 
The weld surface shall be prepared as needed to present a smooth contour, avoiding sharp changes in 
section.  Where such changes in section occur, it is possible that some difficulty in the ultrasonic 
interpretation may occur.  Such difficulties must be recorded on the report.   
 
Parent Material 
 
The parent material shall be free from weld spatter, surface irregularities or foreign matter that might interfere 
with the examination, giving a smooth contour for a distance of at least 2½ t on each side of the weld on 
each of the testing surfaces (where t is the thickness of the material under test).  Where 70° angle probes 
are employed, the distance shall be increased to 3½ t.   
 
The contour or waviness of the test surface shall not result in a gap greater than 0.5mm between the probe 
shoe and the surface.    Adequate probe contact for curved surfaces is considered satisfactory when it meets 
the following; 
 

D > 15a 
  
where; ‘D’ is the diameter of the component (in mm ) 
 ‘a’  is the diameter/width of the probe in the direction of examination (in mm) 
 

A probe that cannot meet the above requirement shall be adapted by contouring the probe shoe to suit the 
test surface.   In addition, adjustments shall be made to compensate for any changes in sensitivity and/or 
range settings.  

7.0 EXAMINATION 

7.1 Range and Sensitivity Settings 

The equipment is calibrated for a suitable range for the beam path length required to satisfactorily complete 
the examination, i.e. Full Skip Distance or two back wall echoes for shear and longitudinal waves 
respectively.   
 
The sensitivity settings are established using Distance Amplitude Correction Curves as detailed below. 
 

7.1.1 Sensitivity and Range Corrections 
Range and sensitivity settings shall be established in accordance with ASME V Article 4 prior to each 
examination and re-confirmed at the following stages; 
 
• At least every 4hrs during testing 
• Any change in equipment 
• Any change in the test parameters 
• Where changes in the equivalent settings are suspected 
• At the end of each inspection. 
 
If deviations are found during the above checks, corrections shall be carried out as detailed below: 
 



NDT PROCEDURE 
ULTRASONIC EXAMINATION OF WELDS IN ACCORDANCE WITH ASME V  
 

 
NDT-OPR-021 Issue 3 Rev 2  Page 7 of 27 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

If during the calibration confirmation the sweep range of the DAC curve has changed by the following 
tolerances: - (i) Sweep Range - if a point of the DAC curve has moved on the timebase by more than 10% of 
its original timebase position, or (ii) Sensitivity Settings - if any sensitivity setting has changed by more than 
20% or 2 dB from its original amplitude; then the following action shall be taken: 
 
(i) Sweep Range 
 
The calibration shall be corrected with a note of the correction being made on the report.  If any signals have 
been recorded, all recorded indications shall be re-examined with the corrected calibration and their values 
corrected accordingly on the report.   
 
 
 
(ii) DAC Curve 
 
If any point on the DAC curve has decreased by 20% or 2dB all recorded data since the last valid calibration 
shall be marked void.  A new DAC curve shall be produced with a note to this effect on the report and the 
voided areas shall be re-examined.  If any point on the DAC Curve has increased by 20% or 2dB all 
recorded indications since the last valid calibration shall be reassessed following the production of the new 
DAC curve.   
 

7.1.2 Primary Reference Level 
Methods and blocks used for setting sensitivity are described in ASME V Article 4. 
 
Unless otherwise specified by a client or contract, the method used shall be the DAC (Distance to Amplitude 
Correction) curve. The constructed curve forms the primary reference level. 
 
Any differences between the DAC reference block and the material under test shall be corrected as detailed 
in Section 7.3 below.  Guidance on how to construct a DAC curve is given in Appendix 2.   
 

7.1.3 Attenuation and Transfer Loss 
Allowances shall be made for differences in attenuation or transfer loss between the parent material and the 
test block used to plot the DAC curves.  The method for establishing this factor is detailed in Appendix 3. 
 
• Differences of < 2 dB no correction is required. 
• Differences > 2dB < 12dB shall be compensated for 
• Differences > 12 dB shall require further preparation of the surfaces or apply alternative NDT 

techniques. 
 
The noise level during the weld examination (excluding spurious surface indications) shall be 12 dB below 
the relevant evaluation level. 
 

7.1.4 Evaluation Levels  
Unless otherwise specified by the client or contract, the sensitivities or scanning levels are defined as follows: 
 
• Primary Reference Level: Is the sensitivity value (in dB) at which the DAC was plotted from a 

particular reference block. 
 
• Reference Level: Is the ‘Primary Reference Level’ sensitivity + /- any transfer 

correction factors (in dB). 
 
• Scanning Level: This is a ‘search’ or ‘scanning’ sensitivity.  The minimum gain is 

6dB above the ‘Reference Level’. 
 
However, a more convenient minimum scanning sensitivity is 14dB above the ‘Reference Level’ and the 
DAC line will thus represent 20% reference sensitivity.  
 

  



NDT PROCEDURE 
ULTRASONIC EXAMINATION OF WELDS IN ACCORDANCE WITH ASME V  
 

 
NDT-OPR-021 Issue 3 Rev 2  Page 8 of 27 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

Weld Inspection 

7.1.5 Parent Metal Scan 
 
Prior to the examination of the weld the parent metal either side of the weld, where accessible, shall be 
examined using a longitudinal wave probe.   This test is to locate any laminar type defects in the parent 
metal, which will interfere with or restrict the subsequent test. 
  
Unless otherwise specified by the client or contract, a sensitivity of 2nd Back Wall Echo (BWE) to Full Screen 
Height (FSH) shall be applied. 
 
The extent of the scans for plate defects must cover the full area of plate to be scanned from, therefore the 
extent of scan equals the ½ or full skip distance plus ½ the weld cap width plus 10mm heat affected zone. 
 
The skip distances are calculated for the shallowest angle probe to be used and the choice of ½ or full skip is 
dependant on whether access for scanning is from one side, or from both sides of the plate. 
 
The method for calculating skip distances is detailed below. 
 
Full skip distance = 2 x thickness x tan angle of probe 
e.g. 70° probe on a 25mm plate 
 
½ skip =  25 x 2.747  Full skip = 2 x 25 x tan 70 
  = 68.68mm   = 50 x 2.747 
        = 137.37mm. 
 
In this way it can be determined prior to testing that the extent of parent metal scanning is sufficient. 
 
Other useful trigonometric functions are detailed on Appendix 4. 
 

7.1.6 Weld Examination 
There are numerous scans for testing weld metal and associated fusion faces and these are mainly 
dependent on the configuration of the weld and accessible surfaces.  The precise scanning requirements are 
detailed on the applicable technique sheets.  
 
The majority of welds tested are in the 'as welded' condition.  
 
In cases where there are no weld caps, such as those that are dressed flush, a compression wave scan shall 
be carried out across the weld and subsequent shear wave scans shall also be carried out across the weld 
metal. 
 
Where possible Transverse scans shall be carried out in accordance with the standard technique or in 
accordance with contract specific techniques.  
 
The curvature of a component can restrict a test; Appendix 5 details the limitations. 
 
When welds with vertical weld preparations or J preps are being tested the use of tandem or creep 
techniques will be considered and included in the technique as appropriate. 
 
In the case where critical root scan forms part of an examination, scribed datums must be added to the 
parent metal at the weld fit up stage.  
 

7.1.7 Scanning Speed and Overlap 
The scanning speed when testing welds shall not exceed the following; 

 
Parent  and Weld Metal  150mm/second 
Critical root scan   25mm/second 

 
The crystal path overlap shall be at least 10% of each previous path to ensure that the area under 
examination is completely covered. 
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7.2 Location and Sizing of Imperfections 

 
Imperfections shall be positioned using a flaw location slide or a suitable full scale drawing of the weld.   
Since the angle of the probe is known and the timebase of the flaw detector is calibrated to show the 
distance travelled by the sound, it is possible to accurately position and size defects on the accurate drawing 
of the weld. 
 
The investigation may require scanning from other positions and with different probe angles and is highly 
subjective in its nature and should be carried out with extreme care.   
 
There are several established methods used in the sizing and assessment of defects and these are as 
follows: 
 
• 6 dB drop or ½ amplitude method 
• 20 dB drop method 
• Maximum amplitude method 
• Reference reflector methods 
 
Unless otherwise specified by the client or contract, the method employed shall be appropriate to the size, 
type and orientation of the reflector and will normally be 6dB drop for length and 20 dB drop or maximum 
amplitude for through thickness dimensions. The method used is detailed on the test report. 
 
Unless otherwise specified by the client or contract, the following shall be used; 
 
With the sensitivity set initially at ‘Reference Level Sensitivity’.  All reflectors > 20% of the DAC curve shall be 
investigated.  The purpose of this is to determine the nature of the indication i.e. Volumetric, planar or 
geometric etc. 
 
Dependent on the acceptance criteria to be applied planar defects may be rejected at this stage. 
 
Sensitivity levels shall be checked periodically throughout the test. 
 
Where the DAC block is not available at the test station the gain setting for the DAC shall be referenced to 
the calibration block used on site.  

8.0 TECHNIQUES 

This procedure is applied in conjunction with the appropriate standard technique sheet/s detailed in Section 
10 , which are based on the requirements of ASME V Article 4. 
 
Where required, by a client or contract, ‘job specific’ technique sheets shall be compiled and issued to 
address any differing parameters that may be applicable.  
 
Technique sheets shall be compiled and/or approved by personnel qualified to at least Level 2 in the 
appropriate method, sector and category. 
 
The numbering system to be used for specific techniques is to prefix the standards technique numbers with 
the contract or job number.. 
 
The technique shall supply the following information:- 
 
• Client  
• Contract Number/s 
• Technique Number 
• Weld configuration to which technique applies 
• Operator qualification requirements 
• Standard on which the technique is based, including year of issue or status. 
• The acceptance criteria, including year of issue or status. 
• The calibration and reference blocks to be used 
• The material to be examined 
• The thickness range the technique covers 
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• The scanning requirements - i.e. probes, surfaces to be scanned from, extent of scans, limitations (if 
possible at this point). 

• Sizing techniques to be used if specified by contract  
• Any other specific reference documents not included in this procedure 
• Any other specific instruction not covered above (e.g. the use of creep or tandem techniques or the 

use of scribed datums for critical root scanning etc.) 
 
NOTE: The ‘record and reject levels’ form part of the standard on which the techniques are based and these 

must be referred to. 

9.0 ACCEPTANCE CRITERIA 

 
The levels of acceptance shall be in accordance with the relevant section of the referencing code specified 
by the Client. 

10.0 RECORDS AND REPORTING 

10.1 Informing the Client 

Upon completion of the examination the operator shall advise the client of the acceptability or otherwise of 
the items under test. 

10.2 Reporting 

All inspections shall be the subject of a written test report, which shall be issued on completion of the 
examination on a standard reports format, written in accordance with company procedures. 
 
If another reporting format is required, such as a client's report form, it shall be detailed on the technique 
sheet and the relevant report supplied to the operator. 
 
The test report shall generally contain the following information as appropriate:- 
 
• Client 
• Contract number 
• Unique identification of welds/item i.e. Drg. No. Line no. and weld no. if applicable  
• Date of test 
• Heat treatment status, if applicable 
• Procedure number, including revision status 
• Technique number, including revision status 
• Standard on which technique is based, including the year of issue 
• Acceptance criteria, including the year of issue 
• Test restrictions or necessary deviations from technique 
• Material thickness(es) 
• Flaw detector model and serial number 
• Couplant 
• Probe(s) used giving serial nos. angles, crystal dimensions and frequency 
• Sensitivity i.e. basic sensitivity, scanning sensitivity, transfer correction. 
• Calibration blocks used and serial number 
• Reference blocks used and serial number, if available  
• Recording level 
• Reject level 
• Sizing techniques used 
• Datum points from a feature of the workpiece e.g. intersection with another weld or a sketch detailing it's 

position. 
• Sketches showing defect location from datum, position of defect in weld, defect type if possible and 

through thickness dimensions of defect. 
• Statement or indication of acceptance or rejection 
• Operator name & Signature 
• Operator qualification 
• Date 
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INDEX OF STANDARD TECHNIQUES 

The following table provides a list of techniques available on the Business Management System or the 
compact disks issued by the QA department. 
 
Technique Number Description 

NDT-TEC-U102 UT of butt welds in plate/pipe greater than 6mm thickness 

NDT-TEC-U103 UT of T butt welds  

NDT-TEC-U104 UT of butt welds in nozzles 

NDT-TEC-U106 UT examination of materials. 
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APPENDIX 1 

Non Piping Calibration Block from ASME V 

 

 



NDT PROCEDURE 
ULTRASONIC EXAMINATION OF WELDS IN ACCORDANCE WITH ASME V  
 

 
NDT-OPR-021 Issue 3 Rev 2  Page 13 of 27 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

Piping Calibration Block from ASME V 
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APPENDIX 2 METHOD OF CONSTRUCTION OF DAC CURVE 

 
A ‘DAC’ (Distance to Amplitude Correction) reference block is required that has a series of reflectors at different 
sound path distances over the timebase range to be used for the test. 
 
The size and configuration of the block to be used are specified in ASME V Article 4 shown above ( the method 
below is representative of the construction of the curve). 
 
The DAC block shall be either: 
 
• A general-purpose block of uniform low attenuation and specified surface finish, having a thickness and 

curvature within + 10% of the test object where practicable. 

• A block of the same acoustic properties, surface finish, shape and curvature as the test object. 

The steps required are as follows: 
 
a) Calibrate the time base to accommodate the full testing range to be used. 
 
b) Select the target holes to be used for the DAC curve and adjust the probe position to obtain maximum echo 

height from the hole that gives the highest amplitude. 
This will be dependent on near zone an so will  not necessarily be the shortest target distance. 

 
c) Adjust the gain to give an 80% full screen height (FSH) - Point ‘A’ on Fig. 1..   Mark this point on the screen - 

Point ‘A’ on Fig. 2 
 

d) Without adjustment to the gain, obtain signals from the remaining holes in the block - Points ‘B’, ‘C’, & ‘D’ on 
Fig. 1.  Mark and join these points on the screen - Points ‘B’, ‘C’, & ‘D’ on Fig. 2 
 

e) Note the gain setting for point ‘A’.  This is the basic or primary sensitivity and the DAC curve for that particular 
probe and the reference block used. 
 

f) Record the sensitivity at which the DAC curve was plotted by reference to the gain setting and echo height 
from a suitable test block, e.g. the 100mm radius of a calibration block. This will enable the sensitivity to be 
easily reset to the DAC level without the use of the special DAC test block. 
 

g) If the difference in height between the largest and smallest echoes exceeds the range 20% to 80% FSH, 
the line shall be split and separate curves plotted at different gain settings. The difference in gain between 
the two curves shall be recorded on the screen. 
 

h) When in continuous use the probes should be checked daily, but when used infrequently the probes shall 
be checked weekly or on the days in use, whichever if the period is in excess of a week. 
 

A B C D

A

B

C
D

CURVE

Figure 1

Figure 2
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APPENDIX 3 METHOD OF ASSESSING TRANSFER/ATTENUATION LOSSES 

General 
 
When setting the minimum scanning sensitivity or when measuring echo heights in relation to the DAC curve, 
allowance shall be made for differences in excess of 2dB in attenuation or coupling efficiency between the parent 
material of the weld and the test block used to plot the DAC curve. 
 
The methods for normal and angle probes detailed in below involve the use of a single correction value 
incorporating compensation for both attenuation and transfer loss. 
 
Method for Longitudinal (Normal) Probes 
 
The steps required shall be as follows: 
 
a) Calibrate the time base over the appropriate test range. 

 
b) Position the 0° probe on the Calibration or DAC test block to obtain a series of back wall echoes A1, A2, A3, 

A4 etc. 
 

c) Note the gain setting (in dB) required to bring each echo in turn up to 80% full screen height and plot this 
value against the beam path range for each echo. 
 

d) Reposition the probe on the material to be measured to obtain a series of back wall echoes B1, B2, B3, etc. 
and repeat step c) plotting curve B. 
 

e) Extrapolate both curves back to zero range. 
 

f) The loss in echo amplitude due to attenuation and reduced coupling deficiency is the difference in gain 
between the two curves at the appropriate range. 
 

Method for Shear Probes 
 
This method requires the use of an identical pair of shear wave probes having a beam angle within the range 40-50 
deg. and the same frequency as the probe(s) to be used for the subsequent weld examination. 
 
The steps required are as follows: 
 
a) Calibrate the time base using one of the single angle probes to be used for this assessment. 

 
b) Position the two probes (one transmitting, one receiving) on the DAC test block to produce a 'V' beam 

path as shown in Fig 3 (a).   Maximise the signal and record the gain setting ‘A1’ to bring the signal to 
80% full screen height.  Plot the point on the screen. 

 
c) Reposition the two probes on the DAC block to give a W beam path as shown in Fig 3 (b). Maximise 

the signal and plot point A2 on the screen. 
A third point is obtained by extending the beam path length to 1.5V or 1.5 skips, which gives point A3, 
which in turn is plotted on the screen. 
 

d) Plot through points ‘A1’ & ‘A2’ and ‘A3’ as shown in Fig. 4. 
 
e) Extrapolate both curves back to zero range. 
 
f) Repeat steps 2 and 3 with the probes on the material to be examined under test, and note the dB 

required for the signals obtained to reach the curve. 
 
This value is the transfer correction factor and is to be added to the basic sensitivity.  This means that the 
‘DAC’ curves being used are basic sensitivity plus transfer correction. 
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FIGURE 3A 

FIGURE 3B 

FIGURE 4 

A1 

A2 

A3 

A1 

A2 

A3 

FULL-SKIP 1½ SKIP 
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APPENDIX 4 TRIGONOMETRY AND ULTRASONICS 

 
Angle sine Cosine tangent 

38 0.616 0.788 0.781 
45 0.707 0.707 1.0 
60 0.866 0.500 1.732 
70 0.939 0.342 2.747 

 
There are several variables, which can be calculated from the above functions of the angles. These are as follows:- 
 
1/ Full Skip Beam Path Distance = 2 x thickness x tan of probe angle 
 
2/ Surface distance (Stand-off) from probe index; 

 
Stand-off  = Beam path length x sine of probe angle 

 
3/ Depth of indication; 
 
 Depth = Beam path length x cosine of probe angle 
 
4/ Expected beam path length- 
 
 Expected beam path  =   Thickness (or Depth)     
                          cosine of probe angle   
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APPENDIX 5 EFFECTS OF CURVATURE ON ULTRASONIC TESTING 

 
The curvature of a component can limit an ultrasonic test. 
 
The table below gives maximum testing depths and beam path ranges as a function of the component outside radius. 
 

Angle Maximum testable Depth Beam Path Range 
38 0.38 x radius 0.79 x radius 
45 0.30 x radius 0.70 x radius 
60 0.13 x radius 0.50 x radius 
70 0.06 x radius 0.34 x radius 

 
 
It is also possible to calculate the optimum angle to test the bore of a pipe by using the following calculation:- 
 
Sine of optimum angle  = Inside diameter  
    Outside diameter 
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APPENDIX 6 ULTRASONIC EQUIPMENT CHECKS 

General 
Ultrasonic flaw detection equipment shall be routinely checked at the following times: 
 
• When new, prior to use on production work. 
• Immediately following repair or annual calibration. 
• At intervals as listed in the table below. 
 
The Flaw Detectors serial or plant number must be clearly indicated. 
 
The suppression control shall be set to zero during all checks. 
 

Daily Checks: 
(See Notes 1 & 4) 

Timebase Linearity 
Probe Angle 

Angle Probe Index Point 

Amplifier Linearity Angle Probe Squint 

Weekly Checks: 
(See Note 2) Sensitivity and Signal to noise. Pulse Duration 

Monthly Checks (if 
required): Resolution (probe) Dead zone (probe) 

Notes: 
1) Results of daily checks shall be recorded as appropriate. 

They can be entered on either the test reports (tick box) or on the latest 
revision of  Form No: NDT/FRM/031 

2) Results of weekly checks must be recorded on the latest revision of  
Form No: NDT/FRM/031 

3) Form No: NDT/FRM/031.shall be retained on file  

4) Timebase linearity checks will be carried out as appropriate up to a maximum 
of a 1m range unless requirements for longer ranges become part of a 
contract. 
In this instance, and where practical, a technique will be produced to address 
the requirements.  

 
Calibration Blocks 
 
Blocks used for the above checks shall have a current validation/calibration certificate and must be kept clean and 
in good condition. 
 
The blocks to be used for daily or weekly checks shall be as follows; 

A2 - (This may also be referred to as an ‘V1’ or ‘Block 1’). 

A4 - (This may also be referred to as an ‘V2’ or ‘Block 2’). 
 
The blocks to be used for monthly checks (when applicable by contract )shall be as follows; 

A6 - Dead Zone & Resolution. 

A7  - Resolution as required. 
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Visual Inspection 

A visual inspection is carried out on all the equipment to be used for physical damage and/or wear that is likely to 
affect performance and reliability of the subsequent testing. 
 
The items to be checked are as follows: 
 

Flaw Detector Check for visual damage the screen, graticule and controls 

Probes Check shoes, faces and cable connection for damage or 
wear 

Cables Check for breaks and instability of electrical connections 

Calibration/Reference Blocks Check for physical damage 

  
Faulty or damaged equipment that is likely to affect performance and reliability shall detailed in writing and returned 
for repair or servicing. Items which can be locally repaired e.g. probe re-shoe is carried out and recorded against 
the probe records. 
 
FLAW DETECTOR CHECKS 
 
Timebase Linearity 

 
Timebase linearity shall be checked using either calibration block 1or 2). 
 
Place the probe on the block in a position (side or face) where the range to the sixth backwall echo is equal to or 
more than the compressional wave range over which the linearity has to be checked (i.e. the maximum range likely 
to be used in subsequent testing). 
 
Obtain 6 back wall echoes.  Adjust the timebase so that the 1st echo coincides the first scale mark on the graticule 
and the 6th echo at the last scale mark (position 10). 
 
Set the 1st echo to 80% full screen height, then in turn, bring the successive echoes to approximately 80% full 
screen height. The leading edge of each signal should line up with the appropriate graticule (i.e. the four echoes 
between the first and last should coincide with 2, 4, 6 and 8 positions). 
 
Record any deviations, measured at half screen height, from the expected position. 
 
Unless otherwise specified by the testing standard, deviations in excess of + or - 2% of the full screen width are 
cause for rejection and the equipment should be returned for adjustment. 
 
Amplifier Linearity 

 
This check monitors the linearity of the amplifier and the accuracy of the calibrated gain control. 
 
Position the probe on either Block 1 or Block 2 to obtain a signal from the 1.5 mm (or 5mm if applicable) diameter hole 
taken from it's deepest side.    See Figure 1 below; 
 
 
 
 
 
 
 
 
 
 
 
 
Adjust the signal to 80% FSH (Full Screen Height) and note the value (in dB). 
 

Figure 1: Amplifier Linearity 
 

A2 
(Block 1) 

A4 
Block 2 
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Increase the gain by inserting 2 dB.   The signal should increase to FSH (100%). 
 
Restore the gain to the original value then reduce it by 6 dB. The signal should be at 40% FSH. 
 
Reduce the gain by a further 12 dB.  The signal should be at 10% FSH. 
 
Reduce the gain by a further 6 dB.  The signal should fall to 5% FSH 
 
The expected results for the above procedure are given in Table below. 

 

Gain (dB) Expected Screen Height (%) Limits (% FSH) 

+2 100 Not less than 95% 
0 80 Reference Line 
-6 40 37% to 43% 
-12 20 17% to 23% 
-18 10 8% to 12% 
-24 5 Visible below 8% 

 
Deviations outside the limits given above should be taken into account in subsequent testing. 
 
Note 1  For logarithmic amplifiers, the amplifier should give equally spaced dB steps throughout the graticule 

height. 
 

PROBE CHECKS 
 
Angle Probe Index Point 

 
Remove any previous index point markings.  
 
Keep the probe parallel to the side of the block, and maximum the reflection from the 100mm quadrant of Block 1 or 
the 50mm quadrant of Block 2. 
 
When the signal is maximised the probe index will correspond to the engraved line on the block which marks the 
geometric centre of the quadrant. 
 
Clearly mark the index point on the side of the probe. 
 
The index should be known within ± 1mm. 
 
The frequency of the check should be at least daily, but dependent on usage and the test surface roughness, more 
frequent verification may be required. 
 
Angle Of Refraction 
 
Block 1 Method 
 
Calibrate the timebase for appropriate beam path. 
 
Place the probe at the appropriate position to maximise the signal from the plastic insert as shown in Figure 2 
below. 
 



NDT PROCEDURE 
ULTRASONIC EXAMINATION OF WELDS IN ACCORDANCE WITH ASME V  
 

 
NDT-OPR-021 Issue 3 Rev 2  Page 22 of 27 

 

This document contains proprietary information and must not be copied or otherwise used without the written permission of Oceaneering. 

 
 
If the index point coincides with the engraved reference marks on the block, this verifies the angle is at its nominal 
angle 
 
If the index point does not coincide with the engraved reference marks on the block, measure the deviation by 
transferring the probe index point to the side of the block and accurately note he distance between the reference 
mark to the transferred index point. 
 
To determine the actual angle of the probe, compare the deviation measurement obtained with the figures in the 
Table 2 below; 
 

Calculated Deviations From Nominal Angles Using Block 1 
Probe 
Angle 

43° 43.5° 44° 44.5° 45° 45.5° 46° 46.5° 47° 

Deviation(
mm) -5 -3.5 -2.5 -1 - +1 +2.5 +3.5 +5 

Probe 
Angle 

58° 58.5° 59° 59.5° 60° 60.5° 61° 61.5° 62° 

Deviation(
mm) -9 -7 -5 -2 - +2 +5 +8 +11 

Probe 
Angle 

68° 68.5° 69° 69.5° 70° 70.5° 71° 71.5° 72° 

Deviation(
mm) -8.5 -7.5 -4.5 -2.5 - +2.5 +4.5 +7 +10 

 
When using probes that are not listed above the angle can be calculated without the use of a calibrated timebase 
by using equation: 
 

X – 35 
= TAN B 

D 
 

Where X = Distance from end of block to index point (in mm). 
 D = Depth of centre of Perspex block. (i.e. 3Omm or 7Omm depending on side probe is 

positioned). 
 
The allowable deviation from the nominal angle is not to exceed ±  2°. 
 

60° 45° 

70° 
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Block 2 Method 

The angle shall be checked against the engraved markings on the side of the block. 
 
Maximise the signal from the side drilled hole and read the angle form the engraved markings on the block. 
 
If it becomes apparent that the angle is outwith it's tolerance, it shall be rechecked using Block 1 for verification. 
 
Angle Probe – Squint 
 
Using either Block 1 or 2, obtain a corner echo from its long edge and maximise the signal. 
 
Lay a straight edge along the side of the probe and draw a line to intersect the edge of the block. 
 
Using a protractor, measure the angle that this line makes with the edge. 
 
The maximum permitted deviation is 2°. 

 
COMBINED EQUIPMENT CHECKS 
 
Sensitivity and Signal to Noise Ratio 

 
The purpose of these checks is to indicate the potential deterioration in performance of combined equipment 
compared against a base value level. The base levels are established on a combination of flaw detector, probe and 
cable types and the procedure for establishing the levels and comparing the performance in service are identical. 
 
Using either Block No. 1 or 2, calibrate for a 100mm range. 
 
Maximise a signal from the 1.5mm or 5mm diameter hole as applicable and adjust the calibrated attenuator to set 
the signal at 20% FSH (Full Screen Height). 
 
This is the ‘System Sensitivity’ (NOT TO BE CONFUSED WITH TEST SENSITIVITY). 
 
Note the depth of the target hole used and also the gain setting (in dB). 
 
Remove the probe from the calibration block and wipe the probe face to remove any couplant. 
 
Place the probe on its side and increase the gain control until the overall system noise at the same range as the 
target hole reaches 20% FSH and note the new gain setting (in dB). 
 
Record the difference in dB between the signal from the target hole and the overall system noise.  
 
This is the signal to noise of the system. 
 
The signal to noise ratio shall be within 6dB of the base measurement made when the probe/set combination was 
first used. 
 
Pulse Duration 
 
The pulse duration measured by the following procedure shall be compared to the base level previously 
established by the user when the operator first obtains the probe. The base levels are established on a 
combination of flaw detector, probe and cable types and the procedure for establishing the levels and comparing 
the performance in service are identical. 
 
If the pulse length is greater than the requirements listed below the probe shall be replaced.   
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 Frequency (MHz) Max. Pulse Length 
(mm of steel) 

Compression 0.9 – 1.8 18 
 1.8 – 3.5 10.5 
 3.5 & greater 7.5 
Shear 4.0 (single crystal) 4.0 
 4.0 (twin crystal) 5.0 
 2.0 (single crystal) 5.5 

 
Pulse duration shall be measured using Block 2 as follows; 
 
Compression Wave Probes. 

Calibrate for a 50mm range. 
Adjust the back wall echo to 100% full screen height. 
Measure the width of the signal in millimetres at 10% full screen height. 
 
Shear Wave Probes 

Calibrate over 0 -100mm using block 2. 
Adjust the signal from the 25mm radius to 100% full screen height. 
Measure the width of the signal in millimetres at 10% full screen height. 
The pulse duration shall not be greater than 1.5 times the value of the base level. 
 
DEAD ZONE CHECKS 
 
Dead Zone checks shall be carried out only when specified contractually. 
 
Combined Double Compression Probes – Dead Zone Measurement 

Calibrate the time base to represent O~50 mm full screen width. 
 
Using the A6 Block, position the probe as shown in Figure 3 below and scan the series of  
1.5 mm diameter holes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adjust the height of each signal in turn to 40% full screen height. 
 
Record the depth of the shallowest detectable hole i.e. 1,2,3,5,10 or 15mm. 
 
Shear Wave Probes – Dead Zone Measurement 

Calibrate the time base to represent 0~500 mm full screen width. 
 
Using the A6 Block, position the probe as shown in Figure 4 below and scan the series of  
1.5 mm diameter holes. 
 
Adjust the height of each signal in turn to 40% full screen height. 

A6 Block 

Figure 3: Dead Zone 
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Record the depth of the shallowest hole located. 

A6 Block 

Figure 4 
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Figure 5a Figure 5b 

A6 Block 

60% 
FSH 

20%  
FSH 

Figure 6a Figure 6b 

 RESOLUTION CHECKS 
 
Resolution checks shall be carried out only when specified contractually. 
 
Single Compression Probes & Combined Double Compression Probes >15mm Diameter. 

Calibrate the time base to represent 0-100 mm full screen width. 
Depending on probe frequency, place the probe over the appropriate step on the A7 block as shown in Fig 5a 
below; 
 
• 4 MHz or higher: Place the probe over the 3 mm step 
• Lower than 4 MHz; Place the probe over the 5 mm step. 
 
Equalise the signal heights and adjust to 60% full screen height as shown in Fig. 5b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The step is resolved if the signals are clearly separated at half the height of the echoes or lower. See Figure 5b. 
 
Resolution Check For Miniature. Twin Compression Probes  - A6 Block 
 
Calibrate the time base to represent 0-50mm full screen width. 
 
Using the A6 Block, place the probe over the 3 mm step holes as shown in Fig 6a. 
 
Equalise the signal heights and adjust to 60% full screen height. 
 
The step is resolved if the signals are clearly separated at 20% full screen height or lower. See Figure 6b. 
 

 
Record either yes or no to indicate satisfactory results. 
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Resolution Check for Shear Wave Probes 
 
Calibrate the time base to represent 0-100 mm full screen width. 
 
Depending on probe frequency, place the probe over the appropriate step on the A7 block as shown in Fig 7a 
below; 

• Higher than2 MHz: Place the probe over the 2 mm step 

• 2 MHz or lower: Place the probe over the 4 mm step. 
 

Equalise the signal heights and adjust to 60% full screen height as shown in Fig. 7b. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The step is resolved if the signals are clearly separated at half the height of the echoes or lower. See Figure 7b. 
 

Probe 

60% FSH 

<H/2 

H 

A7 Block 
5 

4 
3 

2 

Figure 7a 

Figure 7b 
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Revision 2 Page 1 of 1 Date 23/10/2013
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Hydrostatic Pressure Testing Procedure
1.0 Purpose

1.1 To detect the presence of leaks.

1.2 To prove that the equipment under test can withstand internal or external pressure without structural
failure or permanent deformation.

1.3 To prove the effectiveness of sealing arrangements.

2.0 Scope

2.1 This procedure shall apply to all hydrostatic testing carried out by the Company.

2.2 Test Method 1 - Hydrostatic pressure applied to all immersed surfaces.

2.3 Test Method 2 - Hydrostatic pressure applied internally to an enclosure.

3.0 References

For specific contract and standard requirements, refer to the assembly drawing of the equipment on
test.

4.0 Definitions

Not applicable.

5.0 Procedure

5.1 All pressure gauges used for hydrostatic testing shall be calibrated.

5.1.1 2 pressure gauges shall be used for hydrostatic testing.

5.2 All connections to be blanked off using blank flanges and suitable gaskets and full quantity of
bolting.

5.3 On filling, the test or service vessel shall be adequately vented from its highest point to ensure
removal of all air.

5.4 The water temperature shall not be below 7ºC.

5.5 The pressure shall be applied gradually until the specified test pressure is reached.

5.6 At no stage shall the equipment on test be approached for close inspection until the pressure has been
reduced to a lower level than that previously attained.

5.7 The specified test pressure shall be maintained for the period specified on the drawing
or certification documents.

5.8 After inspection the pressure will be gradually reduced to atmospheric.

5.9 Adequate venting shall be ensured before draining.

5.10 After draining, the equipment will be cleaned, dried and inspected.

5.11 The results shall be recorded in a test log and a test certificate (see attachment 6.1) issued where
required by client.

6.0 Documentation

6.1 Attachment 6.1 Hydrostatic Test Certificate
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1. Scope 
 

1.1. Applies to all pressure testing of pressure vessels using water as the test medium. 
 

 
2. Equipment 
 

2.1. Hydraulic test pump bucket. 
 

2.2. Calibrated gauge. This must be within 12 months of its last calibration. Select the gauge such 
that the test pressure is between 20% and 80% of its full scale. 

 
2.3. Bolting must be high tensile, the correct size, with all bolt holes used. 

 
2.4. Test flanges should be standard supply of the correct size and rating. Manufactured flanges 

should be produced in line with the dimensions of the equivalent standard flange. 
 

2.5. Hoses and fittings must be in good condition, any obvious damage must be reported to the line 
manager immediately. 

 
3. Personal Protective Equipment 
 

3.1. Overalls, safety boots, and full-face visor. 
 
4. Test Pressure  
 

4.1. New build test pressures are determined by the greatest of the design code or PED (where 
applicable). 

 
4.2. Hydrotest pressure is stated on the specific vessel GA drawing – VQ0510 & VQ0513 

respectively. 
 
6” shell line heater: 12909 KPa.g 
10” shell line heater: 12909 KPa.g 

 
 
5. Procedure 
 

5.1. Assembly and filling. Potable water shall be used. 
 

5.1.1. Determine which connections will be used for filling and venting. 
 

5.1.2. Fit all test flanges, blinds, plugs, etc, ensuring all bolting and threaded connections are 
secure and of the correct size and specification. 

 
5.1.3. The test bucket / filling components should be assembled as the sketch in appendix A, to 

allow filling and draining. 
 

5.1.4. The assembly must be checked by, and a competent person experienced in hydraulic 
pressure testing must perform the following steps.  

 
5.1.5. With the water supply connected and valve A and B open (valve C closed), proceed to fill 

the equipment being tested. Whilst reducing and controlling the water supply, ensure the 
unit is fully vented, moving and orienting if necessary to eliminate all potential air pockets. 
Finite filling can be achieved using the test bucket once the water supply has been 
isolated. 
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5.1.6. Isolate valve B and turn off the supply. 
 

5.1.7. Securely blank off the vent connection once bled / vented. 
 

5.2. Safety of others. 
 

5.2.1. Before any pressure test takes place, advise others in the area local to the test area, 
vacate where possible. Place red/white tape around the hydrotest area and place signage 
in prominent position. 

 
5.3. Proof test. 

 
5.3.1. Slowly increase the pressure to 2 barg, pause and inspect for leaks. 

 
5.3.2. If there is evidence of leakage, identify the area for remedy and take off test (as 5.4.8). 

Otherwise proceed with full test. 
 

5.4. Full test. 
 

5.4.1. Slowly increase to 50% of the final test pressure, pause and inspect for leaks. 
 

5.4.2. If all is ok at 50%, slowly increase to the full test pressure and isolate valve A. 
 

5.4.3. Inspect for leaks, and if sound leave for the test period. Hydrotest will take place for 1 
hour minimum. 

 
5.4.4. After the test period, check that the test is still sound. 

 
5.4.5. The final test is to be witnessed by another competent person. 

 
5.4.6. Record the actual test pressure on the works instructions, with both the tester and the 

witness signing and dating the document. 
 

5.4.7. Also record the gauge Equipment Number. 
 

5.4.8. Slowly open the isolation valve C, releasing the pressure to drain. 
 

5.4.9. Fully drain the unit, carefully dismantle the test assembly and return items to their correct 
place of storage. 

 
5.4.10. After hydrotest the equipment shall be dried with the continuous blow of hot air not 

more than 66°C. Humidity of the outgoing air to be checked to ensure the complete 
dryness of the equipment.  
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Standard Leak Test Procedure 
 

 

Pneumatic leak testing performed by National Process Equipment shall be completed as per the following 

procedure. 

 

1.0 Limitations of Procedure 

1.1 Leak test shall not be performed if volume of air in the test system is greater than one cubic foot.   

1.2 Test pressure shall not exceed 110 percent of test system design pressure or 25 PSIG, which ever is 

the lesser value. 

1.3 Testing shall not be performed on any system stored in temperatures below -10°C unless system 

enclosure has been preheated to ensure system ambient temperature is within an acceptable range. 

 

2.0 Testing Procedure 

2.1 Prior to test the Quality Control Manager shall notify the Owner’s Inspector when any Leak Testing 

is to be conducted and complete a Pressure Test Report Form (QAF-036e). 

2.2 All open connections shall be closed using proper test covers, fittings and gaskets where applicable. 

2.3 Testing of the joints shall be performed using Snoop. 

2.4 Testing – 

A) Gradually increase pressure until system pressure reaches ½ the test pressure or 25 PSIG, 

which ever is the lesser value. 

B) Once system has stabilized, perform a preliminary check of all possible leak sources. Mark 

all leaks for repair. 

C) Depressurize gradually and repair all leaks found. Repeat leak test steps A and B until no 

leaks are detected. 

D) Gradually increase pressure to 25 PSIG or 110 percent of test system design pressure, which 

ever is the lesser value. 

E) Hold pressure for a minimum of 15 minutes and perform a final test of all possible leak 

sources. If a leak is detected at any time; the leak is to be marked, the system safely 

depressurized, the leak repaired and test begun again (return to step A). 

F) If no leaks are detected, the test is successfully completed. Gradually depressurize system 

until atmospheric pressure is reached. 

 

3.0 Reporting Procedure 

3.1 The Quality Control Manager or designate, and the Owner’s Inspector shall sign the pressure test 

report (Form QAF-036e) stating that they have witnessed and accepted the test. 
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1. Test Protocol 

1.1 Introduction 

This document outlines the Factory Acceptance Test, and includes what tests are to be performed, the procedure for 

carrying out each test, the expected results of each test, and verification that each test has been performed as outlined.  

1.2 Scope 

This FAT Procedure covers the following components: 

 -Physical and Electrical Control Panel Inspections 

 -Instrumentation Power and Configuration 

 -SIL Safety Functions 

 -PLC Control System Logic Functions 

 

This FAT is designed to ensure electrical and software compliance and safety in regards to the PLC and SIL units. It also 

insures compliance and completeness in respect to control cabinet wiring, grounding, and labelling. 

 

1.3 Roles and Responsibilities 

Each test will have a Lead Technician responsible for preforming the test. It is the responsibility of the Lead to 

understand how each test is to be performed and carried out.  

Required Technicians are to assist the Lead in completing each test. 

Witness is required to verify that each test is completed in a satisfactory manner. 

Technician roles vary from test to test, as listed below: 

 

Section  Name Lead Technician Required Technicians 

2 Panel Inspection Electrical Technician  

3 Control Panel Ground Testing Electrical Technician  

4 PDP-21620 (600 VAC Power 

Distribution) 

Electrical Technician  

5 LPN-21620 (120/208 VAC Power 

Distribution) 

Electrical Technician  

6 Control Panel Power Distribution Electrical Technician  

7 Control Panel Start-Up Electrical Technician  

8 PLC Start-Up PLC Technician Electrical Technician 

9 PLC Inspection PLC Technician  

10 HMI Inspection PLC Technician  

11 Discrete IO PLC Technician Electrical Technician 

12 Analog IO PLC Technician Electrical Technician/ Instrument Technician 

13 Data Transfer Points PLC Technician  

14-19 Function Test PLC Technician Electrical Technician 
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1.4 Signature Log 

Every person to sign or initial any portion of this document must be recorded in this log. 

Print Name Company Signature Initial/Date 
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1.4 Equipment Required 

The following equipment is required for this FAT 

 -Laptop 

 -Ethernet Cabling 

 -SIL Serial Cable 

 -RSLogix 5000 software V21.11 

-Moore STA Software V2.1 

 -Factorytalk View ME software V7.0 

 -Multimeter with Sourcing capabilities  

  

Electrical Test Equipment 

Make / Model Serial Number Calibration Date 

FLUKE/773 14690043 Oct-22-2015 

FLUKE/375 20430165 Oct-22-2015 

MATRIX/IRTN424-2L E0071001241 Oct-22-2015 

   

 

1.5 Reference Documents 

The following documents should be present during the FAT procedure for reference. 

Document Number Document Name Rev Code 

CCK‐4512109130‐0735‐K05‐00001‐000 Pre-FAT testing report (Natpro’s internal FAT)   

CCK-4512109130-0735-C03-00001-001 ELECTRICAL SINGLE LINE DIAGRAMS - CMT - NATURAL 

GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-C05-00001-001 INST TELECOMMS SYSTEM SCHEMATIC DIAGRAMS - CMT 

- NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-01 

 

INTERCONNECTION DIAGRAM - CMT - NATURAL GAS 

PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-02 

 

INTERCONNECTION DIAGRAM PAGE 2 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-03 

 

INTERCONNECTION DIAGRAM PAGE 3 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-04 

 

INTERCONNECTION DIAGRAM PAGE 4 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-05 

 

INTERCONNECTION DIAGRAM PAGE 5 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-06 

 

INTERCONNECTION DIAGRAM PAGE 6 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-07 

 

INTERCONNECTION DIAGRAM PAGE 7 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-08 

 

INTERCONNECTION DIAGRAM PAGE 8 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-09 

 

INTERCONNECTION DIAGRAM PAGE 9 OF 10 - CMT - 

NATURAL NATURAL GAS PRESSURE REDUCTION SKID 

PACKAGE  

 

CCK-4512109130-0735-E01-00001-10 

 

INTERCONNECTION DIAGRAM PAGE 10 OF 10 - CMT - 

NATURAL GAS PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E01-00001-11 INTERCONNECTION DIAGRAM, DWG 214067-7342   
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CCK-4512109130-0735-E01-00001-12 

 

INTERCONNECTION DIAGRAM, DWG 214067-7602A / 

PLC/SIL/CONTACT PANEL LAYOUT AND WIRING 

SCHEMATICS  

 

CCK-4512109130-0735-E01-00001-13 INTERCONNECTION DIAGRAM, DWG 214067-7604   

CCK-4512109130-0735-E10-00001-004 Miscellaneous Schematic   

CCK-4512109130-0735-E02-00001-001 PANEL / CABINET LAYOUT, 1 OF 2   

CCK-4512109130-0735-E02-00001-001 PANEL / CABINET LAYOUT, 2 OF 2   

CCK-4512109130-0735-E02-00002-001 PLC/SIL/CONTACT PANEL LAYOUT AND WIRING 

SCHEMATICS, 1 OF 4  

 

CCK-4512109130-0735-E02-00002-002 PLC/SIL/CONTACT PANEL LAYOUT AND WIRING 

SCHEMATICS, 2 OF 4  

 

CCK-4512109130-0735-E02-00002-003 PLC/SIL/CONTACT PANEL LAYOUT AND WIRING 

SCHEMATICS, 3 OF 4  

 

CCK-4512109130-0735-E02-00002-004 PLC/SIL/CONTACT PANEL LAYOUT AND WIRING 

SCHEMATICS, 4 OF 4  

 

CCK-4512109130-0735-E05-00001-001 CABLE SCHEDULE - CMT - NATURAL PRESSURE 

REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E05-00001-002 CABLE SCHEDULE PAGE 2 OF 2 - CMT - NATURAL GAS 

PRESSURE REDUCTION SKID PACKAGE  

 

CCK-4512109130-0735-E10-00001-001 INSTRUMENT LAYOUT DRAWINGS, 1 OF 4   

CCK-4512109130-0735-E10-00001-002 INSTRUMENT LAYOUT DRAWINGS, 2 OF 4   

CCK-4512109130-0735-E10-00001-003 INSTRUMENT LAYOUT DRAWINGS, 3 OF 4   

CCK-4512109130-0735-E10-00001-005 INSTRUMENT LAYOUT DRAWINGS, 4 OF 4   

CCK-4512109130-0735-C14-00001-000 Process Cause & Effect Charts- CMT - Natural Gas 

Pressure Reduction Skid Package 

  

CCK-4512109130-0735-C14-00002-000 Fire & Gas Cause & Effect Charts- CMT - Natural Gas 

Pressure Reduction Skid Package 

  

CCK-4512109130-0735-C15-00001-000 Control Philos. and Block Logic Diagrams- CMT - Natural 

Gas Pressure Reduction Skid Package 

  

CCK-4512109130-0735-C01-00001-001 P&ID   

CCK-4512109130-0735-E09-00001-000 Instrument Data Sheets   

CCK‐0735‐MS‐7303‐000‐00001‐000 Material Requisition   

CCK‐0000‐IN‐4302‐000‐00001‐000 CMT Alarm and Trip Summary   

CCK‐0000‐IN‐4327‐000‐00002‐000 CMT Input – Output List   

CCK‐4512109130‐0735‐K04‐00001‐000 Electrical QAQC Document/ Megger Test Report   

 IPS Panel Schematic CP-21602   

CCK-4512109130-0735-C18-00003-001 CCI Control Panel   

 

1.6 Appendixes 

Certain tests reference an Appendix. Each Appendix contains a table that must be verified, and each line initialed, before 

the corresponding test can be signed off. The list of appendixes is: 

-Appendix A – Discrete IO List 

-Appendix B - Analog IO List 

-Appendix C - Data Transfer Points Summary 

-Appendix D - Function List 
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2. Panel Inspection 

Each Panel is to be physically inspected. Panels should all be powered down at this point. 

2.1 List of Panels and Documentation 

The following Panels will be inspected, and the following documents will be used as reference. 

Panel Tag Description Layout Power Distribution Schedule 

CP-21601 PLC Panel CCK-4512109130-0735-E02-

00002-002 

CCK-4512109130-0835-E01-00001-002 

 

CP-21602 IPS Panel CCK-4512109130-0735-E02-

00002-004 

CCK-4512109130-0735-E01-00001-

008CCK-4512109130-0735-E01-00001-

013 

CP-21603 CCI Control Panel  CCK-4512109130-0735-C18-00002-001 

CP-21604 Contactor Panel CCK-4512109130-0735-E02-

00002-001 

CCK-4512109130-0735-E02-00002-002-

02 

CCK-4512109130-0735-E02-00002-004-

02 

UPS-21601 Uninterruptible Power 

Supply (Hayley) 

 CCK-4512109130-0735-C18-00003-001 

LPN-21620 Lighting Distribution Panel   CCK-4512109130-0735-E02-00001-002-

02 

PDP-21620 Power Distribution Panel   

SW-21620 Power Junction Box   

XJB-21601 Junction Box CCK-4512109130-0735-E01-

00001-011. 

 

XJB-21602 Junction Box CCK-4512109130-0735-E01-

00001-011. 

 

 

2.2 Description of Tests 

-Physical Damage: Inspect the cabinet for any physical damage such as paint, dents, warping, etc. 

  

-Cabinet Approval: Each applicable cabinet will be checked for a CSA approval label. Confirm that the contents of 

the label are correct. 

  

-Layout: Confirm that the internal and external layout matches the reference drawings. 

  

-Schedule: Confirm the panel schedule complies with the reference drawings. 

  

-Wire Management: Confirm that proper wire management has been observed.  

 

-Labels/Lamacoids: Confirm that wires have been tagged properly, and lamacoids have been applied according 

to the reference drawings. 

 

-Review electrical QAQC documents. 
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2.3 Panel Inspection Tests 

Panel Physical  

Damage 

CSA  

Approval 

Layout Schedule Wire 

Management 

Labels/ 

Lamacoids 

Comments 

CP-21601               

CP-21602               

CP-21603        

CP-21604               

UPS-21601        

LPN-21620               

PDP-21620        

SW-21620        

XJB-21601        

XJB-21602        

 

 

 

 

2.4 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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3. Control Panel Ground Testing 

Each panel will be tested for proper grounding visually. Isolation ground bar to be tested using multi-meter to test 

resistance. 

3.1 Panel Tests 

Panel Ground 

Bar 

Isolation 

Chassis/

AC Test 

Isolated 

Instrument 

Ground 

Panel 

Ground 

AC Ground 

Lug Testing 

Comments 

CP-21601             

CP-21602             

CP-21603             

CP-21604       

UPS-21601   N/A    

LPN-21620   N/A    

PDP-21620   N/A    

SW-21620   N/A    

XJB-21601   N/A    

XJB-21602   N/A    

 

 

 

3.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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4. 600VAC Power Distribution Start-up (PDP-21620) 
Once inspection has been completed the 600 VAC Power Distribution Panel will be powered up and tested as outlined.   

Temporary power will be supplied to the exterior power JB (SW-21620) with 600VAC 3PH 60HZ @ 50Amps for individual 

testing of the Units heaters, building transformer and the CCI NG heater controller.  

4.1 Individual Breaker Tests 

Do Not Test the Natural Gas heater (H-08071) without process gas or damage to the heater will occur. 

Testing of the (CP-21603) CCI controller with 600VAC will be conducted by first removing the (H-08071) Natural Gas 

Heater power wiring from the load side of the (CP-21603) CCI controller to energize the hardware and test the controls.  

Apply power to an individual feed breaker, and verify the appropriate voltage is being measured at the terminals of the 

corresponding cabinet or equipment. Turn breaker off and confirm that voltage has been removed. 

Shop Test Voltage:_______________. Measured voltage anticipated to be the same as the shop test voltage. There may 

be some variation from the shop test Voltage. If Measured Voltage is +/- 2% re-test shop test voltage. 

 Measured 

Voltage 

(VAC)  

LED 

Indication 

Verified Comments 

(H-08170) Electrical Room Unit 

Heater 

    

(H-08167) Natural Gas Room Unit 

Heater 

    

(XFMR-21620) Building 

Transformer  

    

(CP-21603) CCI Controller     

(H-08071) NG Process Heater NA NA  EXHEAT Manufacturer’s FAT docs  

 

 

 

 

 

4.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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5.  120/208 VAC Power Distribution Start-up (LPN-21620) 
Once inspection has been completed the 120/208 VAC Power Distribution Panel will be powered on and tested as 

outlined. Before initial power-up, each breaker should be placed into the “Off,” position. 

5.1 Individual Breaker Tests 

Apply power to an individual feed breaker, and verify the appropriate voltage is being measured at the terminals of the 

corresponding cabinet or equipment. Turn breaker off and confirm that voltage has been removed. 

Shop Test Voltage:_______________. Measured voltage anticipated to be the same as the shop test voltage. There may 

be some variation from the shop test Voltage. If Measured Voltage is +/- 2% re-test shop test voltage. 

CCT# Description Measured 

Voltage 

Verified Comments 

   Interior Lights (Electrical Room)    

   UPS-21601    

   CP-21601 Panel Receptacle    

   Receptacle (NG Heater Room)    

   Emergency Lights    

   SF-08168 Supply Fan (NG Heater Room)    

   SF-08169 Supply Fan (NG Heater Room)    

   Interior Lights (NG Heater Room)    

   CO-21604 Contactor Panel    

   Exterior Lights    

   Receptacle (Electrical Room)    

   CP-21601 Cabinet Fan    

   SF-08174 Supply Fan (Electrical Room)    

   SF-08174 Supply Fan (Electrical Room)    

   SDV-08071A    

 

 

 

 

5.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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6. Control Panel Power Distribution 
Each panel should be completely de-energized prior to testing.  

6.1 AC/DC Power Distribution Tests 

Confirm AC power distribution wires comply with cabinet drawings. Measure with multimeter to verify no short circuits 

exist between line, neutral, and ground. 

Confirm AC power distribution wires comply with cabinet drawings. Measure with multimeter to verify isolation 

between AC and DC power. 

Panel AC Power 

Distribution 

Voltage (120 

VAC) 

DC Power 

Distribution 

Voltage (24 

VDC) 

Verified Comments 

UPS-21601     

CP-21601        

CP-21602        

CP-21603        

CP-21604     

     

     

 

 

 

6.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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7. Control Panel Start-up 
Ensure all breakers and fuses are open, then apply power to the control panel to begin testing. 

7.1 Control Panel Power Tests 

On each cabinet, first verify incoming supply voltage.  

For Internal Power Distribution testing, close each fuse one at a time, and confirm that power has been applied to the 

correct equipment. 

Panel Incoming 

Power Supply 

Voltage 

Internal Power 

Distribution 

Comments 

CP-21601       

CP-21602       

CP-21603       

CP-21604    

 

 

 

 

 

 

 

 

 

7.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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8. PLC Start-Up 

8.1 Procedure 

The PLC Technician will connect to the PLC to perform the following steps 

Procedure Verified 

1. Set Ethernet network addresses on all Ethernet modules   

2. Download PLC program to primary processor   

3. Verify that Transmit and Receive Indicator Lights are flashes on each Ethernet Port, confirming that 

cabling is in place, and communicating 

  

4. Place PLC processor into Run mode.   

5. Verify there are no Errors or Faults on the RSlogix 5000 software or Processor   

 

 

 

 

 

 

 

 

 

 

 

8.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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9. PLC Inspection 
The PLC Technician will record the following information 

9.1 PLC Information 

Model Part Number Serial Number Firmware 

Version 

Software 

Version 

1769-L33ER   21.11 21.11 

Panelview 

Plus 1000 

  7.0.55.13 7.0 

1769-IQ16   1.1  

1769-OWB8   2.1  

1769sc-IF4IH   3.1  

1769sc-OF4IH   3.1  

     

     

 

9.2 PLC Performance Test 

          PLC Scan Time: Avg _____ms  Max _____ms 

 

 

Inputs/Outputs 

  Total Available Percent 

Discrete In  16 7 50%  

Discrete Out  16 5  31% 

Analog In  16  3  19% 

Analog Out  4  3 75%  

 

 

9.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 

  Total Available Percent Free 

PLC 

Memory 

1,048,576 1,034,608 98.6 

HMI 

Memory 

   



Project 0735A-08030 Factory Acceptance Test 

 

18 

 

 

10. HMI Inspection 

10.1 Procedure 

The PanelView HMI will be powered up, and the following conditions verified. 

Procedure Verified 

 

1. Start the PanelView   

2. Ensure that the overview display is used as Startup Display   

3. Verify HMI reads data from PLC, and write commands   

4. Verify all provided User Logins and Passwords have been configured   

5. Verify Navigation   

6. Verify Alarm Summary page displays all current and unacknowledged alarms   

User Accounts 

Username Default Password 

Engineer  

Operator  

PM  

 

 

 

 

10.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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11. Discrete IO 

11.1 Appendix Referenced 

-Appendix A - Discrete IO List 

11.2 Procedure 

The Electrical Technician will change the state of each discrete input. The PLC Technician will confirm the signal is being 

received in accordance with Appendix A – Discrete IO List. This includes address, and normally open/normally closed 

status. 

The PLC Technician will then change the state of each discrete output. The Electrical Technician will confirm the signal is 

being received in accordance with Appendix A – Discrete IO List. 

Procedure Verified 

 

1. Verify each line in Appendix A - Discrete IO List – Discrete has been verified and signed off.   

 

 

 

 

 

 

 

 

 

11.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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12. Analog IO 

12.1 Appendix Referenced 

-Appendix B - Analog IO List 

 

12.2 Procedure 

The Electrical Technician will change the value of each Analog Input from 4mA, 12mA, and 20mA. The PLC Technician will 

verify the signal is being received in accordance with Appendix B - Analog IO List. This includes verifying that the correct 

value is being displayed on the HMI, as well as the Alarm and Trip setpoints  

The PLC Technician will change the value of each Analog Output from 0%, 50%, and 100%. The Electrical Technician will 

verify that the signal is being received at the device in accordance with Appendix B - Analog IO List. 

Procedure Verified 

 

1. Verify each line in Appendix B - Analog IO List has been verified and signed off.  

  

 

 

 

 

 

 

 

 

 

12.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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13. Data Transfer Points 

13.1 Appendix Referenced 

-Appendix C - Data Transfer Points Summary 

13.2 Procedure 

Confirm devices communicating with the PLC can read/write to data points as specified in the Appendix C - Data Transfer 

Points Summary document. 

Procedure Verified 

 

1. Verify each IO point listed in Appendix C - Data Transfer Points Summary has been verified and 

signed off 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

13.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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14. Function Test - Discrete Alarms 

14.1 Appendix Referenced 

-Appendix D - Function List 

14.2 Procedure 

Verify that Discrete Alarm functions as specified in the Appendix D - Function List. 

Procedure 

Verified 

 

1. Verify each function in Appendix D - Function List – Section 22.1 – Discrete Alarms has been verified 

and signed off   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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15. Function Test - Transmitters 

15.1 Appendix Referenced 

-Appendix D - Function List 

15.2 Procedure 

Verify that each transmitter functions as specified in the Appendix D - Function List. 

Procedure Verified 

 

1. Verify each function in Appendix D - Function List – Section 22.2 – Transmitters has been verified 

and signed off 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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16. Function Test – SIL Units 

16.1 Appendix Referenced 

-Appendix D - Function List 

16.2 Procedure 

Verify that each SIL Unit functions as specified in the Appendix D - Function List. 

Procedure Verified 

 

1. Verify each function in Appendix D - Function List – Section 22.3 – SIL Units has been verified and 

signed off 

  

 

 

 

 

 

 

 

 

 

 

 

 

16.2 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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17. Function Test – Control Loop 

17.1 Appendix Referenced 

-Appendix D - Function List 

17.2 Procedure 

Verify that each heater functions as specified in the Appendix D - Function List. 

Procedure Verified 

 

1. Verify each function in Appendix D - Function List – Section 22.4 – Control Loops has been verified 

and signed off 

  

 

 

 

 

 

 

 

 

 

 

17.3 Section Sign-Off 

Comments/Notes: 

Test Section is: 

 

(   ) Passed          (   ) Failed 

Deficiencies: 

Test Executed By (Initial & Date): Test Witnessed By (Initial & Date): 
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18 Deficiency Log 
 

Item Section 

Ref 

Description Responsible 

Party 

Resolved Verified Date 

Corrected 

1       

2       

3       

4       

5       

6       

7       

8       

9       

10       

11       

12       

13       

14       

15       

16       

17       

18       

19       

20       
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19 Appendix A - Discrete IO List 

19.1 Discrete Inputs 

Tag Address Description HMI 

Screen 

NO/NC Verified 

XI21601C1 R2:1.0 UPS-21601D1 AC Failure Overview NC   

XI21601D1 R2:1.1 UPS-21601D1 DC Low Overview NC   

XIB21601A1 R2:1.2 CP-21501 Common Alarm Overview NC   

XIS21602A1 R2:1.3 CP-21502 Common Alarm Overview NC   

XI21601A1 R2:1.4 HVAC Common Alarm Overview NC   

HZS-21601A/2A/3A R2:1.5 Emergency Shutdown  Overview NC   

XI21603A1 R2:1.6 Heater Common Alarm Overview NC   

XI21602C1 R2:1.7 Smoke Detector Alarm Overview NC   

XI21602D1 R2:1.8 Loss Of Power To Beacons + Horn Overview NC  

 

19.2 Discrete Outputs 

Tag Address Description NO/NC Verified 

XY8071A1 R2:2.0 Common Alarm NC   

XY8071B1 R2:2.1 Skid Trip Alarm NC   

XY21601A1 R2:2.2 HVAC Common Alarm NC   

XY21601B1 R2:2.3 Building Temperature Alarm NC   

XY21602A1 R2:2.4 LEL Common Alarm NC   

XY21602B1 R2:2.5 Flame Common Alarm NC   

SDV08071A R2:2.6 Emergency Valve Open NC   

XY21602A1 R2:2.7 Beacon/Horn Test NC   

XY21602A2 R2:3.0 Silence Horn NC   

XY21602A3 R2:3.1 Smoke Detector Reset NC   

XY21602A4 R2:3.2 ESD Trip Reset NC   
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20 Appendix B - Analog IO List 

20.1 Analog Inputs 

Tag Address Description HMI Screen Eng 

Units 

Eng Max Eng Min HH SP H SP SP L SP LL SP Signal 

Verified 

TT08071A1 R1:4.0 Outlet Gas Temperature Process deg C  100  -50    60 25 18      

FT08071A1 R1:4.1 Outlet Gas Flow Process Sm3/d  2000 0             

ZT08071A R1:4.2 Shutdown Valve Position Overview %  100  0            

TT21601A R1:4.3 Building Temperature Process deg C  50 -50        0     

TZT08071A R1:5.0 Natural Gas Heater Temperature Transmitter Process deg C  100  -50  72.6          

TZT08071B R1:5.1 Gas Outlet Temp. Transmitter Process deg C  100 -50        -10    

PZT08071A R1:5.2 Heater H-08071 Gas Outlet Pressure Process Kpag  12,000  0  8370         

PZT08071B R1:5.3 1st Stage Reduction Gas Pressure Pressure Control Valves Kpag  5515.8  0  3760         

PZT08071C R1:6.0 2nd Stage Reduction Gas Pressure Pressure Control Valves Kpag  5515.8  0  1127         

PZT08071D R1:6.1 Stream 2 PIT (Ignore) Pressure Control Valves Kpag  1034.2  0  563         

UZT21601A R1:6.2 Natural Gas Heater Room Combustible Gas 

Detection 

Overview %  100  0  40 20         

YZT21601A R1:6.3 Natural Gas Heater Room Fire Detection Overview     mA  20 4   16         

UZT21601B R1:7.0 Natural Gas Heater Room Combustible Gas 

Detection 

Overview %  100  0  40 20         

20.2 Analog Outputs 

 

Tag Address Description HMI Screen Eng 

Units 

4mA 12mA 20mA Verified 

H08071 R1:8.1 Natural Gas Heater Process %         
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21 Appendix C - Data Transfer Points Summary 
TAG DESCRIPTION AREA_ 

NAME 

Min Eng Max Eng Units Modbus/Ethertnet I/P 

address 

COMMENTS IP ADDRESS SUBNET MASK Verified 

TZT-08071A Natural Gas Heater 

Temp 

CMT -50 100 deg C HMI_INPUT_REAL[0]   10.32.254.83 255.255.255.192  

PZT-08071A Heater H-08071 Gas 

Outlet Pressure 

CMT 0 12000 kPa HMI_INPUT_REAL[1]   10.32.254.83 255.255.255.192  

PZT-08071B Heater H-08071 Gas 

Outlet Pressure 

CMT 0 5515.8 kPa HMI_INPUT_REAL[2]   10.32.254.83 255.255.255.192  

PZT-08071C Heater H-08071 Gas 

Outlet Pressure 

CMT 0 5515.8 kPa HMI_INPUT_REAL[3]   10.32.254.83 255.255.255.192  

PZT-08071D Heater H-08071 Gas 

Outlet Pressure 

CMT 0 1034.2 kPa HMI_INPUT_REAL[4]   10.32.254.83 255.255.255.192  

TZT-08071B Gas Outlet Temp CMT -50 100 deg C HMI_INPUT_REAL[5]   10.32.254.83 255.255.255.192  

FT-08071A1 Outlet Gas Flow CMT 0 2000 Sm3/d HMI_INPUT_REAL[6]   10.32.254.83 255.255.255.192  

TT-08071A1 Gas Outlet Temp CMT -50 100 deg C HMI_INPUT_REAL[7]   10.32.254.83 255.255.255.192  

ZT-08071A Shutdown 

 Valve Position 

CMT 0 100 % HMI_INPUT_REAL[8]   10.32.254.83 255.255.255.192  

TT-21601A SHELTER 

TEMPERATURE 

CMT -50 50 deg C HMI_INPUT_REAL[9]   10.32.254.83 255.255.255.192  

XZY-08071A SIL PANEL 

TRIP 

CMT       HMI_INPUT_BOOL[0].0 Common SIL Panel Trip, no individual inputs 10.32.254.83 255.255.255.192  

HZS-21601/2A ESD STRING TRIP CMT       HMI_INPUT_BOOL[0].1 Common ESD Trip, no individual inputs 10.32.254.83 255.255.255.192  

YZT-21601A Natural Gas Heater 

Room 

FLAME 

CMT       HMI_INPUT_BOOL[0].2   10.32.254.83 255.255.255.192  

UZT-21601A Natural Gas Heater 

Room 

LEL 

CMT       HMI_INPUT_BOOL[0].3   10.32.254.83 255.255.255.192  

UZT-21601B Natural Gas Heater 

Room 

LEL 

CMT       HMI_INPUT_BOOL[0].4   10.32.254.83 255.255.255.192  
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22 Appendix D - Function List 

22.1 Discrete Alarms    

  Cause Tag Effect Effect Verified 

(����) 

22.1.1 UPS AC Failure XI-21601C1 Notify (Alarm) to HMI   

22.1.2 UPS DC Low XI-21601D1 Notify (Alarm) to HMI   

22.1.3 Common Alarm Input  XI-B-21601A1 Notify (Alarm) to HMI   

      Open Output R1:02:00 Common Alarm   

22.1.4 Common Alarm Input  XI-S-21601A1 Notify (Alarm) to HMI   

      Open Output R1:02:00 Common Alarm   

22.1.5 HVAC Alarm XI-21601A1 Notify (Alarm) to HMI   

      Open Output R1:02:02 HVAC Alarm   

22.1.6 Skid ESD ESD Notify (Alarm) to HMI   

      Open Output R1:02:01 Skid Trip   

      Close SDV-08071A   

     

22.2 Transmitters    

22.2.1 TT-08071A1    

  Cause Tag Effect Effect Verified 

(����) 

22.2.1.1 Temperature Transmitter Fail TAX-08071A1 Notify (Alarm) to HMI   

22.2.1.2 Temperature Low Alarm TAL-08071A1 Notify (Alarm) to HMI   

22.2.1.3 Temperature High Alarm TAH-08071A1 Notify (Alarm) to HMI   

  

 

   

22.2.2 FT-08071A1    

  Cause Tag Effect Effect Verified 

(����) 

22.2.2.2 Flow Totalizer FQIT-08071A1 Display on HMI   

     

22.2.3 PZT-08071A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.3.1 Pressure Transmitter Fail PAX-08071A1 Notify (Alarm) to HMI   

22.2.3.2 Pressure High High Alarm PZH-08071A1 Notify (Alarm) to HMI   
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22.2.4 PZT-08071B    

  Cause Tag Effect Effect Verified 

(����) 

22.2.4.1 Pressure Transmitter Fail PAX-08071B1 Notify (Alarm) to HMI   

22.2.4.2 Pressure High High Alarm PZH-08071B1 Notify (Alarm) to HMI   

     

22.2.5 PZT-08071C    

  Cause Tag Effect Effect Verified 

(����) 

22.2.5.1 Pressure Transmitter Fail PAX-08071C1 Notify (Alarm) to HMI   

22.2.5.2 Pressure High High Alarm PZH-08071C1 Notify (Alarm) to HMI   

     

22.2.6 PZT-08071D    

  Cause Tag Effect Effect Verified 

(����) 

22.2.6.1 Pressure Transmitter Fail PAX-08071D1 Notify (Alarm) to HMI   

22.2.6.2 Pressure High High Alarm PZH-08071D1 Notify (Alarm) to HMI   

     

22.2.7 ZT-08071A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.7.1 Shutdown Valve Transmitter Fail ZAX-08071A Notify (Alarm) to HMI   

22.2.7.2 Shutdown Valve Closed Alarm ZALL-08071A Notify (Alarm) to HMI   

      Move TIC-08071A1 to Manual   

      Set TIC-08071A1 Manual Setpoint to 0   

     

22.2.8 TT-21601A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.8.1 Temperature Transmitter Fail TAX-21601A Notify (Alarm) to HMI   

22.2.8.2 Temperature Low Alarm TAL-21601A Notify (Alarm) to HMI   

      Open Output R1:02:02 Building Temperature 

Alarm 

  

     

22.2.9 TZT-08071A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.9.1 Temperature Transmitter Fail TZX-08071A Notify (Alarm) to HMI   
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22.2.9.2 Temperature High Alarm TZH-08071A Notify (Alarm) to HMI   

     

22.2.10 TZT-08071B    

  Cause Tag Effect Effect Verified 

(����) 

22.2.10.1 Temperature Transmitter Fail TZX-08071B Notify (Alarm) to HMI   

22.2.10.2 Temperature Low Alarm TZL-08071B Notify (Alarm) to HMI   

     

22.2.11 UZT-21601A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.11.1 LEL Transmitter Fail UZX-21601A Notify (Alarm) to HMI   

22.2.11.2 LEL High Alarm UZH-21601A Notify (Alarm) to HMI   

      Open Output R1:02:03 LEL Alarm   

     

22.2.12 UZT-21601B    

  Cause Tag Effect Effect Verified 

(����) 

22.2.12.1 LEL Transmitter Fail UZX-21601B Notify (Alarm) to HMI   

22.2.12.2 LEL High Alarm UZH-21601B Notify (Alarm) to HMI   

      Open Output R1:02:03 LEL Alarm   

     

22.2.13 YZT-21601A    

  Cause Tag Effect Effect Verified 

(����) 

22.2.13.1 Fire Transmitter Fail YZX-21601A Notify (Alarm) to HMI   

22.2.13.2 Fire High Alarm YZH-21601A Notify (Alarm) to HMI   

      Open Output R1:02:04 Fire Alarm   

     

22.3 SIL Units    

  Cause Tag Effect Effect Verified 

(����) 

22.3.1 Gas Temperature High High TZH08071A Shut Down Inlet ESD Valve   

      Shut Down Heater H-08071   

      Activate R1:01:03 Common Alarm   

22.3.2 Gas Temperature Low Low TZL08071B Shut Down Inlet ESD Valve   

      Shut Down Heater H-08071   



Project 0735A-08030 Factory Acceptance Test 

 

33 

 

      Activate R1:01:03 Common Alarm   

22.3.3 Gas Pressure High High PZH08071A Shut Down Inlet ESD Valve   

      Shut Down Heater H-08071   

      Activate R1:01:03 Common Alarm   

22.3.4 Gas Pressure High High PZH08071B Shut Down Inlet ESD Valve  

      Shut Down Heater H-08071  

      Activate R1:01:03 Common Alarm  

22.3.5 Gas Pressure High High PZH08071C Shut Down Inlet ESD Valve  

      Shut Down Heater H-08071  

      Activate R1:01:03 Common Alarm  

22.3.6 Gas Pressure High High PZH08071D Shut Down Inlet ESD Valve  

      Shut Down Heater H-08071  

      Activate R1:01:03 Common Alarm  

22.3.7 LEL 2oo2 Alarm UZH21601A Shut Down Inlet ESD Valve   

      Shut Down Heater H-08071   

      Activate R1:01:03 Common Alarm   

   Activate Fan C-08174  

22.3.8 Fire High High YZH21601A Shut Down Inlet ESD Valve   

      Shut Down Heater H-08071   

      Activate R1:01:03 Common Alarm   
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22.4 Control Loops    

22.4.1 TIC-08071A1    

  Cause Tag Effect Effect Verified 

(����) 

22.4.1.1 Control Loop AutoMan TIC-08071A1 Prove Control Loop AutoMan Operation   

22.4.1.2 Control Loop In Auto   Prove Control Loop Auto Operation   

22.4.1.3 Control Loop In Manual   Prove Control Loop Manual Operation   

22.4.1.4 Control Loop Control H-08071A Output Matches Control Loop Command   
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ProCoat Coatings Ltd. 
 

Standard Surface Preparation & Painting Procedures 
 
 
1. General 
 
 1.1 Abrasive blasting will only be performed when weather/ambient conditions permit, more 

specifically when the surface temperature is at a minimum of 3 degrees celsius above 
the dew point. 

 
 1.2 Painting will only be performed when the weather/ambient conditions permit as per the 

manufacturer products data sheets. 
 
 1.3 Non-conformities found through inspection will be brought up to acceptable levels as per 

the buyers need and/or manufacturers recommendations and will be performed at the 
earliest possible date. 

 
 1.4 Any deviation from the pre-approved scope of work as per the bid & quote process will 

only be accepted in writing and confirmed between a representative of ProCoat and the 
buyer. 

 
 
2. Surface Preparation 
 
 2.1 The reference standards for surface preparation are SSPC-Vis 1. 
 
 2.2 Surface preparation will be brought to a level outlined in the bid & quote process. 
 
 2.3 Solvent cleaning is carried out in accordance with SSPC-1. 
 
 2.4 The type of abrasive used will be 12/50 Special Target. 
 
 2.5 Bulk sand abrasive is stored in a waterproof sand silo to prevent moisture contamination. 
 
 2.6 All compressors have water and oil traps to prevent abrasive blast contamination. 
 
 2.7 Spent abrasive is removed from the surface by brushing, vacuuming and/or dry 

compressed air. 
 
 2.8 Profiled surfaces will be primed the day of blasting to prevent any surface contaminants 

under the primer coat. 
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3. Painting 
 
 3.1 All paint in a coating system will be from one manufacturer unless pre-approved by the 

buyer. 
  
 3.2 All painting will be completed as per the manufacturer product data sheets. 
 
 3.3 All painting will be completed as directed by the bid & quote process. 
 
 3.4 Curing and recoat interval times vary as per manufacturer product data sheet 

recommendations. 
 
 3.5 All areas difficult to coat will be brushed prior to application to ensure required thickness 

levels. 
 
 3.6 All equipment adheres to manufacturer product data sheet recommendations. 
 
 3.7 All work performed will be free of runs, sags, drips, dry spray, debris and uniform in 

appearance. 
 
 
4. Inspection 
 
 4.1 Surface preparation will be subject to a visual inspection and measurement of the profile 

using Testex Press-O-Film X Coarse tape and a spring micrometer. 
 
 4.2 All Dry Film Thickness tests will be preformed using an Exacto Electro-Physik coating 

thickness gauge. 
 
 4.3 Ambient conditions will be measured during surface preparation and application of primer 

and any subsequent coatings using an Omega digital sling psychrometer thermo 
hydrometer and Raytek laser temperature gauge. 

 
4.4 All internal coatings will be checked using a 67.5 volt holiday detector. 

 
4.5 All quality control reports will be made available 2 business days upon completion of the  

work performed. 
 



























































































































































 
 
 

 

SPECIFICATION  Natpro Standard Piping 
Specifications FOR  

PIPING  LINE SPECIFICATION: A150/LT 

  FLANGE RATING / CLASS: 150 

    CORR. ALL:  1.0 mm PWHT: NO 
 

   1 
May 12, 2015, Revision 0 

SERVICE: LOW TEMPERATURE  – SWEET NATURAL GAS 
General 
Material 
Specification: 

Piping:  CS 

Valves: 
 

CS 

SERVICE 
LIMITS: 

Design Standard: To ASME B 31.3 Temperature:   Min. –45°C Max.  
+149°C 
Pressure Rating: To ASME B 16.5 Table 2 Class 150 Flange Limits 
1965 kPag @ 38°C (285 PSIG @ 100°F), 1586 kPag @ 149°C (230 PSIG @ 
300°F)  

NDE 
Inspection 
Required: 

 
15% RT on BW 
15% MT on Fillets (Branch) 
100% on VT 

STANDARD CONSTRUCTION:  NPS 1-1/2 and below Socket Welded.  NPS 2 and above Butt Welded 

   

ITEM 

SIZE NPS CLASS 

ENDS 

VALVE 

DESCRIPTION 

         
ITEM MFG 

 
COMPANY 

FROM TO RATING TRIM 
    

TAG STD 
 

STD 

V   
A    
L    
V   
E    
S 

GATE 

         

 ½ 1 ½ 800 SW 316 SS 

¾” SW x NPT Bolted Bonnet Gate Valve, 
Class 800, ASTM A350 LF2 CL1 Body & 
Bonnet Material, Trim F316/HF (API TRIM 
#12), Bonney Forge Model HL-1L3S-SW-T, 
LO Temp NACE or equivalent 

 
VG801-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix  
F 

GLOBE   

2 -- 150 RF 316 SS 

2” CL150 RF Globe Valve, A350-LF2 CL 1 
Body, A350-LF2 CL1 Bonnet, ASTM A276-
410/ATL Overlay, SST Stem, API Trim 12, HF 
Seat Ring, LO-Temp NACE, NEWAY 
GL1RC12-NC or equivalent 

 
VO104-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix 
G 

4 -- 150 RF 316 SS 

4” CL150 RF Globe Valve, A350-LF2 CL 1 
Body, A350-LF2 CL 1 Bonnet, ASTM A276-
410/ATL Overlay, SST Stem, API Trim 12, HF 
Seat Ring, LO-Temp NACE, NEWAY 
GL1RC12-NC or equivalent 

 
VO104-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix 
G 

BALL   

½ -- 2000 SW 316 SS 

½” SW x SW Full Port Ball Valve, 3 PC Bolted 
Construction, Swing Out Design, FIRESAFE 
API 607 Rev 6, NACE LCC Body, SS Ball, 
RTFE Seat, SS Stem, Graphite Packing, SA 
320-L7M Cap Screw C/Locking Device, JAG 
B3-F05SW09N, 3000 WOG or equivalent 

 
VB2001-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix  
H 

1 
 

-- 2000 SW 316 SS 

1” SW x SW Full Port Ball Valve, 3 PC Bolted 
Construction, Swing Out Design, FIRESAFE 
API 607 Rev 6, NACE LCC Body, SS Ball, 
RTFE Seat, SS Stem, Graphite Packing, SA 
320-L7M Cap Screw C/Locking Device, JAG 
B3-F10SW09N, 3000 WOG or equivalent 

 
VB2001-
ELD ASME 

B16.34 

Shell STD 
3-2.01  
Appendix  
H 

1  --  150 RF 316 SS 

1” CL150 RF Full Port Ball Valve, 2-Piece 
Bolted Body, A352 LCC Body, 316 SS Ball, 
316 SS Stem, RPTFE Seat, Graphite 
Packing, STARLINE 175-SGS-G, NACE LO 
Temp or equivalent 

VB114-
ELD 

ASME 
B16.34 

Shell STD 
3-2.01 
Appendix  
H 

2 -- 150 RF 316 SS 

2” 150# RF Full Port Ball Valve, Trunnion 
Mounted, DBB, A350 LF2 CL1 Body, Carbon 
Steel + 3MIL ENP Ball & Stem, HNBR/RTFE 
Seats, JAG FIG TB3-F20R01LH-S1-01 or 
equivalent    (Note 2) 

 
VB114-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix  
H 

4 -- 150 RF 316 SS 

4” CL150 RF Full Port Ball Valve, 2-Piece 
Bolted Body, A352 LCC Body, 316 SS Ball, 
316 SS Stem, RPTFE Seat, Graphite 
Packing, JAG FIG FB2-R40R01LH or 
equivalent 

 
VB134-
ELD ASME 

B16.34 

Shell STD 
3-2.01 
Appendix  
H 

 

NEEDLE 
 
 
 
 
 
 
 
 

½  ¾ 6000 TE 316 SS 

½” MNPT x FNPT Needle Valve, Hard Seat, 
SS Body Materials, SS Bonnet, SS Stem, 
Teflon Packing, 6000 CWP, Century CM2-1-
M44T-DN-T or equivalent 

 
VN6019-
ELC  

 



 
 
 

 

SPECIFICATION  Natpro Standard Piping 
Specifications FOR  
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MONOFLANGE 

3-VALVE 
MANIFOLD 

½  ¾ 6000 
SW x 
TE 

316 SS 

Model# Parker HPM6LS3DBBB-MD4-
14299EHXJ 
Type: HI-PRO MANIFOLD (10MM BORE) 
Valve CONFIGURATIONSC: 316 
STAINLESS STEEL 
Inlet: ¾” NB Socket Weld SCH 80 
EXTENDED 4” 
Outlet: ¾” NPT Female With 5MM Bore 
Orifice Restriction 
Vent: ½” FNPT Female With 5MM Bore 
Orifice Restriction 
Pressure: 6000 PSI 
Valve Packing: Graphite 
Seating: PTFE 
 
(Note 1) 

 

 

 
 
 
 
 
 

FITTINGS, O’LETS, 
PLUGS ETC. 

½ 1 ½ 3000 TE 
 

Carbon steel ASTM A-350 LF2 CL1 (Plugs only) 
ASME 
B16.11 

 
 
Shell STD 
3-2.01 
Appendix  
B 

½ 1 ½ 3000 SW 
 

Carbon steel ASTM A-350 LF2 CL1 
ASME 
B16.11 

2 8 -- BE 
 Carbon steel ASTM A-420 WPL6 fitting, schedule to 

match pipe 
ASME 
B16.9 

FLANGES 

½ 1 ½ 150 SW 
 RF SW Carbon steel ASTM A-350 LF2 CL1, bore to 

match pipe ASME 
B16.5 

Shell STD 
3-2.01 
Appendix 
C 2 Over 150 WN 

 RFWN Carbon steel ASTM A-350 LF2 CL1, bore to 
match pipe 

PIPE 

½ 1 ½ Sched.  80 min. Seamless PE, ASTM A-333 Gr 6 
ASME 
36.10 
M 

Shell STD 
3-2.01 
Appendix  
A   

1 ½ 2 Sched.  80 min. Seamless BE, ASTM A-333 Gr 6 

3 8 
Sched.  40 min. Seamless BE, ASTM A-333 Gr 6 

PIPE 
NIPPLES 

½ 1 ½ 

 
Sched. 80 min. Seamless PE,  ASTM A-333 Gr 6 (Note 3) 

ASME 
36.10
M 

Shell STD 
3-2.01 
Appendix  
A 

SWAGES ½ 1 ½ 

 
Swages, Sched. 80 min. Smls. PE / BE, ASTM A-333 Gr 6 or A420-WPL6 MSS 

SP-95 

Shell STD 
3-2.01 
Appendix  
A   

BOLTING: ASTM A-320 L7 alloy steel studs with two ASTM A-194 2H hex nuts 
ASME 
B16.5 

Shell STD 
3-2.01 
Appendix  
A 

GASKETS: Class 150 304 SS spiral wound, graphite filled, 316 SS inner ring, CS outer ring, 3.2 mm (1/8") thick 
 

ASME 
B16.20 

 

Shell STD 
3-2.01 
Appendix  
E 

 
 

NOTES:  

(1) Parker Monoflange To Be Used For Pressure Transmitter Isolation Valve. 

(2) Trunnion mounted full port ball valves will be used when DBB is shown in P&ID 

NOMENCLATURE: NPS = Nominal Pipe Size,  TE = Threaded End,  SW = Socket Weld,   BW = Butt Weld,  THD = Threaded, PE = Plain End    

  BE = Bevelled End,  FL = Flanged,  RF = Raised Face,  WN = Weld Neck,  RTJ = Ring Type Joint,  PWHT = Post Weld Heat Treatment,  
                                                       CS = P1 Carbon Steel,  NDE = Non Destructive Examination,  RT = Radiographic Testing,   
                                                       MT = Magnetic Particle Testing 
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SERVICE: LOW TEMPERATURE  – SWEET NATURAL GAS 
General 
Material 
Specification: 

Piping: CS 

Valves: CS 

SERVICE 
LIMITS: 

Design Standard: To ASME B 31.3 Temperature:  Min. –45°C Max.  
+204°C 
Pressure Rating: To ASME B 16.5 Table 2 Class 300 Flange Limits 
5102 kPag @ 38°C (740 PSIG @ 100°F), 4378 kPag @ 204°C (635 PSIG @ 
400°F)   

NDE 
Inspection 
Required: 

15% RT on BW 
15% MT on fillets (Branch) 
100% on VT 

STANDARD CONSTRUCTION: NPS 1-1/2 and below Socket Welded or Butt Welded.  NPS 2 and above Butt Welded. 

   

ITEM 
SIZE NPS CLASS 

ENDS 
VALVE 

DESCRIPTION 
ITEM 

 
MFG 

 
 

 
COMP
ANY 

FROM TO RATING TRIM TAG STD STD 

V   
A    
L    
V   
E    
S 

GATE 

         

 ½ 1 ½ 800 
SW / 
TE 

316 SS 

¾” SW x NPT Bolted Bonnet Gate Valve, Class 
800, ASTM A350 LF2 CL1 Body & Bonnet 
Material, Trim F316/HF (API TRIM #12), Bonney 
Forge Model HL-1L3S-SW-T, LO Temp NACE or 
equivalent 

VG803-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

         

MONOFLANGE 
3-VALVE 
MANIFOLD 

½  ¾ 6000 
SW x 
TE 

316 SS 

Model# Parker HPM6LS3DBBB-MD4-
14299EHXJ 
Type: HI-PRO MANIFOLD (10MM BORE) 
Valve CONFIGURATIONSC: 316 STAINLESS 
STEEL 
Inlet: ¾” NB Socket Weld SCH 80 EXTENDED 4” 
Outlet: ¾” NPT Female With 5MM Bore Orifice 
Restriction 
Vent: ½” FNPT Female With 5MM Bore Orifice 
Restriction 
Pressure: 6000 PSI 
Valve Packing: Graphite 
Seating: PTFE 
 
(Note 1) 

 

  

FITTINGS, O’LETS, 
PLUGS ETC. 

½ 1 ½ 3000 TE Carbon steel ASTM A-350 LF2 CL1 (Plugs only) 
ASME 
B16.11 

 
Shell 
STD 3-
2.01 
Appendix 
B 

½ 1 ½ 3000 SW Carbon steel ASTM A-350 LF2 CL1 
ASME 
B16.11 

2 4 -- BE Carbon steel ASTM A-420 WPL6 fitting, schedule to match pipe 
ASME 
B16.9 

FLANGES 

½ 1 ½ 300 SW RFSW Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

ASME 
B16.5 

Shell 
STD 3-
2.01 
Appendix 
C 

2 4 300 WN RFWN Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

PIPE 

½ 1 ½ Sched.  80 min. Seamless PE, ASTM A-333 Gr 6 

ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A 

2 - Sched.  80 min. Seamless BE, ASTM A-333 Gr 6 

3 4 Sched.  40 min. Seamless BE, ASTM A-333 Gr 6 

PIPE 
NIPPLES 

½ 1 ½  Sched. 160 min. Seamless  PE, ASTM A-333 Gr 6  
ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A   

SWAGES ½ 1 ½  Sched. 160 min. Seamless  PE / BE, ASTM A-333 Gr 6 or A-420-WPL6  
MSS 
SP-95 

Shell 
STD 3-
2.01 
Appendix 
A 
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BOLTING: ASTM A-320 L7 alloy steel studs with two ASTM A-194 2H hex nuts 
ASME 
B16.5 

Shell 
STD 3-
2.01 
Appendix  
A 

GASKETS: Class 300 304 SS spiral wound, graphite filled, 316 SS inner ring, CS outer ring, 3.2 mm (1/8") thick 
 

ASME 
B16.20 
 

Shell 
STD 3-
2.01 
Appendix  
E 

NOTES:  

(1) Parker Monoflange To Be Used For Pressure Transmitter Isolation Valve. 

NOMENCLATURE: NPS = Nominal Pipe Size,  TE = Threaded End,  SW = Socket Weld,   BW = Butt Weld,  THD = Threaded, PE = Plain End    

  BE = Bevelled End,  FL = Flanged,  RF = Raised Face,  WN = Weld Neck,  RTJ = Ring Type Joint,  PWHT = Post Weld Heat Treatment 
 CS = P1 Carbon Steel,  NDE = Non Destructive Examination,  RT = Radiographic Testing,  MT = Magnetic Particle Testing 
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SERVICE: LOW TEMPERATURE  – SWEET NATURAL GAS 
General 
Material 
Specification: 

Piping: CS 

Valves: CS 

SERVICE 
LIMITS: 

Design Standard: To ASME B 31.3 Temperature:  Min. –45°C Max.  
+204°C 
Pressure Rating: To ASME B 16.5 Table 2 Class 600 Flange Limits 
10205 kPag @ 38°C (1480 PSIG @ 100°F), 8757 kPag @ 204°C 
 (1270 PSIG @ 400°F)  

NDE 
Inspection 
Required: 

100% RT on BW 
10% MT on fillets (Branch) 
100% on VT 

STANDARD CONSTRUCTION: NPS 1-1/2 and below Threaded or Socket Welded.  NPS 2 and above Butt Welded. 

   

ITEM 
SIZE NPS CLASS 

ENDS 
VALVE 

DESCRIPTION 
ITEM 

MFG COMP
ANY 

FROM TO RATING TRIM TAG STD STD 

V   
A    
L    
V   
E    
S 

GATE 

 ½ -- 800 
SW / 
TE 

316 SS 

½” SW x NPT Bolted Bonnet Gate Valve, Class 
800, ASTM A350 LF2 CL1 Body & Bonnet Material, 
Trim F316/HF (API Trim #12), Bonney Forge Model 
HL-1L3S-SW-T, LO Temp NACE or Equivalent 

VG803-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

½ -- 800 SW 316 SS 

½” SW x SW Bolted Bonnet Gate Valve, Class 800, 
ASTM A350 LF2 CL1 Body & Bonnet Material, Trim 
F316/HF (API Trim #12), Bonney Forge Model HL-
1L3S-T, LO Temp NACE or Equivalent 

VG801-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

¾ -- 800 
SW / 
TE 

316 SS 

¾” SW x NPT Bolted Bonnet Gate Valve, Class 
800, ASTM A350 LF2 CL1 Body & Bonnet Material, 
Trim F316/HF (API Trim #12), Bonney Forge Model 
HL-1L3S-SW-T, LO Temp NACE or equivalent 

VG803-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

¾ -- 800 SW 316 SS 

¾” SW x SW Bolted Bonnet Gate Valve, Class 800, 
ASTM A350 LF2 CL1 Body & Bonnet Material, Trim 
F316/HF (API Trim #12), Bonney Forge Model HL-
1L3S-SW, LO Temp NACE or equivalent 

VG801-
ELD 

 
ASME  
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

GLOBE   2 -- 600 RF 316 SS 

2” CL600 RF Globe Valve, CF8M Body, CF8M 
Bonnet & DISC, 316 Stem, CF8M + STL. 6 Seat 
Ring, GRAPHITE+GRAPHITE with Inconel 
Packing, PK Model 02-601RF12SH GRF or 
equivalent   (Note 3) 

 

 
 
API 600 

Shell 
STD 3-
2.01 
Appendix 
G 

CHECK   1 -- 800 SW 316 SS 

1” SW x SW Piston Check Valve, Class 800, ASTM 
A350 LF2 CL1 Body/Bonnet Material, Trim F316/HF 
(API Trim #12), Bonney Forge Model HL-4L3S-SW, 
LO Temp NACE or equivalent 

VG841-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

BALL   

2 
 

-- 600 RF 316 SS 

2” CL600 RF Full Port Ball Valve, Trunnion 
Mounted, DBB, A350 LF2 Body, Carbon Steel + 
3MIL ENP Ball & Stem, HNBR/RTFE Seats, JAG 
FIG TB3-F20R06LH-S1-01 or equivalent   (Note 2) 

VB614-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
H 

3 -- 600 RF 316 SS 

3” CL600 RF Full Port Ball Valve, Trunnion 
Mounted, DBB, A350 LF2 Body, Carbon Steel + 
3MIL ENP Ball & Stem, HNBR/RTFE Seats, JAG 
FIG TB3-F30R06LH-S1-01 or equivalent   (Note 2) 

VB614-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
H 

4 -- 600 RF 316 SS 

4” CL600 RF Full Port Ball Valve, Trunnion 
Mounted, DBB, A350 LF2 Body, Carbon Steel + 
3MIL ENP Ball & Stem, HNBR/RTFE Seats, JAG 
FIG TB3-F40R06LH-S1-01 or equivalent   (Note 2) 

VB614-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
H 

NEEDLE 
 

½  ¾ 6000 TE 316 SS 

½” MNPT x FNPT Needle Valve, Hard Seat, SS 
Body Materials, SS Bonnet, SS Stem, Teflon 
Packing, 6000 CWP, Century CM2-1-M44T-DN-T 
or equivalent 

VN6019-
ELC 

 
 

 



 
 
 

 

SPECIFICATION  Natpro Standard Piping 
Specifications FOR  

PIPING  LINE SPECIFICATION: C600/LT 

  FLANGE RATING / CLASS: 600 

    CORR. ALL:  1.0 mm PWHT: NO 
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MONOFLANGE 

3-VALVE 
MANIFOLD 

½  ¾ 6000 
SW x 
TE 

316 SS 

Model# Parker HPM6LS3DBBB-MD4-14299EHXJ 
Type: HI-PRO MANIFOLD (10MM BORE) 
Valve CONFIGURATIONSC: 316 STAINLESS 
STEEL 
Inlet: ¾” NB Socket Weld SCH 80 EXTENDED 4” 
Outlet: ¾” NPT Female With 5MM Bore Orifice 
Restriction 
Vent: ½” FNPT Female With 5MM Bore Orifice 
Restriction 
Pressure: 6000 PSI 
Valve Packing: Graphite 
Seating: PTFE 
 
(Note 1) 

 

  

FITTINGS, O’LETS, 
PLUGS ETC. 

½ 1 ½ 3000 TE Carbon steel ASTM A-350 LF2 CL1 (Plugs only) 
ASME 
B16.11 

 
Shell 
STD 3-
2.01 
Appendix 
B 

½ 1 ½ 3000 SW Carbon steel ASTM A-350 LF2 CL1 
ASME 
B16.11 

2 4 -- BE Carbon steel ASTM A-420 WPL6 fitting, schedule to match pipe 
ASME 
B16.9 

SPECTACLE BLIND ½ 4 600 RF A-516, GRADE 70N, ASME B16.48 
ASME 
B16.48 

 

FLANGES 

½ 1 ½ 600 SW RF SW Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

ASME 
16.5 

Shell 
STD 3-
2.01 
Appendix 
C 

2 4 600 WN RFWN Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

PIPE 
½ 1 ½ Sched. 80 min. Seamless PE & BE, ASTM A-333 Gr 6 

ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A 

2 2 Sched. 80 min. Seamless BE, ASTM A-333 Gr 6 

 3 4 Sched. 40 min. Seamless BE, ASTM A-333 Gr 6 

PIPE 
NIPPLES 

½ 1 ½ Sched. 80 min. Seamless PE & BE, ASTM A-333 Gr 6  
ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A 

SWAGES ½ 1 ½ Swages Sched. 160 min. Seamless PE & BE, ASTM A-333 Gr 6 or A-420 WPL6 
MSS 
SP-95 

Shell 
STD 3-
2.01 
Appendix 
A 

BOLTING: ASTM A-320 L7 alloy steel studs with two ASTM A-194 2H hex nuts 
ASME 
16.5 

Shell 
STD 3-
2.01 
Appendix  
A 

GASKETS: Class 600 304 SS spiral wound, graphite filled, 316 SS inner ring, CS outer ring, 3.2 mm (1/8") thick 
 

ASME 
B16.20 
 

Shell 
STD 3-
2.01 
Appendix  
E 

NOTES:  

(1) Parker Monoflange To Be Used For Pressure Transmitter Isolation Valve. 

(2) Trunnion Mounted full port ball valves will be used when DBB is shown in P&ID. 

(3) SST Globe Valve body per HAZOP requirements. 

NOMENCLATURE: NPS = Nominal Pipe Size,  TE = Threaded End,  SW = Socket Weld,   BW = Butt Weld,  THD = Threaded, PE = Plain End    

  BE = Bevelled End,  FL = Flanged,  RF = Raised Face,  WN = Weld Neck,  RTJ = Ring Type Joint,  PWHT = Post Weld Heat Treatment 
 CS = P1 Carbon Steel,  NDE = Non Destructive Examination,  RT = Radiographic Testing,  MT = Magnetic Particle Testing 



 
 
 

 

SPECIFICATION  Natpro Standard Piping 
Specifications FOR  

PIPING  LINE SPECIFICATION: D900/LT 

  FLANGE RATING / CLASS: 900 

    CORR. ALL:  1.0 mm PWHT: NO 
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SERVICE: LOW TEMPERATURE  – SWEET NATURAL GAS General Material 
Specification: 

Piping:          CS 

Valves:         CS 

SERVICE 
LIMITS: 

Design Standard: To ASME B 31.3 Temperature:  Min. –45°C Max.  
+204°C 
Pressure Rating: To ASME B 16.5 Table 2 Class 900 Flange Limits 
15306 kPag @ 38°C (2220 PSIG @ 100°F), 13100 kPag @ 204°C (1900 PSIG  
@ 400°F) 

NDE Inspection 
Required: 

100%  RT on BW  
10% MT on fillets (Branch) 
100% on VT 

STANDARD CONSTRUCTION: NPS 1-1/2 and below Butt Welded or Socket Welded.  NPS 2 and above Butt Welded only.  

   

ITEM 
SIZE NPS CLASS 

ENDS 
VALVE 

DESCRIPTION 

 
ITE
M 

 
MFG 

 
COMP
ANY 

FROM TO RATING TRIM TAG STD STD 

V   
A    
L    
V   
E    
S 

GATE 

 ½ 1 ½ 1500 
SW / 
TE 

316 SS 

¾” SW x NPT Bolted Bonnet Gate Valve, Class 
1500, ASTM A350 LF2 CL1 Body & Bonnet 
Material, Trim F316/HF (API Trim #12), Bonney 
Forge Model 9HL-1L3S-SW-T, LO Temp NACE 
or Equivalent 

VG150
3-ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

½ 1 ½ 1500 SW 316 SS 

¾” SW Bolted Bonnet Gate Valve, Class 1500, 
ASTM A350 LF2 CL1 Body & Bonnet Material, 
TRIM F316/HF (API Trim #12), Bonney Forge 
Model 9HL-1L3S-SW, LO Temp NACE or 
Equivalent 

VG150
1-ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

½ 1 ½ 1500 SW 316 SS 

1” SW x NPT Bolted Bonnet Gate Valve, Class 
1500, ASTM A350 LF2 CL1 Body & Bonnet 
Material, Trim F316/HF (API Trim #12), Bonney 
Forge Model 9HL-1L3S-SW, LO Temp NACE or 
Equivalent 

VG150
1-ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
F 

BALL   

2 -- 1500 RF 316 SS 

2” CL1500 RF Full Port Ball Valve, Trunnion 
Mounted, A350 LF2 CL1 Body, Carbon Steel + 
3MIL ENP Ball & Stem, Nylon Seats, CSA Z245-
15, JAG FIG TB3-F20R15LH-S1-01 or Equivalent  
(Note 2) 

VB152
4-ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
H 

4 -- 900 RF 316 SS 

4” CL900RF Full Port Ball Valve, Trunnion 
Mounted, A350 LF2 Body, Carbon Steel + 3MIL 
ENP Ball & Stem, Nylon Seats, CSA Z245-15, 
JAG FIG TB3-F40R09LH-S1-01 or Equivalent 
(Note 2) 

VB924-
ELD 

 
ASME 
B16.34 

Shell 
STD 3-
2.01 
Appendix 
H 

 NEEDLE ½  ¾ 6000 TE 316 SS 

½” MNPT x FNPT Needle Valve, Hard Seat, SS 
Body Materials, SS Bonnet, SS Stem, Teflon 
Packing, 6000 CWP, Century CM2-1-M44T-DN-T 
or Equivalent 

VN601
9-ELC 

  

 
MONOFLANGE 

3-VALVE 
MANIFOLD 

½  ¾ 6000 
SW x 
TE 

316 SS 

Model# Parker HPM6LS3DBBB-MD4-14299EHXJ 
Type: HI-PRO MANIFOLD (10MM BORE) 
Valve CONFIGURATIONSC: 316 STAINLESS 
STEEL 
Inlet: ¾” NB Socket Weld SCH 80 EXTENDED 4” 
Outlet: ¾” NPT Female With 5MM Bore Orifice 
Restriction 
Vent: ½” FNPT Female With 5MM Bore Orifice 
Restriction 
Pressure: 6000 PSI 
Valve Packing: Graphite 
Seating: PTFE 
 
(Note 1) 

 

  



 
 
 

 

SPECIFICATION  Natpro Standard Piping 
Specifications FOR  

PIPING  LINE SPECIFICATION: D900/LT 

  FLANGE RATING / CLASS: 900 

    CORR. ALL:  1.0 mm PWHT: NO 
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FITTINGS, O’LETS      
PLUGS ETC. 

½ 1 ½ 6000 TE Carbon steel ASTM A-350 LF2 CL1 (Plugs Only) 
ASME 
B16.11 

 
 
Shell 
STD 3-
2.01 
Appendix 
B ½ 1 ½ 3000 SW Carbon steel ASTM A-350 LF2 CL1 

ASME 
B16.11 

2 4 -- BE Carbon steel ASTM A-420 WPL6 fitting, schedule to match pipe 
ASME 
B16.9 

FLANGES 
½  1 ½  1500 SW RF SW CS ASTM A-350 LF2 CL1 

ASME 
16.5 

Shell 
STD 3-
2.01 
Appendix 
C 

2 -- 1500 WN RF WN Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

 3 -- 900 WN RF WN Carbon steel ASTM A-350 LF2 CL1, bore to match pipe 

PIPE 

½ 1 ½ Sched. 80 min. Seamless BE, PE, SW, ASTM A-333 Gr 6 

ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A 

2 2 Sched. 80 min. Seamless BE, ASTM A-333 Gr 6 

4 4 Sched. 80 min. Seamless BE,  ASTM A-333 Gr 6 

PIPE 
NIPPLES 

½ 1 ½ Sched. 160 min. Seamless PE, SW or BE, ASTM A-333 Gr 6 
ASME 
36.10M 

Shell 
STD 3-
2.01 
Appendix 
A 

SWAGES ½ 1 ½ Swages Sched. 160 min. Seamless PE, SW or BE, ASTM A-333 Gr 6 or A-420 WPL6 
MSS 
SP-95 

Shell 
STD 3-
2.01 
Appendix 
A 

BOLTING: ASTM A-320 L7 alloy steel studs with two ASTM A-194 2H hex nuts 
ASME 
16.5 

Shell 
STD 3-
2.01 
Appendix 
A 

GASKETS: CL 1500 (½ - 2”) & CL 900 (3” & up) 304 SS spiral wound, graphite filled, 316 SS inner ring, CS outer ring, 3.2 mm 
________________(1/8") thick 

ASME 
B16.20 

Shell 
STD 3-
2.01 
Appendix 
E 

 
 

NOTES:  

(1) Parker Monoflange To Be Used For Pressure Transmitter Isolation Valve. 

(2) Trunnion mounted full port ball valves will be used when DBB is shown in P&ID. 

NOMENCLATURE: NPS = Nominal Pipe Size,  TE = Threaded End,  SW = Socket Weld,   BW = Butt Weld,  THD = Threaded, PE = Plain End    

  BE = Bevelled End,  FL = Flanged,  RF = Raised Face,  WN = Weld Neck,  RTJ = Ring Type Joint,  PWHT = Post Weld Heat Treatment 
 CS = P1 Carbon Steel,  NDE = Non Destructive Examination,  RT = Radiographic Testing,  MT = Magnetic Particle Testing 



           
 

 

3.2 Data Reports & Certifications  

 































































































































Material Test Certificates 



Skid MTRs 





















Spool MTRs 



Heat No Description

A1253 2" bleed ring adjustment NP 338716BLEEDRING2 338716

A1253 2" bleed ring

58962 2x1/2 Olet

59443 2 90 Ell

59530 1 90 Ell

59653 1 90 Ell

59783 2x3/4 Olet

74347 1/2 Flg RFSW

330592 3/4 Pipe

569936 1 Pipe incorrect 569934

569936 1" Pipe

1424374 2 Nipple

4677159 3/4 Flg RFSW

4803135 2.5 x 1/2 hub flange incorrect  4806135

10_33034 1/2 Flg RFSW

10_72711 1.5 Flg RFSW

1089V2 1/2 Flg RFSW incorrect 1089V4

1121V3 1/2 Flg RFSW

1126277V 2" Pipe

1126526V 2" Pipe

12_103914 3/4 Nipple

12_1703 3/4 Flg RFSW

12_34232 3 Hub Flg RF

12_35059 2 Flg RFWN

12_35060 2 Flg Blind RF

12_70354 1/2 Flg RFSW

12G_11814 2x1.5 Red Tee

13_30305 2 Flg RFWN

13_38954 3 Flg RFWN

13_39017 1.5 Flg RFWN

13_76390 3 Flg Blind RF

13_77263 1 Flg RFSW

13_77325 2 Flg RFWN

13_78156 2 Flg RFWN

14_30992 1.5 Flg RFWN

14_31364 2 Flg Blind RF

14_33854 2 Flg RFWN

14_70198 3/4 Flg RFSW

14_70420 2" Flg RFWN

14_71409 1 Flg RFSW

14H01013 90 Ell

14H5594 2x2 Tee

1640V3 1" 150# Flg SW

18Z

1J2564 2x1.5 Red Tee

23Z 3/4 90 Ell



630SS 3/4 Flg RFSW

719SS 3/4 Flg RFSW

7Z 1 90 Ell

B20A4 1/2 Flg RFSW

B20V4 1 Flg RFSW

3E7959 2 Weld Cap

H00125 1 Nipple

H00204 2x1.5 Swage Conc

H00934 2x1 Swage Conc

H2327 2x1/2 Swage Conc

K2848 1x1/2 Swage Conc

P455 3/4 Manifold

RSF53 3x2 Red Conc

T3 1/2 x 1/2 Tee SW

TL10009352 3/4 Flg RFSW

TL10010271 1 Flg RFSW

TM7 1x1 Tee also 1x3/4 & 1x1/2 Tees

TP3 1x1 Tee

UL7 1 Check Valve

UL7 1 Gate Valve

UL8 3/4" Gate Valve

UL8 1/2 Gate Valve

UP9 1 Ball Valve

UR9 1/2 Ball Valve

W11306329 1/2 Pipe

Y046 1/2 90 Ell

Y046 1/2 90 Ell incorrect Y048

YT13523 3/4 Pipe adjustments

Z71 3/4 90 Ell
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BENGYANG VALIN 
STEEL TUBE CO..LTD 

MILL TEST CERTIFICATE 
(ACCORDING TO ENl0204 3.1B) 

CUSTOMER CER11FlCA'm NO. 

CONTRAcr-ITEMNO. 2111001258- 05 P.o.No·1 BSC1OOO9O 

PRODUCT SEAMLESS STEEL LINE PIPE I DEUVERYCONDmON 

SPECIFICATION SEE SPECIFICATION NOTE I HEAT TRl!A.TMENT I 
GRADE B.BIX42.Gra~ 290 DIMENSIONS 

Adds 10 DaIi:<iJlCU!l., HCII!l)'allg City,HllJIalI,l'.R..Cbi.'la P.C.:<121001 

Tel and Fax: +86734 8873739 
B-mal1. hsi - be.com 

00142.5625·1 

DATE: 2014-3-19 PAGE: l/3 

HR 

NPS2 XH 40FT 
TOTAL BUNDLES: so TOTAL PIECES: 946 TOTAL LENGrn: 37864.844 ft I TOTAL WEIGHT .. 86.335 mt 

LENGTH WBIGHr TENSILE TEST ASTM A37Q COLD 
NO. BATCH No. HEAT No. BUNDLES PIECES mt SAMPLE TYPE! ORlENTATION I SlZE(IllIllIGAU(j£LENGTH(:nm):S\L~O BENDING 

it 
WI TS(psll YS(JISl) I EL(%) R.A. (%) YSffS TEST RTO.5 

i---

1 9473OO8l3 1424371 17 320 12808.404 29.204 72935 SQ60S 31.0 0.69 ACCEPTABLE 

:2 947300814 1424374 19 356 14249.349 32.490 685SS 46400 30.0 0.68 ACCEPTABLE 

3 947300815 1424372 14 270 10801.091 24.641 72210 50605 30.S 0.70 ACCEPTABLE 
: 

I 
lMPACT TEST HARDNESS TEST 

NO. NOTCH TYPElORIENTATIONITEMPERATIJRE('C)lSlZB (mm) : NONMETALIC GRAIN 
NACEMR0175 

III 11/ INCLUSION SIZE 
AKl (]) Av.m % SHEAR. AREA LB AK2 en Av.(1) % SHEAR AREA LE lIVI0 

1 f / 1160.7/llllf//1l 

2 / I I 1161.011/11/1/1/ 

3 I I 1161.011111//1/( -
l I 

NOTES: 
Wl-nmoREllCAL WEIGHT SAMPLE ORlENTATION : L-LONGITUDINAL T-TRANSVERSE N-NORMALlZING HE-HOT EX!'iC!'\.,!)ED 

W2.-ACTUAL WEIGHT SAMPLE TYPE: S-STRJP C- CLUBBED F-FtlLL.SECI10N A-ANNEALING HR.-HOT ROL:'::O 

NR-NORMALIZING ROUED Q&T-QUENCHJNG AND TEMPERING Av.-AVERAGE N&.T -NORMAUZING AND TEMPERING 

AIel-ABSORB ENERGY FOR TIlEFlRSTSEl' AK2-ABSORB ENERGY FOR THE SECOND SEl' LE-SIDE EXPANSION 

~~'- :t:>ec~ 

I~ 
.:rol~ 0 c .... -t- to 

Patti Daye
Highlight













































































































































































































 







This certifies that Derek Clayton has successfully completed the training and examination 
requirements of IRISNDT Personnel Certification Program for Materials Testing and is certified in 
the following methods:

CERTIFICATION CERTIFIED BY CERTIFICATION DATESMETHOD
 /LEVEL

ORIGINAL GRADE NAME SIGNATURE ORIGINAL CURRENT DUE

Personnel Certification
Materials Testing

FT 87% Gordon Robertson Dec. 10 Jan. 11 Dec. 15

HT II 99% Gordon Robertson Mar. 09 Jan. 11 Dec. 15

NACE 98% Gordon Robertson Mar. 09 Jan. 11 Dec. 15

XRF 99% Gordon Robertson Mar. 09 Jan. 11 Dec. 15

7 IRISNDT 1106B

Initial Certification(s) carried out by examination.

Re-certification(s) carried out by examination in accordance with IRISNDT Personnel
Certification Manual (Work Practice).

LEGEND:

Certification Dates:

Original:

Current:

Due:

Date of original certification with IRISNDT

Date of most recent certification

Due date for re-certification

Certification is valid only with a physical eye examination in accordance with the 
requirements of the IRISNDT Personnel Certification Manual (Work Practice).

Certification Methods:

XRF:

HT:

NACE:

X-Ray Fluorescence Analysis

Hardness Testing (HT I, HT II)

Nace MR 0175 Compliance Testing

FT: Ferrite Testing

SP: Spectroscopy



 

SNT-TC-1A CERTIFICATION 

 

EMPLOYEE:  Derek Clayton  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

PT Level II IRISNDT 93% NA Aug 2013 Aug 2013 Dec 2015 

       

       

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

PT Level II CGSB Pass NA Jul 2013 Jan 2015 Dec 2017 

       

       

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

2006 Present IRISNDT RT, PT, MT 108 

     

     

     

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

2009 SAIT 40 hours Liquid Penetrant Inspection 

    

    

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

Name: Wesley H. Weber 

Signed:  Date: January, 2015 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 

 

 









This certifies that Kevin Ellis has successfully completed the training and examination requirements 
of IRISNDT Personnel Certification Program for Materials Testing and is certified in the following 
methods:

CERTIFICATION CERTIFIED BY CERTIFICATION DATESMETHOD
 /LEVEL

ORIGINAL GRADE NAME SIGNATURE ORIGINAL CURRENT DUE

Personnel Certification
Materials Testing

FT 95% Gordon Robertson Oct. 12 Oct. 12 Dec. 15

HT II 95% Gordon Robertson Mar. 00 Jan. 11 Dec. 15

NACE 90% Gordon Robertson Mar. 06 Jan. 11 Dec. 15

XRF 85% Gordon Robertson Mar. 00 Jan. 11 Dec. 15

7 IRISNDT 1106B

Initial Certification(s) carried out by examination.

Re-certification(s) carried out by examination in accordance with IRISNDT Personnel
Certification Manual (Work Practice).

LEGEND:

Certification Dates:

Original:

Current:

Due:

Date of original certification with IRISNDT

Date of most recent certification

Due date for re-certification

Certification is valid only with a physical eye examination in accordance with the 
requirements of the IRISNDT Personnel Certification Manual (Work Practice).

Certification Methods:

XRF:

HT:

NACE:

X-Ray Fluorescence Analysis

Hardness Testing (HT I, HT II)

Nace MR 0175 Compliance Testing

FT: Ferrite Testing

SP: Spectroscopy



 

SNT-TC-1A CERTIFICATION 

 

EMPLOYEE:  Kevin Ellis  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

RT Level II IRISNDT 90% 85% Feb 1995 Jan 2011 Dec 2015 

Computed 
Radiography (CR) 

IRISNDT 98% NA Jul 2011 Jul 2011 Dec 2015 

PT Level II IRISNDT 89% 90% Apr 1999 Jan 2011 Dec 2015 

MT Level II IRISNDT 89% 90% Dec 1999 Jan 2011 Dec 2015 

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

RT Level II CGSB Pass NA Dec 1995 Jan 2015 Dec 2017 

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

1991 Present IRISNDT RT, CR, PT, MT 288 

     

     

     

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

1994 SAIT 80 hours Radiography Level II 

    

    

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

Name: Wesley H. Weber 

Signed:  Date: January, 2015 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 

 

 



 

 





 

SNT-TC-1A CERTIFICATION 

 

EMPLOYEE:  Siamak Majdnia  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

MT Level II IRISNDT 96% NA Oct 2013 Oct 2013 Dec 2015 

       

       

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

MT Level II CGSB Pass NA Oct 2013 Oct 2013 Dec 2015 

       

       

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

2011 Present IRISNDT MT, PT, UT 18 

     

     

     

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

2011 CINDE 40 hours Magnetic Particle Inspection 

2011 CINDE 40 hours Engineering Materials and Processes 

2011 CINDE 40 hours Math for NDT 

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

Name: Gordon Robertson 

Signed:  Date: October, 2013 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 

 

 











 

SNT-TC-1A CERTIFICATION 

 

 IRISNDT 1004H 

EMPLOYEE:  Ohsueng Ryu  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

UT Level II IRISNDT 90% N/A Apr 2015 May 2015 Dec 2020 

MT Level II IRISNDT 97% N/A Apr 2015 Apr 2015 Dec 2020 

PT Level II IRISNDT 88% N/A Apr 2015 Apr 2015 Dec 2020 

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

UT Level III ASNT Pass N/A Feb 2014 Feb 2014 Feb 2019 

MT Level II CGSB Pass N/A Sep 2014 Sep 2014 Dec 2016 

PT Level II CGSB Pass N/A Oct 2014 Oct 2014 Dec 2016 

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

2015 Present IRISNDT UT, MT, PT 1 

     

     

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

    

    

    

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 and 2011 Editions). 

Name: Wesley Weber 

Signed:  Date: May, 2015 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 

 

 











 

SNT-TC-1A CERTIFICATION 

 

EMPLOYEE:  Chad Sear  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

RT Level 2 IRISNDT 87% NA Nov 2012 Nov 2012 Dec 2015 

       

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

RT Level 2 CGSB Pass NA Dec 2007 Feb 2014 Dec 2016 

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

Nov 2012 Present IRISNDT Radiography 15 

Mar 2012 Nov 2012 Gamma-Tech Radiography 7 

Nov 2001 Mar 2012 Cave Inspection Radiography 78 

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

2006 SAIT 120 hours Industrial Radiography Level 1 & 2 

2002 INTEG 40 hours Radiation Safety (EDO) 

    

    

    

    

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

Name: Gordon Robertson 

Signed:  Date: February, 2014 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 

 

 









 

SNT-TC-1A CERTIFICATION 

 

 IRISNDT 1004F 

EMPLOYEE:  Brody Smith  

SNT / ASNT CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

Method & Level Certified By Initial Recert Initial  Current  Due 

RT Level II IRISNDT 89% NA Jun 2012 Jun 2012 Dec 2015 

       

       

       

OTHER CERTIFICATIONS QUALIFICATION GRADES CERTIFICATION DATES 

RT Level II CGSB Pass NA May 2012 Feb 2014 Dec 2016 

       

       

       

       

       

       

       

EMPLOYMENT EXPERIENCE: 

From To Employer Methods Months 

2006 Present IRISNDT RT, MT, PT 96 

     

     

     

     

     

EDUCATION:  High School  Successful Completion Minimum 2 years-Engineering/Science at University, College or 

Technical School  

Date Institution Length Subject/Courses 

2011 SAIT 120 hours Radiograhic Inspection Level 1 & 2 

2005 SAIT 3 months NDE Foundations Program 

    

    

    

    

EYE EXAMINATIONS:   

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

CERTIFICATION: 

Initial Certification and Re-certification carried out in accordance with IRISNDT Personnel Qualification and 
Certification Manual (Work Practice). 

This certifies that the employee has met the training and examination requirements of IRISNDT Qualification and 
Certification Manual (Work Practice) in accordance with SNT-TC-1A (2006 Edition). 

Name: Gordon Robertson 

Signed:  Date: February, 2014 Title: NDE Certifying Level 3 

RESTRICTIONS, NOTES and COMMENTS: 
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(≙

Flow Flow Duration m target m meas. ∆ o.r.* Outp.**

[%] [lb/min] [s] [mA] Tolerance limit: ±0.1% o.r.

25.1 11.969 30.1 8.01

100.9 48.187 60.2 20.14

- - - -

- - - -

- - - -

- - - -

*o.r.: of reading

**Calculated value (4 - 20 mA)

Flow Calibration with Adjustment

Flow

100%)

30320628-3413628

3003281804 FCP-6.F
Calibration rig

47.76682 lb/min

0.00

[lb]

0.01

¸

Purchase order number

Service interface

Water temperatureTag Nº

Order code

Order Nº/Manufacturer

Transmitter/Sensor

Serial Nº

CA-3005264813-10 / Endress+Hauser Flowtec

83F15-ND05/0

10-17-2014

. 

- -

-1

-1.5

0

-

Measured error % o.r.

Calibrated full scale

Calibrated output

71.8 °F

Zero point

-1

50 60

Page  1 / 1

1.6956
Calibration factor

-

-

[%]

Greenwood, IN 46143

10

2330 Endress Place

Date of calibration

-

- - - - - -

- -

Endress+Hauser Flowtec, Division USA

Endress+Hauser Flowtec operates ISO/IEC 17025 accredited calibration facilities in Reinach (CH), Cernay (FR), Greenwood (USA),

The calibration is traceable to the N.I.S.T. through standards certified at preset intervals.

Å

Aurangabad (IN) and Suzhou (CN).

-

- -

PROMASS 83 F 1/2"

[lb]

JA04C816000

48.338

5.9945 5.9952

48.338

5.9885 -0.01 8.0125.0 11.958 30.1 5.9889

101.3 48.370 60.2 48.514 20.20

100 [%]

- -

-

0.5

0

-
30 80

1.5

1

- - - - - -0.5

48.514 0.00

70

ISO 14001, Reg.-Nº EMS561046

W. Sprague
Operator

Certified acc. to

ISO 9001, Reg.-Nº 030502.2

For detailed data concerning output specifications of the unit under test, see Technical Information (TI), chapter Performance characteristics.

20 9040

































































Job Report

Company: RollFab
Job#: 14-2415

PO#: 15-004178

Completion Date: 08-Jan-15

Job Description:
2lb Sprayfoam (PF7217-0) applied to underside of plate only, 

with Towerthon.

Thickness (inches): 2

Substrate Temp (Celcius): 17.8

Ambient Temp (Celcius): 10.2

% of Humidity: 29.2

Sprayed: Indoor

Darren Ward

Owner/Applicator

Ph: (403) 993-4997

urethane foam coatings inc 
179 chapman close se 
calgary, alberta, T2X 3T3 
www.ufcsprayfoam.com 
 









NON CONFORMANCE REPORTS 

 

None reported 
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N4 2" - TANK VENT
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Line Number
Piping Size

(inch)

WT

(SCH)
Piping Class

Corrosion

Allowance

(mm)

Materials

Insulation

Material/ 

Thickness(mm)

From Source To Destination Fluid & State
(Min./Max) Flow

(Sm3/h)

(Min./Max) Pres.

( kPag)

(Min./Max) Temp

( °C )

Design Pressure

( kPag)

(Min./Max) Temp

( °C )

Piping Stress 

Anylisis
Test Medium 

Test Pressure

@ Indoor. Temp.

( kPag)

PWHT NDE

2" FG-07984-80-C600/LT-CP/ETR/CMT 2 80
ASME 600#

C600/LT
1 LOW TEMP.

Insulation and 

EHT by others

GAS INLET N1 (JACOBS P&ID CCK-0790-

PX-2365-000-0001-002)
2" FG-07985-80-C600/LT/CMT NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40

9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

2" FG-07985-80-C600/LT/CMT 2 and 3 80 and 40
ASME 600#

C600/LT
1 LOW TEMP. n/a 2" FG-07984-80-C600/LT-CP/ETR/CMT  COALESCER FILTER S-08070 NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40

9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

n/a  COALESCER FILTER INLET LINE HEATER H-08071 NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40
9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

n/a  COALESCER FILTER  OUTLET LINE HEATER H-08071 NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40
9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

n/a 2" FG-07987-80-D900/LT-HC/CM  PCV-08071A NATURAL GAS 150 / 1540 1200 / 8500 -5 / 60.8
9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

1 and 2 80
ASME 600#

C600/LT
1 LOW TEMP. n/a  COALESCER FILTER  S-08070 INLET PSV-08070A INLET NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40

9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

1" FG-07986-80-C600/LT/CMT 1 and under 80
ASME 600#

C600/LT
1 LOW TEMP. n/a  COALESCER FILTER S-08070

CONDENSATE STORAGE TANK 

V-08069
NATURAL GAS 150 / 1540 1200 / 8500 -5 / 40

9633 kPag

@ 73 °C 
-45 / 73 PASS Water 15306 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

2" FG-07987-80-D900/LT-HC/CMT 2 80
ASME 900#

D900/LT
1 LOW TEMP.

Mineral wool/

37.5
HEATER H-08071

900#/600#-SPEC BREAK

AFTER DB&B VALVE 
NATURAL GAS 150 / 1540 1200 / 8500 -5 / 60.8

13100 kPag

@ 204 °C 
-45 / 204 PASS Water 22960 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

n/a HEATER H-08071 PSV-08071A INLET NATURAL GAS 150 / 1540 1200 / 8500 -5 / 60.8
13100 kPag

@ 204 °C 
-45 / 204 PASS Water 22960 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

2" FG-07988-80-B300/LT-HC/CMT 2 80
ASME 300#

B300/LT
1 LOW TEMP.

Mineral wool/

37.5
 PCV-08071A OUTLET  PCV-08071B INLET NATURAL GAS 150 / 1540 1200 / 4137 30.9 / 40

4378 kPag

@ 204 °C 
-45 / 204 PASS Water 7653 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

n/a  PCV-08071A OUTLET PSV-08071B INLET NATURAL GAS 150 / 1540 1200 / 4137 30.9 / 40
4378 kPag

@ 204 °C 
-45 / 204 PASS Water 7653 N/A

100% VISUAL

100% RT ON BW

10% MT ON SW

2" FG-07989-80-A150/LT-HC/CMT 2 80
ASME 150#

A150/LT
1 LOW TEMP.

Mineral wool/

37.5
 PCV-08071B OUTLET  PCV-08071C INLET NATURAL GAS 150 / 1540 1100 / 1240 30 / 40

1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

n/a  PCV-08071B OUTLET PSV-08071C INLET NATURAL GAS 150 / 1540 1100 / 1240 30 / 40
1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

2" FG-07990-80-A150/LT-HC/ETR/CMT 2 80
ASME 150#

A150/LT
1 LOW TEMP.

Mineral wool/

37.5
 PCV-08071C OUTLET

GAS OUTLET N2 (JACOBS P&ID CCK-0790-PX-

2365-000-0001-0002
NATURAL GAS 150 / 1540 55 / 620 25/ 35 

1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

n/a  PCV-08071C OUTLET PSV-08071D INLET NATURAL GAS 150 / 1540 55 / 620 25/ 35 
1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

1 and under 80
ASME 150#

A150/LT
1 LOW TEMP. n/a 2" FG-07990-80-A150/LT-HC/ETR/CMT ODORIZER INLET and OUTLET NATURAL GAS 150 / 1540 55 / 620 -45/ 35 

1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

n/a ODORIZER OUTLET PSV-08116A INLET NATURAL GAS 150 / 1540 55 / 620 -45/ 35 
1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

2" FG-07991-80-A150/LT/CMT 2 80
ASME 150#

A150/LT
1 LOW TEMP. n/a

PSV 

08070A/08071A/08071B/08071C/08071D

/08116A OUTLET

ATMOSPHERE NATURAL GAS N/A 0 -45/ 35 
1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

2" FG-07992-80-A150/LT/CMT 2 80
ASME 150#

A150/LT
1 LOW TEMP. n/a TANK V-08069 ATMOSPHERE NATURAL GAS N/A 0 -45/ 35 

1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

1" FG-07991-80-A150/LT/CMT 1 80
ASME 150#

A150/LT
1 LOW TEMP. n/a TANK V-08069 ENVIRO BOX - N5 NATURAL GAS N/A 0 -45/ 35 

1530 kPag

@ 149 °C 
-45 / 149 PASS Water 2847 N/A

100% VISUAL

15% RT ON BW

15% MT ON SW

Note: 

1. Design condition refers to the Pipe class, A150/LT,  B300/LT, C600/LT, D900/LT

Operating Conditions

LINE DESIGNATION TABLE, DOC# 338716-LDT Rev0

Line System Description
Design Conditions

Note 1.
Test & Inspection
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JUL 04/14

338716-100-Rev9

1 REVISED AS PER CUSTOMER'S COMMENTS GG ET PM SEP 08/14
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2 REVISED AS PER CUSTOMER'S COMMENTS GG ET PM SEP 17/14

SCHEDULE OF OPENINGS

CONN SIZE RATING DESCRIPTION

N1 2" 600# RF PACKAGE INLET

N2 2" 150# RF PACKAGE OUTLET

N3 2" - VENT HEADER

(VENT TO ATMOSPHERE)

N4 2" - TANK VENT

(VENT TO ATMOSPHERE)

N5 3" CAMLOCK TANK DRAIN

3 REVISED AS TITLE BLOCK/TAGGING  & ADDED LINE NUMBERS GG ET PM OCT 02/14

SHELL CANADA c/o JACOBS ENGINEERING

CARMON CREEK PROJECT

9

GENERAL NOTES:

1. DELETED.

2. NATPRO SCOPE OF SUPPLY.

3.           TO BE ROUTED TO SAFE LOCATION.  VENT TO ATMOSPHERE.

4.        ELECTRIC HEAT TRACING & INSULATION AT LEAST 1M INSIDE

           THE BUILDING SHOULD BE PROVIDED BY OTHERS.

5.        TO 2" VENT HEADER.

6.        SS SPOOLS TO BE SS316/L C/W 3/4" XS SCH NIPPLES.

7.              INDICATING ISOLATION KIT

8.        PIPING HEAT CONSERVATION AFTER ELECTRICAL HEATER BY NPE.

N3 N4

4 REVISED AS PER CUSTOMER'S COMMENTS GG ET PM OCT 10/14

5 REVISED AS PER CUSTOMER'S MARKUPS GG ET PM NOV 27/14

2"-600# RF

GAS INLET

SKID LIMIT

O/S I/S

N2

08070A

PSV

VENT

TZT

FT

S
K

I
D

 
L
I
M

I
T

2"-150# RF

GAS OUTLET

1/2"

PDI

1/2"

1"

1"

1"

1"

08070A

PI

1/2"

S-08070

COALESCER FILTER

MAKE: JONELL

MODEL: JPMG-336-CE-R

SIZE: 219mm x 2565mm S/S

DP/DT: 9930 KPAG -45/54°C

C.A.: 3.05

H-08071

NATURAL GAS ELECTRIC HEATER

MAKE:         EX HEAT

RATED HEAT DUTY:  4.4 KW/600V/60HZ/3 PHASE

VESSEL SIZE:           168mm OD x 1694mm LG

DP/DT:                     9930 KPAG -45/93°C

CA:                          1.6

INSULATION:            PERSONNEL PROTECTION ONLY
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REV 1

MAIN POWER
SERVICE DISCRIPTION VOLTAGE  AMPERAGE CIRCUITS MAIN BREAKER

MAIN DISTRIBUTION PANEL

SERVICE DISCRIPTION VOLTAGE  TOLERANCE HARMONICS TOTAL CURRENT REMARKS
NATURAL GAS HEATER 4.4KW 600/3/60 5% max. unbalance 5% max. THD 5 min. 575V at skid
UNIT HEATER 10KW 600/3/60 5% max. unbalance 5% max. THD 10 min. 575V at skid
UNIT HEATER 20KW 600/3/60 5% max. unbalance 5% max. THD 20 min. 575V at skid
BUILDING TRANSFORMER 30KVA 600‐120/208 3PH  600/3/60 5% max. unbalance 5% max. THD 30 min. 575V at skid

65

Date: March 6, 2015

CARMON CREEK

CONNECTED LOADS

APPROXIMATE TOTAL LOAD CURRENT

100AMP 65KA18100600/3/60

Client: SHELL c/o  JACOBS ENGINEERING
SLS # 338716

CHARACTERISTICS

NATIONAL PROCESS EQUIPMENT
0735A‐08030 CMT ‐ NATURAL GAS PRESSURE REDUCTION SKID PACKAGE

UTILITIES SCHEDULE

DOC #: 
BUILDING #



VESSEL DATA SHEET 
NATURAL GAS ELECTRIC HEATER  

 

 
 
 
 

 

              DESIGN DATA 

1  Rated Heat Duty 4.4KW/600V/60HZ/3PH 

2 Quantity of Vessels  (Tag#) One (Tag# H-08071) 

3  Design Code 2013 ASME SEC VIII, DIV 1 

4 Dimensions 168mm OD x 1726mm OAL 

5 Max. Operating Pressure 
Max 

8500kpag (1233PSIG) 

6 Vessel Design Pressure 9930kpag (1440PSIG) 

7 Vessel Vacuum Rating FV @ 93◦C 

8 Vessel Design Temperature 93◦ C (200◦F) 

9 MDMT Temperature -45◦ C (-50◦F) 

10 Corrosion Allowance  1.5mm (0.0625”) 

11 PWHT/Volume NO/0.03m3 (1.02 cu.ft) 

12 Materials of Construction Shell: SA-333-6/Head:SA-420-
WPL6/SA-350-LF2 Class 1 

13 Studs/Nuts/Gasket Type SA-320-L7/SA-194-2H/1/8” thk 
Flexitallic 

14 Flanges/Nozzles-Necks SA-350-LF2 Class  1/SA-333-6 

15 Radiography UW-11(a) , RT-1 (Full) 

16 Hydrotest  12,909kpag (1872PSIG) 

17 CRN W8598.2 

18 Empty Weight/Full Weight 1045kg(2299lbs)/1274kg(2803lbs) 

19 Sweet Natural Gas YES 
 

20 External Attachments Description 

a Name Plate/Bracket SS/SA-516-70N 

b Davit Arm N/A 

c Lifting Lugs SA-516-70N 

d Insulation  SS mesh guard only for personnel 
protection 

e Saddle SA-516-70N 

f Skirt N/A 

g Base Plate SA-516-70N 

 
21 Nozzle Schedule 

MK. Qty. Size Rating/Type Service 
  N1       1 60 (2”)     900# RFWN GAS INLET 

N2       1 60 (2”)     900# RFWN GAS OUTLET 

N3         1 60 (2”)     900# RFWN DRAIN 

     
     
     
     
     
     
     
     
     

     

     

 



VESSEL DATA SHEET 
COALESCER FILTER (STOCK VESSEL)        

      
 
 
 

 
 

              DESIGN DATA Rev 0 

1  Make- Model Jonell-JVC-3-8-1440-1-336-STD  c/w 

JPMG-336-CE-R Filter Element 

2 Quantity of Vessels  (Tag#) One (Tag# S-08070) 

3  Design Code 2013 Ed. ASME SEC VIII, DIV 1 

4 Dimensions 219mm OD x 3405mm OAL 

5 Max. Operating Pressure 
Max 

8500kpag (1233PSIG) 

6 Vessel Design Pressure 9930kpag (1440PSIG) 

7 Vessel Vacuum Rating N/A 

8 Vessel Design Temperature 54◦ C (130◦F) 

9 MDMT Temperature -45◦ C (-50◦F) 

10 Corrosion Allowance  3.05mm (0.12”) 

11 PWHT/Volume NO/0.08m3 (2.96cu.ft) 

12 Materials of Construction Shell-SA-106-B/Head-SA- 234-  
WPB/SA-105N 

13 Studs/Nuts/Gasket Type SA-193-B7M/SA-194-  
2HM/1/8” thk Flex 

14 Flanges/Nozzles-
Necks/Coupling/SW-Elbow 

SA-350-LF2 Class  1/SA-333-
6/SA-105N/SA-350-LF2 Class 1 

15 Radiography UW-11(a) , RT-1 (Full) 

16 Hydrotest  12,907kpag (1872PSIG) 

17 CRN T5967.213 

18 Empty Weight/Full Weight 409kg(900lbs)/493kg(1084lbs) 

19 Sweet Natural Gas YES 
 

20 External Attachments Description 

a Name Plate SS/CS 

b Davit Arm Yes 

c Lifting Lugs N/A 

d Insulation  N/A 

e Saddle N/A 

f Skirt SA-106-B 

g Base Plate SA-516-70N 

 
21 Nozzle Schedule 

MK. Qty. Size Rating/Type      Service 

  N1       1 89 (3”)     600# RFWN GAS INLET 

N2       1 89 (3”)     600# RFWN GAS OUTLET 

N3         1 21 (½”)     600# RFSW VENT 

N4         1 33 (1”)      600# RFSW  DRAIN 

N5          1 33 (1”)     600# RFSW LIQUID OUT (LOWER) 

N6         1 33 (1”)     600# RFSW LIQUID OUT (UPPER) 

N7         1 21 (½”)     600# RFSW DPI 

N8         1 21 (½”)     600# RFSW DPI 

N9         1 27 (¾”)     600# RFSW LG (LOWER) 

N10         1 27 (¾”)     600# RFSW LG (LOWER) 

N11         1 27 (¾”)     600# RFSW LG (UPPER) 

N12         1 27 (¾”)     600# RFSW LG (UPPER) 

  N13         1 60 (2”)     600# RFWN LLC UPPER C/W BLIND 

N14         1 60 (2”)     600# RFWN LLC LOWER C/W BLIND 

 



VESSEL DATA SHEET 
               MERCAPTAN GAS ODORIZER  (STOCK VESSEL)  

 
 
 

 
 
 
 
 

 

 

              DESIGN DATA REV 0 

1  Make- Model KingTool-Model 3B 

2 Quantity of Vessels  (Tag#) 

3  Design Code 2013 Ed.  ASME SEC VIII DIV 1 

4 Dimensions 406mm OD x 451mm S/S 

5 Max. Operating Pressure 
Max 

50kpag (7.25PSIG) 

6 Vessel Design Pressure 2068kpag (300PSIG) 

7 Vessel Vacuum Rating N/A 

8 Vessel Design Temperature 66◦ C (150◦F) 

9 MDMT Temperature -45◦ C (-49◦F) 

10 Corrosion Allowance  0mm (0”) 

11 PWHT/Volume No/0.07m3 (2.66cu.ft) 

12 Materials of Construction Shell: SA-106B SMLS 
Head: SA- 516-70N 

13 Studs/Nuts/Gasket Type N/A 

14 Flanges 

Nozzles-Necks 

SA-350-LF2 Class  1 
SA-106 B SMLS/SA-516-70  

15 Radiography UW-11(a), RT-1 (Full) 

16 Hydrotest  3,103kpag (450PSIG) 

17 CRN L-3956.52 

18 Empty Weight/Full Weight 118kg(260lbs)/194kg(426bs) 

19 Sweet Natural Gas YES 
 

20 External Attachments Description 

a Name Plate SS/CS 

b Davit Arm N/A 

c Lifting Lugs N/A 

d Insulation/Heat Trace By others in the field 

e Saddle N/A 

f Skirt N/A 

g Base Plate N/A 

 
21 Nozzle Schedule 

MK. Qty. Size Rating/Type Service 

  N1       1 (33) 1” 300# RFTHRD GAS INLET 

N2       1 (33) 1” 300# RFTHRD GAS OUTLET 

N3         1 168 (6”) N/A HANDHOLE c/w CAP BOLTS 

     
     
     
     
     
     
     
     
     

     

     

 

One (Tag# V-08116) 





CMT – Maximum Temperature Case 1 – Minimum Inlet Pressure and Maximum Flow Rate

1
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7
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8
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9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

40*

1200*

1540*

17.58 

47.62 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.00643 

PIPE-2

4.572 

0.00643 

PIPE-3

4.572 

0.0066 

PIPE-4

4.572 

0.0066 

PIPE-5

4.572 

0.00736 

PIPE-6

4.572 

0.0535 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

40*

1200*

17.58 

1540*

47.619 

2

40 

1200 

17.58 

1540 

47.619 

3

40 

1200 

17.58 

1540 

47.619 

4

40 

1200 

17.58 

1540 

47.619 

6

39.83 

1166 

17.58 

1540 

47.619 

7

39.83 

1166 

17.58 

1540 

47.619 

8

39.83 

1166 

17.58 

1540 

47.619 

9

39.83 

1166 

17.58 

1540 

47.619 

10

39.16 

1034*

17.58 

1540 

47.619 

11

39.16 

1034 

17.58 

1540 

47.619 

12

34.03 

55*

17.58 

1540 

47.619 

13

34.03 

54.95 

17.58 

1540 

47.619 

Pipe 1 Gas Velocity

Pipe 2 Gas Velocity

Pipe 3 Gas Velocity

Pipe 4 Gas Velocity

Pipe 5 Gas Velocity

Pipe 6 Gas Velocity

0.234#

0.769#

0.79#

0.79#

0.882#

6.43#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0*

-0.17395 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

34.03 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

39.16 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

39.83 

1166 

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Maximum Temperature Case 2 – Medium Inlet Pressure and Medium Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

40*

2600*

695*

17.58 

21.49 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.000721 

PIPE-2

4.572 

0.000721 

PIPE-3

4.572 

0.00073 

PIPE-4

4.572 

0.00073 

PIPE-5

4.572 

0.0017 

PIPE-6

4.572 

0.0123 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

40*

2600*

17.58 

695*

21.49 

2

40 

2600 

17.58 

695 

21.49 

3

40 

2600 

17.58 

695 

21.49 

4

40 

2600 

17.58 

695 

21.49 

6

39.83 

2566 

17.58 

695 

21.49 

7

39.83 

2566 

17.58 

695 

21.49 

8

39.83 

2566 

17.58 

695 

21.49 

9

39.83 

2566 

17.58 

695 

21.49 

10

32.03 

1034*

17.58 

695 

21.49 

11

32.03 

1034 

17.58 

695 

21.49 

12

26.66 

55*

17.58 

695 

21.49 

13

26.66 

54.99 

17.58 

695 

21.49 

Pipe 1 Gas Velocity_x1

Pipe 2 Gas Velocity_x1

Pipe 3 Gas Velocity_x1

Pipe 4 Gas Velocity_x1

Pipe 5 Gas Velocity_x1

Pipe 6 Gas Velocity_x1

0.0496#

0.163#

0.165#

0.165#

0.388#

2.83#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0*

-0.16703 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

26.66 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

32.03 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

39.83 

2566 

°C

kPa (g)Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Maximum Temperature Case 3 – Maximum Inlet Pressure and Minimum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

40*

8500*

150*

17.58 

4.638 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

1.48e-005 

PIPE-2

4.572 

1.48e-005 

PIPE-3

4.572 

1.67e-005 

PIPE-4

4.572 

3.88e-005 

PIPE-5

4.572 

0.000116 

PIPE-6

4.572 

0.000839 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

40*

8500*

17.58 

150*

4.6382 

2

40 

8500 

17.58 

150 

4.6382 

3

40 

8500 

17.58 

150 

4.6382 

4

40 

8500 

17.58 

150 

4.6382 

6

60.8*

8466 

17.58 

150 

4.6382 

7

60.8 

8466 

17.58 

150 

4.6382 

8

40.58 

3348*

17.58 

150 

4.6382 

9

40.58 

3348 

17.58 

150 

4.6382 

10

28.84 

1034*

17.58 

150 

4.6382 

11

28.84 

1034 

17.58 

150 

4.6382 

12

23.35 

55*

17.58 

150 

4.6382 

13

23.35 

55 

17.58 

150 

4.6382 

Pipe 1 Gas Velocity_x2

Pipe 2 Gas Velocity_x2

Pipe 3 Gas Velocity_x2

Pipe 4 Gas Velocity_x2

Pipe 5 Gas Velocity_x2

Pipe 6 Gas Velocity_x2

0.00305#

0.00999#

0.0111#

0.0272#

0.0828#

0.604#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0.074389 

20.8 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

23.35 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

28.84 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

40.58 

3348*

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Maximum Temperature Case 4 – Maximum Inlet Pressure and Maximum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

40*

8500*

1540*

17.58 

47.62 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.000882 

PIPE-2

4.572 

0.000882 

PIPE-3

4.572 

0.000989 

PIPE-4

4.572 

0.00235 

PIPE-5

4.572 

0.00707 

PIPE-6

4.572 

0.0514 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

40*

8500*

17.58 

1540*

47.619 

2

40 

8500 

17.58 

1540 

47.619 

3

40 

8500 

17.58 

1540 

47.619 

4

40 

8500 

17.58 

1540 

47.619 

6

61*

8466 

17.58 

1540 

47.619 

7

61 

8466 

17.58 

1540 

47.619 

8

40.81 

3348*

17.58 

1540 

47.619 

9

40.81 

3348 

17.58 

1540 

47.619 

10

29.09 

1034*

17.58 

1540 

47.619 

11

29.09 

1034 

17.58 

1540 

47.619 

12

23.61 

55*

17.58 

1540 

47.619 

13

23.6 

54.95 

17.58 

1540 

47.619 

Pipe 1 Gas Velocity_x3

Pipe 2 Gas Velocity_x3

Pipe 3 Gas Velocity_x3

Pipe 4 Gas Velocity_x3

Pipe 5 Gas Velocity_x3

Pipe 6 Gas Velocity_x3

0.0313#

0.103#

0.114#

0.279#

0.851#

6.21#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0.77095 

21 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

23.61 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

29.09 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

40.81 

3348*

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Maximum Temperature Case 5 – Minimum Inlet Pressure and Minimum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

40*

1200*

150*

17.58 

4.638 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.000106 

PIPE-2

4.572 

0.000106 

PIPE-3

4.572 

0.000109 

PIPE-4

4.572 

0.000109 

PIPE-5

4.572 

0.000121 

PIPE-6

4.572 

0.000877 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

40*

1200*

17.58 

150*

4.6382 

2

40 

1200 

17.58 

150 

4.6382 

3

40 

1200 

17.58 

150 

4.6382 

4

40 

1200 

17.58 

150 

4.6382 

6

39.83 

1166 

17.58 

150 

4.6382 

7

39.83 

1166 

17.58 

150 

4.6382 

8

39.83 

1166 

17.58 

150 

4.6382 

9

39.83 

1166 

17.58 

150 

4.6382 

10

39.16 

1034*

17.58 

150 

4.6382 

11

39.16 

1034 

17.58 

150 

4.6382 

12

34.03 

55*

17.58 

150 

4.6382 

13

34.03 

55 

17.58 

150 

4.6382 

Pipe 1 Gas Velocity_x4

Pipe 2 Gas Velocity_x4

Pipe 3 Gas Velocity_x4

Pipe 4 Gas Velocity_x4

Pipe 5 Gas Velocity_x4

Pipe 6 Gas Velocity_x4

0.0228#

0.0749#

0.077#

0.077#

0.0859#

0.626#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0*

-0.17395 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

34.03 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

39.16 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

39.83 

1166 

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Minimum Temperature Case 1 – Minimum Inlet Pressure and Maximum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

-5*

1200*

1540*

17.58 

47.62 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.00528 

PIPE-2

4.572 

0.00528 

PIPE-3

4.572 

0.00637 

PIPE-4

4.572 

0.00637 

PIPE-5

4.572 

0.0071 

PIPE-6

4.572 

0.0516 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

-5*

1200*

17.58 

1540*

47.619 

2

-5 

1200 

17.58 

1540 

47.619 

3

-5 

1200 

17.58 

1540 

47.619 

4

-5 

1200 

17.58 

1540 

47.619 

6

30.9*

1166 

17.58 

1540 

47.619 

7

30.9 

1166 

17.58 

1540 

47.619 

8

30.9 

1166 

17.58 

1540 

47.619 

9

30.9 

1166 

17.58 

1540 

47.619 

10

30.19 

1034*

17.58 

1540 

47.619 

11

30.19 

1034 

17.58 

1540 

47.619 

12

24.75 

55*

17.58 

1540 

47.619 

13

24.75 

54.95 

17.58 

1540 

47.619 

Pipe 1 Gas Velocity_x5

Pipe 2 Gas Velocity_x5

Pipe 3 Gas Velocity_x5

Pipe 4 Gas Velocity_x5

Pipe 5 Gas Velocity_x5

Pipe 6 Gas Velocity_x5

0.197#

0.646#

0.765#

0.765#

0.854#

6.23#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

1.0461 

35.9 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

24.75 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

30.19 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

30.9 

1166 

°C

kPa (g)Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Minimum Temperature Case 2 – Medium Inlet Pressure and Medium Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

-5*

2600*

695*

17.58 

21.49 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.000576 

PIPE-2

4.572 

0.000576 

PIPE-3

4.572 

0.000723 

PIPE-4

4.572 

0.000723 

PIPE-5

4.572 

0.00169 

PIPE-6

4.572 

0.0122 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

-5*

2600*

17.58 

695*

21.49 

2

-5 

2600 

17.58 

695 

21.49 

3

-5 

2600 

17.58 

695 

21.49 

4

-5 

2600 

17.58 

695 

21.49 

6

37.8*

2566 

17.58 

695 

21.49 

7

37.8 

2566 

17.58 

695 

21.49 

8

37.8 

2566 

17.58 

695 

21.49 

9

37.8 

2566 

17.58 

695 

21.49 

10

29.89 

1034*

17.58 

695 

21.49 

11

29.89 

1034 

17.58 

695 

21.49 

12

24.44 

55*

17.58 

695 

21.49 

13

24.44 

54.99 

17.58 

695 

21.49 

Pipe 1 Gas Velocity_x6

Pipe 2 Gas Velocity_x6

Pipe 3 Gas Velocity_x6

Pipe 4 Gas Velocity_x6

Pipe 5 Gas Velocity_x6

Pipe 6 Gas Velocity_x6

0.0406#

0.133#

0.163#

0.163#

0.385#

2.81#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0.59419 

42.8 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

24.44 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

29.89 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

37.8 

2566 

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Minimum Temperature Case 3 – Maximum Inlet Pressure and Minimum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

-5*

8500*

150*

17.58 

4.638 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

1.08e-005 

PIPE-2

4.572 

1.08e-005 

PIPE-3

4.572 

1.67e-005 

PIPE-4

4.572 

3.88e-005 

PIPE-5

4.572 

0.000116 

PIPE-6

4.572 

0.000839 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

-5*

8500*

17.58 

150*

4.6382 

2

-5 

8500 

17.58 

150 

4.6382 

3

-5 

8500 

17.58 

150 

4.6382 

4

-5 

8500 

17.58 

150 

4.6382 

6

60.8*

8466 

17.58 

150 

4.6382 

7

60.8 

8466 

17.58 

150 

4.6382 

8

40.58 

3348*

17.58 

150 

4.6382 

9

40.58 

3348 

17.58 

150 

4.6382 

10

28.84 

1034*

17.58 

150 

4.6382 

11

28.84 

1034 

17.58 

150 

4.6382 

12

23.35 

55*

17.58 

150 

4.6382 

13

23.35 

55 

17.58 

150 

4.6382 

Pipe 1 Gas Velocity_x7

Pipe 2 Gas Velocity_x7

Pipe 3 Gas Velocity_x7

Pipe 4 Gas Velocity_x7

Pipe 5 Gas Velocity_x7

Pipe 6 Gas Velocity_x7

0.00223#

0.0073#

0.0111#

0.0272#

0.0828#

0.604#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0.24759 

65.8 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

23.35 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

28.84 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

40.58 

3348*

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Minimum Temperature Case 4 – Maximum Inlet Pressure and Maximum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

-5*

8500*

1540*

17.58 

47.62 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

0.000643 

PIPE-2

4.572 

0.000643 

PIPE-3

4.572 

0.000989 

PIPE-4

4.572 

0.00235 

PIPE-5

4.572 

0.00707 

PIPE-6

4.572 

0.0514 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

-5*

8500*

17.58 

1540*

47.619 

2

-5 

8500 

17.58 

1540 

47.619 

3

-5 

8500 

17.58 

1540 

47.619 

4

-5 

8500 

17.58 

1540 

47.619 

6

61*

8466 

17.58 

1540 

47.619 

7

61 

8466 

17.58 

1540 

47.619 

8

40.81 

3348*

17.58 

1540 

47.619 

9

40.81 

3348 

17.58 

1540 

47.619 

10

29.09 

1034*

17.58 

1540 

47.619 

11

29.09 

1034 

17.58 

1540 

47.619 

12

23.61 

55*

17.58 

1540 

47.619 

13

23.6 

54.95 

17.58 

1540 

47.619 

Pipe 1 Gas Velocity_x8

Pipe 2 Gas Velocity_x8

Pipe 3 Gas Velocity_x8

Pipe 4 Gas Velocity_x8

Pipe 5 Gas Velocity_x8

Pipe 6 Gas Velocity_x8

0.0229#

0.075#

0.114#

0.279#

0.851#

6.21#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

2.5491 

66 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

23.61 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

29.09 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

40.81 

3348*

°C

kPa (g)Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF



CMT – Minimum Temperature Case 5 – Minimum Inlet Pressure and Minimum Flow Rate

1

S-08070

PIPE-1

2

3

PIPE-2

4

5

H-08071

6

Q-1 PIPE-3

7

PCV-08071A

8

PIPE-4

9

PCV-08071B

10

PIPE-5

11

PCV-08071C

12

PIPE-6

13

Properties

Temperature(Total)

Pressure(Total)

Std Vapor Volumetric Flow(Total)

Molecular Weight(Total)

Mass Flow(Total)

Composition

He(Mole Fraction, Total)

N2(Mole Fraction, Total)

CO2(Mole Fraction, Total)

C1(Mole Fraction, Total)

C2(Mole Fraction, Total)

C3(Mole Fraction, Total)

i-C4(Mole Fraction, Total)

n-C4(Mole Fraction, Total)

i-C5(Mole Fraction, Total)

n-C5(Mole Fraction, Total)

C6(Mole Fraction, Total)

1

-5*

1200*

150*

17.58 

4.638 

1

0.0641*

0.9642*

0.3853*

92.213*

4.2389*

1.4261*

0.2028*

0.3328*

0.0665*

0.0643*

0.0423*

°C

kPa (g)

SCMD

lb/lbmol

kg/h

%

%

%

%

%

%

%

%

%

%

%

Names

Pipe Length

Total Pressure Drop

Units

m

kPa

PIPE-1

4.572 

8.57e-005 

PIPE-2

4.572 

8.57e-005 

PIPE-3

4.572 

0.000105 

PIPE-4

4.572 

0.000105 

PIPE-5

4.572 

0.000117 

PIPE-6

4.572 

0.000844 

Names

Temperature

Pressure

Molecular Weight

Std Vapor Volumetric Flow

Mass Flow

Units

°C

kPa (g)

lb/lbmol

SCMD

kg/h

1

-5*

1200*

17.58 

150*

4.6382 

2

-5 

1200 

17.58 

150 

4.6382 

3

-5 

1200 

17.58 

150 

4.6382 

4

-5 

1200 

17.58 

150 

4.6382 

6

30.9*

1166 

17.58 

150 

4.6382 

7

30.9 

1166 

17.58 

150 

4.6382 

8

30.9 

1166 

17.58 

150 

4.6382 

9

30.9 

1166 

17.58 

150 

4.6382 

10

30.19 

1034*

17.58 

150 

4.6382 

11

30.19 

1034 

17.58 

150 

4.6382 

12

24.75 

55*

17.58 

150 

4.6382 

13

24.75 

55 

17.58 

150 

4.6382 

Pipe 1 Gas Velocity_x9

Pipe 2 Gas Velocity_x9

Pipe 3 Gas Velocity_x9

Pipe 4 Gas Velocity_x9

Pipe 5 Gas Velocity_x9

Pipe 6 Gas Velocity_x9

0.0192#

0.0629#

0.0746#

0.0746#

0.0832#

0.607#

m/s

m/s

m/s

m/s

m/s

m/s

Names

Pressure Drop

Heat Duty

Temperature Change

Units

kPa

kW

°C

H-08071

34.474*

0.10189 

35.9 

Stream Table

2in, SCH.80, Piping Properties

Properties

Temperature(Total)

Pressure(Total)

12

24.75 

55*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

10

30.19 

1034*

°C

kPa (g)

Properties

Temperature(Total)

Pressure(Total)

8

30.9 

1166 

°C

kPa (g)
Assume feed gas has 

sales gas quality, 

maximum H2O content 

is 3lbs/MMSCF
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TEST ALARMS (BEACONS AND HORN) 12 X X X X X

13

14

15

 NATURAL GAS HEATER OUTLET TEMPERATURE HIGH TRIP 16 X X X X X X

GAS OUTLET TEMPERATURE LOW TRIP 17 X X X X X X

HEATER  PRESSURE HIGH TRIP 18 X X X X X X

1st STAGE PRESSURE HIGH TRIP 19 X X X X X X

2nd STAGE PRESSURE HIGH TRIP 20 X X X X X X

3rd STAGE PRESSURE HIGH TRIP 21 X X X X X X

H-08071A HEATER TRIP COMMAND 22 X X X X X X

23
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27 x X

28 X X

29 X X
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32 X X
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36 x X

37 X X
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41 X X X X X

42
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53

54
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TAH-08071A1GAS OUTLET TEMPERATURE HIGH ALARM 1
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XI-S-21602A1

DCS

TRIP COMMAND XY-08071A1

CP-21604 HVAC COMMON ALARM

CP-21603 HEATER COMMON ALARM XI-21603A1

LOSS OF POWER  TO BEACONS AND HORN

X = Action T# = Time Delay by # seconds
F = First Out

I  = Interlock
P = Permissive

                Process C&E 338716 - changed Nov 6    4:01 PM11/6/2015 PAGE 1 OF 2



R
E

V
N

O
T

E
S

1 NOTES:

2 1. PLC WILL STOP GENERATING NEW ALARMS IF PLANT IS IN ESD

3 2. ALARM AND HORNS WILL BE ACTIVE WHILE TEST PUSHBUTTON FROM HMI IS HELD BY OPERATOR

4 3. IF TRIPPED, CONTROL LOOP WILL BE MOVED TO MANUAL, OUTPUT 0%

5 4. WHEN RESET, CONTROL LOOP WILL RETURN TO AUTO, AND RAMP UP TO PREVIOUS SETPOINT

6 5. MORE INFORMATION ON THIS FUNCTION CAN BE FOUND IN THE FIRE & GAS CAUSE AND EFFECT DIAGRAM, DOCUMENT # CCK-4512109130-0735-C14-00002-000
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1.0    SCOPE 
 

The following facilities fall within the scope of this document: 

•    CMT Natural gas pressure reduction skid. 
 

Default control logic and HMI details defined by the control template are not covered by 

this document. 
 

2.0    REFERENCE DOCUMENTS 
 

Description Document 

P&IDs 
 

CCK-4512109130-0735-C01-00001-001 

Instrument Index CCK-4512109130-0735-E08-00001-000 

Process Cause and Effect Diagram CCK-4512109130-0735-C14-00001-000 

Fire and Gas Cause and Effect Diagram CCK-4512109130-0735-C14-00002-000 

Instrumentation Range, Alarm and Trip 

Setpoint (RATS) list 

CCK-4512109130-0735-C99-00001-000 

Start-Up Procedure CCK-4512109130-0735-J06-00001-000 

 

3.0    CMT NATURAL GAS PRESSURE REDUCTION SKID PACKAGE 
 

3.1.      Process Description 
 

This process uses a series of pressure control valves( Regulator)  to reduce the fuel gas 

pressure from the inlet pressure (1200-8500 KPag) down to the required outlet pressure 

(~55 kPag) and odorize the gas while maintaining a set outlet gas temperature( 25°C). The 

inlet fuel gas first enters the coalescer filter (S-08070)to knock-out any residual liquids in 

the gas. It is then pre- heated by an electric heater (H-08071) to ensure the gas stays 

above the hydrocarbon dew point when it’s pressure is decreased . Next, the gas enters 

three pressure Regulator valves in series which throttle the gas, bringing the pressure 

down to the desired outlet pressure. a portion of the gas is redirected through the 

mercaptan odorizer (V-08116),using a throttling valve, where it passively absorbs 

mercaptan. The odorized gas is then recombined with the non-odorized gas prior to 

leaving the skid. 
 

3.2.      Control Objective 
 

There are 5 cases varying bases on inlet gas pressure, temperature, and flow 

rate. Refer to the P&ID for particular case temperature, flow rate and pressure 

details. 
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 3.3.      Normal Operation 
 

  3.3.1.     SDV-08070A Gas Inlet Shutdown Valve 
 

 Under normal operating conditions this valve should be open. Any shutdown condition will 

cause this valve to close until the condition has been cleared and the valve is reset. 
 

 A shutdown condition can be caused by: 
 

-     Trip of TZH-08071A, TZL-08071B, PZH-08071D or XZY-08071A 

-     Emergency shutdown push buttons HZS-21601A or HZS-21602A or HZS-21603A 

-     Trip generated by UZT-21601A/B (LEL Trip 2oo2) 

-     YZT-21601A (Flame detector) 
 

This is indicated in the process and fire and gas cause and effects diagrams. 
 

This valve can also be closed from the Basic Process Control System (BPCS). This valve will be 

locked into “Auto” position so the safeguard cannot be overridden by switching it into 

manual. 
 

3.3.2.     TZT-08071A – Heater H-08071 gas outlet temperature trip 
 

The purpose of this trip is to protect the downstream piping from being operated outside 

of its design conditions. 

The trip is set at 72.6 °C (20% higher than the maximum operating temperature of 60.5°C) 

For more detailed alarming and shutdown information refer to the Process Cause and Effect 

diagram. 
 

3.3.3.     PZT-08071A – Gas Pressure Transmitter Upstream of PCV-086071A 
 

Pressure indication read by local control panel (CP-21601). The high pressure alarm is set at 

8730 kPag. For alarming and shutdown information refer to the process shutdown key. 
 

3.3.4.     PCV-08071A - 1
st 

Stage pressure reduction Regulator valve  
 

3.3.5.     PZT-08071B- Gas pressure transmitter downstream of pressure reduction control 

valve PCV-08071A 
 

The measured pressure from PZT-08071B will be read back at the local control panel. The 

high pressure alarm on PZH-08071B is set at 3760 kPag. 
 

For alarming and shutdown information refer to the Process Cause and Effect diagram. 
 

3.3.6.     PCV-08071B – 2
nd 

Stage pressure reduction Regulator valve  
 

3.3.7.     PZT-08071C- Gas pressure transmitter downstream of pressure reduction control 

valve PCV-080071B 
 

The measured pressure from PZT-08071C will be read back at the local control panel. The 

high pressure alarm on PZH-08071C  is set at 1127 kPag. 

For alarming and shutdown information refer to the Process Cause and Effect diagram. 
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3.3.8.   PCV-08071C – 3
rd 

Stage pressure reduction Regulator valve. 
 

3.3.9.   TT-08071A1 – Gas outlet temperature transmitter 
 

Temperature measured by TT-08071A1 will be read by the PLC in the local control panel and 

used as the process variable to the temperature control loop TIC-08071A1. The set point for 

TIC-08071A1 will be manually set by operations (set point to be 25°C). The high temperature 

alarm is set at 60°C and the low temperature alarm is set at 18°C. The output control 

variable from the control loop TIC-08071A1 will be a 4-20mA signal from the PLC in CP-21601 

to the SCR (Safety Control Relay) in the heater local control panel (CP-21603). The SCR then 

uses this 4-20mA signal to control the heater element from 0-100%. 

The heater local control panel has built in trips to protect the heater unit, and will send a 

general fault alarm to the PLC in local control panel CP-21601. The PLC groups the local 

control panel fault alarms from CP-21601, CP-21602 and CP-21603 into 1 LCP (Local Control 

Panel) common alarm (XI-08071A1) which is sent to XJB-21601. The heater built in trips 

consist of 4 temperature trips, High Sheath Limit #1, High Sheath Limit #2, High Flange Limit 

#1, High Flange Limit #2 (measured by 4 separate RTD’s), a ground fault trip, and a panel 

overheat trip (controlled by a thermostat). All of the heater local shutdowns will need to be 

manually reset at the heater local control panel. 

 

3.3.10.   TZT-08071B- Gas outlet low temperature trip 
 

The purpose of this trip is to ensure natural gas exiting CMT unit above the dew point 

temperature which could be as high as minus 15°C. 

The trip setpoint is set at -10°Con TZL-08071B 

For more detailed alarming and shutdown information refer to the Process Cause and Effect 

diagram 
 

3.3.11.   PZT-08071D – High Outlet Pressure Trip 
 

The purpose of this trip is to ensure the pressure remains within the design limits and PSV- 

08071D does not open and cause the gas to vent to atmosphere. 

The trip setpoint is set at 563 kPag 

For more detailed alarming and shutdown information refer to Process Cause and Effect 

diagram. 
 

3.3.12.   FI-08071A1 – Outlet Flow Meter 

The measured flow from this transmitter (in Sm
3
/d) will be read back to the local control 

panel. A flow totalizer is available in the HMI. 
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3.4.      Abnormal Operation 
 

3.4.1.     Start-up 
 

On Start-up, SDV-08071A will open, allowing the flow of fuel gas into the skid through the 

pressure Regulator valves, until the target set-point  55 Kpag is reached. 
 

For more details information on the Start-up see the Start-up Procedure. 
 

3.4.2.     Shutdown 
 

On emergency shutdown the ESD valve closes and then the Regulator valves will 

automatically modulate. 

The emergency shutdown pushbuttons are as follows: 

- HZS-21601A, which is located outside the Natural Gas Heater Room (near the double 

doors 

-     HZS-21602A, which is outside the Electrical Room (near the door) 

-     HZS-21603A, which is located inside the Electrical Room on IPS Panel CP-21602 

If any of the three emergency shutdown pushbuttons is activated it will cause the following 

to occur: 

- The heater (H-08071) to shutdown via trip of XZY-08071A from IPS 

- SDV-08070A to close and stop the flow of fuel gas into the skid 

- Horn XAF-21601A to activate 

- Trip alarm (XI-08071B1) to activate 

- Alarm on HMI to trigger 
 

3.4.3.     Loss of Power 
 

Emergency lighting comes on. UPS power will continue uninterrupted providing 24 VDC to 

the SIL Panel (CP-21602) and LCP (CP-21601). Solenoid for the SDV is kept energized during 

loss of power. The skid will continue delivering natural gas until the low temperature trip 

(TZT-08071B) causes the skid to shutdown(See Process Cause and Effects Diagram for more 

information) due to the heater no longer providing heat. 
 

3.4.4.     Discrete Alarms 
 

3.4.4.1.       Discrete Process Alarms 
 

- UPS-21601 AC Failure (XI-21601C1) 

o Cause: generated from the  UPS-21601 panel and wired to control panel  (CP-

21601) as a discrete input 

o Effect: will generate an LCP common alarm on  CP-21601 (XI-08071A1) and an 

alarm on the HMI 

-  UPS-21601 DC Low (XI-21601D1) 

o Cause: generated from the  UPS-21601 panel and wired to control panel  

 (CP-21601) as a discrete input 
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o Effect: will generate an LCP common alarm on  CP-21601  (XI-08071A1)  and 

an alarm on the HMI 

-  CP-21601 Common Alarm  (XI-B-21601A1) 

o Cause: generated from the series connection of the Ethernet switch alarm 

contact and the cabinet thermostat 2 alarm contact. If either of the contacts 

is de-energized, it will cause this alarm to trigger. 

o Effect: will generate an LCP common alarm on  CP-21601  (XI-08071A1) and an 

alarm on the HMI 

-  CP-21602 Common Alarm  (XI-S-21602A1) 

o Cause: Generated from the series connection of fault alarms contacts of all six 

(6) safety trip modules so any trip module fault will generate this alarm. 

o Effect: will generate an LCP common alarm on  CP-21601 (XI-08071A1) and an 

alarm on the HMI 

-  CP-21604 HVAC Common Alarm (XI-21601A1) 

o Cause: generated from the series connection of overload contacts of all four 

building supply fan motors for HVAC (MS-08165/6/8/9). If any of the motors 

generate overload alarm, this common alarm will be generated. 

o Effect: will generate an HVAC common alarm on  CP-21601  (XI-21601A1) and 

an alarm on the HMI 

 

-  CP-21603 Heater Common Alarm (XI-21603A1) 

o Cause: generated from inside the heater control panel 

o Effect: will generate an LCP common alarm on CP-21601  (XI-08071A1) and an 

alarm on the HMI 
 

3.4.4.2.    Discrete Fire & Gas Alarms 

- LEL Gas Detector Alarms (UZT-21601A, UZT-21601B) 

o Cause: alarm at LEL > 10% and at LEL > 40%. o

 Effect: 

• LEL 10%: trigger LCP (local control panel) Common Alarm on  CP-

21601 and alarm on the HMI 

• LEL 40%: trigger Building LEL Gas Common Alarm on CP-21601 

and alarm on the HMI. Readings from both detectors feed into 

LEL gas detector A/B trip. See below if both LEL detectors read 

>40%. 

- LEL Gas Detector Trip (UZT-21601A/B) 

o Cause: 2oo2 LEL >40% from UZT-21601A/B. The voting logic 2oo2 will switch 

to 1oo1 voting if one detector is in fault (cannot detect or deactivated for 

maintenance) 

o Effect: 

• Heater (H-08071) shutdown via XZY-08071A trip from IPS 

• Close gas inlet shutdown valve SDV-08070A to prevent fuel 

gas from entering the skid 

• Activate the trip alarm (XI-08071B1) on CP-21601 



7 

 

• Activate horn (XAF-21601A) and beacons (XAF-21603A1/A2 and 

XAF-21605A1/A2) 

• Activate/Start the NG heater supply room fan (C-08166) 

• Trigger an alarm on the HMI 

- Flame Detector (YZT-21601A) 

o Cause: Flame detector detects flame 

o Effect: 

• Heater (H-08071) shutdown via XZY-08071A trip from IPS 

 

• Close gas inlet shutdown valve SDV-08070A to prevent fuel gas 

from entering the skid 

• Activate the trip alarm (XI-08071B1) on CP21601 

     Activate the building flame common alarm (XI-21602B1) on CP21601 

• Activate horn (XAF-21601A) and beacons (XAF-21603A1/A2 and 

XAF-21605A1/A2) 

• Trip all four supply fans C-08165, C-08166, C-08169, C-08168 

• Trigger an alarm on the HMI 
 

- Smoke Detector (YZT-21602A) 

o Cause: Smoke detector detects smoke 

o Effect: 

• Activate the building flame common alarm (XI-21602B1) on CP-

21601 

• Activate horn (XAF-21601A) and beacons (XAF-21603A1/A2 and 

XAF-21605A1/A2) 

• Trigger an alarm on the HMI 

Note: Beacons and horn power is monitored by PLC through signal  XI-21602D1. See Process 

Cause and Effects Diagram for more information. 
 

3.4.5.     Other 
 

There is a “TEST PUSHBUTTON” located on the HMI that when held will activate the horns 

and all beacons to test their functionality. The HMI has a “SILENCE HORN” button that when 

pushed will silence the horn. There is also a “GLOBAL RESET” button on the HMI that when 

pressed will return the skid to normal operation after a trip (See Process Cause and Effects 

Diagram for more information). 
 

There is no bypass for the SIL equipment. All other control instruments have a 4 hour bypass 

available in the PLC. 
 

4.0    NATURAL GAS PRESSURE REDUCTION BUILDING HEATING AND VENTILATION 
 

The building’s HVAC system consists of 2 heaters, 4 fans and 2 dampers (1 heater, two fans 

and 1 damper in each of the rooms). 

The temperature for the heaters can be manually adjusted using a local thermostat (TS- 
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08170 for the electrical room and TS-08171 for the process room). There is a building 

temperature alarm XI-21601B1 based on the ambient room temperature transmitter TT- 

21601A. In the case of a building temperature alarm it will be up to operations to adjust the 

local thermostat on the heater to either increase or decrease the building temperature. 

The following logic is implemented for supply fans. 

 

(a) C-08165 (NG heater room supply fan) and C-08168 (Electrical room supply fan) always 

keep running except they trip in case of fire detection by flame detector YZT-21601A. 

(b) Depending on the selection of H-O-A switch pertaining to C-08169 (Electrical room 

supply fan), 

a.   If “Hand” mode is selected, C-08169 always keeps running except it trips in case 

of fire detection by flame detector YZT-21601A. 

b.  If “Auto” mode is selected, C-08169 on-off is controlled by Thermostat TS-08170. 

However, in case of fire detection by flame detector YZT-21601A, it trips. 

(c) Depending on the selection of H-O-A switch pertaining to C-08166 (NG heater room 

supply fan), 

a.   If “Hand” mode is selected, C-08166 always keeps running except it trips in case 

of fire detection by flame detector YZT-21601A. 

b.  If “Auto” mode is selected, C-08166 on-off is controlled either of the following: 

i.  by Thermostat TS-08166. However, in case of fire detection by flame 

detector YZT-21601A, it trips. 

ii.  C-08166 starts when both LEL detectors UZT-21601A and UZT-21601B 

detect LEL >40%. However, in case of fire detection by flame detector 

YZT-21601A, it trips. 
 

HVAC common alarm (XI- 21601A1) is triggered by the overload of one of 4 fans. All fan 

motors overload contacts are connected in series therefore if any one generates an alarm, 

the HVAC common alarm will trigger.. 

For more detailed heating and ventilation related alarms and control refer to Process and 

Fire & Gas Cause and Effect diagrams.
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APPENDIX 1. CONTROL LOOPS SUMMARY 
 

 
 
CONTROLLER 

TAG 

 
SERVICE 

DESCRIPTION 

 
CONTROL 

ACTION 

SETPOINT 

(SP) 

 
PERMITTED 

MODES 

 
AI TAG 

NAME 

 
PV SCALE 

 
ENG UNITS 

 
AO TAG NAME 

 
AO ACTION 

 
TIC- 

08071A1 

 
NATURAL GAS 

 
REVERSE 

 
25 

 
AUTO/MAN 

 
TT- 

08071A1 

 
 

°C 
 
H-08071 

 
TRIP 
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REV TRIP LOCATION TAG BOUNDARY TRANSMITTER
CONTROL

SYSTEM

ASSOCIATED 

EQUIPMENT
DESCRIPTION

BYPASS

CLASS

BTMR 

[sec]

CLASS B/BC/CB/CR EVENT 

(TRIGGER)

DEB (Slosh 

Timer [sec]
CTMR [sec] SYSTEM P&ID

CAUSE & EFFECT/CONTROL 

NARRATIVE

ENG RANGE 

MAX

ENG RANGE 

MIN
SETPOINT ENG UNIT COMMENTS

01 CMT NG HEATER GAS OUTLET TZH-08071A HI_HI_ALM TZT-08071A IPS H-08071A
NATURAL GAS HEATER TEMPERATURE 

TRANSMITTER
A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

000  

100 -50 72.6 Deg C Protection from high gas temperature

01 CMT NG OUTLET LINE TZL-08071A LO_LO_ALM TZT-08071B IPS TIT-08071B GAS OUTLET TEMPERATURE C --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

001

100 -50 -10 Deg C Protection from low gas temperature

01 CMT NG GAS OUTLET PZH-08071A HI_HI_ALM PZT-08071A IPS PIT-08071A GAS OUTLET PRESSURE A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

002

1034 0 400 kPag Protection from high pressure

01
CMT NG PRESSURE REDUCTION 

SKID
UZHH-21601A HI_HI_ALM UZT-21601A IPS UZT-21601A NATURAL GAS HEATER ROOM LEL A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

003

100 0 40 % 2oo2 LEL 40%

01
CMT NG PRESSURE REDUCTION 

SKID
UZHH-21601B HI_HI_ALM UZT-21601B IPS UZT-21601B NATURAL GAS HEATER ROOM LEL A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

004

100 0 40 % 2oo2 LEL 40%

01
CMT NG PRESSURE REDUCTION 

SKID
YZH-21601A HI_HI_ALM YZT-21601A IPS A-08028 NATURAL GAS HEATER ROOM FIRE A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

005

4 20 13.6 mA Fire alarm

01
CMT NG PRESSURE REDUCTION 

SKID
YZH-21602A YZT-21602A IPS A-08029 NATURAL GAS HEATER ROOM SMOKE A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

006

--- --- --- --- Smoke alarm

01
CMT NG PRESSURE REDUCTION 

SKID
SKID ESD HZS-21601 IPS PROCESS EMERGENCY SHUTDOWN STRING A --- --- --- --- 0835 - CMT 338715-100

CCK-4512109130-0735-C14-00001-000  

/  CCK-4512109130-0735-C14-00002-

007

--- --- --- ---
Emergency shutdown activated - HZS-21601A, HZS-21602A or CP-21603 pushbutton 

pushed, or SHELL DCS activated

CARMON CREEK - CMT - ALARM SCHEDULE

Copy of Dec 3 2015 CMT Trip Alarm Summary  (4)   9:23 AM 08/12/2015 PAGE 1 OF 1



REV TRIP LOCATION TAG BOUNDARY TRANSMITTER
CONTROL

SYSTEM

ASSOCIATED 

EQUIPMENT
DESCRIPTION

BYPASS

CLASS

BTMR 

[sec]

CLASS B/BC/CB/CR EVENT 

(TRIGGER)

DEB (Slosh 

Timer [sec]

CTMR 

[sec]
SYSTEM P&ID

CAUSE & EFFECT/CONTROL 

NARRATIVE

ENG RANGE 

MAX

ENG RANGE 

MIN
SETPOINT ENG UNIT COMMENTS

01 CAMP NG HEATER GAS OUTLET TZH-08064A HI_HI_ALM TZT-08064A SIL Units T-08064
NATURAL GAS HEATER 

TEMPERATURE TRANSMITTER
A --- --- --- --- 0864 - CAMP 338715-100 338715 100 -50 72.6 Deg C Protection from High Gas Temperature

01 CAMP NG OUTLET LINE TZL-08064B LO_LO_ALM TZT-08064B SIL Units T-08064 OUTLET GAS TEMPERATURE C --- --- --- --- 0864 - CAMP 338715-100 338715 100 -50 -10 Deg C Protection From Low Gas Temperature

01 CAMP NG GAS OUTLET PZH-08064F HI_HI_ALM PZT-08064F SIL Units T-08064 GAS OUTLET PRESSURE A --- --- --- --- 0864 - CAMP 338715-100 338715
1034.2

0 400 kPag Protection From High Pressure

01
CAMP NG PRESSURE 

REDUCTION SKID
UZH-21501A HI_HI_ALM UZT-08064A SIL Units T-21501

NATURAL GAS HEATER ROOM 

COMBUSTIBLE GAS DETECTION
A --- --- --- --- 0864 - CAMP 338715-100 338715 100 0 40 % 2ooN LEL 40%

01
CAMP NG PRESSURE 

REDUCTION SKID
UZH-21501B HI_HI_ALM UZT-08064A SIL Units T-21501

NATURAL GAS HEATER ROOM 

COMBUSTIBLE GAS DETECTION
A --- --- --- --- 0864 - CAMP 338715-100 338715 100 0 40 % 2ooN LEL 40%

01
CAMP NG PRESSURE 

REDUCTION SKID
YZH-21501A HI_HI_ALM YZT-08064A SIL Units T-21501

NATURAL GAS HEATER ROOM FIRE 

DETECTION
A --- --- --- --- 0864 - CAMP 338715-100 338715 4 20 13.6 mA Fire Alarm

01
CAMP NG PRESSURE 

REDUCTION SKID
YZH-21502A --- --- SIL Units A-21502

NATURAL GAS CONTROL ROOM SMOKE 

ALARM
A --- --- --- --- 0864 - CAMP 338715-100 338715 --- --- --- -- Smoke Alarm

01
CAMP NG PRESSURE 

REDUCTION SKID
HZS-21501A --- --- SIL Units A-21501 EMERGENCY SHUTDOWN 

A
--- --- --- --- 0864 - CAMP 338715-100 338715 --- --- --- ---

Emergency Shutdown Button Pushed

01
CAMP NG PRESSURE 

REDUCTION SKID
HZS-21502A --- --- SIL Units A-21502 EMERGENCY SHUTDOWN 

A
--- --- --- --- 0864 - CAMP 338715-100 338715 --- --- --- ---

Emergency Shutdown Button Pushed

01
CAMP NG PRESSURE 

REDUCTION SKID
HZS-21503A --- --- SIL Units A-21503 EMERGENCY SHUTDOWN 

A
--- --- --- --- 0864 - CAMP 338715-100 338715 --- --- --- ---

Emergency Shutdown Button Pushed

CARMON CREEK - CMT - TRIP SCHEDULE

Copy of Dec 3 2015 CMT Trip Alarm Summary  (4)   9:22 AM 08/12/2015 PAGE 1 OF 1
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P1-SW-21620 FEEDER 600 SHELL PWR DIST. SURFACE BU-216 SW-21620 600 VAC JUNCTION BOX TECK 90 #2 3 RW90 1000 214068-7100

P1-PDP-21620 FEEDER 600 SW-21620 SURFACE BU-216 PDP-21620 POWER DISTRIBUTION PANEL RAC #2 3 RW90 1000 214068-7100

P1-H-08071 POWER 600 CP-21603 SURFACE BU-216 H-08071 NATURAL GAS HEATER RAC #12 3 RW90 1000 214068-7100

P1-H-08167 POWER 20 kW 600 PDP-21620 SURFACE BU-216 H-08167 UNIT HEATER RAC #10 3 RW90 1000 214068-7100

P1-H-08170 POWER 10 kW 600 PDP-21620 SURFACE BU-216 H-08170 UNIT HEATER RAC #12 3 RW90 1000 214068-7100

P1-XFMR-21620 POWER 30 kVA 600 PDP-21620 SURFACE BU-216 XFMR-21620 600-208/120 V TRANSFORMER RAC #8 3 RW90 1000 214068-7100

P1-LPN-21620 FEEDER 208 XFMR-21620 SURFACE BU-216 LPN-21620 LIGHTING PANEL RAC #2 4 RW90 600 214068-7100

P1-ELEC-LIGHTS-216 POWER 120 LPN-21620 SURFACE BU-216 ELECT. ROOM INTERIOR LIGHTS RAC #12 2 RW90 600 214068-7510

P1-NG-LIGHTS-216 POWER 120 LPN-21620 SURFACE BU-216 NG HEATER ROOM INTERIOR LIGHTS RAC #12 2 RW90 600 214068-7510

P1-EXT-LIGHTS-216 POWER 120 LPN-21620 SURFACE BU-216 EXTERIOR LIGHTS RAC #12 2 RW90 600 214068-7510

P1-ELEC-RECPT-216 POWER 120 LPN-21620 SURFACE BU-216 ELECTRICAL ROOM RECEPTACLE RAC #12 2 RW90 600 214068-7510

P1-NG-RECPT-216 POWER 120 LPN-21620 SURFACE BU-216 NG HEATER ROOM RECEPTACLE RAC #12 2 RW90 600 214068-7510

P1-EMRG-LIGHTS-216 POWER 120 LPN-21620 SURFACE BU-216 EMERGENCY LIGHTS RAC #12 2 RW90 600 214068-7510

P1-UPS-21601 POWER 120 LPN-21620 SURFACE BU-216 UPS-21601 UNINTERRUPTIBLE POWER SUPPLY RAC #10 2 RW90 600 214068-7510

P1-SDV-08070A POWER 24 UPS-21601 SURFACE BU-216 SDV-08070A EMERGENCY SHUT DOWN VALVE RAC #10 2 RW90 600 214068-7650

P1-C-08165 POWER 120 LPN-21620 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #12 2 RW90 600 214068-7291

P2-C-08165 POWER 120 CP-21604 SURFACE BU-216 C-08165 SUPPLY FAN RAC #12 2 RW90 600 214068-7291

P1-C-08166 POWER 120 LPN-21620 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #12 2 RW90 600 214068-7291

P2-C-08166 POWER 120 CP-21604 SURFACE BU-216 C-08166 SUPPLY FAN RAC #12 2 RW90 600 214068-7291

P1-C-08168 POWER 120 LPN-21620 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #12 2 RW90 600 214068-7291

P2-C-08168 POWER 120 CP-21604 SURFACE BU-216 C-08168 SUPPLY FAN RAC #12 2 RW90 600 214068-7291

P1-C-08169 POWER 120 LPN-21620 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #12 2 RW90 600 214068-7291

P2-C-08169 POWER 120 CP-21604 SURFACE BU-216 C-08169 SUPPLY FAN RAC #12 2 RW90 600 214068-7291

P1-CP-21601 POWER 24 UPS-21601 SURFACE BU-216 CP-21601 PLC PANEL RAC #10 2 RW90 600 214068-7305

P2-CP-21601 POWER 120 LPN-21620 SURFACE BU-216 CP-21601 PLC PANEL (FAN) RAC #12 2 RW90 600 214068-7305

P3-CP-21601 POWER 120 LPN-21620 SURFACE BU-216 CP-21601 PLC PANEL (RECEPTACLE) RAC #12 2 RW90 600 214068-7305

P1-CP-21602 POWER 24 UPS-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #10 2 RW90 600 214068-7602

P1-CP-21603 POWER 600 PDP-21620 SURFACE BU-216 CP-21603 NATURAL GAS HEATER CONTROLLER RAC #12 3 RW90 1000 214068-7100

P2-CP-21603 POWER 120 CP-21603 SURFACE BU-216 ANTI-CONDENSATION HEATER RAC #12 2 RW90 600 214068-7650

P1-CP-21604 POWER 120 LPN-21620 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #12 2 RW90 600 214068-7291

I1-TS-08166 CONTROL 120 CP-21604 SURFACE BU-216 TS-08166 THERMOSTAT RAC #14 2 RW90 600 214068-7291

I1-TS-08167 CONTROL 120 H-08167 SURFACE BU-216 TS-08167 THERMOSTAT RAC #14 2 RW90 600 214068-7100

I1-TS-08169 CONTROL 120 CP-21604 SURFACE BU-216 TS-08169 THERMOSTAT RAC #14 2 RW90 600 214068-7291

I1-TS-08170 CONTROL 120 H-08170 SURFACE BU-216 TS-08170 THERMOSTAT RAC #14 2 RW90 600 214068-7100

I1-CP-21602 CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7602A

I2-CP-21602 CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7320

I3-CP-21602 CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7602A

I4-CP-21602 CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7602

I5-CP-21602 CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 1 RW90 600 214068-7602

I1-CP-21603 CONTROL 24 CP-21601 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #14 2 RW90 600 214068-7320

I2-CP-21603 CONTROL 120 CP-21602 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #14 2 RW90 600 214068-7602A

I3-CP-21603 ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #16 1 PAIR CIC 300 214068-7347

I4-CP-21603 ANALOG RTD TE-1 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #16 1 TRIAD CIC 300 214068-7650

I5-CP-21603 ANALOG RTD TE-2 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #16 1 TRIAD CIC 300 214068-7650

I6-CP-21603 ANALOG RTD TE-3 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #16 1 TRIAD CIC 300 214068-7650

I7-CP-21603 ANALOG RTD TE-4 SURFACE BU-216 CP-21603 NG HEATER CONTROLLER RAC #16 1 TRIAD CIC 300 214068-7650

I1-CP-21604 CONTROL 24 CP-21601 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #14 2 RW90 600 214068-7291

I1-UPS-21601 CONTROL 24 CP-21601 SURFACE BU-216 UPS-21601 UNINTERRUPTIBLE POWER SUPPLY RAC #14 4 RW90 600 214068-7320
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I1-HZS-21601A CONTROL 24 CP-21602 SURFACE BU-216 HZS-21601A ESD PUSHBUTTON RAC #14 2 RW90 600 214068-7602A

I1-HZS-21602A CONTROL 24 CP-21602 SURFACE BU-216 HZS-21602A ESD PUSHBUTTON RAC #14 2 RW90 600 214068-7602A

I1-TT-08071A1 ANALOG 4-20 mA CP-21601 SURFACE BU-216 TT-08071A1 TEMPERATURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7340

I1-FT-08071A1 ANALOG 4-20 mA CP-21601 SURFACE BU-216 FT-08071A1 FLOW TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7340

I2-FT-08071A1 POWER 24 CP-21601 SURFACE BU-216 FT-08071A1 FLOW TRANSMITTER RAC #14 2 RW90 600 214068-7340

I1-ZT-08070A ANALOG 4-20 mA CP-21601 SURFACE BU-216 ZT-08070A SDV POSITION INDICATOR RAC #16 1 PAIR CIC 300 214068-7340

I1-TT-21601A ANALOG 4-20 mA CP-21601 SURFACE BU-216 TT-21601A TEMPERATURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7340

I1-TZT-08071A ANALOG 4-20 mA CP-21602 SURFACE BU-216 TZT-08071A TEMPERATURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-TZT-08071A ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-TZT-08071B ANALOG 4-20 mA CP-21602 SURFACE BU-216 TZT-08071B TEMPERATURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-TZT-08071B ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-PZT-08071A ANALOG 4-20 mA CP-21602 SURFACE BU-216 PZT-08071A PRESSURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-PZT-08071A ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-PZT-08071B ANALOG 4-20 mA CP-21602 SURFACE BU-216 PZT-08071B PRESSURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-PZT-08071B ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-PZT-08071C ANALOG 4-20 mA CP-21602 SURFACE BU-216 PZT-08071C PRESSURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-PZT-08071C ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-PZT-08071D ANALOG 4-20 mA CP-21602 SURFACE BU-216 PZT-08071D PRESSURE TRANSMITTER RAC #16 1 PAIR CIC 300 214068-7603

I2-PZT-08071D ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7603

I1-UZT-21601A ANALOG 4-20 mA CP-21602 SURFACE BU-216 UZT-21601A COMBUSTIBLE GAS DETECTOR RAC #16 1 PAIR CIC 300 214068-7604

I2-UZT-21601A ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7604

I3-UZT-21601A POWER 24 CP-21602 SURFACE BU-216 UZT-21601A COMBUSTIBLE GAS DETECTOR RAC #14 2 RW90 600 214068-7602

I4-UZT-21601A CONTROL 120 CP-21602 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #14 2 RW90 600 214068-7605

I1-YZT-21601A ANALOG 4-20 mA CP-21602 SURFACE BU-216 YZT-21601A FLAME DETECTOR RAC #16 1 PAIR CIC 300 214068-7604

I2-YZT-21601A ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #16 1 PAIR CIC 300 214068-7604

I3-YZT-21601A POWER 24 CP-21602 SURFACE BU-216 YZT-21601A FLAME DETECTOR RAC #14 2 RW90 600 214068-7602

I4-YZT-21601A CONTROL 120 CP-21602 SURFACE BU-216 CP-21604 CONTACTOR PANEL RAC #14 2 RW90 600 214068-7604

I1-XAF-21601A POWER 24 CP-21602 SURFACE BU-216 XAF-21601A ALARM HORN RAC #14 2 RW90 600 214068-7602

I2-XAF-21601A CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7602A

I1-XAF-21603A1 POWER 24 CP-21602 SURFACE BU-216 XAF-21603A1 ALARM STROBE RAC #14 2 RW90 600 214068-7602

I1-XAF-21603A2 POWER 24 CP-21602 SURFACE BU-216 XAF-21603A2 ALARM STROBE RAC #14 2 RW90 600 214068-7602

I1-XAF-21605A1 POWER 24 CP-21602 SURFACE BU-216 XAF-21605A1 ALARM STROBE RAC #14 2 RW90 600 214068-7602

I1-XAF-21605A2 POWER 24 CP-21602 SURFACE BU-216 XAF-21605A2 ALARM STROBE RAC #14 2 RW90 600 214068-7602

I1-YZT-21602A CONTROL 24 CP-21601 SURFACE BU-216 CP-21602 IPS PANEL RAC #14 2 RW90 600 214068-7602

I2-YZT-21602A POWER 24 CP-21602 SURFACE BU-216 YZT-21602A SMOKE DETECTOR RAC #14 2 RW90 600 214068-7602

I3-YZT-21602A CONTROL 24 CP-21602 SURFACE BU-216 YZT-21602A SMOKE DETECTOR RAC #14 2 RW90 600 214068-7602

I4-YZT-21602A CONTROL 24 CP-21602 SURFACE BU-216 CP-21601 PLC PANEL RAC #14 2 RW90 600 214068-7602A

I1-XJB-21601 CONTROL 24 SHELL DCS TRAY BU-216 XJB-21601 DISCRETE JUNCTION BOX TECK 90 #14 25 RW90 600 214068-7900

I2-XJB-21601 CONTROL 24 CP-21601 SURFACE BU-216 XJB-21601 DISCRETE JUNCTION BOX RAC #14 12 RW90 600 214068-7900

I3-XJB-21601 CONTROL 24 CP-21602 SURFACE BU-216 XJB-21601 DISCRETE JUNCTION BOX RAC #14 2 RW90 600 214068-7900

I1-XJB-21602 CONTROL COMM. SW-21601 SURFACE BU-216 XJB-21602 MODBUS JUNCTION BOX RAC CAT6 214068-7900

I2-XJB-21602 CONTROL COMM. FIELD I/O CABINET TRAY BU-216 XJB-21602 MODBUS JUNCTION BOX TRAY CAT6 214068-7900

I1-SDV-08070A CONTROL 24 CP-21602 SURFACE BU-216 SDV-08070A EMERGENCY SHUT DOWN VALVE RAC #14 2 RW90 600 214068-7602A

I2-SDV-08070A CONTROL 24 CP-21601 SURFACE BU-216 SDV-08070A EMERGENCY SHUT DOWN VALVE RAC #14 2 RW90 600 214068-7330

I1-UZT-21601B ANALOG 4-20 mA CP-21602 SURFACE BU-216 UZT-21601B COMBUSTIBLE GAS DETECTOR RAC #16 1 PAIR CIC 300 214068-7604

I2-UZT-21601B ANALOG 4-20 mA CP-21601 SURFACE BU-216 CP-21602 COMBUSTIBLE GAS DETECTOR RAC #16 1 PAIR CIC 300 214068-7604

I3-UZT-21601B POWER 24 CP-21602 SURFACE BU-216 UZT-21601B COMBUSTIBLE GAS DETECTOR RAC #14 2 RW90 600 214068-7602
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S-08070

Jonell Model JVC-3-8-1440-1-336-STD ( Stock 

Vessel)

Vessel Size: 219mm OD x 3405mm OAL x 9930 kpag 

design pressure x -45/50◦C design temperature x 

3.05mm CA

Filter Element: Model JPMG-336-CE-R gas coalescer 

filter element

CRN No.: T5967.213

CCK-4512109130-

0735

-C01-00001-001

CMT Coalescer Filter Jonell NATPRO

H-08071

EXHEAT Rated Duty: 4.4 KW/ 600V / 60 HZ / 3 

Phase

Vessel Size: 168mm OD x 1726mm OAL x 9930kpag 

design pressure x -45/93◦C design temperature x 

1.6mm CA

CRN No. :W8598.2

CCK-4512109130-

0735

-C01-00001-001

CMT Natural Gas Electric Heater EXHEAT NATPRO

V-08069

Steelcraft 100 Gal Double Wall Steel Tank (Stock 

Tank)

Size: 711mm OD x 1219mm long x atmospheric 

design pressure

Designed & Fabricated: CAN/ULC-S601-07

CCK-4512109130-

0735

-C01-00001-001

CMT Condensate Storage Tank Steelcraft NATPRO

V-08116

KingTool Mercaptan Gas Odorizer (Stock Vessel)

Model: 3B

Size: 406mmOD x 451mm S/S x 2068kpag design 

pressure x -45/66◦C design temperature x 0mm CA

CRN No.: L3956.52

CCK-4512109130-

0735

-C01-00001-001

CMT Mercaptan Gas Odorizer Tansley Associates NATPRO

SDV-08070A

2" 600# RF full port ball valve, JAG FIG TB3-

F20R06LH-S1-01 c/w Rotork Fig RH-060-045H/C2 

Electric /Hydraulic Actuator, FC, 24VDC power 

supply

CCK-4512109130-

0735

-C01-00001-001

CMT Emergency Shut Down Valve MRC NATPRO NATPRO

ZT-08070A

Contelec PL310-AA-KG-5K potentiometer 

conductive plastic resistance element, 5/10 kOhm 

nominal resistance, +/-20% resistance tolerance, 

max 0.5 W/40◦C power rating, 360◦ (continuous) 

mechanical range, max 0.7Ncm Torque (IP54), -

25/85◦C operating temperature, -40/105◦C storage 

temperature, IP54 protection class

CCK-4512109130-

0735

-C01-00001-001

CMT

Actuator potentiometer 

conductive plastic resistance 

element

MRC NATPRO NATPRO

CV-08070A

CV-08070B

CV-08070C

Wiilis MC10A Inline Choke, 1-0.125" Tungsten 

Carbide Disc Trim, 1" 600# RF inlet/outlet 

connection

CCK-4512109130-

0735

-C01-00001-001

CMT Manual Choke Valve Cameron NATPRO

Shell PO 4512109130 -NG- CMT Package Instrument Data Index  Rev 1



PDI-08070A
Midwest Differential Pressure Indicator Model# 120-

SA-10-OO-50, 0-345kpag range, dual scale

CCK-4512109130-

0735

-C01-00001-001

CMT Differential Pressure Indicator Unified Valve NATPRO

PDI-08116A
Midwest Differential Pressure Indicator, Model#  

120-SA-10-OO-05, 0-35kpag range, dual scale

CCK-4512109130-

0735

-C01-00001-001

CMT Differential Pressure Indicator Unified Valve NATPRO

PSV-08070A

1" 600# RF x 2" 150# RF Farris relief valve Model 

26DA13-120/LC, LCB body set @ 9930kpag (Basis: 

Fire)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO

LI-08070A

Magtech Model #: L061CAC1M00355SD9A

C14SD8F3B8CZF00355A0ZZ magnetic level gauge 

(min SG 0.61)

CCK-4512109130-

0735

-C01-00001-001

CMT Magnetic Level Gauge
Spartan Controls/

Magtech
NATPRO

LI-08070B

Magtech Model #: L087CAC1M00355SD9A

C14SD8F3B8CZF00355A0ZZ magnetic level gauge 

(min SG 0.87)

CCK-4512109130-

0735

-C01-00001-001

CMT Magnetic Level Gauge
Spartan Controls/

Magtech
NATPRO

TZT-08071A /

TW-08071A

Rosemount 3144PD1A1K6M5Q4  Smart 

Temperature Transmitter and Rosemount 

Temperature Sensor Model 0068N21C30N060E6 

(SEE NOTE)  c/w 1 1/2" 1500# RF tapered 316SST 

TW

Calibration Range: -50 to 100◦C

NOTE: ORIGINAL EXTENSION LENGTH E= 3.0 INCHES 

WAS MODIFIED 3.385"

CCK-4512109130-

0735

-C01-00001-001

CMT
Temperature Indicator 

Transmitter/THERMOWELL
Spartan Controls NATPRO NATPRO

PZT-08071A

Rosemount Smart PressureTransmitter  Model # 

2088G4S22A1M5K6P1Q4Q8, -14.7 TO 4000 PSI 

range WITH 3-VALVE MANIFOLD PARKER 

HPM6LS3DBBB-MD4-14299EHXJ

 Calibration range: 0-12,000 kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Indicator Transmitter Spartan Controls NATPRO NATPRO

PZT-08071B

Rosemount Smart PressureTransmitter  Model # 

2088G3S22A1M5K6P1Q4Q8, -14.7 TO 800 PSI 

range WITH 3-VALVE MANIFOLD PARKER 

HPM6LS3DBBB-MD4-14299EHXJ

 Calibration range: 0-5,515 kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Indicator Transmitter Spartan Controls NATPRO NATPRO

PZT-08071C

Rosemount Smart PressureTransmitter  Model # 

2088G3S22A1M5K6P1Q4Q8, -14.7 TO 800 PSI 

range WITH 3-VALVE MANIFOLD PARKER 

HPM6LS3DBBB-MD4-14299EHXJ

 Calibration range: 0-1,500 kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Indicator Transmitter Spartan Controls NATPRO NATPRO

PZT-08071D

Rosemount Smart PressureTransmitter  Model # 

2088G2S22A1M5K6P1Q4Q8, -14.7 TO 150 PSI 

range WITH 3-VALVE MANIFOLD PARKER 

HPM6LS3DBBB-MD4-14299EHXJ

 Calibration range: 0-1,000 kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Indicator Transmitter Spartan Controls NATPRO NATPRO

PSV-08071A

1 1/2" 900# RF x 2" 300# RF Farris relief valve 

Model# 26DA14-120/LC, LCB body set @ 9600kpag 

(Basis: Blocked Flow)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO



PCV-08071A
1" 600# RF Fisher 627H pressure regulator, WCC 

body, 3/16" orifice SST nylon disk, 240-500# spring 

range, set @ 3348kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Control Valve Spartan Controls NATPRO

PCV-08071B 

1" 300# RF Fisher 627 pressure regulator, WCC 

body, 1/8" orifice SST nylon disk, 70-150# spring 

range set @ 1034 kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Control Valve Spartan Controls NATPRO

PCV-08071C
1" 150# RF Fisher 627 pressure regulator, WCC 

body, 3/16" orifice SST nylon disk, 5-20# spring 

range, set 55kpag

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Control Valve Spartan Controls NATPRO

PSV-08071B

1" 300# RFx 2" 150# RF Farris relief  valve model 

26DA12-120/LC , LCB body set @ 4137 kpag (Basis: 

Valve Failure)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO

PSV-08071C

1" 150# RFx 2" 150# RF Farris relief  valve model 

26DA10-120/LC , LCB body set @ 1240 kpag (Basis: 

Valve Failure)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO

PSV-08071D

1" 150# RFx 2" 150# RF Farris relief  valve model 

26DA10-120/LC, LCB body set @ 620 kpag (Basis: 

Valve Failure)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO

TZT-08071B/ 

TW-08071B

Rosemount 3144PD1A1K6M5Q4 Smart 

Temperature Transmitter c/w

Rosemount Temperature Sensor Model # 

0068N21C30N050E6 (SEE NOTE) and 1 1/2" 300# 

RF tapered 316SST TW

Calibration range: -50 to 100◦C

NOTE: ORIGINAL EXTENSION LENGTH E= 3.0 INCHES 

WAS MODIFIED TO 4.88"

CCK-4512109130-

0735

-C01-00001-001

CMT
Temperature Indicator 

Transmitter/THERMOWELL
Spartan Controls NATPRO NATPRO

TT-08071A1 / 

TW-08071A1

Rosemount 3144PD1A1K6M5Q4 Smart 

Temperature Transmitter c/w

Rosemount Temperature Sensor Model # 

0068N21C30N050E6 (SEE NOTE) and 1 1/2" 300# 

RF tapered 316SST TW

Calibration range: -50 to 100◦C

NOTE: ORIGINAL EXTENSION LENGTH E= 3.0 INCHES 

WAS MODIFIED TO 4.88"

CCK-4512109130-

0735

-C01-00001-001

CMT
Temperature Indicator 

Transmitter/THERMOWELL
Spartan Controls NATPRO NATPRO

FE-08071A1

FT-08071A1

1/2"150# RF Coriolis Mass Flowmeter Model 83F15-

EAAS6ANABBBA+Z1 Promass 83F15, DN15 1/2";  

Calibration range: 0-2,000Sm3/day

CCK-4512109130-

0735

-C01-00001-001

CMT Flow Indicating Transmitter Endress Hauser NATPRO NATPRO

PI-08070A

Wika Model 233.34 pressure gauge, 4 1/2" dial 

face, 0-10,000kpag range, dual scale, 1/2" bottom 

connection

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Gauge Wika NATPRO

LI-08116A
KingTool Calibrated Level Gauge (supplied with 

KingTool Gas Odorizer)

CCK-4512109130-

0735

-C01-00001-001

CMT Level Gauge Tansley Associates NATPRO

LI-08069A
2" NPT Krueger AT-A Glance Type D mechanical 

gauge

CCK-4512109130-

0735

-C01-00001-001

CMT Level Gauge Steelcraft NATPRO



PSV-08116A

1" 150# RF x 2" 150# RF Farris relief valve Model 

26DA10-120/LC , LCB body set 1827 kpag (Basis: 

Fire)

CCK-4512109130-

0735

-C01-00001-001

CMT Pressure Safety Valve Spartan Controls NATPRO

YZT-21601A
Det-Tronics, Model: X3301A4N13W1 

Multispectrum IR Flame Detector

CCK-4512109130-

0735

-C01-00001-001

CMT Flame Detector Spartan Controls NATPRO NATPRO

UZT-21601A

Det-Tronics, Model: PIRECL Infrared Hydrocarbon 

Gas Detector PointWatch Eclipse/Det-Tronics 

Model:UD10A5N25T2, FlexVu Explosion Proof 

Universal Display unit

CCK-4512109130-

0735

-C01-00001-001

CMT LEL Detector/LEL Display Spartan Controls NATPRO NATPRO

UZT-21601B

Det-Tronics, Model: PIRECL Infrared Hydrocarbon 

Gas Detector PointWatch Eclipse/Det-Tronics 

Model:UD10A5N25T2, FlexVu Explosion Proof 

Universal Display unit

CCK-4512109130-

0735

-C01-00001-001

CMT LEL Detector/LEL Display Spartan Controls NATPRO NATPRO

YZT-21602A

Gentex:, 8000/8003 series, Photoelctric open Area 

Smoke Detector Model #8240PY, PART# 908-1208-

002

CCK-4512109130-

0735

-C01-00001-001

CMT Smoke Detector Spartan Controls NATPRO NATPRO

TE-08071D

Temperature Sensors:

-2 x tubesheet overtemperature sensing 3-WIRE  

Pt100RTD (Duplex). Terminated in tubesheet face

-2 x element overtemperature sensing 3-WIRE 

Pt100RTD (Duplex). Strapped to element

CCK-4512109130-

0735

-C01-00001-001

CMT
Electric Heater temperature 

sensors
EXHEAT NATPRO NATPRO

XAF-21601A

Federal Signal Model 302GCX-024 c/w die cast 

aluminum amplifier housing, 114dBA sound level 

on axis @ 10ft (3m) & Tone Module UTM with 32 

switchable tones

CCK-4512109130-

0735

-C01-00001-001

CMT Horn Westburn NATPRO NATPRO

XAF-21603A1

Federal Signal Model 191XL-024R, 60 FPM flashes 

per minute, 380mA maximum operating current, 

24VDC operating voltage, 1.75A at 24VDC for 5 ms 

DC In-Rush current

CCK-4512109130-

0735

-C01-00001-001

CMT Red Beacon Wetsburn NATPRO NATPRO

XAF-21603A2

Federal Signal Model 191XL-024R, 60 FPM flashes 

per minute, 380mA maximum operating current, 

24VDC operating voltage, 1.75A at 24VDC for 5 ms 

DC In-Rush current

CCK-4512109130-

0735

-C01-00001-001

CMT Red Beacon Westburn NATPRO NATPRO

XAF-21605A1

Federal Signal Model 191XL-024R, 60 FPM flashes 

per minute, 380mA maximum operating current, 

24VDC operating voltage, 1.75A at 24VDC for 5 ms 

DC In-Rush current

CCK-4512109130-

0735

-C01-00001-001

CMT Red Beacon Westburn NATPRO NATPRO



XAF-21605A2

Federal Signal Model 191XL-024R, 60 FPM flashes 

per minute, 380mA maximum operating current, 

24VDC operating voltage, 1.75A at 24VDC for 5 ms 

DC In-Rush current

CCK-4512109130-

0735

-C01-00001-001

CAMP Red Beacon Westburn NATPRO NATPRO

TT-21601A

Rosemount Model 

3144PD1A1K6B5M5T1CNQ4HR7XAK1005 Smart 

Temperature Transmitter c/w Rosemount 

Temperature Sensor Model # 

0068N11N00N030E6X8Q4XA

Calibration range: -50 to 50◦C

CCK-4512109130-

0735

-C01-00001-001

CMT
Building Temperature Indicating 

Transmitter
Spartan Controls NATPRO NATPRO

HZS-21601A

Crouse-Hinds Model GHG43 control station, NEMA 

4X, IP66 enclosure with formed-in-place gasket, 

UL/cUL certifications and compliances, Class 1 Div 

2, Group A, B, C,D area classications

PUSHBUTTON # SGT-55-1-2-06

CCK-4512109130-

0735

-C01-00001-001

CMT ESD Button Westburn NATPRO NATPRO

HZS-21602A

Crouse-Hinds Model GHG43 control station, NEMA 

4X, IP66 enclosure with formed-in-place gasket, 

UL/cUL certifications and compliances, Class 1 Div 

2, Group A, B, C,D area classications

PUSHBUTTON # SGT-55-1-2-06

CCK-4512109130-

0735

-C01-00001-001

CMT ESD Button Westburn NATPRO NATPRO

HZS-21603A

Allen Bradley Model 800T-FX6D4 push button, 

NEMA 4,13 enclosure, standard mushroom head 

actuator, red color, 600 VAC/VDC voltage, 18-14 

AWG wire size, -40 to 131 degree F temperature 

rating, minimum: 24V,24mA/maximum:10A AC/2.5 

AMP DC contact rating

CCK-4512109130-

0735

-C01-00001-001

CMT Panel ESD Button Allen Bradley NATPRO NATPRO
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Maximum Operational Speed

  ACCESSORIES

+/-0.25%

2000RPM

Protection Glass

  NOTES

IP54

 Speed Control

Torque (IP54)  Trip Valve

 Orientation

 End-of-Run Torque

 Pos Switch Tag No  Manufr & Model No

 Travel Indicator

 Break Torque

  VALVE

 Type

 Bonnet Type  Bonnet Material

 Flow Direction  Seat Leakage Class

 Packing Type

  ACTUATOR  Open Time  Close Time

10200kpag (102 BAR) -Note 1 

SA-320-L7M

 Size

ROTORK

ACTUATOR TYPE QUARTER TURN

 Manufacturer  Model No

 Stud Material  Nut Material

 Fail Position  Power Supply

 Design Pressure  Design Temperature

 Fire Safe  Flushing Type

 Seat/O-Ring Material  Stem Material

 Break Torque  Reseat Torque

 Plug / Ball / Disc Matl  Trim Form / Type

 Packing Material

 Flange Finish

-45/38C

TRUNNION  JAG FIG TB3-F20R06LH-S1-01

2"

2"

10205 kpag

SA-350-LF2

600#RF

RFWN

 Press @ Oper Flow

 Guiding Type  Guiding Material

 Body Type  Body Material

 Body Size  Valve Rated Cv

 Connection Size  Connection Rating

 Connection Type

338716-100

  PROCESS

  DATA

 Compressibility (Z)  Viscosity

 Critical Pressure  Vapour Pressure

 Design Pressure  Design Temperature

 SG/MW  Density

 Model No

NATPRO

 Inlet Line Size/Schd  Outlet Line Size/Sch Schd:2"

  GENERAL

 P&ID Number  Vendor

 Line No  Equipment No

 Inlet Line Material  Electrical Area Class

 Manufacturer

 TAG No. SDV-08070A/ZT08070A

80

ET

 LOCATION PEACE RIVER, ALBERTA

 PROJECT: CARMON CREEK GAS PLANT 1 Revised as per customer request 2015-10-27 ET

DATE BY CKD APPR

2015-10-05 ET ET

SHEET No.

SPEC. NO.

CGY2014-85

C600/LT

JOB NO. 338716

RFQ NO. P.O.NO.

4512-109-130

 CLIENT: SHELL CANADA 0 Issue to Vendor

ESDV

DATA SHEET

REV DESCRIPTION

 DP @ Oper Flow

 Service

 Operating Temp  Max Shutoff DP

 Corrosive  Erosive

 Operating Flow  Maximum Flow

 Fluid  Phase NATURAL GAS VAPOR

ADJUSTABLE CLOSE

5362in/lbs

Nominal Resistance Repeatabilty

Power Rating

NO

Mechanical Range

1540Sm3/day

2600

80

JAG/ROTORK

2" FG-07985-80-C600LT/CMT

Schd:2"

S-08070

SWEET NATURAL GAS

BALL-LF2/3ENC

RTFE /HNBR

NO

1540Sm3/day

8500

5 °C 9930KPAG

24VDC/ Expl proof Class 1 Div 1 Gr C & D

2.5-10 SEC

0.742

N/A

1

N/A

0.606/17.58

340+/- 3 degrees

-25/85C

SA-194-7M

-46/38C

ASTM 350-LF2

Operating temp Storage temp

2553 in/lbs

MANUFACTURERS STD.

LF2/3ENC

LOCAL LCD AND LED

RH-060-045H/C2

RH-060-045H/C2

max 0.1 degrees

360◦ (continuous)

VALVE STEM ORIENTATION VERTICAL STEM

ZT-08070A Contelec PL310-AA-KG-5K

-40/105C

FAIL CLOSED

56.5 SEC

1. Shown on  valve nameplate

5/10k Ohm

max 0.5W/40◦C

max 0.7 Ncm

Actual Electrical Travel

Independent Linearity



MANUAL CHOKE   VALVE

REVISIONS SHT #   1   0F   1

NO BY DATE DESCRIPTION Spec# :C600/LT

0 ET 15-Sep-2015 For Approval Job #: SLS338716

1 ET 27-Oct-2015 Final Submission Req # :3

PO #:4512-109-130

App'd by:

Chk'd by:

1 Tag No: CV-08070A/B/C Fluid: CONDY

2 Service: P&ID: 338716-100

3 Line Number:

4

5 Units Min   Norm Max 

6 Flow Rate Liquid m3/d 0.2 0.2

7 Flow Rate Gas Sm3/d  150 1540

8 Total Flow Rate kg/hr

9 Inlet Pressure kPag 1200 8500

10 Outlet Pressure kPag 0 160

11 Inlet Temperature °C -5 40

12 Op. Density Liquid/Gas kg/m3

13 Specific Gravity Liquid/Gas SG 0.998/0.67 0/998/0.67

14 Viscosity Liquid/Gas cP

15 Vapour Pressure kPag

16 Critical Pressure kPa

17 Required Cv (Max) 0.37 0.037

18 Travel 48.80% 43.80%

19 Allowable/Predicted SPL dBa 0 0

20

21 LINE 59  ACTUATOR

22 Pipe Line Size & Sch.  -    In: 1" SCH XS 60 Type: N/A

23       -Out: 1 SCH XS 61 Manuf. & Model No: 

24 Pipe  Line  Insulation:N/A 62 Size: Effective Area:

25 VALVE BODY/BONNET 63 On/Off: Modulating:

26 Type:  INLINE 64 Spring  Action  Open / Closed:   N/A

27 Size: 1" ANSI Class: 600 65 Max. Allow. Pressure:

28 Max. Press/Temp: 10,205 kPag -45°C / 38°C 66 Min. Req'd Pressure:

29 Manuf: CAMERON Model: MC10A 67 Available  Air  Supply  Pressure - 

30 Body/Bonnet Material: A487-4C CAST CARBON STEEL 68 Max: Min:

31 Liner Material/ID: N/A 69 Bench   Range:

32 End Conn.   -   In: 1" GR40 GRAYLOC 70 Actuator Orientation: STEM HORIZONTAL

33                    - Out: 1" GR40 GRAYLOC 71 Handwheel Type: N/A

34 Flg Face Finish: MFG STD 72 Air Failure Valve:

35 End Ext/Material: A350 LF2 73 Set @ :

36 Flow Direction: UNIDIRECTIONAL 74 POSITIONER

37 Type of Bonnet: N/R 75 Input Signal: N/R

38 Lub. & Iso Valve: N/R 76 Type: Tag No:

39 Packing Material: HNBR 77 Manuf. &  Model  No:

40 Packing Type: O-RING 78 On Incr. Signal Output Incr/Decr:

41 79 Gauges: Bypass:

42 TRIM 80 Cam Characteristic:

43 Type: DISC TYPE 81

44 Size: 2-0.125" Rated Trav: N/A 82 SWITCHES

45 Characteristic: LINEAR N/A 83 Type: N/R

46 84 Mfr. & Model No:

47 Rated - Cv: 11.65 FL: N/A 85 Contacts/Rating:

48 Xt: N/A 86 Actuation Points:

49 Plug / Ball / Disc Material: TUNGSTEN CARBIDE 87 Tag No:

50 Seat Material: N/A 88 AIRSET

51 Cage / Guide  Material: N/A 89 Manuf. &  Model  No: N/R

52 Stem Material: 316 SS 90 Set Pressure:

53 91 Filter: Gauge:

54 92

55 SPECIAL ACCESSORIES 93 TESTS

56 NEC   Class: 1 , GP 'D', DIV 1 94 Hydro   Pressure:

57 95 ANSI / FCI Leakage Class: IV

58 96

NOTES:

1. All Instruments shall be identified with a hard stainless steel tag.

CV-08070A/B/C

Balanced / Unbalanced: N/A

48.50%

0

0.37

0.998/0.67

2600

140

5

0.2

1540

NATPRO

CLIENT:   SHELL CANADA

PROJECT: CARMON CREEK

VESSEL DUMP CHOKE VALVE

SERVICE  CONDITIONS 



OF

REQ. P.O

1

2

3

4

5

6

7

8 Fluid °C

9 kPaa

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Line Size & Sch. & Spec:

Design Press. / Temp.

Mounting

Type

State

Fill Fluid Material

1 15-10-27Revised as per customer request

Connection Location

Connection Size and Type

Body Material

Element MaterialElement Type

Nominal Accuracy Required

P&ID No.

ET ET

Lens Material

Blow Out Protection Location

Ring MaterialRing Type

Max

36

Shut-Off

BottomTopHousing Material:

Gauge Snubber Model Number

Process Connection Size and Type

Diaphragm Seal Type

Design Flow

Case Material

Seal Materials

Dial Size & Type

---

NOTES :

Differential Pressure Gauge Model No.

Differential Pressure Gauge Manufacturer

Vendor

2% + or -

316L SS c/w 316SS INTERNALS

1/4" FNPT

BACK

NONE

-----

N/A

Vendor

Diaphragm Seal

Operating Conditions

Options

Gauge

Viscosity

Amb. Temp. Min. Max. (°C)

Units

Movement Dampening

Movement Material

Adjustable Pointer

Sp Gr

cP

Design Temperature

DIFFERENTIAL PRESSURE GAUGE

kPaa

Specific Gravity

Temperature

Pressure

Service

Sour Service

Line / Vessel No.

SPEC. NO.

JOB NO.

Norm Min

Atm Pres

Crit Temp Tc

338716-100

1,2002,600

40 5 -5

--- ---

8,500

SPECIFICATION

For Approval

DESCRIPTION DATE

S-08070

1

CHK'DBY APPR.

1

SLS338716

C600/LT

1

4512-109-130

SHEET NO.

CLIENT:

SHELL CANADA

REV

0 15-10-05 ETET

CARMON CREEK GAS PLANT

LOCATION:

Tag No.

101.3 Crit Pres Pc10

NO

SWEET NATURAL GAS

PDI-08070A

N/A

0 - 345

N/A N/A

N/A N/A

Design Pressure

-----Connection to Gauge

Diaphragm Seal Manufacturer

-----

-----

-----

-----

-----

PROCESS DIFFERENTIAL PRESSURE GAUGE

DIRECT

2 1/2" ROUND UNI-DIRECTIONAL DIAL C/W ENGINEERED PLASTIC DIAL CASE

VITON

ENGINEERED PLASTIC DIAL CASE

SILICONE

N/A

SHATTER RESISTANT ACRYLIC LENS

-----

-----

-----

-----

-----

-----

-----

-----

Gauge Siphon Manufacturer

Gauge Siphon Material

0.606 0.6060.606

°C

kPag

-----

-----

Gauge Snubber

Gauge Siphon Model Number

Gauge Snubber Manufacturer

Gauge Snubber Pressure/Temp. Rating

Gauge Snubber Material

-----

-----

-----

YES

120-SA-10-OO-50

MID-WEST

UNIFIED VALVE

Fill Fluid Material

-----

Diaphragm Seal Model Number

----- -----

10,205 38°C

Canadian Registration Number

Measurement Range (kPag)

Gauge Siphon

Gauge Siphon Pressure/Temp. Rating

Diaphragm Material

file: \PDI-08070A Rev 0 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8 Fluid °C

9 kPaa

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

----- -----

1965 kPag 38

Canadian Registration Number

Measurement Range (kPag)

Gauge Siphon

Gauge Siphon Pressure/Temp. Rating

Diaphragm Material

-----

YES

120-SA-10-OO-05

MID-WEST

UNIFIED VALVE

Fill Fluid Material

-----

Diaphragm Seal Model Number

kPag

-----

-----

Gauge Snubber

Gauge Siphon Model Number

Gauge Snubber Manufacturer

Gauge Snubber Pressure/Temp. Rating

Gauge Snubber Material

-----

-----

-----

-----

Gauge Siphon Manufacturer

Gauge Siphon Material

0.65 ---0.65

°C

-----

-----

-----

-----

-----

-----

-----

-----

PROCESS  DIFFERENTIAL PRESSURE GAUGE

DIRECT

2 1/2" ROUND UNI-DIRECTIONAL DIAL C/W ENGINEERED PLASTIC DIAL CASE

VITON

ENGINEERED PLASTIC DIAL CASE

SILICONE

N/A

SHATTER RESISTANT ACRYLIC LENS

Design Pressure

-----Connection to Gauge

Diaphragm Seal Manufacturer

-----

-----

-----

PDI-08116A

N/A

0 - 35

N/A N/A

N/A N/A

CARMON CREEK

LOCATION:

Tag No.

101.3 Crit Pres Pc-43

NO

SWEET NATURAL GAS

CLIENT:

SHELL CANADA

REV

0 15-10-05 ETET

1

CHK'DBY APPR.

1

SLS338716

A150/LT

1

4512-109-130

SHEET NO.

---

620

SPECIFICATION

For approval

DESCRIPTION DATE

2" FG-07990-80-A150LT-HC/ETR/CMT

5055

38 25 -10

---

SPEC. NO.

JOB NO.

Norm Min

Atm Pres

Crit Temp Tc

338716-100 

DIFFERENTIAL PRESSURE GAUGE

kPaa

Specific Gravity

Temperature

Pressure

Service

Sour Service

Line / Vessel No.

Max. (°C)

Units

Movement Dampening

Movement Material

Adjustable Pointer

Sp Gr

cP

Design Temperature

Vendor

Diaphragm Seal

Operating Conditions

Options

Gauge

Viscosity

Amb. Temp. Min.

2% +or -

316L SS c/w 316SS internals

1/4" FNPT

BACK

NONE

-----

N/A

NOTES :

Differential Pressure Gauge Model No.

Differential Pressure Gauge Manufacturer

Vendor

Design Flow

Case Material

Seal Materials

Dial Size & Type

---

BottomTopHousing Material:

Gauge Snubber Model Number

Process Connection Size and Type

Diaphragm Seal Type

ET ET

Lens Material

Blow Out Protection Location

Ring MaterialRing Type

Max

27

Shut-Off

1 15-10-27Revised as per customer request

Connection Location

Connection Size and Type

Body Material

Element MaterialElement Type

Nominal Accuracy Required

P&ID No.

Line Size & Sch. & Spec:

Design Press. / Temp.

Mounting

Type

State

Fill Fluid Material

file: \PDI-08116A Rev 1 date: 10/27/2015



SHEET NO. OF

SPEC. NO.

JOB NO.

REQ. P.O

1 TAG NO.

2 SERVICE

3 SOUR SERVICE

4  VESSEL NO.

5 P&ID NO.

6 ELECTRICAL AREA CLASSIFICATION

7 LINE SIZE & SCH & SPEC:

8 DESIGN PRESS. / TEMP.

9
10
13

14 Pressure

15 Temperature

16 Specific Gravity (Minimum)

17

18

19

20

24

25 Function

26 Float Chamber

27 Mounting Style

28

29 Access Flange Type

30 Unit of Measure

31 Mounting Dimensions

32

33 Side Conn Design Side Conn Size

34 Side Conn Rating Side Conn Type

35 Connection Schedule

36 Connection Material

37 Top Gauge

38 Top Size Top Type

39

40 Bottom Gauge

41 Bottom Size

42 Bottom Type

43
44
45  'FLAG

46 355.6mm

47

48

49

50

52 Max Pressure (Float)

53

57    Vendor

58 Vendor / Manufacturer

59 Model Number

60 Single or Dual Seal Certification

61 CSA Approval

62 Canadian Registration Number

NOTES :

1

2 FOR THE SELECTED FLOAT, THE FLOAT MAXIMUM OPERATING PRESSURE IS 15,858 kpag AND THE MAXIMUM PRESSURE FOR FLOAT CHAMBER IS 9931 kpag

Instrument Rating

STYLE C- CLOSED TOP; FLANGED BOTTOM WITH SIDE PROCESS CONNECTION

600 ANSI B16.5

8,500

0.61

2,600

0.61

°C

kPag

27-Oct-15Revised as per customer request

LEVEL INDICATOR

F061ABT IN A 2.5" S10 WITH A MINIMUM SG OF 0.61

Magnetic Level Indicator

S.G. 0.61

1,200

5 15-5

9930KPAG

1/2"

N/A

S-08070

TAG NUMBER STAINLESS STEEL PLATE TO BE PROVIDED AND ATTACHED TO THE INSTRUMENT BY STAINLESS STEEL WIRE.

15,858 kpag

N/A

SPARTAN CONTROLS/MAGTECH

L061CAC1M00355SD9AC14SD8F3B8CZF00355A0ZZ (SEE NOTE 2)

N/A

CRN# OF1335.2

REV

0 ET

LOCATION:

SWEET NATURAL GAS

LI-08070A

CARMON CREEK GAS PLANT

ET1 ET

Chamber Material 316/316L (STANDARD)

355.6mm

MAGNETIC LEVEL INDICATOR

SPECIFICATION

5-Oct-15For Approval

C600/LT

1

4512-109-130

APPR.

1

CHK'D

ET

SLS338716

SHELL CANADA

1

BYDESCRIPTION DATECLIENT:

SW TAPPED

COUPLING-FNPT WITH PLUG

BLIND FLANGE

Operating Conditions

NormMin MaxUnits

38◦C

METRIC (DEFAULT IN mm

RF WELD NECK

Enclosure Material

Color

Indicator Mounting

Max Temperature

ANODIZED ALUMINUM HOUSING WITH GLASS

RED AND SILVER

STANDARD ORIENTATION (180◦ FROM PC's)

100◦F

DRILL (1/2" HOLE)

600 ANSI B16.5 RF WELD NECK

3/4" 600#

316/316L (STANDARD)

DOME CAP

1/2"

Measure Range

Scale Unit METRIC (5mm INCREMENTS)

Top Schedule 3000#

Bottom Schedule DEFAULT

Indicator

S40

file: \LI-08070A Rev 1 date : 10/27/2015



SHEET NO. OF

SPEC. NO.

JOB NO.

REQ. P.O

1 TAG NO.

2 SERVICE

3 SOUR SERVICE

4  VESSEL NO.

5 P&ID NO.

6 ELECTRICAL AREA CLASSIFICATION

7 LINE SIZE & SCH & SPEC:

8 DESIGN PRESS. / TEMP.

9
10
13

14 Pressure

15 Temperature

16 Specific Gravity (Minimum)

17

18

19

20

24

25 Function

26 Float Chamber

27 Mounting Style

28

29 Access Flange Type

30 Unit of Measure

31 Mounting Dimensions

32

33 Side Conn Design Side Conn Size

34 Side Conn Rating Side Conn Type

35 Connection Schedule

36 Connection Material

37 Top Gauge

38 Top Size Top Type

39

40 Bottom Gauge

41 Bottom Size

42 Bottom Type

43
44
45  'FLAG

46 355.6mm

47

48

49

50

52 Max Pressure (Float)

53

57    Vendor

58 Vendor / Manufacturer

59 Model Number

60 Single or Dual Seal Certification

61 CSA Approval

62 Canadian Registration Number

NOTES :

1

2 FOR THE SELECTED FLOAT, THE FLOAT MAXIMUM OPERATING PRESSURE IS 15,858 kpag AND THE MAXIMUM PRESSURE FOR FLOAT CHAMBER IS 9931 kpag

Enclosure Material

Color

Indicator Mounting

Max Temperature

ANODIZED ALUMINUM HOUSING WITH GLASS

RED AND SILVER

STANDARD ORIENTATION (180◦ FROM PC's)

100◦F

DRILL (1/2" HOLE)

600 ANSI B16.5 RF WELD NECK

3/4" 600#

316/316L (STANDARD)

DOME CAP

1/2"

Measure Range

Scale Unit METRIC (5mm INCREMENTS)

Top Schedule 3000#

Bottom Schedule DEFAULT

Indicator

S40

SW TAPPED

COUPLING-FNPT WITH PLUG

BLIND FLANGE

Operating Conditions

NormMin MaxUnits

38◦C

METRIC (DEFAULT IN mm

RF WELD NECK

Chamber Material 316/316L (STANDARD)

355.6mm

MAGNETIC LEVEL INDICATOR

SPECIFICATION

5-Oct-15For Approval

C600/LT

1

4512-109-130

APPR.

1

CHK'D

ET

SLS338716

SHELL CANADA

1

BYDESCRIPTION DATECLIENT: REV

0 ET

LOCATION:

SWEET NATURAL GAS

LI-08070B

CARMON CREEK GAS PLANT

ET1 ET

TAG NUMBER STAINLESS STEEL PLATE TO BE PROVIDED AND ATTACHED TO THE INSTRUMENT BY STAINLESS STEEL WIRE.

15,858 kpag

N/A

SPARTAN CONTROLS/MAGTECH

L087CAC1M00355SD9AC14SD8F3B8CZF00355A0ZZ (SEE NOTE 2)

N/A

CRN# OF1335.2

27-Oct-15Revised as per customer request

LEVEL INDICATOR

F087ABT IN A 2.5" S10 WITH A MINIMUM SG OF 0.87

Magnetic Level Indicator

S.G. 0.87

1,200

5 15-5

9930KPAG

1/2"

N/A

S-08070

Instrument Rating

STYLE C- CLOSED TOP; FLANGED BOTTOM WITH SIDE PROCESS CONNECTION

600 ANSI B16.5

8,500

0.87

2,600

0.87

°C

kPag

file: \LI-08070B Rev 1 date : 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8 Fluid

9

10

11

15

16

17

18

19

20

21

22

32

33

34

35

36

 338716-100 

N/A

Direct Reading Gauge Type D

Krueger

Steelcraft

Canadian Registration Number

Vendor

Level Gauge Model No.

Level Gauge Manufacturer

Plastic Cellulose acetate inner and outer calibration

High Density Polyethylene Plastic (HDPE)

Natural Gas Mix

DIRECT

Tag No.

38

-29 / 38°C

2" NPT Aluminum bushing

2"

CLIENT:

SHELL CANADA

REV

ET

CARMON CREEK

LOCATION:

DATE

ET

DESCRIPTION

NPT

Atmospheric

Galvanized Steel Rods

APPR.

10 35

SPEC. NO.

JOB NO.

ET

Level GAUGE
SLS338716

JPI-013

1

4512-109-130

SHEET NO.

SPECIFICATION

Operating Conditions

Revised as per customer request

LI-08069A

Service

Sour Service

Line / Vessel No.

0

V-08069

1

CHK'DBY

Max. (°C)

Units

Pressure kPaA

Vendor

Gauge

NOTES :

No available template were given, customized DS from existing Natpro templates

P&ID No.

Amb. Temp. Min.

Level Gauge

Norm Min

Atm Pres

Atm Pres

Max Working Pressure

CMax working Temp

Max

ATM

ET

Oct 27-15

Line Size & Sch. & Spec:

Design Press. / Temp.

Mounting

Atm Pres Atm Pres

Sep 15-15For Approval

1

Condensate Tank Level Gauge           

Type

State

Float Material

Site Tube Material

Rod Internal Material

Housing Material

NO

file: \LI-08069A Rev 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8 Fluid

9

10

11

15

16

17

18

19

20

21

22

32

33

34

35

36

MERCAPTAN ODORIZER LEVEL GAUGE

Type

State

Float Material

Site Tube Material

Rod Internal Material

Housing Material

NO

June 3-15For approval

1

ET

Oct 27-15

Line Size & Sch. & Spec:

Design Press. / Temp.

Mounting

Atm Pres Atm Pres

Max Working Pressure

CMax working Temp

Max

2068kpag

P&ID No.

Amb. Temp. Min.

Level Gauge

Norm Min

Atm Pres

Atm Pres

NOTES :

No available template were given, customized DS from existing Natpro templates

Vendor

Gauge

Max. (°C)

Units

Pressure kPaA

Service

Sour Service

Line / Vessel No.

0

V-08116A

1

CHK'DBY

SHEET NO.

SPECIFICATION

Operating Conditions

Revised as per customer request

LI-08116A

SPEC. NO.

JOB NO.

ET

Level GAUGE
SLS338716

A150/LT

1

4512-109-130

SCH 80

1965KPAG

N/A

APPR.

1

-40 +35

CLIENT:

SHELL CANADA

REV

ET

CARMON CREEK GAS PLANT

LOCATION:

DATE

ET

DESCRIPTION

Tag No.

66◦C

-45 / 38°C

1" NPT 

1"

Level Gauge Model No.

Level Gauge Manufacturer

Tubular glass

N/A

Natural Gas Mix

DIRECT

N/A

Mercaptan Odorizer level indicator scale is in lbs of odorant

Direct Reading Gauge Type D

KINGTOOL

TANSLEY ASSOCIATES

Canadian Registration Number

Vendor

file: \LI-08116A Rev 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis FIRE CASE

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

0.00

0.00

19.00

40 167.98

17.58 0.60683

19.00

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

(kPag)

Required Capacity

Gas (Sm3/hour)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

3. NAME PLATE CAPACITY IS 106.8 M3/MIN

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

ET

10 35

Design Press. / Temp.

1" SCH 80

SHEET NO.

BY

JOB NO.

CLIENT:

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

C600/LT

APPR.

1

SWEET NATURAL GAS

38

2"

1

4512-109-130

DESCRIPTION DATE

Spring

NO

Test Gag

Fluid Type

10,205

CRN NO YES, AB

0.012513/0.011261

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 8500.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

Corrosive Service NO 

Tag No. PSV-08070A Natpro 338716-100

Ratio of Specific Heats (Cp/Cv)

2"FG-07985-80-C600/LT/CMT

NO

SPARTAN CONTROLS FARRIS

S-08070

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Partial Pressure of H2S (MPa) N/A

21.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.25

ASME SEC VIII

1.90

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

N/A

Body and Bonnet

5,218 kg/hrMaximum Relieving Capacity

0.15/0.110Selected (ASME / API)(sq. in.)

2" 150# R.F.Rating & Type)

1" 600# R.F.

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

For Approval

9,930

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

27-Oct-15 ET1

ET0

N/A

26DA13-120/LC

338716

Revised as per customer request

5-Oct-15

600#RF 150#RF

file: \PSV-08070A REV 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis BLOCKED FLOW

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

N/A

26DA14-120/LC

338716

Revised as per customer request

5-Oct-15

900# 300#RF

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

27-Oct-15 ET1

ET0 For approval

9,600

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

N/A

Body and Bonnet

165,974 Sm3/dayMaximum Relieving Capacity

0.150/0.110Selected (ASME / API)(sq. in.)

2" 300# R.F.Rating & Type)

1 1/2" 900# R.F.

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

Partial Pressure of H2S (MPa) N/A

10.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.25

ASME SEC VIII

N/A

H-08071

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Corrosive Service NO 

Tag No. PSV-08071A 338716-100 

Ratio of Specific Heats (Cp/Cv)

2"FG-07987-80-D900/LT-HC/CMT

NO

SPARTAN CONTROLS FARRIS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 8500.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

0.001392/0.001253

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

Spring

NO

1,540

Test Gag

Fluid Type

15,306

CRN NO YES, AB

APPR.

1

SWEET NATURAL GAS

38

2" SCH 80

1

4512-109-130

DESCRIPTION DATE

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

A150/LT

SHEET NO.

BY

JOB NO.

CLIENT:

ET

10 35

Design Press. / Temp.

1 1/2" SCH 80

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

3. NAME PLATE CAPACITY AT 10% OVER PRESSURE IS 103.2 M3/MIN

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

(kPag)

Required Capacity

Gas (Sm3/day)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

0.00

0.00

19.00

61 80

17.58 0.60683

19.00

file: \PSV-08071A REV 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis VALVE FAILURE

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

0.00

0.00

44.00

42 60

17.58 0.60683

44.00

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

(kPag)

Required Capacity

Gas (Sm3/min)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

3. NAME PLATE CAPACITY AT 10% OVER PRESSURE IS 45 M3/MIN

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

ET

10 35

Design Press. / Temp.

1" SCH 80

SHEET NO.

BY

JOB NO.

CLIENT:

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

A150/LT

APPR.

1

SWEET NATURAL GAS

38

2" SCH 80

1

4512-109-130

DESCRIPTION DATE

Spring

NO

35.719

Test Gag

Fluid Type

5102 kpag

CRN NO YES, AB

0.10347/0.093126

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 3448.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

Corrosive Service NO 

Tag No. PSV-08071B  338716-100 

Ratio of Specific Heats (Cp/Cv)

2"FG-07988-80-B300/LT-HC/CMT

NO

SPARTAN CONTROLS FARRIS

N/A

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Partial Pressure of H2S (MPa) N/A

10.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.25

ASME SEC VIII

N/A

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

N/A

Body and Bonnet

74565 Sm3/dayMaximum Relieving Capacity

0.150/0.110Selected (ASME / API)(sq. in.)

2" 150# RFRating & Type)

1" 300# RF

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

For approval

4,137

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

27-Oct-15 ET1

ET0

N/A

26DA12-120/LC

338716

Revised as per customer request

5-Oct-15

300# 150#RF

file: \PSV-08071B REV 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis VALVE FAILURE

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

0.00

0.00

35.00

39.2 58

17.58 0.60683

35.00

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

(kPag)

Required Capacity

Gas (Sm3/day)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

3. NAME PLATE CAPACITY AT 10% OVER PRESSURE IS 14.2 M3/MIN

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

ET

10 35

Design Press. / Temp.

1" SCH 80

SHEET NO.

BY

JOB NO.

CLIENT:

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

A150/LT

APPR.

1

SWEET NATURAL GAS

38

2" SCH 80

1

4512-109-130

DESCRIPTION DATE

Spring

NO

5,949

Test Gag

Fluid Type

1965 kpag

CRN NO YES, AB

0.037879/0.034091

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 1034.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

Corrosive Service NO 

Tag No. PSV-08071C 338716-100 

Ratio of Specific Heats (Cp/Cv)

2"FG-07989-80-A150/LT-HC/CMP

NO

SPARTAN CONTROLS FARRIS

N/A

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Partial Pressure of H2S (MPa) N/A

10.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.25

ASME SEC VIII

N/A

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

N/A

Body and Bonnet

23,558 Sm3/dayMaximum Relieving Capacity

0.150/0.110Selected (ASME / API)(sq. in.)

2" 150# RFRating & Type)

1" 150# RF

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

FOR APPROVAL

1,240

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

27-Oct-15 ET1

ET0

N/A

26DA10-120/LC

338716

Revised as per customer request

5-Oct-15

150# 150#RF

file: \PSV-08071C REV 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis VALVE FAILURE

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

0.00

0.00

19.00

34.4 53

17.58 0.6068

19.00

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

(kPag)

Required Capacity

Gas (Sm3/day)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

3. NAME PLATE CAPACITY AT 10% OVER PRESSURE IS 7.5 M3/MIN

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

ET

10 35

Design Press. / Temp.

1" SCH 80

SHEET NO.

BY

JOB NO.

CLIENT:

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

A150/LT

APPR.

1

SWEET NATURAL GAS

38

2" SCH 80

1

4512-109-130

DESCRIPTION DATE

Spring

NO

4,341

Test Gag

Fluid Type

1965 kpag

CRN NO YES, AB

0.051314/0.046182

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 55.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

Corrosive Service NO 

Tag No. PSV-08071D 338716-100 

Ratio of Specific Heats (Cp/Cv)

2"FG-07990-80-A150/LT-HC/ETR/CMT

NO

SPARTAN CONTROLS FARRIS

N/A

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Partial Pressure of H2S (MPa) N/A

10.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.25

ASME SEC VIII

N/A

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

N/A

Body and Bonnet

12,690 Sm3/day Maximum Relieving Capacity

0.150/0.110Selected (ASME / API)(sq. in.)

2" 150# RFRating & Type)

1" 150# RF

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

For Approval

620

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

10/27/15 ET1

ET0

N/A

26DA10-120/LC

338716

Revised as per customer request

10/05/15

150# 150#RF

file: \PSV-08071D REV 1 date: 10/27/2015



OF

REQ. P.O

1 P&ID No.

2

3

4 Sour Service Cryogenic Service

5

6

8 In Out

9 In Out

10

11

12

13

14

15

16

17

18

19

20 Back Pressure Constant

21

22 Built-Up

23

24

25

26

27

28

29

30

31

32

33 Code

34 Sizing Basis FIRE CASE

35 Set Pressure (kPag)

36 Over Pressure % Over Press. Factor -----

37 Model

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55 Cap: Screwed or Bolted Screwed

56 Lever: Plain or Packed

57

N/A

26DA10-120/LC

338716

Revised as per customer request

5-Oct-15

150#RF 150#RF

SHELL CANADA

LOCATION:

CARMON CREEK PROJECT

27-Oct-15 ET1

ET0 For Approval

1,827

Seat and Disc

Valve

Basis of Selection

VAPOR

D

SA-194-2H

CONVENTIONAL

N/A

BOLTED

Studs

Bellows

Nuts

N/A

CHROME ALLOY

316 SS

N/A

Body and Bonnet

1606.8 kg/hrMaximum Relieving Capacity

0.15/0.11Selected (ASME / API)(sq. in.)

2" 150# R.F.Rating & Type)

1" 150# R.F.

Nozzle Type (Full or Semi)

Conventional / Bellows / Pilot

Pilot Control Type (Snap Acting or Modulating)

Bonnet Type

Outlet

Connection (Size,

Orifice Designation

Trim Type (Liquid or Vapor)

Calculated (ASME / API)Orifice Area

Partial Pressure of H2S (MPa) N/A

21.00

Latent Heat of Vaporiz. (kJ/kg)

N/A

1.1988

ASME SEC VIII

0.864

V-08116

GAS

Liquid

Chloride Concentration (mg/L) 

Gas

PH Mole Fraction - H2S

Operating Conditions

101.33

Corrosive Service NO 

Tag No. PSV-08116A 338716-100 

Ratio of Specific Heats (Cp/Cv)

NO

SPARTAN CONTROLS FARRIS

LCB (SA-352 GR. LCB)

Operating Pressure (kPag) 55.00

Density (kg/m3)

Relieving Temp (°C)

1

N/A N/A

0.025161/0.022645

Options

Inlet

Materials

SA-193-B7

Nozzle 316 SS316 SS

Spring

NO

269.52

Test Gag

Fluid Type

1965kpag

CRN NO YES, AB

APPR.

1

SWEET NATURAL GAS + MERCAPTAN

38

2" SCH 80

1

4512-109-130

DESCRIPTION DATE

PRESSURE SAFETY VALVE

SPECIFICATION

REV

SPEC. NO.

1

CHK'D

ET

A150/LT

SHEET NO.

BY

JOB NO.

CLIENT:

ET

-43 27

Design Press. / Temp.

1" SCH 80

Service

Vendor Manufacturer

Vapor

Line No. Vessel No.

Atmospheric Pressure (kPaa)

Size & Sch. & Spec:

Amb. Temp. Min. (°C) Max. (°C)

3. NAME PLATE CAPACITY AT 10% OVER PRESSURE IS 722 SCFM

2. COMPLIES TO NACE MR0175-2002 IN PRIMARY ZONE

NOTES :

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

Guide and RingsResilient Seat Seal

-----

(kPag)

Required Capacity

Gas (kg/hr)

Liquid (Am3/hour)

Vapor (kg/hour)

Total

Variable

Vessel Exposed Surface Area (m2) 

Norm/Op Temp (°C)

Molecular Wt. Specific Gravity

Compressibility Factor (Z)

Viscosity (cP) 

0.00

0.00

19.00

34.4 176.67

48.1 1.6603

19.00

file: \PSV-08116A REV 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5 In Out

6 °C

7 kPaa

8

9

10

11

12

13

14

15

16

17

18

19

20 55

21 56

22 57

23 58

24 59

25 60

26 61

27 62

28 63

29 64

30 65

31 66

32 67

33 68

34 69

35 70

36 71

37 72

38 73

39 74

40 75

41

42 76

43 77

44 78

79

45 80

46

47 81

48 82

49 83

50

51 84

52 85

53 86

54 87

Filter Gauge

Hydro Test / Function Test 

Max

Neoprene (CR)

Steel

Steel

1kg / m3 / -

Direct Operated

kPag / °C

Valve Body

% Open

3,348

Shut-Off

1,540 1,540

17.58

2,600 ---

°C

Min

Visc. (cP) / Spec Heats Ratio k (Cp/Cv)

Max Press & Temp

Mol Wt

cP / -

37.830.9

kPag 3,348

150

1,200

Sm3/day

Units

10 35 Atm Pres

2" SCH 80

Crit Temp Tc

Design Flow

101.3

Operating Conditions

Crit Pres Pc

-----

2" SCH 80

kPaa

ET

BY APPR.

27-Oct-15 ET

2" FG-07987-80-D900/LT-HC/CMT

Sweet Natural Gas

1H

1

CHK'D

1

SLS338716

C600/LT

Spartan Controls

CLIENT:

1

SHELL CANADA

REGULATORS

SPECIFICATION

DATE

SHEET NO.

LOCATION:

CARMON CREEK  GAS PLANT

DESCRIPTION

For Approval

REV

0

---

---

---

---

---

3,348

61

---

---

8,500

17.58

Allowable / Predicted SPL

Travel

Required Coefficient

WCC

Cv

dBA

Materials

1

N/A

10,205 38

Stem

Yellow

Positioner

Wide Open Cg

Rated Cv

3/16" (4.76mm)

0.93

29

Flange Face Finish

SeatMaterials

Disk Nylon (PA)

Purchase

ModelManufacturer Fisher 627H

Type

Stainless Steel

Stainless Steel

Actuation Points

240-500 psig

485.5693 psig (3348 kpag)

10B3076X012

Spring Range

-----

4512-109-130

-----

Diaphragm

1

Fisher

338716-100 

Switches

-----

SPEC. NO.

JOB NO.

Pressure Reducing

Plated Steel

Tag No. P&ID No.

Max. °C

Sizing BasisFluid

Service Sour Service

Vendor

PCV-08071A

Manufacturer

Size

Type

Flow @ 100% Open

Vapor Pressure Pv / Density / Compr. Z

Line / Vessel No. Line Insulation

Line Size & Sch. & Spec:

Amb. Temp. Min.

Inlet Temperature

Outlet Pressure

Inlet Pressure

17.58

1

Spec Wt / Spec Grav / Mol Wt

kPag

Flow Rate (Volumetric flow)
Normal

Max Temp (°C)

Actuator

ANSI Class

---

Spring Case

Manufacturer

Spring

Fisher 627H

600# RF

Max Pres (kPag)

Diaphragm Case

Spring #O-Ring

Color1" 1Outlet

Manufacturer's Standard

Nitrile (NBR)

End Conn Inlet

Flange

Bolting

Body

Materials

Model

WCC

Orifice Size

Trim

Gauges

Split Range

Cam Characteristic

Set Pressure (kpag)

Canadian Registration Number

Incr Signal Output Incr/Decr

Tests

Air Set

Quantity

ANSI / FCI Leakage Class

ModelMfr

Hydro Pressure (kPag)

NOTES :

-----

-----

Contacts / Rating

Bypass

Set Point

Type Tag No

ModelManufacturer

-----

-----

Type

ModelMfr

file: \PCV-08071A date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5 In Out

6 °C

7 kPaa

8

9

10

11

12

13

14

15

16

17

18

19

20 55

21 56

22 57

23 58

24 59

25 60

26 61

27 62

28 63

29 64

30 65

31 66

32 67

33 68

34 69

35 70

36 71

37 72

38 73

39 74

40 75

41

42 76

43 77

44 78

79

45 80

46

47 81

48 82

49 83

50

51 84

52 85

53 86

54 87

Filter Gauge

Hydro Test / Function Test 

Max

Nitrile (NBR)

Steel

Steel

1kg / m3 / -

Direct Operated

kPag / °C

Valve Body

% Open

1,034

Shut-Off

1,540 1,540

17.58

3,348 ---

°C

Min

Visc. (cP) / Spec Heats Ratio k (Cp/Cv)

Max Press & Temp

Mol Wt

cP / -

37.830.9

101.3

kPag 1,034

150

1,200

Sm3/day

Units

10 35 kPaaAtm Pres

2" SCH 80

Crit Temp Tc

Design Flow

Operating Conditions

Crit Pres Pc

-----

2" SCH 80

Spartan Controls

ET

BY APPR.

27-Oct-15 ET

SHEET NO.

2" FG-07988-80-B300/LT-HC/CMT

Sweet Natural Gas

1H

1

CHK'D

1

SLS338716

B300/LT

CLIENT:

1

SHELL CANADA

REGULATORS

SPECIFICATION

DATE

LOCATION:

CARMON CREEK  GAS PLANT

DESCRIPTION

For Approval

REV

0

---

---

---

1,034

61

---

---

4,137

17.58

Allowable / Predicted SPL

Travel

Required Coefficient

---

---

WCC

Cv

dBA

Materials

1"

N/A

5,102 38

Stem

Red

Positioner

Wide Open Cg

Rated Cv

1/8" (3mm)

0.43

12.5

Nylon (PA)

Flange Face Finish

SeatMaterials

Disk

Purchase

ModelManufacturer Fisher 627

Type

Stainless Steel

Stainless Steel

Actuation Points

70-150 psig

150 psig (1034 kpag)

10B3079X012

Spring Range

-----

4512-109-130

-----

Diaphragm

1

Fisher

338716-100 

Switches

-----

SPEC. NO.

JOB NO.

Pressure Reducing

Plated Steel

Tag No. P&ID No.

Max. °C

Sizing BasisFluid

Service Sour Service

Vendor

PCV-08071B

Manufacturer

Size

Type

Flow @ 100% Open

Vapor Pressure Pv / Density / Compr. Z

Line / Vessel No. Line Insulation

Line Size & Sch. & Spec:

Amb. Temp. Min.

Inlet Temperature

Outlet Pressure

Inlet Pressure

17.58

1

Spec Wt / Spec Grav / Mol Wt

kPag

Flow Rate (Volumetric flow)
Normal

Max Temp (°C)

Actuator

ANSI Class

---

Spring Case

Manufacturer

Spring

Fisher 627

300# RF

Max Pres (kPag)

Diaphragm Case

Spring #O-Ring

Color1" 1Outlet

Manufacturer's Standard

Nitrile (NBR)

End Conn Inlet

Flange

Bolting

Body

Materials

Model

WCC

Orifice Size

Trim

Gauges

Split Range

Cam Characteristic

Set Pressure (kpag)

Canadian Registration Number

Incr Signal Output Incr/Decr

Tests

Air Set

Quantity

ANSI / FCI Leakage Class

ModelMfr

Hydro Pressure (kPag)

NOTES :

-----

-----

Contacts / Rating

Bypass

Set Point

Type Tag No

ModelManufacturer

-----

-----

Type

ModelMfr

file: \PCV-08071B date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5 In Out

6 °C

7 kPaa

8

9

10

11

12

13

14

15

16

17

18

19

20 55

21 56

22 57

23 58

24 59

25 60

26 61

27 62

28 63

29 64

30 65

31 66

32 67

33 68

34 69

35 70

36 71

37 72

38 73

39 74

40 75

41

42 76

43 77

44 78

79

45 80

46

47 81

48 82

49 83

50

51 84

52 85

53 86

54 87

Filter Gauge

Hydro Test / Function Test 

Max

Nitrile (NBR)

Steel

Steel

1kg / m3 / -

Direct Operated

kPag / °C

Valve Body

% Open

55

Shut-Off

1,540 1,540

17.58

1,034 ---

°C

Min

Visc. (cP) / Spec Heats Ratio k (Cp/Cv)

Max Press & Temp

Mol Wt

cP / -

37.830.9

101.3

kPag 55

150

1,034

Sm3/day

Units

10 35 kPaaAtm Pres

2" SCH 80

Crit Temp Tc

Design Flow

Operating Conditions

Crit Pres Pc

-----

2" SCH 80

Spartan Controls

ET

BY APPR.

27-Oct-15 ET

SHEET NO.

2" FG-07989-80-A150/LT-HC/CMT

Sweet Natural Gas

1H

1

CHK'D

1

SLS338716

A150/LT

CLIENT:

1

SHELL CANADA

REGULATORS

SPECIFICATION

DATE

LOCATION:

CARMON CREEK  GAS PLANT

DESCRIPTION

For Approval

REV

0

---

---

---

55

61

---

---

1,240

17.58

Allowable / Predicted SPL

Travel

Required Coefficient

---

---

WCC

Cv

dBA

Materials

1"

N/A

1,965 38

Stem

Yellow

Positioner

Wide Open Cg

Rated Cv

3/16" (4.76mm)

0.93

29

Nylon (PA)

Flange Face Finish

SeatMaterials

Disk

Purchase

ModelManufacturer Fisher 627

Type

Stainless Steel

Stainless Steel

Actuation Points

5-20 psig

7.9768 psig (55 kpag)

10B3076X012

Spring Range

-----

4512-109-130

-----

Diaphragm

1

Fisher

338716-100 

Switches

-----

SPEC. NO.

JOB NO.

Pressure Reducing

Plated Steel

Tag No. P&ID No.

Max. °C

Sizing BasisFluid

Service Sour Service

Vendor

PCV-08071C

Manufacturer

Size

Type

Flow @ 100% Open

Vapor Pressure Pv / Density / Compr. Z

Line / Vessel No. Line Insulation

Line Size & Sch. & Spec:

Amb. Temp. Min.

Inlet Temperature

Outlet Pressure

Inlet Pressure

17.58

1

Spec Wt / Spec Grav / Mol Wt

kPag

Flow Rate
Normal

Max Temp (°C)

Actuator

ANSI Class

---

Spring Case

Manufacturer

Spring

Fisher 627

150# RF 

Max Pres (kPag)

Diaphragm Case

Spring #O-Ring

Color1" 1Outlet

Manufacturer's Standard

Nitrile (NBR)

End Conn Inlet

Flange

Bolting

Body

Materials

Model

WCC

Orifice Size

Trim

Gauges

Split Range

Cam Characteristic

Set Pressure (kpag)

Canadian Registration Number

Incr Signal Output Incr/Decr

Tests

Air Set

Quantity

ANSI / FCI Leakage Class

ModelMfr

Hydro Pressure (kPag)

NOTES :

-----

-----

Contacts / Rating

Bypass

Set Point

Type Tag No

ModelManufacturer

-----

-----

Type

ModelMfr

file: \PCV-08071C date: 10/27/2015



OF

REQ. P.O

1

2

3

4 Electrical Area Classification CLASS 1 DIV 1

5

6

7 Fluid Crit Temp Tc °C

8 kPaa

9

10 Flow Rate

11 Pressure

12 Temperature

13 Mol. Weight

14 Density

15 Specific Gravity

16 Viscosity

17

18

19

20

21

22

23 Ambient Temperature Limit -40 TO 85°C
24 Housing Material Conduit Connection ALUMINUM 1/2" NPT

25 Enclosure Material Rating --- ---

26 Area Classification

27 ---

28

29

30

31

32

33

34

35

36

37

38

39

40

41 Tag No.

42 Process Connection

43 Thermowell Style Thermowell Material

44 Element Connection

45 Overall Length - "U" + "H" mm

46 Head Length - "H" mm

47 Insertion Length - "U" mm

48 Shielded Length mm

49 Bore  Size mm

50 Lag Extension - "T" mm

51 Root Diameter - "Q" mm

52 Tip Diameter - "B" mm

53 Tip Thickness - "t" mm

54 Vendor Manufacturer

55

56

57

58 CSA Approval CRN

-

Spec Heats Ratio k (Cp/Cv) - - - - -

Supercomp. Factor - - - -

cP 0.0100 0.0100 0.0100 - -

S.G 0.606 0.606 0.606 - -

kg/M3 0.742 0.742 0.742 - -

17.58 17.58 17.58 - -

°C 72.6 61 31 - -

kPag 9,600 2,600 1,200 - -

m3/day 1,540 1,540 150 - -

kPaa Crit Pres Pc

Units Max Norm Min Shut-Off Design Flow

Amb. Temp. Min. Max. (°C) 10 35 Atm Pres 101.3

Assembly Type

Assembly Length -"A"

Assembly Material

Enclosure Head Material

Terminal Block Material

Conduit Connection Size

Thermowell

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

±0.02% of span  (Applies to HART/4-20 mA devices)

RTD

316 SST

203mm

Electrical Area Classification

1

ET

REQUIRED 4-20 mA + HART

Calibrated Range Adjustable Range -50 TO 100°C

Output Signal Range

-200 TO 850°C

338716

4512-109-1301

SHEET NO.

SPEC. NO.

JOB NO.

1

BY APPR.

ETFor Approval

CHK'D

15-Oct-15

NOTES :

289mm

38C

Transmitter

Indicator Scale (LCD)

Accuracy

TW-08071A

57

316 SST

12mm

190

6

2" FG-07987-80-D900/LT-HC/CMT

1500#

Tapered

2" SCH 80 1500#

124

7

SWEET NATURAL GAS

TZT 08071A

INTEGRAL WITH TRANSMITTER

Stem Length - "X"

SPECIFICATION

CARMON CREEK GAS PLANT

Tag No. P&ID No.

DESCRIPTION DATECLIENT:

SHELL CANADA

TEMPERATURE TRANSMITTER

LOCATION: 1 Revised as per customer request

REV

0

Construction

Sheath Material

5. ORIGINAL EXTENSION LENGTH E = 3.0 INCHES WAS MODIFIED TO 3.385"

Size

38

19

Rating

152

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

4. TRANSMITTERS TO BE FACTORY CALIBRATED. 

2. ALL THERMOWELLS WILL HAVE HYDROSTATIC TESTING & FULL PENETRATION WELDS.

3. THERMOWELLS TO HAVE TAG NUMBER AND AB CRN STAMPED ON BODY.

---

SINGLE 4-WIRE RTD

Temperature Range

REQUIRED REQUIRED FOR AB

27

-50 TO 400°C

1 1/2"

SPRING LOADED FITTING, NIPPLE UNION

SST

Sensor Diameter 6.35 mm (1/4")

Coefficient 0.00385 OHM / OHM / °C

Power Supply

NATPRO ROSEMOUNT

Vendor

Transmitter Model No.

RTD Model No.

Thermowell Model No.

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

Failure Output 10.5 - 42.4 VDC

CUSTOM MADE FROM MAC-WELD (REFER TO WAKE FREQUENCY ANALYSIS SHEET FOR DETAILS)

0068N21C30N060E6 (SEE NOTE 5)

3144PD1A1K6M5Q4

Type (Ice Point Resistance) 100 OHMS

Mounting

Sour Service

27-Oct-15 ET ET

Design Press. / Temp.

NATURAL GAS

15,307 kPag

Operating Conditions

Line Size & Sch. & Spec:

Service

Line / Vessel No.

338716-100 

file: \TZT-08071A TW-08071A date: 10/27/2015







OF

REQ. P.O

1

2

3

4 Electrical Area Classification CLASS 1 DIV 1

5

6

7 Fluid Crit Temp Tc °C

8 kPaa

9

10 Flow Rate

11 Pressure

12 Temperature

13 Mol. Weight

14 Density

15 Specific Gravity

16 Viscosity

17

18

19

20

21

22

23 Ambient Temperature Limit -40 TO 85°C
24 Housing Material Conduit Connection ALUMINUM 1/2" NPT

25 Enclosure Material Rating --- ---

26 Area Classification

27 ---

28

29

30

31

32

33

34

35

36

37

38

39

40

41 Tag No.

42 Process Connection

43 Thermowell Style Thermowell Material

44 Element Connection

45 Overall Length - "U" + "H" mm

46 Head Length - "H" mm

47 Insertion Length - "U" mm

48 Shielded Length mm

49 Bore Size mm

50 Lag Extension - "T" mm

51 Root Diameter - "Q" mm

52 Tip Diameter - "B" mm

53 Tip Thickness - "t" mm

54 Vendor Manufacturer

55

56

57

58 CSA Approval CRN

1 Revised as per customer request

1,540

Operating Conditions

Line Size & Sch. & Spec:

Service Sour Service

35

Norm

Amb. Temp. Min.

Design Press. / Temp.

Max. (°C) 10

Line / Vessel No.

Crit Pres Pc

0.742

101.3

17.58

m3/day

Sensor Diameter 6mm

Coefficient 0.00385 OHM / OHM / °C

Power Supply

Mounting

Failure Output 10.5 - 42.4 VDC

CUSTOM MADE FROM MAC-WELD (REFER TO WAKE FREQUENCY ANALYSIS SHEET FOR DETAILS)

0068N21C30N050E6 (SEE NOTE 5)

3144PD1A1K6M5Q4

Type (Ice Point Resistance) 100 OHMS

SST

1 1/2"

Sheath Material

YES REQUIRED FOR AB

SPARTAN CONTROLS ROSEMOUNT

Vendor

Transmitter Model No.

RTD Model No.

Thermowell Model No.

-

-

-

-10

SPRING LOADED FITTING, NIPPLE UNION

0.742

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

Construction

-

Shut-Off

-50 TO 400°C

Accuracy

-

0.0100

0.606

Spec Heats Ratio k (Cp/Cv)

Supercomp. Factor

-

Max

0.606

°C

-

4. TRANSMITTERS TO BE FACTORY CALIBRATED. 

2. ALL THERMOWELLS WILL HAVE HYDROSTATIC TESTING & FULL PENETRATION WELDS.

3. THERMOWELLS TO HAVE TAG NUMBER AND AB CRN STAMPED ON BODY.

---

SINGLE 4-WIRE RTD

Temperature Range

127

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

104

-

Indicator Scale (LCD)

INTEGRAL WITH TRANSMITTER

Stem Length - "X"

5. ORIGINAL EXTENSION LENGTH E= 3.0 INCHES WAS MODOFIED TO 4.88"

Size

21

19

Rating

-200 TO 850°C

Units

27

CLIENT:

SHELL CANADA 

TEMPERATURE TRANSMITTER

LOCATION:

REV

0 15-Oct-15

SPECIFICATION

CARMON CREEK GAS PLANT

Tag No. P&ID No.

DESCRIPTION DATE

338716-100

SWEET NATURAL GAS

2" SCH 80

kPaa

SWEET NATURAL GAS

1965 kPag

17.58

-

-

Atm Pres

0.606

0.0100

-

-

-

-

7

57

316 SS

12mm

148

300# RF

TAPERED

NOTES :

-

302mm

316 SST

178mm

6

kg/M3 -

2" FG-07990-80-A150/LT-HC/ETR/CMT

-

Design Flow

-

Min

38C

BY APPR.

ETFOR APPROVAL

27-Oct-15 ET ET

1

ET

338716

A150/LT

4512-109-1301

SHEET NO.

SPEC. NO.

JOB NO.

1

CHK'D

TZT- 08071B

150#

0

1,540 150

55

Calibrated Range Adjustable Range -50 TO 100°C

61

Output Signal Range

Transmitter

25

0.0100

S.G

-

TW-08071B

Thermowell

cP

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

±0.02% of span  (Applies to HART/4-20 mA devices)

RTD

REQUIRED 4-20 mA + HART

Electrical Area Classification

Assembly Type

Assembly Length -"A"

Assembly Material

Enclosure Head Material

Terminal Block Material

Conduit Connection Size

-

-

-

-

-

0.742

17.58

kPag 620

file: \TZT-08071B-TW-08071B date: 10/27/2015



Report Information

Customer: Unified Valve Group Analyst: JOANNA Date :

Tag Numbers: TW-08071B Reference #:

Process Fluids: Natural Gas

Max Temperature (T) 77 °F

Max Pressure (P): 90 psi

Fluid Velocity (v): 21.3 ft/s

Fluid Density: 33 lb/ft^3

Fluid Viscosity: 0.011 centipoise

Density (Pm): 0.29 lb/in^3

Elastic Modulus, E(T): 28115384.6153846 psi

Allowable Stress (S) / Fatigue Limit (Sf): 20000 psi/9100 psi

In-Line Reson. Velocity(VIR): 51.63 m/s Von Mises Stress (Root): 63.17 psi

Bending Stress at VIR (So.max) 362215.57 psi

Peak oscill. bending stress (So.max) 57.82 psi

Thermowell Configuration Frequency Limit: 0.40 Reynolds # (Re): 6E+06

Flanged FP Weld Frequency must be below: 476.93 [Hz] Strouhal # (Ns): 0.22

Tapered Installed Natural Freq (fnc): 1192.32 [Hz] Scruton # (Nsc): 0.07

316 Strouhal Frequency (fs): 74.98 [Hz] Freq Ratio (fs/fnc):0.06

1-1/2" 300#

Raised Face

316 Allowable Stem Pressure(Pc): 8242.41psi

0.26" Allowable Tip Pressure(Pt): 142202.47psi

7.25"

5"

4.091" Status

1.06" PASS

0.75" PASS

0.25" PASS

0.188" PASS

“These well design calculations are based on the ASME PTC 19.3 TW-2010 formulas. The results of these calculations should only be used as a 

guide for thermowell design. Mac-Weld does not guarantee the performance of a specific well design obtained from the use of these 

calculations”.

1211390-Rev. 3

This calculation is only valid when the thermowell is manufactured and supplied by Mac-Weld Machining Ltd.

10/22/2015

Process Operating Conditions

Stem Style:

Thermowell Material Properties

Stress (Support Plane)

Frequency

Process Connection:

Tip Diameter (B):

Pressure (psi) 90Tip Thickness (t):

Frequency (Hz) 74.98Fillet (Root):

ValueShielded Length (Lo):

Oscillating Stress (psi) 57.81

The thermowell design has PASSED the wake frequency calculation

Thermowell Material:

Flange Size l Rating:

PressureFlange Facing:

Flange Material:

Bore Size:

Overall Length (L):

Thermowell RatingUnsupported Length  (U):

Root Diameter (Q):

Steady-State Stress (psi) 158.104

1324 Lougar Ave 
Sarnia, Ontario N7S 5N7 

Phone : 519-332-1388 
Fax : 519-332-3280 

http://www.Mac-Weld.com 

http://www.mac-weld.com/




OF

REQ. P.O

1

2

3

4 Electrical Area Classification CLASS 1 DIV 1

5

6

7 Fluid Crit Temp Tc °C

8 kPaa

9

10 Flow Rate

11 Pressure

12 Temperature

13 Mol. Weight

14 Density

15 Specific Gravity

16 Viscosity

17

18

19

20

21

22

23 Ambient Temperature Limit -40 TO 85°C
24 Housing Material Conduit Connection ALUMINUM 1/2" NPT

25 Enclosure Material Rating --- ---

26 Area Classification

27 ---

28

29

30

31

32

33

34

35

36

37

38

39

40

41 Tag No.

42 Process Connection

43 Thermowell Style Thermowell Material

44 Element Connection

45 Overall Length - "U" + "H" mm

46 Head Length - "H" mm

47 Insertion Length - "U" mm

48 Shielded Length mm

49 Bore Size mm

50 Lag Extension - "T" mm

51 Root Diameter - "Q" mm

52 Tip Diameter - "B" mm

53 Tip Thickness - "t" mm

54 Vendor Manufacturer

55

56

57

58 CSA Approval CRN

-

-

-

-

-

0.742

17.58

kPag 620

Electrical Area Classification

Assembly Type

Assembly Length -"A"

Assembly Material

Enclosure Head Material

Terminal Block Material

Conduit Connection Size

TW-08071A1

Thermowell

cP

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

±0.02% of span  (Applies to HART/4-20 mA devices)

RTD

REQUIRED 4-20 mA + HART

Calibrated Range Adjustable Range -50 TO 100°C

61

Output Signal Range

Transmitter

25

0.0100

S.G

-

JOB NO.

1

CHK'D

TT- 08071A1

150#

0

1,540 150

55

1

ET

338716

A150/LT

4512-109-1301

SHEET NO.

SPEC. NO.

BY APPR.

ETFor Approval

27-Oct-15 ET ET

-

2" FG-07990-80-A150/LT-HC/ETR/CMT

-

Design Flow

-

Min

38C

NOTES :

-

302mm

316 SST

178mm

6

kg/M3

7

57

316 SS

12mm

148

300# RF

TAPERED

17.58

-

-

Atm Pres

0.606

0.0100

-

-

-

-

SWEET NATURAL GAS

2" SCH 80

kPaa

SWEET NATURAL GAS

1965 kPag

0 15-Oct-15

SPECIFICATION

CARMON CREEK GAS PLANT

Tag No. P&ID No.

DESCRIPTION DATE

338716-100

-200 TO 850°C

Units

27

CLIENT:

SHELL CANADA 

TEMPERATURE TRANSMITTER

LOCATION:

REV

-

Indicator Scale (LCD)

INTEGRAL WITH TRANSMITTER

Stem Length - "X"

5. ORIGINAL EXTENSION LENGTH E= 3.0 INCHES WAS MODOFIED TO 4.88"

Size

21

19

Rating

4. TRANSMITTERS TO BE FACTORY CALIBRATED. 

2. ALL THERMOWELLS WILL HAVE HYDROSTATIC TESTING & FULL PENETRATION WELDS.

3. THERMOWELLS TO HAVE TAG NUMBER AND AB CRN STAMPED ON BODY.

---

SINGLE 4-WIRE RTD

Temperature Range

127

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

104

Supercomp. Factor

-

Max

0.606

°C

-

-

Shut-Off

-50 TO 400°C

Accuracy

-

0.0100

0.606

Spec Heats Ratio k (Cp/Cv)

-

-

-

-10

SPRING LOADED FITTING, NIPPLE UNION

0.742

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

Construction

YES REQUIRED FOR AB

SPARTAN CONTROLS ROSEMOUNT

Vendor

Transmitter Model No.

RTD Model No.

Thermowell Model No.

Failure Output 10.5 - 42.4 VDC

CUSTOM MADE FROM MAC-WELD (REFER TO WAKE FREQUENCY ANALYSIS SHEET FOR DETAILS)

0068N21C30N050E6 (SEE NOTE 5)

3144PD1A1K6M5Q4

Type (Ice Point Resistance) 100 OHMS

SST

1 1/2"

Sheath Material

0.742

101.3

17.58

m3/day

Sensor Diameter 6mm

Coefficient 0.00385 OHM / OHM / °C

Power Supply

Mounting

Amb. Temp. Min.

Design Press. / Temp.

Max. (°C) 10

Line / Vessel No.

Crit Pres Pc

1 Revised as per customer request

1,540

Operating Conditions

Line Size & Sch. & Spec:

Service Sour Service

35

Norm

file: \TT-08071A1-TW-08071A1 date: 10/27/2015



Report Information

Customer: Unified Valve Group Analyst: JOANNA Date :

Tag Numbers: TW-08071A1 Reference #:

Process Fluids: Natural Gas

Max Temperature (T) 77 °F

Max Pressure (P): 90 psi

Fluid Velocity (v): 21.3 ft/s

Fluid Density: 33 lb/ft^3

Fluid Viscosity: 0.011 centipoise

Density (Pm): 0.29 lb/in^3

Elastic Modulus, E(T): 28115384.6153846 psi

Allowable Stress (S) / Fatigue Limit (Sf): 20000 psi/9100 psi

In-Line Reson. Velocity(VIR): 51.63 m/s Von Mises Stress (Root): 63.17 psi

Bending Stress at VIR (So.max) 362215.57 psi

Peak oscill. bending stress (So.max) 57.82 psi

Thermowell Configuration Frequency Limit: 0.40 Reynolds # (Re): 6E+06

Flanged FP Weld Frequency must be below: 476.93 [Hz] Strouhal # (Ns): 0.22

Tapered Installed Natural Freq (fnc): 1192.32 [Hz] Scruton # (Nsc): 0.07

316 Strouhal Frequency (fs): 74.98 [Hz] Freq Ratio (fs/fnc):0.06

1-1/2" 300#

Raised Face

316 Allowable Stem Pressure(Pc): 8242.41psi

0.26" Allowable Tip Pressure(Pt): 142202.47psi

7.25"

5"

4.091" Status

1.06" PASS

0.75" PASS

0.25" PASS

0.188" PASS

“These well design calculations are based on the ASME PTC 19.3 TW-2010 formulas. The results of these calculations should only be used as a 

guide for thermowell design. Mac-Weld does not guarantee the performance of a specific well design obtained from the use of these 

calculations”.

1211390-Rev. 3

This calculation is only valid when the thermowell is manufactured and supplied by Mac-Weld Machining Ltd.

10/22/2015

Process Operating Conditions

Stem Style:

Thermowell Material Properties

Stress (Support Plane)

Frequency

Process Connection:

Tip Diameter (B):

Pressure (psi) 90Tip Thickness (t):

Frequency (Hz) 74.98Fillet (Root):

ValueShielded Length (Lo):

Oscillating Stress (psi) 57.81

The thermowell design has PASSED the wake frequency calculation

Thermowell Material:

Flange Size l Rating:

PressureFlange Facing:

Flange Material:

Bore Size:

Overall Length (L):

Thermowell RatingUnsupported Length  (U):

Root Diameter (Q):

Steady-State Stress (psi) 158.104

1324 Lougar Ave 
Sarnia, Ontario N7S 5N7 

Phone : 519-332-1388 
Fax : 519-332-3280 

http://www.Mac-Weld.com 

http://www.mac-weld.com/




OF

REQ. P.O

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

51

52 Type

53 Body Material Packing 316L SST GRAPHITE

54 Process ConnectionMounting 3/4" SW (c/w 5mm bore),1500# ---

55 Design Pressure Temperature 6000 PSI 180C

56 Manufacturer Model Number PARKER HPM6LS3DBBB-MD4-14299EHXJ

51

52

53

54

55

0.606 - -

Viscosity csT 0.0001 0.0001 0.0001 - -

Power Supply

Output Signal Range

Units Max Norm Min Shut-Off Design Flow

Pressure kPag 9,600 2,600 1,200 - -

°C 61 37.8 -10.0 - -

Density kg/m
3 17.58

+/- 0.075% OF SPAN

STAINLESS STEEL

PTFE

TemperatureDesign Pressure

Accuracy

Housing Material

Process Connection

Fill Fluid Temperature Range

GAUGE PRESSURE

(-)14.7 - 4000 PSI

0-12,000 kpag (0-1,740 PSIG)

Manifold

HI-PRO MONOFLANGE 3- VALVE MANIFOLD

REQUIRED

---

Element

DUAL SEAL CERTIFIED AS PER ANSI/ISA 12.27.01

CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2

Body

---

ET ET

CLASS 1 DIV 1

No

Sweet Natural Gas

PZT-08071A

2"-FG-07987-80-D900/LT-HC-CMT

338716-100

VAPOR

35

1500#2" SCH 80

---

17.58 17.6 - -

S.G.

38C

Operating Conditions

SWEET NATURAL GAS

Design Press. / Temp.

Fluid

101.3

Amb. Temp. Min. Max. (°C)

Tag No.

1

BYDESCRIPTION DATECLIENT:

D900/LT

1

REV

PRESSURE TRANSMITTER

SPECIFICATION
4512-109-130

APPR.

1

CHK'D

0

LOCATION:

CARMON CREEK GAS PLANT

SHELL CANADA 5-Oct-15

338716

SHEET NO.

SPEC. NO.

JOB NO.

YES

DIAPHRAGM

-40 TO 121 °C

1/2-14 FNPT

SILICONE

2088G4S22A1M5K6P1Q4Q8

316L SST

ET ET

10

For Approval

1 27-Oct-15Revised as per customer request

Indicator Scale (LCD)

Function

Conduit Connection

Calibrated Range Flow Range

Temperature

Specific Gravity

NOTES :

---

ALUMINUM

RatingEnclosure Material

Bolts Type

Transmitter

-40 TO 85 °C

Wetted O-Ring Material

10.5 - 36 V DC

4-20 mA + HART

---

1/2" FNPT

Service

Sour Service

Line / Vessel No.

Atmospheric Pressure (kPa)

Body/Flange MaterialRating

P&ID No.

Line Size & Sch. & Spec:

Electrical Area Classification

State

15,307 kPag

0.606 0.606

Vendor

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

2. TRANSMITTERS TO BE FACTORY CALIBRATED. 

3. ALBERTA CRN IS REQUIRED FOR BOTH TRANSMITTER AND MANIFOLD.

Canadian Registration Number

Adjustable Range

Element Type

Fill Fluid

Material

SPARTAN CONTROLS

ROSEMOUNT

Vendor

REQUIREDCSA Approval

Model Number

Manufacturer

Single or Dual Seal Certification

Area Classification

Ambient Temperature Limit

Failure Output

file: \PZT-08071A REV 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

51

52 Type

53 Body Material Packing 316L SST GRAPHITE

54 Process ConnectionMounting 3/4" SW (c/w 5mm bore), 600# ---

55 Design Pressure Temperature 6000 PSI 180C

56 Manufacturer Model Number PARKER HPM6LS3DBBB-MD4-14299EHXJ

51

52

53

54

55

NOTES :

Calibrated Range Flow Range 0-5515 kpag (0-800 psig)

Vendor

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

2. TRANSMITTERS TO BE FACTORY CALIBRATED. 

3. ALBERTA CRN IS REQUIRED FOR BOTH TRANSMITTER AND MANIFOLD.

Canadian Registration Number

Adjustable Range

Element Type

Fill Fluid

Material

SPARTAN CONTROLS

ROSEMOUNT

Vendor

CSA Explosion-ProofCSA Approval

2088G3S22A1M5K6P1Q4Q8

P&ID No.

Line Size & Sch. & Spec:

Electrical Area Classification

Density kg/m
3

Viscosity csT

Units

5102 kpag

Temperature °C 61 41.8

SWEET NATURAL GAS

Design Press. / Temp.

Fluid

101.3

Pressure

VAPOR

3510

Atmospheric Pressure (kPa)

YES, AB

DIAPHRAGM

-40 TO 121 °C

1/2-14 FNPT

GAUGE PRESSURE

Body

---

SILICONE

(-)14.7 - 800PSI

Single or Dual Seal Certification

Area Classification

TemperatureDesign Pressure

Accuracy

-40 TO 85 °C

CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2

---

---

---

ALUMINUM

1

BYDESCRIPTION DATECLIENT:

B300/LT

1

REV

PRESSURE TRANSMITTER

SPECIFICATION
4512-109-130

APPR.

1

CHK'D

338716

SHEET NO.

SPEC. NO.

JOB NO.

ET ET

Amb. Temp. Min. Max. (°C)

Tag No.

State

Service

Sour Service

Line / Vessel No.

0

LOCATION:

CARMON CREEK GAS PLANT

SHELL CANADA 5-Oct-15For Approval

1 27-Oct-15Revised as per customer request

1/2" FNPT

+/- 0.075% OF SPAN

---STAINLESS STEEL

PTFE

Shut-Off Design Flow

-10.0 - -

Body/Flange MaterialRating

Transmitter

Wetted O-Ring Material

REQUIRED

Max Norm Min

kPag

ET ET

CLASS 1 DIV 1

No

Sweet Natural Gas

PZT-08071B

2" FG-07988-80-B300/LT-HC/CMT

338716-100

300#2" SCH 80

38C

Operating Conditions

RatingEnclosure Material

Bolts Type

Housing Material

Ambient Temperature Limit

Failure Output

Power Supply

Output Signal Range

Indicator Scale (LCD)

Function

Conduit Connection

Model Number

Manufacturer

Specific Gravity S.G. 0.606 0.606 0.606 - -

0.0001 0.0001 0.0001 - -

316L SST

Process Connection

Fill Fluid Temperature Range

Manifold

HI-PRO MONOFLANGE 3 VALVE MANIFOLD

Element

10.5 - 36 V DC

4-20 mA + HART

DUAL SEAL CERTIFIED AS PER ANSI/ISA 12.27.01

17.58 17.58 17.58 - -

4,137 3,348 0 - -

file: \PZT-08071B REV 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

51

52 Type

53 Body Material Packing 316L SST GRAPHITE

54 Process ConnectionMounting 3/4" SW (c/w 5mm bore), 300# ---

55 Design Pressure Temperature 6000 PSI 180C

56 Manufacturer Model Number PARKER HPM6LS3DBBB-MD4-14299EHXJ

51

52

53

54

55

NOTES :

Calibrated Range Flow Range 0-1500 kpag (218 psig)

Vendor

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

2. TRANSMITTERS TO BE FACTORY CALIBRATED. 

3. ALBERTA CRN IS REQUIRED FOR BOTH TRANSMITTER AND MANIFOLD.

Canadian Registration Number

Adjustable Range

Element Type

Fill Fluid

Material

SPARTAN CONTROLS

ROSEMOUNT

Vendor

CSA Explosion-ProofCSA Approval

2088G3S22A1M5K6P1Q4Q8

P&ID No.

Line Size & Sch. & Spec:

Electrical Area Classification

Density kg/m
3

Viscosity csT

Units

1965

Temperature °C 61 30.9

SWEET NATURAL GAS

Design Press. / Temp.

Fluid

101.3

Pressure

VAPOR

3510

Atmospheric Pressure (kPa)

YES, AB

DIAPHRAGM

-40 TO 121 °C

1/2"-14 FNPT

GAUGE PRESSURE

Body

---

SILICONE

(-)14.7 - 800PSI

Single or Dual Seal Certification

Area Classification

TemperatureDesign Pressure

Accuracy

-40 TO 85 °C

CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2

---

---

---

ALUMINUM

1

BYDESCRIPTION DATECLIENT:

A150

1

REV

PRESSURE TRANSMITTER

SPECIFICATION
4512-109-130

APPR.

1

CHK'D

338716

SHEET NO.

SPEC. NO.

JOB NO.

ET ET

Amb. Temp. Min. Max. (°C)

Tag No.

State

Service

Sour Service

Line / Vessel No.

0

LOCATION:

CARMON CREEK GAS PLANT

SHELL CANADA 5-Oct-15For Approval

1 26-Oct-15Revised as per customer request

1/2" FNPT

+/- 0.075% OF SPAN

---STAINLESS STEEL

PTFE

Shut-Off Design Flow

-10.0 - -

Body/Flange MaterialRating

Transmitter

Wetted O-Ring Material

REQUIRED

Max Norm Min

kPag

ET ET

CLASS 1 DIV 1

No

Sweet Natural Gas

PZT-08071C

2" FG-07989-80-A150/LT-HC/CMT

338716-100

150#2" SCH 80

38C

Operating Conditions

RatingEnclosure Material

Bolts Type

Housing Material

Ambient Temperature Limit

Failure Output

Power Supply

Output Signal Range

Indicator Scale (LCD)

Function

Conduit Connection

Model Number

Manufacturer

Specific Gravity S.G. 0.606 0.606 0.606 - -

0.0001 0.0001 0.0001 - -

316L SST

Process Connection

Fill Fluid Temperature Range

Manifold

HI-PRO MONOFLANGE 3 VALVE MANIFOLD

Element

10.5 - 36 V DC

4-20 mA + HART

DUAL SEAL CERTIFIED AS PER ANSI/ISA 12.27.01

17.58 17.58 17.58 - -

1,240 1,034 0 - -

file: \PZT-08071C REV 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

51

52 Type

53 Body Material Packing 316L SST GRAPHITE

54 Process ConnectionMounting 3/4" SW (c/w 5mm bore), 300# ---

55 Design Pressure Temperature 6000 PSI 180C

56 Manufacturer Model Number PARKER HPM6LS3DBBB-MD4-14299EHXJ

51

52

53

54

55

NOTES :

Calibrated Range Flow Range 0-1000kpag (0-145 psig)

Vendor

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

2. TRANSMITTERS TO BE FACTORY CALIBRATED. 

3. ALBERTA CRN IS REQUIRED FOR BOTH TRANSMITTER AND MANIFOLD.

Canadian Registration Number

Adjustable Range

Element Type

Fill Fluid

Material

SPARTAN CONTROLS

ROSEMOUNT

Vendor

CSA Explosion-ProofCSA Approval

2088G2S22A1M5K6P1Q4Q8

P&ID No.

Line Size & Sch. & Spec:

Electrical Area Classification

Density kg/m
3

Viscosity csT

Units

1965

Temperature °C 61 25

SWEET NATURAL GAS

Design Press. / Temp.

Fluid

101.3

Pressure

VAPOR

3510

Atmospheric Pressure (kPa)

YES, AB

DIAPHRAGM

-40 TO 121 °C

1/2"-14 FNPT

GAUGE PRESSURE

Body

---

SILICONE

(-)14.7 - 150PSI

Single or Dual Seal Certification

Area Classification

TemperatureDesign Pressure

Accuracy

-40 TO 85 °C

CSA Explosion-Proof, Dust Ignition-proof, Intrinsically Safe, Division 2

---

---

---

ALUMINUM

1

BYDESCRIPTION DATECLIENT:

D900/LT

1

REV

PRESSURE TRANSMITTER

SPECIFICATION
4512-109-130

APPR.

1

CHK'D

338716

SHEET NO.

SPEC. NO.

JOB NO.

ET ET

Amb. Temp. Min. Max. (°C)

Tag No.

State

Service

Sour Service

Line / Vessel No.

0

LOCATION:

CARMON CREEK GAS PLANT

SHELL CANADA 5-Oct-15For Approval

1 27-Oct-15Revised  as per customer request

1/2" FNPT

+/- 0.075% OF SPAN

---STAINLESS STEEL

PTFE

Shut-Off Design Flow

-10 - -

Body/Flange MaterialRating

Transmitter

Wetted O-Ring Material

REQUIRED

Max Norm Min

kPag

ET ET

CLASS 1 DIV 1

No

Sweet Natural Gas

PZT-08071D

2" FG-07990-80-A150/LT-HC/ETR/CMT

338716-100 

150#2" SCH 80

38C

Operating Conditions

RatingEnclosure Material

Bolts Type

Housing Material

Ambient Temperature Limit

Failure Output

Power Supply

Output Signal Range

Indicator Scale (LCD)

Function

Conduit Connection

Model Number

Manufacturer

Specific Gravity S.G. 0.606 0.606 0.61 - -

0.0001 0.0001 0.001 - -

316L SST

Process Connection

Fill Fluid Temperature Range

Manifold

HI-PRO MONOFLANGE 3 VALVE MANIFOLD

Element

10.5 - 36 V DC

4-20 mA + HART

DUAL SEAL CERTIFIED AS PER ANSI/ISA 12.27.01

17.58 17.58 17.6 - -

620 55 0 - -

file: \PZT-08071D REV 1 date: 10/27/2015



1 6

2 7      

3 8      

4 9      

5 10      

11

12

13 Min Norm Max

14 Min Norm Max

15 Min Norm Max

16 Min Norm Max

17 Min Norm Max

18 Min Norm Max

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

Molecular Weight

1.939" (49mm)

SA-333-6

0.742

17.58

Pipe Insulation Mineral wool

2" (60mm)

1" (25.4mm)

Pipe Material

0.01 0.01

8697 89290 89290

Standard Density (kg/Sm3)

     

Horizontal

2" FG-07990-80-A150/LT-

     

1

0.01

     

10/27/2015 Revised as per customer request ET ET

CHK'DRevision Description By APPR.

     

Date

0 10/05/2015 For Approval ET ET

Rev REMARKS

Coriolis flow meter Endress Hauser 83F15-EAAS6ANABBBA+

COMPONENT IDENTIFICATION

COMPONENT TYPE MANUFACTURER MODEL NUMBER

Test pressure

Density-Digital output

Meas-Digital output

Temp-Digital output

Measurement-Scale

Meas-Freq output 2

Meas-Freq output 1

Meas-Analog output

Mass flow-Analog output

UNIT LRV URV

Flow rate-Analog output

CALIBRATIONS AND TEST INPUT OR TEST OUTPUT OR SCALE

TAG NO/FUNCTIONAL IDENT MEAS/SIGNAL/TEST LRV URV

104 Device CRN# 0F14903.52

Style

103 Mfr reference dwg

Electrical Area Class CSA XP 102 Signal conn nominal size

Enclosure material Die-cast aluminium 101 Removal clearance

Failure/Diagnostic action Yes 100 Overall height 266mm

12kg

Calibration type 99 Face-to-face dimension 404mm

Cert/Approval type
XP FM Cl. 1 Div 1/CSA Cl. 1 Div 1, 

A,B,C,D + Zone 1
97 PHYSICAL DATA

Mounting location/type compact 98 Estimated weight

Signal termination type 96

Integral indicator style LCD display, 4-line + touch control 95

Failsafe style NAMUR NE43 94

Signal power source 4-20mA 93

Digital communication std HART 92

Characteristic curve 91

Enclosure type no/class NEMA Type 4X Enclosure 89

Span-Zero adjustment ±0.10% ± 90

Output signal type 4-20 mA SIL HART + Frequency 88

Measurement compensation ±0.05% ± 87

Housing type compact 86

TRANSMITTER OR COMPUTER 85

83

84

Enclosure material Die-cast aluminium 82

Cert/Approval type CSA XP 81 HC/ETR/CMT

Signal termination type NPT 80 Line Number

Enclosure type no/class NEMA Type 4X Enclosure 79 Line Orientation

76

Housing type Compact IP67 78 Pipe ID

73 Line Size

CONNECTION HEAD 77 Insulation Thickness

Repeatabilty 0.25% 75

Accuracy 0.35% 74 Pipe Schedule SCH 80

Sensor wetted material 316L 72 PIPE DATA

Fill fluid material

Sensor type Mass.-Coriolis 71

Acc. Inst's Range (Sm3/day) 0-210,243 69

SENSING ELEMENT 70

from 48.37lb/min) 68

Viscosity (cP)

66

Reynolds No.Flowrate Range ( Sm3/day) 2,000

(measurement converted 67

65

Calibrated Range (Sm3/day) 0-42,624

Seal type

Body wetted material 316L stainless steel 64

Mounting hardware N/A 63

No internal seals 62 -10Temperature (◦C)

Operating S.G. 0.606

25 61

0.6060.606

55 620Threaded Cable Entry 1/2"NPT Style 61 Pressure (kpag) 0

End conn nominal size 1/2" Rating

CL 150, 

flange ANSI 

B16.5

60 Flow Rate (Sm3/d) 150

FLOWMETER BODY 58 PROCESS DATA

Body type Dual- tube,vent 59 FLUID GAS

    

     JOB NO. SLS338716

     Creek Gas Plant TAG NO.: FE-08071A1/FT-08071A1

RESPONSIBLE ORGANIZATION CORIOLIS FLOW METER SPECIFICATION IDENTIFICATIONS

     CLIENT: SHELL w/ TRANSMITTER

LOCATION: Carmon Creek Device Specification Latest revision 1 Date 10/27/15

1540 1540

SHEET NO. 1  of 1

Issue status Rev per customer request

P.O.  4512-109-130



OF

REQ. P.O

1

2

3

4 Electrical Area Classification CLASS 1 DIV 1

5

6

7 Fluid Crit Temp Tc °C

8 kPaa

9

10 Flow Rate

11 Pressure

12 Temperature

13 Mol. Weight

14 Density

15 Specific Gravity

16 Viscosity

17

18

19

20

21

22

23 Ambient Temperature Limit -40 TO 85°C
24 Housing Material Conduit Connection ALUMINUM 1/2-14NPT

25 Enclosure Material Rating --- ---

26 Area Classification

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41 Tag No.

42 Process Connection

43 Thermowell Style Thermowell Material

44 Element Connection

45 Overall Length - "U" + "H" mm

46 Head Length - "H" mm

47 Insertion Length - "U" mm

48 Shielded Length mm

49 Bore - "B" mm

50 Lag Extension - "T" mm

51 Root Diameter - "Q" mm

52 Tip Diameter - "V" mm

53 Tip Thickness - "Tt" mm

54 Vendor Manufacturer

55

56

57

58 CSA Approval CRN

1 Revised as per customer request

Operating Conditions

Line Size & Sch. & Spec:

Service Sour Service

35

Norm

Amb. Temp. Min.

Design Press. / Temp.

Max. (°C) 10

Line / Vessel No.

Crit Pres Pc101.3

m3/day

Sensor Diameter 6mm

Coefficient 0.00385 OHM / OHM / °C

Power Supply

Mounting

Failure Output 10.5 - 42.4 VDC

N/A

0068N11N00N030E6X8Q4XA

3144PD1A1K6B5M5T1CNQ4HR7XAK1005

Type (Ice Point Resistance) 100 OHMS

Sheath Material

YES REQUIRED FOR AB

SPARTAN CONTROLS ROSEMOUNT

Vendor

Transmitter Model No.

RTD Model No.

Thermowell Model No.

-

-

-

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

Construction

-

Shut-Off

-50 TO 400°C

Accuracy

-Spec Heats Ratio k (Cp/Cv)

Supercomp. Factor

-

Max

°C

-

4. TRANSMITTERS TO BE FACTORY CALIBRATED. 

2. --

3. --

---

SINGLE 3-WIRE RTD

Temperature Range

1. VENDOR TO PROVIDE STAINLESS STEEL TAG AFFIXED TO INSTRUMENT IDENTIFYING TAG NUMBER AND PURCHASE ORDER NUMBER.

-

Indicator Scale (LCD)

INTEGRAL WITH TRANSMITTER

Stem Length - "L"

Size Rating

-200 to 850 C

Units

CLIENT:

SHELL CANADA 

TEMPERATURE TRANSMITTER

LOCATION:

REV

0 15-Oct-15

SPECIFICATION

CARMON CREEK GAS PLANT

Tag No. P&ID No.

DESCRIPTION DATE

338716-100

BUILDING TEMPERATURE No

kPaa

-

-

Atm Pres

-

-

-

-

NOTES :

-

316 SST

76mm

kg/M3 -

-

Design Flow

-

Min

38C

BY APPR.

ETFor Approval

27-Oct-15 ET ET

1

ET

338716

A150/LT

4512-109-1301

SHEET NO.

SPEC. NO.

JOB NO.

1

CHK'D

TT-21601A

Calibrated Range Adjustable Range -50 to 50 C

Output Signal Range

Transmitter

S.G

-

Thermowell

csT

CSA IS, FISCO Division 2 and Explosion-proof combo (includes standard IS, FISCO for fieldbus units)

±0.02% of span  (Applies to HART/4-20 mA devices)

RTD

REQUIRED 4-20 mA + HART

Electrical Area Classification

Assembly Type

Assembly Length -"A"

Assembly Material

Enclosure Head Material

Terminal Block Material

Conduit Connection Size

-

-

-

-

-

kPag

file: \TT-21601A Rev 0 BUILDING TEMPERATURE REV 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4

5

6

7

8 Fluid °C

9 kPaa

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Line Size & Sch. & Spec:

Design Press. / Temp.

Mounting

Type

State

Fill Fluid Material

1 27-10-06Revised as per customer request

Connection Location

Connection Size and Type

Socket Material

Element MaterialElement Type

Nominal Accuracy Required

P&ID No.

ET ET

Lens Material

Blow Out Protection Location

Ring MaterialRing Type

Max

35

Shut-Off

BottomTopHousing Material:

Gauge Snubber Model Number

Process Connection Size and Type

Diaphragm Seal Type

Design Flow

Case Material

Dial Color

Dial Size

---

NOTES :

Pressure Gauge Model No.

Pressure Gauge Manufacturer

Vendor

+/- 1% OF SPAN

316 SS

1/2" MNPT

BOTTOM

NONE

-----

YES

Vendor

Diaphragm Seal

Operating Conditions

Options

Gauge

Viscosity

Amb. Temp. Min. Max. (°C)

Units

Movement Dampening

Movement Material

Adjustable Pointer

Sp Gr

cP

Design Temperature

PRESSURE GAUGE

kPaa

Specific Gravity

Temperature

Pressure

Service

Sour Service

Line / Vessel No.

SPEC. NO.

JOB NO.

Norm Min

Atm Pres

Crit Temp Tc

338716-100

1,2002,600

40 5 -5

--- ---

8,500

SPECIFICATION

For Approval

DESCRIPTION DATE

S-08070

1

CHK'DBY APPR.

1

SLS338716

C600/LT

1

4512-109-130

SHEET NO.

CLIENT:

SHELL CANADA

REV

0 15-09-06 ETET

CARMON CREEK GAS PLANT

LOCATION:

Tag No.

101.3 Crit Pres Pc10

SWEET NATURAL GAS

PI-08070A

316 SS

0 - 10,000

THREADED THERMOPLASTIC

BOURDON TUBE 316 SS

Design Pressure

-----Connection to Gauge

Diaphragm Seal Manufacturer

-----

-----

-----

-----

-----

PROCESS GAUGE

DIRECT

4 1/2"

WHITE ALUMINUM WITH BLACK LETTERING

BLACK FIBERGLASS-REINFORCED THERMOPLASTIC

GLYCERINE

BACK

CLEAR ACRYLIC WITH BUNA N GASKET

-----

-----

-----

-----

-----

-----

-----

-----

Gauge Siphon Manufacturer

Gauge Siphon Material

0.606 0.6060.606

°C

kPag

-----

-----

Gauge Snubber

Gauge Siphon Model Number

Gauge Snubber Manufacturer

Gauge Snubber Pressure/Temp. Rating

Gauge Snubber Material

-----

-----

-----

OF02026.2C

233.34

WIKA

WIKA

Fill Fluid Material

-----

Diaphragm Seal Model Number

----- -----

10,205 kPag  38°C

Canadian Registration Number

Measurement Range (kPag)

Gauge Siphon

Gauge Siphon Pressure/Temp. Rating

Diaphragm Material

file: \PI-08070A Rev 1 date: 10/27/2015



OF

REQ. P.O

1

2

3

4 Electrical Area Classification

5

6

7 Fluid Crit Temp Tc °C

8 kPaa

9

10 Flow Rate

11 Pressure

12 Temperature

13 Mol. Weight

14 Density

15 Specific Gravity

16 Viscosity

17

18

19

20

21

22

23 Ambient Temperature Limit

24 Housing Material Conduit Connection

25 Enclosure Material Rating ---

26 Area Classification

27

28

29

30 Temperature Range

31

32

33

34

35

36

37

38

39

40

41 Tag No.

42 Process Connection

43 Thermowell Style Thermowell Material

44 Element Connection

45 Overall Length - "U" + "H" mm

46 Head Length - "H" mm

47 Insertion Length - "U" mm

48 Shielded Length mm

49 Bore - "B" mm

50 Lag Extension - "T" mm

51 Root Diameter - "Q" mm

52 Tip Diameter - "V" mm

53 Tip Thickness - "Tt" mm

54 Vendor Manufacturer

55

56

57

58 CSA Approval CRN

NATURAL GAS

10205

Operating Conditions

Line Size & Sch. & Spec:

Sour Service

27-Oct-15 ET ET

Design Press. / Temp.

Service

Line / Vessel No.

338716-100

Failure Output

Type (Ice Point Resistance)

Mounting

Vendor

Transmitter Model No.

RTD Model No.

Thermowell Model No.

1996 CLASS B (MINERAL INSULATED) SST GRADE 316, 3- WIRE

Sensor Diameter 6.35 mm (1/4") PT100 BSEN 60751

Coefficient

Power Supply

DUFLEX 3-WIRE Pt100 RTD TERMINATED IN BEIGE

 KLIPPON SAK22.5 TERMINALS

Flange Protection: -50C to 195C/ Element Overtemperature: -50C to 142C

EXHEAT

Construction

Sheath Material

Size Rating

TEMPERATURE TRANSMITTER

LOCATION: 1 Revised as per customer request

REV

0

SPECIFICATION

CARMON CREEK GAS PLANT

Tag No. P&ID No.

DESCRIPTION DATECLIENT:

SHELL CANADA

SWEET NATURAL GAS

TE-08071D

H-08071

NOTES :

38

Transmitter

Indicator Scale (LCD)

Accuracy

BY APPR.

ETFOR APPROVAL

CHK'D

15-Sep-15

338716

D900/LT

4512-109-1301

SHEET NO.

SPEC. NO.

JOB NO.

11

ET

Calibrated Range Adjustable Range

Output Signal Range

Amb. Temp. Min. Max. (°C)

Conduit Connection Size

Thermowell

Ex e II T3 TO CAN/CSA-E79-0-95 7 CAN/CSA-E79-7-95, CLASS 1, DIV 2, GROUPS A,B,C&D,T3

CERTIFICATE No: LR110035-1X (ISES/V)

RTD'S

316 SST

(1)-500mm LONG (flange protection)/(1)- 4500mm LONG (element overtemperature devices)Stem Length - "L" 

Atm Pres 101.3 kPaa Crit Pres Pc

Electrical Area Classification

Assembly Type

Assembly Length -"A"

Assembly Material

Enclosure Head Material

Terminal Block Material

Units Max Norm Min Shut-Off Design Flow

10 35

m3/day 1,540 1,540 150 - -

kPag 8,500 2,600 1,200 - -

°C 40 5 -5 - -

17.58 17.58 17.58 - -

kg/M3 0.742 0.742 0.742 - -

-

S.G 0.606 0.606 0.606 - -

- - - -

csT 0.0001 0.0001 0.0001 -

-

Spec Heats Ratio k (Cp/Cv) - - - - -

Supercomp. Factor

file: \TE-08071D Rev 0 date: 10/27/2015



1 P&ID Number Tag Number

2 Service 0735A-08030 CARMON CREEK GAS PLANT

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5

Location

6 Ambient Temperature Range -40°C TO 38°C

7

8

9

10 Gas Components NATURAL GAS

11 Mole Weight or Specific Gravity

12 Distance From Source

PROCESS 13 Humidity

CONDITIONS 14 Vibration

15 Location

16

17

18 Model MULTISPECTRUM IR FLAME DETECTOR X3301

19 Enclosure ALUMINUM

20 Mounting

21 Sensor Type IR FLAME DETECTOR 

DETECTOR 22 Detection Range 12.2-64m

23
Field of Vision

24 Sensitivity

25 UV Wavelength

26 IR Radiation

27 Model MULTISPECTRUM IR FLAME DETECTOR X3301

28 Enclosure ALUMINUM

29 Mounting MOUNTING ARM AND COLLAR ATTACHMENT

30 Type

31 Typical Response Time 2-14SEC

MONITOR/ 32 Minimum Response Time 2 SEC

TRANSMITTER 33 Calibration

34 Analog Output

35 Power Supply

36 Local Indication TRI-COLOR LED

37 Alarm Relay FIRE ALARM/FAULT/AUXILIARY RELAYS

38 Calibrated Range TO

39

40 Calibration/Test Kit

41 Optical Air Guard

42 Swivel Elbow

OPTIONS 43 Mounting Bracket

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

1 ET Revised as per customer request Appr.

0 ET For approval ET ET Sheet 1

No. By Date Description 1

09/15/2015

Area Classification CLASS 1 ZONE 2

X3301A4N13W1

DET-TRONICS

Code: Dwg. No.: 338716-100

Process Chk

20mA

YES

NO

NO

YES

YZT-21601A

CMT NG PRESSURE REDUCTION SKID PACKAGE

WALL MOUNT BRACKET 

338716-100 

Instr. Chk

FLAME DETECTOR

90 DEG HORIZONTAL BY 75 DEG VERTICAL, AT A MINIMUM 70% OF 

THE ON-AXIS DETECTION DISTANCE

CMT FIELD FACILITIES AND 

INFRASTRUCTURE PHASE 1&2

0-20mA

24VDC NOMINAL (18 V DC MINIMUM - 30 V DC MAXIMUM)

0

10/27/2015
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SPECIFICATION DATA

Protect•IR®

Multispectrum IR Flame Detector 

X3301

DESCRIPTION

The Protect•IR® Multispectrum IR Flame Detector 
is the future generation detector for performance 
and technology.  The detector utilizes multi-
patented* signal processing algorithms supported 
by an embedded 32-bit microprocessor to 
provide continuous protection in the presence 
of false alarm sources and environments with 
infrared radiation present.  It is suitable for indoor 

and outdoor applications that require the highest level of false 
alarm rejection and fire detection performance.  The detector is 
available in aluminum or 316 stainless steel for installation in the 
harshest environments.  The Protect•IR has a detection range to 
n-Heptane of 210 feet, and a solid cone of vision for methane.  
The detector features standard fire alarm, fault and auxiliary relays, 
with an isolated 0 to 20 mA output model with optional HART 
communication.

The X3301 provides superior performance in applications that 
are at the extremes, and where background infrared radiation is a 
normal condition:

—	Hangars
—	Offshore production platforms
—	Offshore production ships
—	Refineries
—	Production facilities
—	Loading racks
—	Compressor stations
—	Turbine enclosures
—	Airport water curtains.

features and BENEFITS

Protect•IR TECHNOLOGY features
•	 FM 3260 (2000).
•	 EN 54-10 Certified (VdS).
•	 ATEX Directive compliant.
•	 Certified performance to multiple fuel types.
•	 EQP models available.
•	 Extended detection range.
•	 New standard set for cone of vision.
•	 HART models available.
•	 Maximum false alarm rejection.
•	 Reliable flame detection with modulated IR background.
•	 Microprocessor controlled heated optics.
•	 Calibrated automatic optical check for each sensor eliminates 

need for testing with external test lamp.
•	 RFI and EMC Directive compliant.
•	 Event logging with time and date stamp.
•	 International certifications.
•	 Integral wiring compartment for ease of installation.
•	 Solar resistance.

Benefits
•	 Single detector for multiple fuels.
•	 Low cost of coverage.
•	 Ability to detect smaller fires earlier.
•	 Solid cone of vision to 100 feet for methane.
•	 Better detection zoning capability.
•	 Best combination of flame detection and false alarm rejection.
•	 Low maintenance costs.
•	 Reliable fault diagnostics.
•	 Suitable for heavy industrial applications.
•	 Explosion/flame proof (Ex d) or increased safety installations 

(Ex d e) in hazardous locations.
•	 Easily retrofitted.

5
Y e a r

WARRANTY

*	X3301 technology advancements are covered under the following
	 U.S. Patents:  5,995,008, 5,804,825 and 5,850,182.

Shown with Q9033A 
Aluminum Swivel Mount

adam.robert
Typewritten Text
CLIENT:SHELL
LOCATION:CARMON CREEK GAS PLANT
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Operating Voltage	 24 Vdc.  Operating range is 18 to 30 Vdc.

Power Consumption	 4 watts minimum (without heater), 17 watts at 30 Vdc 
with EOL resistor installed and heater on maximum.

Relays	 Contacts rated 5 amperes at 30 Vdc.
		  Fire Alarm:		 — Form C (NO and NC contacts) 

— normally de-energized 
— latching/non-latching.

		  Fault:			   — Form A (NO contacts) 
— normally energized 
— latching/non-latching.

		  Auxiliary:		  — Form C (NO and NC contacts) 
— normally energized/de-energized 
— latching/non-latching.

Current Output	 0–20 mA, with a maximum loop resistance of 500
	 (Optional)	 ohms from 18–19.9 Vdc, 600 ohms from 20–30 Vdc.

Temperature Range 	 Operating:	 –40°F to +167°F (–40°C to +75°C).
	 Storage:	 –67°F to +185°F (–55°C to +85°C).

		  Hazardous location ratings from –55°C to +125°C 
available on flameproof model.

Humidity Range	 0 to 95% relative humidity, can withstand 100% 
condensing humidity for short periods of time.

Wiring	 14 AWG (2.08 mm2) or 16 AWG (1.31 mm2) 
shielded cable is recommended.

Enclosure Material	 Copper-free aluminum or 316 stainless steel.

Response Characteristics  

Conduit Entry Size	 3/4 inch NPT or 25 mm.		

Warranty	 5 years.

Shipping Weight	 Aluminum:			  6 pounds	 (2.75 kg).
	 (Approximate)	 Stainless Steel:	 10 pounds	 (4.5 kg).

Field of View	 90° horizontal by 75° vertical, at a minimum of 70%
	 of the on-axis detection distance.

Certification	 	

	 				    	
Class I, Div. 1, Groups B, C & D (T4A);	  		
Class II, Div. 1, Groups E, F & G (T4A); 		
Class I, Div. 2, Groups A, B, C & D (T3C);		
Class II, Div. 2, Groups F & G (T3C);			 
Class III.				  
Enclosure NEMA/Type 4X.	 			   	 		
	
	 		
		  			   		
	
					      		
		
						    

	

SPECIFICATIONS

*	 Outdoor test condition.
**	 10 second pre-burn from ignition.
*** Add 2 seconds for EQP Model.
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60

Field of View at Indicated Distance in 
Feet for n-Heptane

Field of View at Indicated Distance 
in Feet for Methane

FM
APPROVED

®FM
APPROVED

®

IEC 61508
Certified SIL 2 Capable.
Certification DET 070417 C001
Applies to specific models –
Refer to the SIL 2 Certified 
X3301 Safety manual (95-8582).

IECEx Certificate of Conformity
IECEx ULD 06.0017X
Ex d e IIC T5-T6 Gb	
T6 (Tamb = –50°C to +60°C).	
T5 (Tamb = –50°C to +75°C).	
IP66.

– or –
Ex d IIC T4-T6 Gb
T6 (Tamb = –55°C to +60°C).
T5 (Tamb = –55°C to +75°C).
T4 (Tamb = –55°C to +125°C).
IP66.	

DNV
Type Approval Certificate Number A-11022.

Lloyd's Register
Type Approval Certificate Number 09/00027.

Fuel Size
Distance Ft 

(m)
Average Response 
Time (seconds)***

n-Heptane 1 x 1 foot 210 (64)* 11
n-Heptane** 1 x 1 foot 210 (64)* 6
n-Heptane 1 x 1 foot 100 (30.5) 3
n-Heptane 6 in. x 6 in. 80 (24.4) 3
Isopropanol 6 in. x 6 in. 70 (21.3) 4

Diesel** 1 x 1 foot 150 (45.7)* 14
Ethanol 1 x 1 foot 210 (64) 11

Methanol 6 in. x 6 in. 40 (12.2) 3
Methanol 1 x 1 foot   150 (45.7)* 18

Methanol** 1 x 1 foot 150 (45.7)* 7
Methane 30 inch plume 100 (30.5) 3
JP-5** 1 x 1 foot 150 (45.7)* 2
JP-5** 2 x 2 feet 210 (64)* 4
JP-5** 2 x 2 feet 100 (30.5) 2

Office Paper 0.5 lb. 19" x 19" x 8" 100 (30.5) 4
Corrugated Panel 18" x 36" 100 (30.5) 8

n-Heptane 1 x 1 foot 100 (30.5) 12
n-Heptane 1 x 1 foot 50 (15.2) 2
Diesel** 1 x 1 foot 70 (21.3) 4
Ethanol 1 x 1 foot 85 (25.9) 13

Methanol 1 x 1 foot 70 (21.3) 10
Methane 30 inch plume 65 (19.8) 3
Methane 30 inch plume 55 (16.8) 2

JP-5** 2 x 2 feet 100 (30.5) 3
Office Paper 0.5 lb. 19" x 19" x 8" 50 (15.2) 6
Corrugated Panel 18" x 36" 50 (15.2) 2

 Detector Electronics Corporation
6901 West 110th Street • Minneapolis, Minnesota 55438 USA

Operator: (952) 941-5665 or (800) 765-FIRE
Customer Service: (952) 946-6491 • Fax (952) 829-8750

http://www.det-tronics.com • E-mail: det-tronics@det-tronics.com

Specifications subject to change without notice. 

Det-Tronics, the DET-TRONICS logo, and Protect•IR are registered trademarks 
or trademarks of Detector Electronics Corporation in the United States, other 
countries, or both. Other company, product, or service names may be trademarks 
or service marks of others.

©Copyright Detector Electronics Corporation 2012. All rights reserved.
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Increased Safety Model

 0539
 

FM
APPROVED

®
II 2 G
II 2 D

Ex d e IIC T5–T6 Gb
Ex tb IIIC T130°C
T6 (Tamb –50°C to +60°C)
T5 (Tamb  –50°C to +75°C)
IP66/IP67.

Flameproof Model

 0539
 

FM
APPROVED

®
II 2 G
II 2 D

Ex d e IIC T4–T6 Gb
Ex tb IIIC T130°C
T6 (Tamb –55°C to +60°C)
T5 (Tamb  –55°C to +75°C)
T4 (Tamb  –55°C to +125°C)
IP66/IP67.



1 P&ID Number Tag Number

2 Service

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL

5 Location

6 Ambient Temperature Range -40°C TO 38°C

7

8

9

10 Gas Components NA

11 Mole Weight or Specific Gravity NA

12 Distance From Source NA

PROCESS 13 Humidity

CONDITIONS 14 Vibration NA

15 Location NON HAZARDOUS

16

17

18 Model NA

19 Enclosure NA

20 Mounting NA

21 Sensor Type NA

DETECTOR 22 Detection Range NA

23 Field of Vision NA

24 Sensitivity 2.5% NOMINAL

25 UV Wavelength NA

26 IR Radiation NA

27 Model

28 Enclosure GENERAL PURPOSE

29 Mounting CEILING MOUNT

30 Type PHOTO ELECTRIC SMOKE DETECTOR

31 Typical Response Time NA

MONITOR/ 32 Minimum Response Time NA

TRANSMITTER 33 Calibration NA

34 Analog Output NA

35 Power Supply 24VDC NOMINAL (OPERATING VOLTAGE 18 TO 30 V DC)

36 Local Indication YES

37 Alarm Relay 1 FORM A & 1 FORM C RESISTIVE

38 Calibrated Range NA TO

39

40 Calibration/Test Kit NA

41 Optical Air Guard NA

42 Swivel Elbow NA

OPTIONS 43 Mounting Bracket DTB-MISC-GEN  8240PY / KIT# SMOKE-MOUNT-C

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number NA

Notes:

INSTRUMENT SPECIFICATION

SMOKE DETECTOR

1 ET 10/27/2015 Revised as per customer request Instr. Chk Process Chk Appr.

0 ET 10/15/2015 For Approval ET ET Sheet 1

No. By Date Description Code: Dwg No. 338716-100 Rev 1

338716-100 YZT-21602A

NA

0735A-08030 CARMON CREEK GAS PLANT

CMT NG PRESSURE REDUCTION SKID PACKAGE

Area Classification CLASS 1 ZONE 2 CMT FIELD FACILITIES AND 

INFRASTRUCTURE PHASE 1&2

8240PY PART# 908-1208-002

GENTEX



Standard Features
• 2 Year Warranty from Date of Purchase
• Functional Test Switch — Patented Three Position Test
• Nominal 2.5% Sensitivity
• 5-to-1 Signal-to-Noise Ratio
• Pulsing LED Sensing Chamber
• Fully Insect Screened
• Form A/Form C Dry Contacts
• Solid-State LED Condition Indicator

• Quick-Disconnect Wiring Harness
• Mounting Hardware Adapts to Standard Junction Boxes
• Dust Cover to Prevent Contamination During

Installation
• Protective High Air Velocity Gasket
• On Site Maintenance Washing Program
• Suitable for release device service
•  Horn Frequency 3100 Hz (Nominal)

Applications
The Gentex 8000/8003 Series of photoelectric

detectors is specifically designed for commercial,
industrial, and institutional applications, including
hotels, motels, dormitories, and other multi-family
dwellings. Gentex offers a full range of  detectors
that are compatible with 4-wire control panels from
leading manufacturers. The 8000/8003 Series is
engineered to provide outstanding performance
wherever reliable fire protection is required.

The Gentex 8000/8003 Series provides an
exclusive patented three position test feature that
simulates a 0.85% and a 3.5% actual smoke
condition, in full compliance with NFPA 72 and UL
268 Standards. The test feature has the capability
to let you know when maintenance is required. 

A standard Form A dry contact for connection to
the system initiating circuit and an auxiliary Form C
dry contact are provided on all models. Other
options include reverse/local 90dBA solid-state
piezo horns and 135°F fixed temperature
self-restoring integral or isolated thermals to meet
your       specific requirements.

The 8003 Series provides the temporal 3
evacuation tone as a standard feature. When
testing the 8003 Series it may take up to 16
seconds longer to go in or out of alarm.

Photoelectric Open Area
Smoke Detector
4-Wire Detectors for 24 VDC 
and 120 VAC Fire Alarm Systems

8000/8003
SERIES

• Americans with Disabilities Act (ADA)
• BS+A/MEA #928-84-SA
• CSFM Listings (7272-0569:102)
• MSFM Listing #1929
• NFPA 72
• UL 268

Approvals

8000/8003 Series
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Model Part Reverse/ Integral Isolated Non-

Number Number Voltage Local 90dBA 135°F 135° Latching

Piezo Thermal Thermal Circuit "Y"

8243P 908-1211 24 VDC l

8243PT 908-1212 24 VDC l l

8243PTY 908-1215 24 VDC l l l

8243PY 908-1214 24 VDC l l

8243PH 908-1213 24 VDC l l

8243PHY 908-1216 24 VDC l l l

8103P 908-1243 120 VAC l (local)

8103PY 908-1246 120 VAC l (local) l

Model Part Reverse/ Integral Isolated Non-

Number Number Voltage Local 90dBA 135°F 135° Latching

Piezo Thermal Thermal Circuit "Y"

8240 908-1201 24 VDC
8240Y 908-1207 24 VDC l

8240T 908-1203 24 VDC l

8240P 908-1202 24 VDC l

8240PT 908-1205 24 VDC l l

8240PTY 908-1209 24 VDC l l l

8240PY 908-1208 24 VDC l l

8240PH 908-1206 24 VDC l l

8240PHY 908-1210 24 VDC l l l

8100 908-1233 120 VAC
8100Y 908-1239 120 VAC l

8100T 908-1234 120 VAC l

8100P 908-1236 120 VAC l (Local)

8100PY 908-1240 120 VAC l (Local) l

8003 Series - 4 Wire w/Temporal 3 Sounder Photoelectric System
Detectors 24 VDC and 120 VAC 

8000 Series - 4 Wire Photoelectric System Detectors
24 VDC and 120 VAC 



Wiring Diagrams

Detector Wiring Diagram

Plug   Detector

Power
In

Power
Out

Alarm
Contacts

Accessory
Alarm
Contacts

Positive 3

Negative 12

Positive        6

Negative 15

Vio 10

Vio 13

Vio/Blk 1

Vio/Blk          4

Blu 7

Orn 8

Yel 9

NOTE: Supervision of power is necessary and is accomplished
by installing an End of Line Relay Assembly. The EOL Relay
Assembly contacts are closed when energized and are wired in
series with the alarm loop. Power failure or a break in the power
loop de-energizes the EOL Relay, causing the relay contacts to
open. This results in a  trouble signal at the control panel.

for “H” — Isolated Thermal

Plug   Detector

Power
In

Power
Out

Alarm
Contacts

Accessory
Alarm
Contacts

Heat
Sensor

Positive 3

Negative 12

Positive 6

Negative 15

Vio       10

Vio 13

Vio/Blk   1

Vio/Blk 4

Blu 7

Orn 8

Yel 9

Brn 2

Brn 5
Gray 11

Gray 14



Electrical Specifications

Model Numbers 8240 8100
Operating Voltage
Nominal: 24 VDC 120 VAC
Range Min: 18 VDC 110 VAC

Max: 30 VDC 130 VAC
Frequency – 60HZ
Current Consumption at Nominal Operating Voltage (Milliamperes):
Standby 6mA 70mA
Alarm 60mA 70mA
Note: For “P” Option (Horn), Alarm Current Consumption is unchanged.
Sensitivity  . . . . . . . . . . . . . . . . . 2.5% Nominal
Alarm Contacts  . . . . . . . . . . . . . 1 Form A –N.O. (Resistive)

1 Amp at 24 VDC
0.6A at 125 VAC

Auxiliary  . . . . . . . . . . . . . . . . . . 1 Form C –N.O. (Resistive)
1 Amp at 24 VDC
0.5A at 120 VAC

Temperature  . . . . . . . . . . . . . . . 40°-100°F. (4.4°C-38°C)
Humidity  . . . . . . . . . . . . . . . . . . 10%-93% Relative Humidity
Size . . . . . . . . . . . . . . . . . . . . . . Diameter: 6 1/2 OD (5 3/4 in. at ceiling)

Depth: 2 5/8 in.

Fire Protection Products:  
10985 Chicago Dr., Box 310, Zeeland, MI 49464
616/392-7195   1-800/436-8391   FAX: 616/392-4219

Gentex corporation reserves the right to make changes to the product data sheets at their discretion.

GX071201-1
Printed on Recycled Paper

SERIES

CSFM Listing

7272-0569:102
All are suitable for releasing 

device service.

8000/8003

The Photoelectric Smoke Detector shall be a Gentex Model ______________ and shall operate on the photoelectronic
light scattering principle and shall be listed by Underwriter’s Laboratories, Inc., the State of California Fire Marshal and
the Bureau of Standards and Appeals (NYC).

The smoke detector shall contain an infrared LED light source and a light sensing photodiode. These components shall
be positioned such that when smoke particles enter the sensing area, light from the LED reflects onto the photodiode.
When the amount of light reflected onto the photodiode reaches a predetermined level, the detector shall latch into alarm.

The smoke detector shall contain a test knob that, when in TEST 1 Position, scatters the detector’s LED light source
to the equivalent of a nominal .85% actual smoke condition, when in Test 2 position the detector shall simulate an
equivalent of a nominal 3.5% actual smoke condition. Test feature shall indicate when maintenance is required without
the need of additional equipment.  A magnetic switch closure or other switch closure, or smoke generating equipment
which does not scatter the light beam or test sensitivity is not sufficient.

The smoke detector shall be able to contain an optional internal 90dBA horn (at 10 feet) which emits an intermittent
tone when the detector alarms. Also have the provision of reverse polarity operation. The horn shall have the capability
of being self-restoring.

The smoke detector shall be able to provide a self-restoring integral/isolated heat sensor set to alarm at 135°F fixed
temperature.

The smoke detector shall be provided from the manufacturer with all  internal wiring (power in, power out and alarm
contacts have 2 wires, auxiliary relay contacts have 1 wire) leading into a plug-in terminal socket for ease of field
installation. Screws are not acceptable since they make service more difficult. The manufacturer shall further supply the
field wiring harness with plug connector for connection to insulated wire connectors.  The smoke detector shall mount to
a 2" x 3" switch box or 4" octagon junction box using a standard bracket that does not have to be purchased
separately. The smoke detector shall be listed for wall or ceiling mounting.

Architect & Engineering Specifications



1 P&ID Number Tag Number

2 Service 0735A-08030 CARMON CREEK GAS PLANT

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5

Location

6 Ambient Temperature Range -40°C TO 38°C

7

8

9

10 Gas Components NATURAL GAS

11 Mole Weight or Specific Gravity

12 Distance From Source

PROCESS 13 Humidity

CONDITIONS 14 Vibration

15 Location

16

17

18 Model

19 Enclosure

20 Mounting

21 Sensor Type

DETECTOR 22 Detection Range

23
Field of Vision

24 Sensitivity

25 UV Wavelength

26 IR Radiation

27 Model

28 Enclosure

29 Mounting

30 Type

31 Typical Response Time

MONITOR/ 32 Minimum Response Time

TRANSMITTER 33 Instrument Range

34 Analog Output

35 Power Supply

36 Local Indication

37 Alarm Relay

38 Calibrated Range

39

40 Calibration/Test Kit

41 Optical Air Guard

42 Swivel Elbow

OPTIONS 43 Mounting Bracket

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

1 ET Revised as per customer request Appr.

0 ET For Approval ET ET Sheet 1

No. By Date Description REV   1

09/15/2015

Area Classification CLASS 1 ZONE 2

Code: Dwg. No. 338716-100

Process ChkInstr. Chk

LEL DETECTOR

YES

NO

NO

YES

PIRECL/UD10

DET-TRONICS

UZT-21601A

CMT NG PRESSURE REDUCTION SKID PACKAGE

BUILT-IN MOUNT BRACKET 

NA

NA

338716-100

INFRARED LEL DETECTOR 

0-100% LFL STANDARD (METHANE)

 STAINLESS STEEL EXPLOSION PROOF

NA

CMT FIELD FACILITIES AND 

INFRASTRUCTURE PHASE 1&2

0-100%

4-20mA

24VDC NOMINAL (OPERATING VOLTAGE 18 TO 30 V DC)

0-100%

PIRECL (INFRARED HYDROCARBON GAS DETECTOR)

THREE ALARM RELAYS & 1 FAULT RELAY

10/27/2015

UD10A5N25T2 (UNIVERSAL DISPLAY UNIT)

BUILT-IN WALL MOUNT BRACKET

EXPLOSION PROOF

BACKLIT LCD DISPLAY

ALUMINUM
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SPECIFICATION DATA

FlexVu® Explosion-Proof 

Universal Display Unit

Model UD10

DESCRIPTION features and benefits

The FlexVu® Model UD10 is recommended for applications that require a gas 
detector with digital readout of detected gas levels as well as analog 4-20 
mA output with HART, relay contacts, and Modbus RS485 (foundation™ 
Fieldbus option available).  The UD10 Universal Display Unit is designed 
for use with Det‑Tronics gas detectors such as GT3000, PIR9400, PIRECL, 
OPECL, C706x*, Model 505/CGS, CGS** or NTMOS, as well as generic 
linear 4-20 mA sensors.  The display unit is designed and approved as a 
‘stand alone’ device and performs all the functions of a gas controller.

Gas concentration and unit of measurement are indicated on a digital display.  
The display unit provides a linear isolated/non-isolated 4-20 mA DC output 
signal (with HART) that corresponds to the detected gas concentration. 

All electronics are enclosed in an explosion-proof aluminum or stainless 
steel housing.  The display unit is used with a single detector that may be 
either coupled directly to the UD10, or remotely located using a sensor 
termination box.  The UD10 features non-intrusive calibration.  A magnet is 
used to perform calibration as well as to navigate the UD10’s internal menu.

The UD10 Universal Display can be used with various 4-20 mA gas 
detection devices, with or without HART.  The unit provides display, 
output and control capabilities for the gas detector.

The UD10 utilizes the following I/O:

Signal Inputs:	 4-20 mA loop from the sensing device

User Inputs:	 Magnetic switches (4) on the display panel  
HART communication (handheld field communicator 
or AMS)

	 foundation™ Fieldbus (if selected)

Signal Outputs:	 4-20 mA output loop with HART 
Modbus RS485 or foundation™ Fieldbus 
Three alarm relays and one fault relay

Visible Outputs:	 Backlit LCD display 
HART slave interface via HART communicator.

•	 Universal design supports multiple Det-Tronics sensors or generic 
linear 4-20 mA sensors.

•	 Local digital LCD display continuously indicates gas level, gas type, 
and units measured.

•	 Backlit and heated display.

•	 Non-intrusive calibration quickly performed by one person.

•	 Rugged construction approved for use in classified hazardous areas.

•	 Linear isolated/non-isolated 4-20 mA output with HART.

•	 Non-intrusive menu allows device configuration without de‑classifying 
the hazardous area.

•	 Internal magnetic switches provide a non‑intrusive user interface.

•	 Smart capabilities with access to sensor information and 
measurement range.

•	 Event logs:  Calibration with date and time stamp.

•	 Fault logs:  Detector fault, Low power and General fault.

•	 Alarm logs:  High gas alarm, Low gas alarm and Aux alarm.

*	 C7065E O2 detector is not supported.

**	Requires the use of a CGS Interface Board. See Instruction Manual 95‑8661 
for details.
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Operating Voltage	 24 Vdc nominal, operating range is 18 to 30 Vdc.

Operating Power	 Standard model, with heater and backlight off:

	 No alarm:	 1.5 watts @ 24 Vdc.
	 Alarm:	 3 watts @ 24 Vdc (20 mA current output, 

	 and all 3 alarm relays energized.) 	
Backlight on:	0.5 watt additional.

	 Heater on:	 3.5 watts additional.
	 CGS model:	Add 4 watts with CGS interface board 

	 and CGS sensor installed.

	 Maximum power in alarm, with heater and backlight on:
	 7 watts @ 30 Vdc (Standard model)
	 11 watts @ 30 Vdc (CGS model)

	 noteS:	 –	Heater turns on when the internal  
			   temperature drops below –10°C.  Heater 
			   function can be disabled to save power.

		  –	Appropriate relays will be activated 
			   when a fault or alarm occurs.

Current Output	 Linear isolated 4-20 mA output with HART. 
Maximum loop resistance 600 ohms at 18 to 30 Vdc.

Relay Contacts	 Three Alarm Relays:
	 Form C, 5 amperes at 30 Vdc.
	 Selectable energized/de-energized.
	 Selectable latching/non‑latching.

	 One Fault Relay:
	 Form C, 5 amperes at 30 Vdc.  
	 Normally energized for no fault condition with 

power applied.

Operating Temperature	 –55°C to +75°C.	

Storage Temperature	 –55°C to +75°C.	

Humidity Range	 5 to 95% RH  (Det-Tronics verified).

Wiring Terminals	 14 to 18 AWG wire can be used.

Conduit Entries	 3/4" NPT or M25.

Enclosure Material	 Epoxy coated aluminum or 316 stainless steel.	
	

Shipping Weight	 Aluminum:	 4.15 pounds (1.88 kilograms). 
Stainless Steel:	 10.5 pounds (4.76 kilograms).

Warranty	 12 months from date of installation or 18 months 
from date of shipment, whichever occurs first.  

Electro-Magnetic	 EMC Directive 2004/108/EC
Compatibility	 EN55011 (Emissions)
	 EN50270 (Immunity).

Dimensions	 Dimensions shown in inches (centimeters).

Certification	 FM:	 Class I, Div. 1, Groups B, C & D (T5);
	 Class I, Div. 2, Groups B, C & D (T4);
	 Class I, Zone 1/2 AEx d IIC (T5);
	 Class II/III, Div. 1/2, Groups E, F & G.
	 Tamb –55°C to +75°C
	 NEMA/Type 4X, IP66
	 Conduit seal not required.

	 Performance verified in accordance with:
	 ANSI/ISA-92.00.01
	 ANSI/ISA-12.13.01 (CGS excluded)
	 FM 6310/6320
	 ANSI/ISA-12.13.04/FM 6325

	 CSA:	 CSA 08 2029512.
	 Class I, Div. 1, Groups B, C & D (T5);
	 Class I, Div. 2, Groups B, C & D (T4);
	 Class II/III, Div. 1/2, Groups E, F & G.
	 (Tamb = –55°C to +75°C)
	 Type 4X
	 Conduit seal not required.
	 Performance verified in accordance with:
	 CSA C22.2 #152.

	 ATEX:	  0539 FM�
APPROVED  II 2 G

	 Ex d IIC T5
	 Tamb –55°C to +75°C
	 FM08ATEX0042X
	 IP66
	 Performance verified in accordance with:
	 EN 60079-29-1 and EN 50241-1/-2.

	 IECEx:	 Ex d IIC T5 Gb
	 Tamb –55°C to +75°C
	 IECEx FMG 08.0010X
	 IP66
	 Performance verified in accordance with:
	 IEC 60079-29-1.

SPECIFICATIONS

Refer to Instruction Manual 95-8661 for in-depth information regarding the FlexVu UD10 
Universal Display Unit.
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SPECIFICATION DATA

Infrared Hydrocarbon Gas Detector

PointWatch Eclipse®

Model PIRECL

The Pointwatch Eclipse® Model PIRECL is a 
diffusion-based, infrared combustible gas detector 
that provides continuous, fixed monitoring of 
flammable hydrocarbon gases from 0 to 100% Lower 
Flammable Limit (LFL).  Standard device outputs 
include an electrically isolated 4-20 mA signal with 
HART communication protocol, and RS-485 serial 
communication.  Serial communication protocols 

supported include MODBUS and ASCII.  An optional relay output 
board with two programmable alarm relay outputs and one fault relay 
output is available.

Ideally suited for protection of challenging on/offshore oil and gas 
facilities and other downstream hydrocarbon applications, the 
PointWatch Eclipse is globally certified for use in Class I, Divisions 
1 and 2, and Zones 1 and 2 hazardous areas.  In addition, the 
stainless steel construction, sapphire optics, and modular design 
all combine to deliver industrial grade hardness along with easy 
installation and the lowest cost of ownership available.

The PointWatch Eclipse is capable of detecting hundreds of flammable 
hydrocarbon gases and vapors.  The Eclipse is performance certified 
to methane, propane, ethylene, and butane, and is shipped from the 
factory set and calibrated to one of these gases.  Numerous additional 
operating parameters are programmable via digital communication 
or the optional hand-held communicator.

•	 Superior optics protection system.
•	 No undisclosed failure modes.
•	 SIL 2 model certified to IEC 61508 by exida®

•	 Routine calibration not required.
•	 Explosion-proof, stainless steel housing with tethered weather 

protection baffle.
•	 Integral wiring compartment eliminates need for external junction 

boxes.
•	 Built-in tri-color LED eliminates need for external display module.
•	 Built-in optional relay package eliminates need for external relay 

output module.
•	 EQP models available.
•	 Non-interfering HART communication capability.
•	 Optional Intrinsically Safe HART communication port
•	 Optional hand-held HART communicator enables field 

configuration and calibration.
•	 Heated sapphire optics deliver long-lasting, high performance 

detection capability.
•	 Immune to damage from exposure to constant background 

gases or to high gas concentrations.
•	 FM, CSA, DNV/MED, DEMKO and CE (including ATEX 94/9/EC) 

certifications.
•	 Certified to FM/CSA Div. 1 and DEMKO Ex d, e protection 

standards for maximum versatility.
•	 Gas performance verification by FM/CSA/DEMKO. 
•	 Factory set and calibrated to methane, propane, ethylene, or 

butane.

DESCRIPTION features and benefits
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Input Voltage	 24 Vdc nominal. Operating range is 18 to 32 Vdc. 
	 Ripple cannot exceed 0.5 volt P-P.

Power Consumption	 4.0 watts nominal @ 24 Vdc
	 7.5 watts maximum @ 24 Vdc
	 10 watts maximum @ 32 Vdc.

Short Circuit Current	 Isc:	 5.4 amperes.
	 Isc (fuse):	 3.1 amperes.
	 Power Supply Max Voltage:	 Um = 250V.

Warmup Time	 Two minutes from cold power-up to normal mode;
	 1 hour minimum recommended.

Current Output	 Linear 4-20 mA (current source/sink, isolated/
Relays (Opt.)	 non-isolated) rated at 600 ohms maximum loop 

resistance @ 24 Vdc operating voltage.

Temperature Range	 Operating:	 –40°C to +75°C (–40°F to +167°F).
	 Storage:	 –55°C to +85°C (–67°F to +185°F).

Humidity 	 0 to 99% R.H. (Det-Tronics verified).
	 5 to 95% R.H. (FM/CSA/DEMKO verified).

Detection Range	 0 to 100% LFL standard.
	 Other ranges are configurable.

Detectable Gases	 Most flammable hydrocarbon vapors are detectable.  
Eclipse is performance certified to methane, propane, 
ethylene, and butane, and is shipped from the factory 
set and calibrated to one of these gases. 

	 For detection of other gases, configuration using 
HART, MODBUS, or EQP system software, and 
device calibration are required.

Device Configuration	 Configuration parameters include tag number, 
measurement range, signal processing algorithm, 
alarm levels, and other selectable parameters.

Response Time in Sec.		  T50	 T60	 T90
(With Methane Applied	 With Hydrophobic Filter:	 4.4	 4.8	 8.2
and Baffle Installed)	 Testing based on EN 60079-29-1.
	 See manual 95-8526 for other gases and other 

performance standards.

Alarm Setpoint Range	 Low Alarm:	 5 to 60% LFL
	 High Alarm:	 5 to 60% LFL.
	 Note: Low alarm range for EQP model is 5-40% LFL.

Accuracy	 ±3% from 0 to 50% LFL, ±5% from 51 to 100% LFL.

Self-Diagnostic Test	 All critical tests performed once per second.

Detector Housing Material	 316 stainless steel (CF8M).

Conduit Entry Options	 Two entries, 3/4 inch NPT or 25 mm.

Wiring Terminals	 Field wiring screw terminals are UL/CSA rated for up to 
14 AWG wire, and are DIN/VDE rated for 2.5 mm2 wire.

Shipping Weight	 11.5 pounds (5.2 kg).
(Approximate)           

Dimensions	 L = 9.3 in, W = 5.2 in, H = 4.6 in.  

Certifications

FM & CSA:	 Class I, Div. 1, Groups B, C & D (T4) with intrinsically safe output 
for HART communication in accordance with control drawing 
007283-001.

	 Class I, Div. 2, Groups A, B, C & D (T3C).
	 Performance certified to Methane, Propane, Ethylene, & Butane  

in accordance with FM 6310/6320, ANSI/ISA 12.13.01, and  
CSA C22.2 No. 152.

	 Tamb = –40°C to +75°C.
	 Acidic atmospheres excluded.
	 Conduit seal not required.

CE:	 Conforms to:
	 Low Voltage Directive:  2006/95/EC,
	 EMC Directive:  2004/108/EC,
	 ATEX Directive:  94/9/EC.

IEC:	 IECEx ULD 04.0002X
	 Ex de IIC T4-T5 Gb
	 --  OR  --
	 Ex de [ib] IIC T4-T5 Gb (with HART communication port)
	 T5 (Tamb –50°C to +40°C)
	 T4 (Tamb –50°C to +75°C)
	 --  OR  --
	 IECEx ULD 04.0002X
	 Ex d IIC T4-T5 Gb
	 --  OR  --
	 Ex d [ib] IIC T4-T5 Gb (with HART communication port)
	 T5 (Tamb –55°C to +40°C)
	 T4 (Tamb –55°C to +75°C)
	 IP66/IP67.

ATEX:	  0539 FM �
APPROVED

®  II 2 G
	 Ex de IIC T4-T5 Gb
	 --  OR  --
	 Ex de [ib] IIC T4-T5 Gb (with HART communication port)
	 DEMKO  01 ATEX 129485X.  
	 (Performance certified to Methane, Propane, Ethylene, & Butane 

in accordance with EN 60079-29-1.)
	 T5 (Tamb –50°C to +40°C)
	 T4 (Tamb –50°C to +75°C)
	 --  OR  --
	  0539 FM �

APPROVED

®  II 2 G
	 Ex d IIC T4-T5 Gb
	 --  OR  --
	 Ex d [ib] IIC T4-T5 Gb (with HART communication port)
	 DEMKO  01 ATEX 129485X.
	 (Performance certified to Methane, Propane, Ethylene, & Butane 

in accordance with EN 60079-29-1.)
	 T5 (Tamb –55°C to +40°C)
	 T4 (Tamb –55°C to +75°C)
	 IP66/IP67. 

DNV:	 Certificate No. A-11023

MED:	 Certificate No. MED-B-5866
	 Certificate No. MED-D-1508

SIL:	 All Safety-Certified PIRECL models are certified compliant to:
	 IEC61508: 2000
	 SIL 2 certified.
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1 P&ID Number Tag Number

2 Service 0735A-08030 CARMON CREEK GAS PLANT

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5

Location

6 Ambient Temperature Range -40°C TO 38°C

7

8

9

10 Gas Components NATURAL GAS

11 Mole Weight or Specific Gravity

12 Distance From Source

PROCESS 13 Humidity

CONDITIONS 14 Vibration

15 Location

16

17

18 Model

19 Enclosure

20 Mounting

21 Sensor Type

DETECTOR 22 Detection Range

23
Field of Vision

24 Sensitivity

25 UV Wavelength

26 IR Radiation

27 Model

28 Enclosure

29 Mounting

30 Type

31 Typical Response Time

MONITOR/ 32 Minimum Response Time

TRANSMITTER 33 Instrument Range

34 Analog Output

35 Power Supply

36 Local Indication

37 Alarm Relay

38 Calibrated Range

39

40 Calibration/Test Kit

41 Optical Air Guard

42 Swivel Elbow

OPTIONS 43 Mounting Bracket

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

1 ET Revised as per customer request Appr.

0 ET For Approval ET ET Sheet 1

No. By Date Description REV   1

09/15/2015

Area Classification CLASS 1 ZONE 2

Code: Dwg. No. 338716-100

Process ChkInstr. Chk

LEL DETECTOR

YES

NO

NO

YES

PIRECL/UD10

DET-TRONICS

UZT-21601B

CMT NG PRESSURE REDUCTION SKID PACKAGE

BUILT-IN MOUNT BRACKET 

NA

NA

338716-100

INFRARED LEL DETECTOR 

0-100% LFL STANDARD (METHANE)

 STAINLESS STEEL EXPLOSION PROOF

NA

CMT FIELD FACILITIES AND 

INFRASTRUCTURE PHASE 1&2

0-100%

4-20mA

24VDC NOMINAL (OPERATING VOLTAGE 18 TO 30 V DC)

0-100%

PIRECL (INFRARED HYDROCARBON GAS DETECTOR)

THREE ALARM RELAYS & 1 FAULT RELAY

10/25/2015

UD10A5N25T2 (UNIVERSAL DISPLAY UNIT)

BUILT-IN WALL MOUNT BRACKET

EXPLOSION PROOF

BACKLIT LCD DISPLAY

ALUMINUM
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SPECIFICATION DATA

FlexVu® Explosion-Proof 

Universal Display Unit

Model UD10

DESCRIPTION features and benefits

The FlexVu® Model UD10 is recommended for applications that require a gas 
detector with digital readout of detected gas levels as well as analog 4-20 
mA output with HART, relay contacts, and Modbus RS485 (foundation™ 
Fieldbus option available).  The UD10 Universal Display Unit is designed 
for use with Det‑Tronics gas detectors such as GT3000, PIR9400, PIRECL, 
OPECL, C706x*, Model 505/CGS, CGS** or NTMOS, as well as generic 
linear 4-20 mA sensors.  The display unit is designed and approved as a 
‘stand alone’ device and performs all the functions of a gas controller.

Gas concentration and unit of measurement are indicated on a digital display.  
The display unit provides a linear isolated/non-isolated 4-20 mA DC output 
signal (with HART) that corresponds to the detected gas concentration. 

All electronics are enclosed in an explosion-proof aluminum or stainless 
steel housing.  The display unit is used with a single detector that may be 
either coupled directly to the UD10, or remotely located using a sensor 
termination box.  The UD10 features non-intrusive calibration.  A magnet is 
used to perform calibration as well as to navigate the UD10’s internal menu.

The UD10 Universal Display can be used with various 4-20 mA gas 
detection devices, with or without HART.  The unit provides display, 
output and control capabilities for the gas detector.

The UD10 utilizes the following I/O:

Signal Inputs:	 4-20 mA loop from the sensing device

User Inputs:	 Magnetic switches (4) on the display panel  
HART communication (handheld field communicator 
or AMS)

	 foundation™ Fieldbus (if selected)

Signal Outputs:	 4-20 mA output loop with HART 
Modbus RS485 or foundation™ Fieldbus 
Three alarm relays and one fault relay

Visible Outputs:	 Backlit LCD display 
HART slave interface via HART communicator.

•	 Universal design supports multiple Det-Tronics sensors or generic 
linear 4-20 mA sensors.

•	 Local digital LCD display continuously indicates gas level, gas type, 
and units measured.

•	 Backlit and heated display.

•	 Non-intrusive calibration quickly performed by one person.

•	 Rugged construction approved for use in classified hazardous areas.

•	 Linear isolated/non-isolated 4-20 mA output with HART.

•	 Non-intrusive menu allows device configuration without de‑classifying 
the hazardous area.

•	 Internal magnetic switches provide a non‑intrusive user interface.

•	 Smart capabilities with access to sensor information and 
measurement range.

•	 Event logs:  Calibration with date and time stamp.

•	 Fault logs:  Detector fault, Low power and General fault.

•	 Alarm logs:  High gas alarm, Low gas alarm and Aux alarm.

*	 C7065E O2 detector is not supported.

**	Requires the use of a CGS Interface Board. See Instruction Manual 95‑8661 
for details.
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Operating Voltage	 24 Vdc nominal, operating range is 18 to 30 Vdc.

Operating Power	 Standard model, with heater and backlight off:

	 No alarm:	 1.5 watts @ 24 Vdc.
	 Alarm:	 3 watts @ 24 Vdc (20 mA current output, 

	 and all 3 alarm relays energized.) 	
Backlight on:	0.5 watt additional.

	 Heater on:	 3.5 watts additional.
	 CGS model:	Add 4 watts with CGS interface board 

	 and CGS sensor installed.

	 Maximum power in alarm, with heater and backlight on:
	 7 watts @ 30 Vdc (Standard model)
	 11 watts @ 30 Vdc (CGS model)

	 noteS:	 –	Heater turns on when the internal  
			   temperature drops below –10°C.  Heater 
			   function can be disabled to save power.

		  –	Appropriate relays will be activated 
			   when a fault or alarm occurs.

Current Output	 Linear isolated 4-20 mA output with HART. 
Maximum loop resistance 600 ohms at 18 to 30 Vdc.

Relay Contacts	 Three Alarm Relays:
	 Form C, 5 amperes at 30 Vdc.
	 Selectable energized/de-energized.
	 Selectable latching/non‑latching.

	 One Fault Relay:
	 Form C, 5 amperes at 30 Vdc.  
	 Normally energized for no fault condition with 

power applied.

Operating Temperature	 –55°C to +75°C.	

Storage Temperature	 –55°C to +75°C.	

Humidity Range	 5 to 95% RH  (Det-Tronics verified).

Wiring Terminals	 14 to 18 AWG wire can be used.

Conduit Entries	 3/4" NPT or M25.

Enclosure Material	 Epoxy coated aluminum or 316 stainless steel.	
	

Shipping Weight	 Aluminum:	 4.15 pounds (1.88 kilograms). 
Stainless Steel:	 10.5 pounds (4.76 kilograms).

Warranty	 12 months from date of installation or 18 months 
from date of shipment, whichever occurs first.  

Electro-Magnetic	 EMC Directive 2004/108/EC
Compatibility	 EN55011 (Emissions)
	 EN50270 (Immunity).

Dimensions	 Dimensions shown in inches (centimeters).

Certification	 FM:	 Class I, Div. 1, Groups B, C & D (T5);
	 Class I, Div. 2, Groups B, C & D (T4);
	 Class I, Zone 1/2 AEx d IIC (T5);
	 Class II/III, Div. 1/2, Groups E, F & G.
	 Tamb –55°C to +75°C
	 NEMA/Type 4X, IP66
	 Conduit seal not required.

	 Performance verified in accordance with:
	 ANSI/ISA-92.00.01
	 ANSI/ISA-12.13.01 (CGS excluded)
	 FM 6310/6320
	 ANSI/ISA-12.13.04/FM 6325

	 CSA:	 CSA 08 2029512.
	 Class I, Div. 1, Groups B, C & D (T5);
	 Class I, Div. 2, Groups B, C & D (T4);
	 Class II/III, Div. 1/2, Groups E, F & G.
	 (Tamb = –55°C to +75°C)
	 Type 4X
	 Conduit seal not required.
	 Performance verified in accordance with:
	 CSA C22.2 #152.

	 ATEX:	  0539 FM�
APPROVED  II 2 G

	 Ex d IIC T5
	 Tamb –55°C to +75°C
	 FM08ATEX0042X
	 IP66
	 Performance verified in accordance with:
	 EN 60079-29-1 and EN 50241-1/-2.

	 IECEx:	 Ex d IIC T5 Gb
	 Tamb –55°C to +75°C
	 IECEx FMG 08.0010X
	 IP66
	 Performance verified in accordance with:
	 IEC 60079-29-1.

SPECIFICATIONS

Refer to Instruction Manual 95-8661 for in-depth information regarding the FlexVu UD10 
Universal Display Unit.
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SPECIFICATION DATA

Infrared Hydrocarbon Gas Detector

PointWatch Eclipse®

Model PIRECL

The Pointwatch Eclipse® Model PIRECL is a 
diffusion-based, infrared combustible gas detector 
that provides continuous, fixed monitoring of 
flammable hydrocarbon gases from 0 to 100% Lower 
Flammable Limit (LFL).  Standard device outputs 
include an electrically isolated 4-20 mA signal with 
HART communication protocol, and RS-485 serial 
communication.  Serial communication protocols 

supported include MODBUS and ASCII.  An optional relay output 
board with two programmable alarm relay outputs and one fault relay 
output is available.

Ideally suited for protection of challenging on/offshore oil and gas 
facilities and other downstream hydrocarbon applications, the 
PointWatch Eclipse is globally certified for use in Class I, Divisions 
1 and 2, and Zones 1 and 2 hazardous areas.  In addition, the 
stainless steel construction, sapphire optics, and modular design 
all combine to deliver industrial grade hardness along with easy 
installation and the lowest cost of ownership available.

The PointWatch Eclipse is capable of detecting hundreds of flammable 
hydrocarbon gases and vapors.  The Eclipse is performance certified 
to methane, propane, ethylene, and butane, and is shipped from the 
factory set and calibrated to one of these gases.  Numerous additional 
operating parameters are programmable via digital communication 
or the optional hand-held communicator.

•	 Superior optics protection system.
•	 No undisclosed failure modes.
•	 SIL 2 model certified to IEC 61508 by exida®

•	 Routine calibration not required.
•	 Explosion-proof, stainless steel housing with tethered weather 

protection baffle.
•	 Integral wiring compartment eliminates need for external junction 

boxes.
•	 Built-in tri-color LED eliminates need for external display module.
•	 Built-in optional relay package eliminates need for external relay 

output module.
•	 EQP models available.
•	 Non-interfering HART communication capability.
•	 Optional Intrinsically Safe HART communication port
•	 Optional hand-held HART communicator enables field 

configuration and calibration.
•	 Heated sapphire optics deliver long-lasting, high performance 

detection capability.
•	 Immune to damage from exposure to constant background 

gases or to high gas concentrations.
•	 FM, CSA, DNV/MED, DEMKO and CE (including ATEX 94/9/EC) 

certifications.
•	 Certified to FM/CSA Div. 1 and DEMKO Ex d, e protection 

standards for maximum versatility.
•	 Gas performance verification by FM/CSA/DEMKO. 
•	 Factory set and calibrated to methane, propane, ethylene, or 

butane.

DESCRIPTION features and benefits

8.1	 © Detector Electronics Corporation 2012	 4/12	 90-1138
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Input Voltage	 24 Vdc nominal. Operating range is 18 to 32 Vdc. 
	 Ripple cannot exceed 0.5 volt P-P.

Power Consumption	 4.0 watts nominal @ 24 Vdc
	 7.5 watts maximum @ 24 Vdc
	 10 watts maximum @ 32 Vdc.

Short Circuit Current	 Isc:	 5.4 amperes.
	 Isc (fuse):	 3.1 amperes.
	 Power Supply Max Voltage:	 Um = 250V.

Warmup Time	 Two minutes from cold power-up to normal mode;
	 1 hour minimum recommended.

Current Output	 Linear 4-20 mA (current source/sink, isolated/
Relays (Opt.)	 non-isolated) rated at 600 ohms maximum loop 

resistance @ 24 Vdc operating voltage.

Temperature Range	 Operating:	 –40°C to +75°C (–40°F to +167°F).
	 Storage:	 –55°C to +85°C (–67°F to +185°F).

Humidity 	 0 to 99% R.H. (Det-Tronics verified).
	 5 to 95% R.H. (FM/CSA/DEMKO verified).

Detection Range	 0 to 100% LFL standard.
	 Other ranges are configurable.

Detectable Gases	 Most flammable hydrocarbon vapors are detectable.  
Eclipse is performance certified to methane, propane, 
ethylene, and butane, and is shipped from the factory 
set and calibrated to one of these gases. 

	 For detection of other gases, configuration using 
HART, MODBUS, or EQP system software, and 
device calibration are required.

Device Configuration	 Configuration parameters include tag number, 
measurement range, signal processing algorithm, 
alarm levels, and other selectable parameters.

Response Time in Sec.		  T50	 T60	 T90
(With Methane Applied	 With Hydrophobic Filter:	 4.4	 4.8	 8.2
and Baffle Installed)	 Testing based on EN 60079-29-1.
	 See manual 95-8526 for other gases and other 

performance standards.

Alarm Setpoint Range	 Low Alarm:	 5 to 60% LFL
	 High Alarm:	 5 to 60% LFL.
	 Note: Low alarm range for EQP model is 5-40% LFL.

Accuracy	 ±3% from 0 to 50% LFL, ±5% from 51 to 100% LFL.

Self-Diagnostic Test	 All critical tests performed once per second.

Detector Housing Material	 316 stainless steel (CF8M).

Conduit Entry Options	 Two entries, 3/4 inch NPT or 25 mm.

Wiring Terminals	 Field wiring screw terminals are UL/CSA rated for up to 
14 AWG wire, and are DIN/VDE rated for 2.5 mm2 wire.

Shipping Weight	 11.5 pounds (5.2 kg).
(Approximate)           

Dimensions	 L = 9.3 in, W = 5.2 in, H = 4.6 in.  

Certifications

FM & CSA:	 Class I, Div. 1, Groups B, C & D (T4) with intrinsically safe output 
for HART communication in accordance with control drawing 
007283-001.

	 Class I, Div. 2, Groups A, B, C & D (T3C).
	 Performance certified to Methane, Propane, Ethylene, & Butane  

in accordance with FM 6310/6320, ANSI/ISA 12.13.01, and  
CSA C22.2 No. 152.

	 Tamb = –40°C to +75°C.
	 Acidic atmospheres excluded.
	 Conduit seal not required.

CE:	 Conforms to:
	 Low Voltage Directive:  2006/95/EC,
	 EMC Directive:  2004/108/EC,
	 ATEX Directive:  94/9/EC.

IEC:	 IECEx ULD 04.0002X
	 Ex de IIC T4-T5 Gb
	 --  OR  --
	 Ex de [ib] IIC T4-T5 Gb (with HART communication port)
	 T5 (Tamb –50°C to +40°C)
	 T4 (Tamb –50°C to +75°C)
	 --  OR  --
	 IECEx ULD 04.0002X
	 Ex d IIC T4-T5 Gb
	 --  OR  --
	 Ex d [ib] IIC T4-T5 Gb (with HART communication port)
	 T5 (Tamb –55°C to +40°C)
	 T4 (Tamb –55°C to +75°C)
	 IP66/IP67.

ATEX:	  0539 FM �
APPROVED

®  II 2 G
	 Ex de IIC T4-T5 Gb
	 --  OR  --
	 Ex de [ib] IIC T4-T5 Gb (with HART communication port)
	 DEMKO  01 ATEX 129485X.  
	 (Performance certified to Methane, Propane, Ethylene, & Butane 

in accordance with EN 60079-29-1.)
	 T5 (Tamb –50°C to +40°C)
	 T4 (Tamb –50°C to +75°C)
	 --  OR  --
	  0539 FM �

APPROVED

®  II 2 G
	 Ex d IIC T4-T5 Gb
	 --  OR  --
	 Ex d [ib] IIC T4-T5 Gb (with HART communication port)
	 DEMKO  01 ATEX 129485X.
	 (Performance certified to Methane, Propane, Ethylene, & Butane 

in accordance with EN 60079-29-1.)
	 T5 (Tamb –55°C to +40°C)
	 T4 (Tamb –55°C to +75°C)
	 IP66/IP67. 

DNV:	 Certificate No. A-11023

MED:	 Certificate No. MED-B-5866
	 Certificate No. MED-D-1508

SIL:	 All Safety-Certified PIRECL models are certified compliant to:
	 IEC61508: 2000
	 SIL 2 certified.

SPECIFICATIONS

 Detector Electronics Corporation
6901 West 110th Street • Minneapolis, Minnesota 55438 USA

Operator: (952) 941-5665 or (800) 765-FIRE
Customer Service: (952) 946-6491 • Fax (952) 829-8750

http://www.det-tronics.com • E-mail: det-tronics@det-tronics.com

Specifications subject to change without notice. 

Det-Tronics, the DET-TRONICS logo, and Eclipse are registered trademarks 
or trademarks of Detector Electronics Corporation in the United States, other 
countries, or both. Other company, product, or service names may be trademarks 
or service marks of others.

©Copyright Detector Electronics Corporation 2012. All rights reserved.
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4 Line Number Equipment Number --- 0735A-08030
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8 Current Requirements 24VDC-1A

9
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18 Model Federal Signal Model 302GCX-024

19 Amplifier Housing Die Cast Aluminum Type 4X

20 Speaker Cone Tip & Projector Spun aluminun alloy with powder coated finish

21 Sound Level on Axis @ 10ft (3m) 114dBA

HORN 22

23

24

25
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27 Model Federal Signal Model UTM

28 32 switchable tones

29 RFI and EMI shielded

30 UL and cUL listed, CSA Certified and CSFM Approved

TONE MODULE 31
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INSTALLATION AND SERVICE INSTRUCTIONS FOR 
MODELS 300GC, 300GCX, 302GC, AND 302GCX

 SAFETY MESSAGE TO INSTALLERS

	 People’s lives depend on your safe installation of our products. It is important to 
read, understand and follow all instructions shipped with these products. Listed below 
are some other important safety instructions and precautions you should follow:

•	 This unit must be installed by a qualified electrician in accordance with 
all National and Local Electrical Codes, and be acceptable to the Local 
Authority Having Jurisdiction.

•	 Do not connect this unit to the system wiring when circuits are ener‑
gized. 

•	 For optimum sound distribution do not install this device where objects 
would block any portion of the front of the speaker. 

•	 All effective warning speakers produce loud sounds, which in certain 
circumstances, may cause permanent hearing loss. Take appropriate 
precautions such as wearing hearing protection. Recommendations in 
OSHA‑Sound Level Standard (29 CFR 1910) should not be exceeded.

•	 After installation and completion of initial system test, provide a copy of 
this instruction sheet to all personnel responsible for operation, periodic 
testing, and maintenance of the equipment.

Failure to follow all safety precautions and instructions may result in prop‑
erty damage, serious injury, or death to you or others.

I.	 GENERAL.

	 These four SelecTone® Models are high output, continuous duty, indoor/outdoor 
rated audible signal/amplified speaker devices with internal gain controls. A plug-in 
tone module is required for tone generation. If the use of externally generated tones or 
voice signals from a remote amplifier is desired, the plug-in speaker connector cards 
may be used. See the specification section for compatible plug-in models. These models 
may also be used for playback of pre-recorded messages or tones when used with the 
Model TM-33 Custom Tone Module. The mounting bracket is adjustable to allow posi‑
tioning to obtain desired sound coverage. Speaker projectors on all models are adjust‑
able and may be repositioned to obtain desired sound distribution.

	 The SelecTone Models 300GCX and 302GCX are designed for use in areas where 
Flammable Gases, Vapors and Liquids and Combustible Dusts are not normally pres‑
ent, except for abnormal conditions as defined by the National Electrical Code. These 
models are suitable for use in Class I, Division 2, Groups A, B, C, & D; Class II, Division 
2, Groups F and G; Class III or non-hazardous locations only. Reference the product 
nameplate for additional information.
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II.	 SPECIFICATIONS.

Operating Voltages:	 24V AC/DC, 120VAC, 240VAC
Supervisor Voltage:		 50VDC (When speaker plug-in module is
	 	 	 	 	 installed.)
Current Requirements:	
	 300GC & 300GCX:	 24VAC - 1.1A max.	 24VDC - 1.1A max.
	 	 	 	 	 120VAC - 0.3A max.	 240VAC - 0.2A max.
	 302GC & 302GCX:	 24VAC - 1.7A max.	 24VDC - 1.7A max.
	 	 	 	 	 120VAC - 0.4A max.	 240VAC - 0.2A max.

Weight	 	 	 	 24V AC/DC	 120VAC, 240VAC
	 	 	 300GC:	 4.5 lbs. [2.0kg]	 5.5 lbs. [2.5kg]
	 	 	 300GCX:	 4.9 lbs. [2.2kg] 	 5.9 lbs. [2.7kg] 
	 	 	 302GC:	 6.1 lbs. [2.8kg]	 7.5 lbs. [3.4kg]
	 	 	 302GCX:	 6.5 lbs. [3.0kg] 	 7.9 lbs. [3.6kg] 

Construction	
	 Amplifier Housing:	 Die-cast aluminum alloy with powder coated
	 	 	 	 	 finish. Housing sealed with a neoprene rubber
	 	 	 	 	 gasket. External mounting bracket on Models
	 	 	 	 	 300GCX & 302GCX.
	
	 Speaker Cone Tip & Projector:	 Spun aluminum alloy with powder coated
	 	 	 	 	 finish.
	 	
Sound Level on Axis @ 10 feet [3m]:	 300GC & 300GCX: 110dBA
	 	 	 	 	 302GC & 302GCX: 114dBA
	 	
Approval Agency Listings:	 Refer to product nameplate

Compatible Tone Modules:	 TM2, TM33*, or UTM
	 	 	 	 	 * - Series A and B versions of the TM33 
	 	 	 	 	 module are not compatible.

Compatible Speaker Connector Cards:	 AM25CK*, AM70CK*, EM3, 300CK, 
	 	 	 	 	 E-300CK, T-300CK, or 300CKS
	 	 	 	 	 * - Series A versions of these connector cards
	 	 	 	 	 are not compatible.

III.	 INSTALLATION.

	 A.	 Unpacking.

	 	 After unpacking the speaker, examine it carefully for possible damage that 
may have occurred in transit. If equipment has been damaged, immediately file a claim 
with the carrier stating the extent of the damage. Carefully check all shipping labels 
and tags for special instructions before removing or destroying them.

	 B.	 Mounting Arrangements (see figure 1).

To maintain the Hazardous Location ratings of the Models 300GCX and 
302GCX enclosure, do not use the 7/8" knockout (concealed conduit mount‑
ing.)
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	 	 The amplified speaker can be mounted on any relatively flat surface. Conduit 
connections can be made to the two 1/2" threaded openings at bottom of the housing. A 
1/2" conduit plug is supplied for field installation if one of the 1/2" threaded openings 
is not utilized. After the mounting location and mounting method have been selected, 
proceed with the applicable instructions below.

Property damage, serious injury, or death could occur if an accumulation of 
water, snow, dust, etc. resides in the speaker projector, severely reducing or 
preventing operation of this device. Mount the unit so speaker projector is 
pointed horizontally or slightly downward.

Property damage, serious injury, or death could occur if the projector is mis‑
handled during installation or over time. DO NOT rotate the projector more 
than 180 degrees or internal speaker wiring may be damaged. 

	 	 1.	 Flat Surface Mounting.

	 	 	 a.	 Remove and retain the two screws that secure cover to housing. 
Remove the cover. 

Property damage, serious injury, or death could occur if any objects are in 
front of the speaker, severely reducing optimum sound distribution. For maxi‑
mum effectiveness, ensure that the front of the speaker is clear of obstruc‑
tions.

	 	 	 b.	 Select the mounting location and place rear of the housing against 
mounting surface.

	 	 	 c.	 Using the mounting holes (two (2) inside for Models 300GC and 
302GC’s housing or four (4) outside for the Models 300GCX and 302GCX’s external 
housing bracket) as a template, scribe drill position marks on the mounting surface. 
See figure 1 for mounting hole locations and dimensions.

Before drilling holes in any surface, ensure that both sides of surface are clear 
of items that could be damaged.

	 	 	 d.	 Secure the unit to a wooden mounting surface with #10 x 1" wood 
screws. If mounting on a metal surface, drill 13/64" diameter holes and secure the unit 
with #10 screws, lockwashers and nuts.

	 	 	 e.	 Route wires through the 1/2" threaded openings into the SelecTone 
unit in accordance with National and Local Electrical codes. Wire size depends upon 
the operating current and the distance from the power source.
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	 	 	 f.	 Reposition speaker projector if necessary to obtain desired sound 
coverage. Loosen collar nut (see figure 1) and move projector to desired position.

	 	 2.	 Concealed Conduit Mounting (300GC and 302GC Models ONLY).

	 	 	 a.	 Remove and retain the two screws that secure cover to housing. 
Remove the cover.

	 	 	 b.	 Remove the 7/8" knockout at rear of housing.

	 	 	 c.	 Install the conduit connection.

	 	 	 d.	 Route wires through the 1/2" threaded openings into the SelecTone 
unit in accordance with National and Local Electrical codes. Wire size depends upon 
the operating current and the distance from the power source. 

	 	 	 e.	 Select the mounting location and place rear of housing against 
mounting surface.

	 	 	 f.	 Using the two (2) mounting holes as a template, scribe drill position 
marks on the mounting surface. See figure 1 for mounting hole locations and dimen‑
sions.

Before drilling holes in any surface, ensure that both sides of surface are clear 
of items that could be damaged.

	 	 	 g.	 Secure the unit to a wooden mounting surface with #10 x 1" wood 
screws. If mounting on a metal surface, drill 13/64" diameter holes and secure the unit 
with #10 screws, lockwashers and nuts.

	 	 	 h.	 Reposition speaker projector if necessary to obtain desired sound 
coverage. Loosen collar nut (see figure 1) and move projector to desired position. Install 
1/2" conduit plugs in the unused bottom entryways (one plug supplied).

	 C.	 Electrical Connections.

To avoid electrical shock, do not connect wires when circuits are energized.

Never energize unit unless the cover is securely fastened to housing. Property 
damage, serious injury, or death could occur if the housing is not closed prop‑
erly.

	 	 National and Local Electrical Codes must be adhered to in the installation 
and operation of these models. All electrical wiring must be routed through approved 
conduit and fittings as specified.
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	 	 1. 	 Power Connections.

	 	 	 Use only 12 to 18 AWG [2.5 – 1.0 mm2] wire for the power connection. 
Strip no more than .25 inch [6 mm] of wire insulation from the ends of the power leads. 
If stranded wire is used, be sure that there are no loose strands outside the connector 
plug that could touch the adjacent lead and cause a short circuit.

	 	 	 a.	 24V AC/DC models.

	 	 	 	 For 24VDC operation, connect the power source positive (+) lead to 
one of the (+) terminals of the connector plug and connect the power source negative (-) 
lead to one of the (-) terminals of the connector plug as shown in figure 2. For 24VAC 
operation connect the line (hot) power source wire to the terminal marked “L”. Con‑
nect the common (neutral) power source wire to the terminal marked “N”. See figure 
2. If required by local building codes, connect the earth ground wire to the green screw 
threaded into the interior of the housing.

	 	 	 b.	 120VAC & 240VAC models.

	 	 	 	 Connect the line (hot) power source wire to the terminal marked 
“L”. Connect the common (neutral) power source wire to the terminal marked “N”. See 
figure 2. If required by local building codes, connect the earth ground wire to the green 
screw threaded into the interior of the housing.

	 	 Plug the connector into the receptacle provided on the printed circuit board. 

	 	 2. 	 Tone Card Installation.

NOTE

Tone card is purchased separately.

	 	 	 a.	 Plug the desired tone card into the socket as shown in figure 2.

	 	 	 b.	 To ensure a proper seal, be sure that the rubber cover gasket is 
properly seated in the housing groove and reinstall the housing cover.

	 	 3.	 Speaker Connector Card Installation (Models AM25CK, AM70CK, and 
300CK).

NOTE

Connector card is purchased separately.

	 	 	 a.	 Route the audio signal leads into the enclosure and connect the 
signal leads to the connector card audio inputs. The connector cards are NOT polarity 
sensitive, however, polarity should be observed when placing units within close proxim‑
ity to each other. Refer to the connector card installation manual provided with the 
connector card kit for additional wiring information.

	 	 	 b.	 Plug the desired connector card into the socket as shown in figure 2.

	 	 	 c.	 To ensure a proper seal, be sure that the rubber cover gasket is 
properly seated in the housing groove and reinstall the housing cover.
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Property damage, serious injury, or death could occur if the housing is not 
closed properly. To reduce possibility of explosion, the housing cover must be 
kept tight while circuits are energized.

IV.	 TESTING/OPERATING.

These devices are capable of producing sounds loud enough to cause hear‑
ing damage. Adequate hearing protection should be worn if standing within 
close proximity to device while testing. Recommendations in the OSHA Sound 
Level Standard (29 CFR 1910F) should not be exceeded.

	 A.	 After installation is complete, be sure to test the system to verify that each 
amplified speaker operates satisfactorily. If it is found that the unit is too loud for its 
location, an internal volume control can be adjusted. Remove the housing cover. Using a 
slotted screwdriver with a 1/8" blade, gently turn control to desired loudness. See figure 
2. Reinstall the housing cover.

	 B.	 After completion of initial system test, establish a program for periodic test‑
ing of this device. 

	 C.	 Provide a copy of these instructions for the Safety Engineer, system 
operator(s) and maintenance personnel.

 SAFETY MESSAGE TO OPERATORS

Even if your warning system is operating properly, it may not be completely 
effective. People may not hear or heed your warning signal. You must recog‑
nize this fact and ensure that your warning signal achieves its intended effect 
through proper test/training sequences within your specific application(s).

- EXPLOSION HAZARD

Substitution of components may impair suitability for Class I, Division 2, and 
Class I, Zone 2.

V.	 MAINTENANCE.

 SAFETY MESSAGE TO MAINTENANCE PERSONNEL

	 Failure to follow all safety precautions and instructions may result in property 
damage, serious injury, or death to you or others.

•	 Read and understand all instructions before performing maintenance on 
this unit.

•	 To reduce the risk of electrical shock or ignition of hazardous atmo‑
spheres, do not perform maintenance or service on this unit when 
circuits are energized.
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•	 Periodic checks should be made to ensure that effectiveness of this 
device has not been reduced because speaker has become clogged with 
a foreign substance or because objects have been placed in front of the 
speaker. 

•	 Any maintenance on this unit MUST be performed by a licensed electri‑
cian in accordance with NEC guidelines and local codes.

•	 Never alter these units in any manner. Note, additional openings or 
alterations made to the 300GCX or 302GCX Models may jeopardize the 
safety of the hazardous location.

•	 The nameplates, which contain cautionary or other information of impor‑
tance to maintenance personnel, should not be obscured if the exterior of 
device is painted.

	 A.	 Periodically inspect this device to verify that there are no foreign substances 
in, or in front of the speaker, which will reduce its notification effectiveness.

	 B.	 Periodic evaluation on the performance of the unit should be conduct at regu‑
lar intervals. 

	 C.	 In the event a volume adjustment or other repair is required, be sure to refer 
to the Safety Message For Maintenance Personnel before proceeding.

Unauthorized repair/servicing of the unit may result in degradation of per‑
formance and/or safety, resulting in property damage, serious injury, or death 
to you or others. If a malfunctioning unit is encountered, do not attempt any 
field repair/retrofit of parts.

VI.	 SERVICE.

	 Federal Signal will service your equipment or provide technical assistance with 
any problems that cannot be handled locally.

	 Any units returned to Federal Signal for service, inspection, or repair, must be 
accompanied by a Return Material Authorization. This R.M.A. can be obtained from the 
local Distributor or Manufacturer’s Representative.

	 At this time a brief explanation of the service requested or the nature of the mal‑
function, should be provided.

	 Address all communications and shipments to:

	 Federal Signal Corporation
	 Electrical Products Division
	 Service Department
	 2645 Federal Signal Drive
	 University Park, IL  60466-3195



VII.	 REPLACEMENT PARTS (Series D).

Description	 	 	 	 	 Part Number

Amplifier Sub-assy., 300GC-024, 300GCX-024	 	 	 K2005356A-05
Amplifier Sub-assy., 300GC-120, 300GCX-120,	 	 	 K2005356A-04
	 300GC-240, and 300GCX-240
Amplifier Sub-assy., 302GC-024, 302GCX-024	 	 	 K2005356A-03
Amplifier Sub-assy., 302GC-120, 302GCX-120,	 	 	 K2005356A-02
	 302GC-240, and 302GCX-240
Amplifier Power Board., 300GC-024, 300GCX-024	 K2001961A-05
Amplifier Power Board, 300GC-120, 300GCX-120,	 K2001961A-04
	 300GC-240, and 300GCX-240
Amplifier Power Board, 302GC-024, 302GCX-024	 K2001961A-03
Amplifier Power Board, 302GC-120, 302GCX-120,	 K2001961A-02
	 302GC-240, and 302GCX-240
Speaker, 300GC-024, 300GCX-024, 300GC-120,		 	 8593082A
	 300GCX-120, 300GC-240, and 300GCX-240
Speaker, 302GC-024, 302GCX-024, 302GC-120,		 	 8593103A
	 302GCX-120, 302GC-240, and 302GCX-240
Transformer, 300GC-120, 300GCX-120	 	 	 K120857A
Transformer, 300GC-240, 300GCX-240	 	 	 K120858A
Transformer, 302GC-120, 302GCX-120	 	 	 K120846A
Transformer, 302GC-240, 302GCX-240	 	 	 K120856A
Voice Coil, 300GC-120, 300GCX-120,	 	 	 K8593035A
	 300GC-240, and 300GCX-240
Voice Coil, 302GC-120, 302GCX-120,	 	 	 K8590246A
	 302GC-240, and 302GCX-240

-8-
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INSTRUCCIONES PARA LA INSTALACIÓN Y EL MANTENIMIENTO DE LOS 
MODELOS 300GC, 300GCX, 302GC Y 302GCX

 MENSAJE DE SEGURIDAD PARA LOS INSTALADORES

	 La vida de personas depende de la instalación segura de nuestros productos. Es im‑
portante leer, comprender y seguir todas las instrucciones que vienen con estos productos. 
A continuación indicamos otras instrucciones importantes y precauciones de seguridad que 
debe seguir:

•	 Esta unidad debe ser instalada por un electricista calificado en conformidad 
con los Códigos Nacionales y Locales de Electricidad y aceptado por la autori‑
dad local a la que corresponda la jurisdicción.

•	 No conecte esta unidad al cableado del sistema mientras los circuitos estén 
energizados. 

•	 Para obtener una distribución óptima del sonido, no instale este dispositivo 
en lugares donde haya objetos que puedan obstruir cualquier porción de la 
parte delantera del altavoz. 

•	 Todos los altavoces eficaces de alarma producen sonidos fuertes que pueden 
causar, en ciertas situaciones, la pérdida permanente de la audición. Tome las 
precauciones apropiadas como, por ejemplo, usar protección para los oídos. No 
se deben exceder las recomendaciones especificadas en la Norma de nivel de 
sonido (29 CFR 1910) de OSHA.

•	 Después de hacer la instalación y la prueba inicial del sistema, entregue una 
copia de estas instrucciones a todas las personas responsables de la oper‑
ación, de las pruebas periódicas y del mantenimiento de estos equipos.

Si no se siguen todas las precauciones e instrucciones de seguridad, pueden 
ocasionarse daños a la propiedad o se pueden causar lesiones graves o mortales a 
usted o a otras personas.

I.	 GENERAL.

	 Estos cuatro modelos SelecTone® son dispositivos altavoces amplificados de alta po‑
tencia con controles internos de ganancia y señal audible nominal para servicio continuo en 
áreas interiores y exteriores. Es necesario un módulo enchufable para la generación de tonos. 
Si desea usar tonos generados externamente o señales de voz de un amplificador remoto, 
puede usar las tarjetas de conexión enchufables para altavoces. Consulte en la sección Espe‑
cificaciones los modelos enchufables compatibles. Estos modelos también se pueden utilizar 
para reproducir mensajes o tonos grabados con anterioridad cuando se utilizan con el módulo 
de tonos personalizados (Custom Tone Module) modelo TM-33. El soporte de montaje es 
ajustable para permitir el cambio de posición y obtener la cobertura de sonido deseada. Los 
proyectores del altavoz de todos los modelos son ajustables y su posición se puede cambiar 
para obtener la distribución de sonido deseada.

	 Los modelos de SelecTone 300GCX y 302GCX están diseñados para su uso en áreas 
donde normalmente no hay presencia de gases, vapores o líquidos inflamables ni polvos 
combustibles, exceptuando las condiciones anormales que se definen en el Código Eléctrico 
Nacional. Estos modelos son adecuados para ser usados solamente en áreas Clase I, División 
2, Grupos A, B, C y D; Clase II, División 2, Grupos F y G; Clase III o en áreas no peligrosas. 
Use como referencia la placa de identificación del producto para obtener información adicio‑
nal.
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II.	 ESPECIFICACIONES

Voltajes de operación:	 24VCC, 24VCA, 120VCA, 240VCA
Voltaje de referencia:	 50VCC (cuando el módulo enchufable del altavoz 
está instalado).
Requisitos de corriente:	
	 300GC y 300GCX:	 24VCA - 1,1Amp máx.	 24VCC - 1,1Amp máx.
	 	 	 	 	 120VCA - 0,3Amp máx.	 240VCA - 0,2Amp máx.
	 302GC y 302GCX:	 24VCA - 1,7Amp máx.	 24VCC - 1,7Amp máx.
	 	 	 	 	 120VCA - 0,4Amp máx.	 240VCA - 0,2Amp máx.

Peso		 	 	 	 24VCC, 24VCA	 120VCA, 240VCA
	 	 	 300GC:	 4,5 lbs. [2,0kg]	 5,5 lbs. [2,5kg]
	 	 	 300GCX:	 4,9 lbs. [2,2kg] 	 5,9 lbs. [2,7kg] 
	 	 	 302GC:	 6,1 lbs. [2,8kg]	 7,5 lbs. [3,4kg]
	 	 	 302GCX:	 6,5 lbs. [3,0kg] 	 7,9 lbs. [3,6kg] 
	 	
Construcción	
	 Caja del amplificador:	 Aleación de aluminio fundido con acabado de 

pintura en polvo. Caja sellada con una empaqu‑
etadura de caucho neopreno. Soporte de montaje 
externo en los modelos 300GCX y 302GCX.

	
Punta del cono y proyector del altavoz:	 Aleación de aluminio trenzado con acabado de
	 	 	 	 	 pintura en polvo.
	 	
Nivel de sonido en el eje a 10 pies [3 m]:	 300GC y 300GCX: 110dBA
	 	 	 	 	 302GC y 302GCX: 114dBA
	 	
Lista de agencias aprobatorias:	 Consulte la placa de identificación del producto

Módulos de tono compatibles:	 TM2, TM33* o UTM
	 	 	 	 	 * - Las versiones de las Series A y B del módulo
	 	 	 	 	 TM33 no son compatibles�.

Tarjetas de conexión de altavoz compatibles:	 AM25CK*, AM70CK*, EM3, 300CK, 
	 	 	 	 	 E-300CK, T-300CK o 300CKS
	 	 	 	 	 * - Las versiones de la Serie A de estas tarjetas 

de conexión no son compatibles.

III.	 INSTALACIÓN.

	 A.	 Desempaque

	 	 Después de desempacar el altavoz, revíselo cuidadosamente para detectar 
cualquier daño que pueda haber ocurrido durante su transporte. Si el equipo está dañado, 
presente inmediatamente una reclamación al transportador indicando la magnitud del daño. 
Revise cuidadosamente todos los sellos de embarque y las etiquetas para ver si hay alguna 
instrucción especial antes de quitarlos o destruirlos.

	 B.	 Configuración del montaje (vea la Figura 1).

Para mantener la clasificación para Áreas de Alto Riesgo de la caja de los modelos 
300GCX y 302GCX, no use la abertura rompible de 7/8 de pulg (montaje de con‑
ducto oculto).
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	 	 El altavoz amplificado se puede montar en cualquier superficie relativamente 
plana. Las conexiones del conducto se pueden hacer a las dos aberturas roscadas de 1/2 pulg 
en la parte inferior de la caja. Se suministra un tapón de conducto de 1/2 pulg para la insta‑
lación en el campo si no se utiliza alguna de las aberturas roscadas de 1/2 pulg. Después de 
seleccionar la ubicación y el método de montaje, proceda con las instrucciones descritas abajo 
que sean aplicables.

Pueden ocasionarse daños a la propiedad o lesiones graves o mortales si se acumu‑
la agua, nieve, polvo, etc. en el proyector del altavoz, reduciendo significativamente 
o impidiendo la operación de este dispositivo. Monte la unidad de tal manera que el 
proyector del altavoz se oriente horizontalmente o un poco hacia abajo.

 

Pueden ocasionarse daños a la propiedad o lesiones graves o mortales si el proyec‑
tor es maltratado durante o después de la instalación. NO gire el proyector más de 
180 grados porque pueden ocasionarse daños a los cables internos del altavoz. 

	 	 1.	 Montaje en una superficie plana.

	 	 	 a.	 Quite y retenga los dos tornillos que sujetan la tapa a la caja. Quite la 
tapa. 

Pueden ocasionarse daños a la propiedad o lesiones graves o mortales si hay algún 
objeto delante del altavoz, reduciendo significativamente la distribución óptima 
del sonido. Para obtener la mayor efectividad, asegúrese de que no hay ninguna 
obstrucción delante del altavoz.

	 	 	 b.	 Seleccione la ubicación del montaje y coloque la parte trasera de la caja 
contra la superficie de montaje.

	 	 	 c.	 Utilice los orificios de montaje (dos (2) en el interior para la caja de los 
modelos 300GC y 302GC o cuatro en el exterior (4) para el soporte externo de la caja de los 
modelos 300GCX y 302GCX) como una plantilla para marcar la posición en la superficie de 
montaje donde se debe perforar. Vea la Figura 1 para obtener la ubicación y las dimensiones 
de los orificios de montaje.

Antes de perforar los orificios, asegúrese de que no hay nada que se pueda dañar 
en los dos lados de la superficie.

	 	 	 d.	 Sujete la unidad en una superficie de montaje de madera con tornillos 
para madera #10 x 1 pulg. Cuando instale la unidad en superficies metálicas, perfore orificios 
de 13/64 pulg de diámetro en las posiciones marcadas y sujete la unidad con tornillos #10, 
arandelas de presión y tuercas.

	 	 	 e.	 Pase los cables a través de las aberturas roscadas de 12 pulg hacia la 
unidad SelecTone en conformidad con los Códigos Nacionales y Locales de Electricidad. El 
tamaño de los cables depende de la corriente que se está utilizando y la distancia a la fuente 
de energía.
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	 	 	 f.	 Cambie la posición del proyector del altavoz si es necesario para obtener 
la cobertura de sonido deseada. Afloje la tuerca de collar (vea la Figura 1) y mueva el proyec‑
tor a la posición deseada.

	 	 2.	 Montaje de conducto oculto (SÓLO en los modelos 300GC y 302GC).

	 	 	 a.	 Quite y retenga los dos tornillos que sujetan la tapa a la caja. Quite la 
tapa.

	 	 	 b.	 Quite la abertura rompible de 7/8 pulg en la parte trasera de la caja.

	 	 	 c.	 Instale la conexión del conducto.

	 	 	 d.	 Pase los cables a través de las aberturas roscadas de 12 pulg hacia la 
unidad SelecTone en conformidad con los Códigos Nacionales y Locales de Electricidad. El 
tamaño de los cables depende de la corriente que se está utilizando y la distancia a la fuente 
de energía. 

	 	 	 e.	 Seleccione la ubicación del montaje y coloque la parte trasera de la caja 
contra la superficie de montaje.

	 	 	 f.	 Use los dos orificios de montaje (2) como una plantilla para marcar la 
posición en la superficie de montaje donde se debe perforar. Vea la Figura 1 para obtener la 
ubicación y las dimensiones de los orificios de montaje.

Antes de perforar los orificios, asegúrese de que no hay nada que se pueda dañar 
en los dos lados de la superficie.

	 	 	 g.	 Sujete la unidad en una superficie de montaje de madera con tornillos 
para madera #10 x 1 pulg. Cuando instale la unidad en superficies metálicas, perfore orificios 
de 13/64 pulg de diámetro en las posiciones marcadas y sujete la unidad con tornillos #10, 
arandelas de presión y tuercas.

	 	 	 h.	 Cambie la posición del proyector del altavoz si es necesario para obtener 
la cobertura de sonido deseada. Afloje la tuerca de collar (vea la Figura 1) y mueva el proyec‑
tor a la posición deseada. Instale tapones de conducto de 1/2 pulg en las entradas inferiores 
que no se usen (se suministra un tapón).

	 C.	 Conexiones eléctricas.

Para evitar una descarga eléctrica, no conecte los cables cuando el sistema está 
energizado.

Nunca energice la unidad a menos que la tapa esté sujetada firmemente a la caja. 
Pueden ocasionarse daños a la propiedad o lesiones graves o mortales si no se 
cierra correctamente la caja.

	 	 Se deben cumplir los Códigos Nacionales y Locales de Electricidad para la insta‑
lación y operación de estos modelos. Todos los cables eléctricos debe tenderse por un conducto 
aprobado y usando los conectores aprobados de acuerdo a las especificaciones.
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	 	 1. 	 Conexiones de energía.

	 	 	 Utilice sólo cables de 12 a 18 AWG (2,5 – 1,0 mm2) para las conexiones de 
energía. No quite más de 0,25 pulg (6 mm) de aislamiento de cable del extremo de los conduc‑
tores de energía. Si utiliza cable trenzado, asegúrese de que no hay ninguna trenza suelta por 
fuera del enchufe conector que pueda entrar en contacto con un conductor adyacente y causar 
un corto circuito.

	 	 	 a.	 Modelos de 24V CA/CC.

	 	 	 	 Para la operación a 24VCC, conecte el conductor positivo de la fuente de 
potencia a uno de los terminales positivos (+) del enchufe conector y el conductor negativo a 
uno de los terminales negativos (-) del enchufe conector, como se muestra en la Figura 2. Para 
la operación de 24VCA, conecte el cable de línea (caliente) de la fuente de energía al terminal 
marcado con la letra “L”. Conecte el cable común (neutral) de la fuente de energía al terminal 
marcado con la letra “N”. Vea la Figura 2. Si los códigos de construcción locales lo exigen, 
conecte el cable de conexión a tierra al tornillo roscado verde en el interior de la caja.

	 	 	 b.	 Modelos de 120VCA y 240VCA.

	 	 	 	 Conecte el cable de línea (caliente) de la fuente de energía al terminal 
marcado con la letra “L”. Conecte el cable común (neutral) de la fuente de energía al terminal 
marcado con la letra “N”. Vea la Figura 2. Para la operación a 24V CA, conecte el cable de 
línea (caliente) de la fuente de energía al terminal marcado con la letra “L”.

	 	 Conecte el conector al receptáculo proporcionado en la tarjeta del circuito impreso. 

	 	 2. 	 Instalación de la tarjeta de tono

NOTA

La tarjeta de tono se compra separadamente.

	 	 	 a.	 Instale la tarjeta de tono deseada en el receptáculo como se muestra en 
la Figura 2.

	 	 	 b.	 Para obtener un sellado correcto, asegúrese de que la empaquetadura de 
goma de la tapa se asiente correctamente en la ranura de la caja e instale de nuevo la tapa de 
la caja.

	 	 3.	 Instalación de la tarjeta de conexión del altavoz (modelos AM25CK, AM70CK 
y 300CK).

NOTA

La tarjeta de conexión se compra separadamente.

	 	 	 a.	 Pase los conductores de señal de audio al interior de la caja y conecte los 
conductores de señal a las entradas del conector de la tarjeta de audio. Las tarjetas de conex‑
ión NO son susceptibles a la polaridad; sin embargo, se debe observar la polaridad cuando se 
coloca una unidad muy cerca de otra. Consulte el manual de instalación de la tarjeta de con‑
exión que se proporciona con el juego de tarjetas de conexión para obtener más información 
acerca del cableado.

	 	 	 b.	 Conecte la tarjeta de conexión deseada en el receptáculo, como se mues‑
tra en la Figura 2.
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	 	 	 c.	 Para obtener un sellado correcto, asegúrese de que la empaquetadura de 
goma de la tapa se asiente correctamente en la ranura de la caja e instale de nuevo la tapa de 
la caja.

Pueden ocasionarse daños a la propiedad o lesiones graves o mortales si no se 
cierra correctamente la caja. Para disminuir la posibilidad de una explosión, la 
tapa de la caja debe mantenerse ajustada mientras el sistema está energizado.

IV.	 PRUEBA/OPERACIÓN.

Estos dispositivos tienen la capacidad de producir sonidos lo suficientemente 
fuertes para causar daños al oído. Debe usar protección adecuada para los oídos 
si está cerca del dispositivo mientras se está probando. No se deben exceder las 
recomendaciones especificadas en la Norma de nivel de sonido (29 CFR 1910F) de 
OSHA.

	 A.	 Después de completar la instalación, asegúrese de probar el sistema para verificar 
que cada altavoz amplificado está funcionando correctamente. Si la unidad produce sonidos 
demasiado fuertes para el lugar donde está ubicada, se puede ajustar el control de volumen 
interno. Quite la tapa de la caja. Utilizando un atornillador acanalado con una hoja de 1/8 
pulg, gire suavemente el control al nivel de volumen deseado. Vea la Figura 2. Instale de 
nuevo la tapa de la caja.

	 B.	 Después de la instalación y la prueba inicial del sistema, se debe establecer un 
programa de pruebas periódicas para este dispositivo. 

	 C.	 Entregue una copia de estas instrucciones al ingeniero de seguridad, a los opera‑
dores del sistema y al personal de mantenimiento.

 MENSAJE DE SEGURIDAD PARA LOS OPERADORES

Aunque su sistema de advertencia esté funcionando correctamente, es posible que 
no sea completamente efectivo. Es posible que las personas no escuchen o no hagan 
caso de su señal de advertencia. Debe reconocer este hecho y asegurarse de que su 
señal de advertencia cumple el efecto deseado realizando secuencias de pruebas y 
de entrenamiento para sus aplicaciones específicas.

 - PELIGRO DE EXPLOSIÓN

La sustitución de componentes puede deteriorar la idoneidad para Clase I, División 
2 y Clase I, Zona 2.

V.	 MANTENIMIENTO.

 MENSAJE DE SEGURIDAD PARA EL PERSONAL DE MANTENIMIENTO

	 Si no se siguen todas las precauciones e instrucciones de seguridad, pueden ocasionarse 
daños a la propiedad o se pueden causar lesiones graves o mortales a usted o a otras perso‑
nas.

•	 Lea y comprenda todas las instrucciones antes de realizar trabajos de man‑
tenimiento en esta unidad.



•	 Para disminuir el riesgo de descargas eléctricas o de incendios en atmósferas 
de alto riesgo, no realice trabajos de mantenimiento en este dispositivo mien‑
tras el sistema está energizado.

•	 Se deben hacer revisiones periódicas para asegurar que la efectividad del dis‑
positivo no ha disminuido debido a obstrucciones en el altavoz causadas por 
sustancias extrañas o porque se hayan colocado objetos delante del altavoz. 

•	 Todos los trabajos de mantenimiento en esta unidad DEBEN ser realizados 
por un electricista capacitado en conformidad con el Código Eléctrico Nacio‑
nal y con los códigos locales. 

•	 Nunca altere estas unidades de ninguna manera. Tenga en cuenta que las 
aberturas adicionales y las alteraciones a los modelos 300GCX o 302GCX 
pueden poner en peligro la seguridad en áreas de alto riesgo.

•	 Las placas de identificación, que pueden contener precauciones o información 
de importancia para el personal de mantenimiento, no se deben cubrir con 
pintura cuando se pinta el exterior del dispositivo.

	 A.	 Inspeccione periódicamente este dispositivo para verificar que no hay sustancias 
extrañas en o delante del altavoz que puedan disminuir la efectividad anunciada.

	 B.	 Se deben realizar evaluaciones periódicas del rendimiento de la unidad. 

	 C.	 Si es necesario ajustar el volumen o realizar alguna reparación, asegúrese de 
consultar el Mensaje de seguridad para el personal de mantenimiento antes de proceder.

Si se hacen trabajos de mantenimiento y reparación que no están autorizados, se 
puede ocasionar la degradación del rendimiento y de la seguridad de la unidad, con 
la posibilidad de causar daños a la propiedad y lesiones graves o mortales a usted 
o a otras personas. Si tiene una unidad averiada, no intente reparar ni adaptar 
ninguna de las piezas.

VI.	 SERVICIO.

	 Federal Signal reparará su equipo o le prestará asistencia técnica con cualquier prob‑
lema que no pueda corregirse localmente.

	 Todas las unidades devueltas a Federal Signal para su mantenimiento, inspección o 
reparación deben enviarse con una Autorización de Devolución de Materiales R.M.A. Esta 
R.M.A. puede obtenerse de su distribuidor local o del representante del fabricante.

	 En ese momento se le pedirá una breve explicación del servicio solicitado o la naturaleza 
del desperfecto.

	 Dirija toda su correspondencia y todos sus envíos a:

	 Federal Signal Corporation
	 Electrical Products Division
	 Service Department
	 2645 Federal Signal Drive
	 University Park, IL  60466-3195
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VII.	 COMPONENTES DE REEMPLAZO (Serie D).

Descripción	 	 	 	 	 	 Número de parte

Subconjunto de amplificador, 300GC-024, 300GCX-024	 	 K2005356A-05
Subconjunto de amplificador, 300GC-120, 300GCX-120,	 	 K2005356A-04
	 300GC-240 y 300GCX-240
Subconjunto de amplificador, 302GC-024, 302GCX-024	 	 K2005356A-03
Subconjunto de amplificador, 302GC-120, 302GCX-120	 	 K2005356A-02
	 302GC-240 y 302GCX-240
Tablero de alimentación del amplificador, 300GC-024, 300GCX-024	 K2001961A-05
Tablero de alimentación del amplificador, 300GC-120, 300GCX-120	 K2001961A-04
	 300GC-240 y 300GCX-240
Tablero de alimentación del amplificador, 302GC-024, 302GCX-024	 K2001961A-03
Tablero de alimentación del amplificador, 302GC-120, 302GCX-120	 K2001961A-02
	 302GC-240 y 302GCX-240
Altavoz, 300GC-024, 300GCX-024, 300GC-120,	 	 	 	 8593082A
	 300GCX-120, 300GC-240 y 300GCX-240
Altavoz, 302GC-024, 302GCX-024, 302GC-120,	 	 	 	 8593103A
	 302GCX-120, 302GC-240 y 302GCX-240
Transformador, 300GC-120, 300GCX-120	 	 	 	 K120857A
Transformador, 300GC-240, 300GCX-240	 	 	 	 K120858A
Transformador, 302GC-120, 302GCX-120	 	 	 	 K120846A
Transformador, 302GC-240, 302GCX-240	 	 	 	 K120856A
Bobina de voz, 300GC-120, 300GCX-120,	 	 	 	 K8593035A
	 300GC-240 y 300GCX-240
Bobina de voz, 302GC-120, 302GCX-120,	 	 	 	 K8590246A
	 302GC-240 y 302GCX-240

-16-
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CONSIGNES POUR L’INSTALLATION ET L’UTILISATION DES 
MODÈLES 300GC, 300GCX, 302GC ET 302GCX

 MESSAGE DE SÉCURITÉ POUR LES INSTALLATEURS

	 Des vies humaines dépendent de l’installation sans danger que vous faites de nos 
produits. Il est important de lire, de comprendre et de suivre toutes les consignes jointes à 
ces produits. De plus, sont énumérées ci-dessous quelques autres consignes et mesures de 
sécurité importantes à suivre :

•	 Un électricien qualifié doit installer cette unité conformément aux codes 
électriques national et locaux; l’autorité ayant juridiction doit l’accepter.

•	 Ne pas brancher cette unité au système quand celui-ci est sous tension. 

•	 Pour une répartition optimale du son, ne pas installer cet appareil là où des 
objets feraient obstacle à l’avant du haut-parleur. 

•	 Tous les haut-parleurs d’avertissement efficaces produisent des sons puis‑
sants qui, dans certaines situations, peuvent causer une perte auditive per‑
manente. Vous devez prendre des précautions adéquates comme le port d’une 
protection auditive. Il ne faut pas dépasser les recommandations de la norme 
de niveau sonore (29 CFR 1910) de l’OSHA.

•	 Après l’installation et l’exécution d’un premier essai du système, fournir une 
copie de cette feuille de consignes à tout le personnel responsable du fonc‑
tionnement, des essais périodiques et de l’entretien de cet équipement.

Le non respect de toutes les mesures et consignes de sécurité pourrait entraîner 
des dommages aux biens, de sérieuses blessures ou la mort pour vous ou d’autres

I.	 GÉNÉRALITÉS.

	 Ces quatre modèles SelecTone® sont des haut-parleurs à sortie élevée, à service continu, 
amplifiés/à signal audible homologué intérieur/extérieur avec réglages internes de puissance 
de son. Un module enfichable de tonalité est requis pour la génération de tonalité. Pour des 
tonalités générées à l’extérieur ou des signaux vocaux à partir d’un amplificateur à dis‑
tance, vous pouvez utiliser les cartes de connecteur enfichables. Voir les modèles enfichables 
compatibles au chapitre spécification. Vous pouvez aussi vous servir de ces modèles pour la 
lecture de messages ou de tonalités préenregistrées avec le module à tonalités personnalisées 
modèle TM-33. Le support de fixation est réglable pour placer l’appareil de façon à obtenir la 
couverture sonore désirée. Sur tous les modèles, les cornets de haut-parleurs sont réglables et 
peuvent être repositionnés pour obtenir la diffusion de son désirée.

	 Les modèles SelecTone 300GCX et 302GCX sont conçus pour servir dans des aires où 
des gaz, vapeurs et liquides inflammables et des poussières combustible ne sont pas présents 
normalement, excepté dans des conditions anormales telles que définies par le Code élec‑
trique national. Ces modèles conviennent seulement pour les endroits de classe I, division 
2, groupes A, B, C, et D; classe II, division 2, groupes F et G; classe III ou sans danger. Se 
reporter à la plaque signalétique du produit pour plus d’information
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II.	 SPÉCIFICATIONS

Tensions de fonctionnement :	 24 V CA/CC, 120 V CA, 240 V CA
Tension du superviseur :	 50 V CC (Quand le module enfichable du haut-

parleur est installé.)
Courants exigés :	
	 300GC et 300GCX:	 24 V CA - 1,1 A max.	 24 V CC - 1,1 A max.
	 	 	 	 	 120 V CC - 0,3 A max.	 240 V CA - 0,2 A max.
	 302GC & 302GCX:	 24 V CA - 1,7 A max.	 24 V CC - 1,7 A max.
	 	 	 	 	 120 V CC - 0,3 A max.	 240 V CA - 0,2 A max.

24V	 24 V CA/CC, 120 V CA, 240 V CA
	 	 	 300GC:	 2 kg [4,5 lb]	 2,5 kg [5,5 lb]
	 	 	 300GCX:	 2,2 kg [4,9 lb]	 2,7 kg [5,9 lb] 
	 	 	 302GC:	 2,8 kg [6,1 lb]	 3,4 kg [7,5 lb]
	 	 	 302GCX:	 3 kg [6,5 lb]	 3,6 kg [7,9 lb] 
	 	
Construction du boîtier d’amplificateur :	 Fonte d’alliage d’aluminium avec fini de revête‑

ment en poudre
	 	 	 	 	 Boîtier scellé par un joint de néoprène

Support de montage externe sur les modèles 
300GCX et 302GCX.

Bout du cône diffuseur et 
cornet du haut-parleur : 	 Alliage d’aluminium avec fini de revêtement en 

poudre.
	 	 	 	 	 	 	
Niveau sonore (sur l’axe @ 3m [10 pi]) : 	 300GC et 300GCX : 11O dBA
	 	 	 	 	 302GC et 302GCX : 114 dBA
	 	
Listes d’homologation : 	 Se reporter à la plaque signalétique du produit

Modules compatibles de tonalité :	 TM2, TM33*, ou UTM
	 	 	 	 	 ���������������������������������������������          * - Les versions Séries A et B du module TM33
	 	 	 	 	 ne sont pas compatibles.

Cartes de connecteur compatibles 
avec le haut-parleur :	 	 AM25CK*, AM70CK*, EM3, 300CK, 
	 	 	 	 	 E-300CK, T-300CK, ou 300CKS
* - Les versions de série A de ces cartes de connecteur ne sont pas compatibles.

III.	 INSTALLATION.

	 A.	 Déballage.

	 	 Après avoir déballé le haut-parleur, vérifier soigneusement s’il a été endommagé 
lors du transport. Si l’équipement a été endommagé, faire immédiatement au transporteur 
une réclamation déclarant l’étendue des dommages. Examiner soigneusement toutes les 
étiquettes d’expédition et de consignes particulières avant de les enlever ou de les détruire.

	 B.	 Dispositions de Montage (Voir figure 1)

Pour maintenir la classification pour endroits dangereux des modèles 
d’enceinte300GCX et 302GCX, ne pas utiliser l’entrée défonçable de 7/8 po (mon‑
tage à conduit caché).
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	 	 Le haut-parleur peut être fixé sur une surface relativement plane capable de sup‑
porter son poids. Les conduits de câbles peuvent être raccordés aux ouvertures taraudées de 
1/2 po situées à la base du boîtier Un bouchon de conduit de 1/2” est fourni pour l’installation 
si une des ouvertures taraudées de 1/2 po n’est pas utilisée. Après avoir choisi emplacement 
et la méthode de montage, procéder selon les consignes applicables suivantes.

Il pourrait arriver des dommages aux biens, des blessures sérieuses ou la mort 
si de l’eau, de la neige, de la poussière, etc. s’accumulent dans le cornet du haut 
parleur, réduisant gravement ou empêchant le fonctionnement de cet appareil. 
Fixer l’unité pour que le cornet du haut-parleur soit dirigé horizontalement ou 
légèrement vers le bas.

 

Il pourrait arriver des dommages aux biens, des blessures sérieuses ou la mort si 
le cornet est manipulé sans précaution lors de l’installation ou postérieurement. 
NE PAS faire pivoter le cornet de plus de 180 degrés afin de ne pas endommager le 
câblage intérieur du haut-parleur. 

	 	 1.	 Montage sur Surface Plane.

	 	 	 a.	 Retirer et garder les deux vis qui fixent le couvercle au boîtier. Retirer le 
boîtier. 

Il pourrait arriver des dommages aux biens, des blessures sérieuses ou la mort si 
des objets se trouvaient devant le haut-parleur, réduisant gravement la répartition 
optimale du son. Pour une efficacité maximale, faire en sorte qu’il n’y ait aucune 
obstruction à l’avant du haut-parleur.

	 	 	 b.	 Choisir l’emplacement de montage et placer l’arrière du boîtier contre la 
surface de montage.

	 	 	 c.	 Se servir des trous de montage (deux [2] à l’intérieur du boîtier des 
modèles 300GC et 302GC ou quatre [4] dans le support de montage externe des modèles 
300GCX et 302GCX) comme gabarit, pour marquer les positions de perçage sur la surface de 
montage. Voir la figure 1 pour l’emplacement des trous de fixation et leurs dimensions.

Avant de percer des trous sur une surface, s’assurer que ses deux faces sont ex‑
emptes de quoi que ce soit qui pourrait être endommagé.

	 	 	 d.	 Fixer l’appareil à une surface de bois avec des vis à bois de 1 po No 10. 
En cas de montage sur une surface métallique, percer des trous de 13/64” de diamètre et fixer 
l’appareil avec des boulons No 10, des rondelles-frein et des écrous.

	 	 	 e.	 Passer les fils par les ouvertures taraudées d’1/2 po dans l’appareil 
SelecTone conformément aux codes électriques national et locaux. Le calibre du fil dépend du 
courant de fonctionnement et de la distance de la source d’alimentation
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	 	 	 f.	 Repositionner le cornet du haut-parleur si nécessaire pour obtenir la 
couverture sonore désirée. Desserrer l’écrou à embase (voir figure 1) et déplacer le cornet 
jusqu’à la position désirée.

	 	 2.	 Montage avec Conduit Caché (Modèles 300GC et 302GC SEULEMENT).

	 	 	 a.	 Retirer et garder les deux vis qui fixent le couvercle au boîtier. Retirer le 
boîtier.

	 	 	 b.	 Retirer l’entrée défonçable de 7/8” à l’arrière du boîtier.

	 	 	 c.	 Installer le raccord de conduit.

	 	 	 d.	 Passer les fils par les ouvertures taraudées d’1/2 po dans l’appareil 
SelecTone conformément aux codes électriques national et locaux. Le calibre du fil dépend du 
courant de fonctionnement et de la distance de la source d’alimentation 

	 	 	 e.	 Choisir l’emplacement de montage et placer l’arrière du boîtier contre la 
surface de montage.

	 	 	 f.	 À l’aide du support de fixation comme gabarit, marquer la position des 
trous à percer sur la surface de fixation. Voir la figure 1 pour l’emplacement des trous de fixa‑
tion et leurs dimensions.

Avant de percer des trous sur une surface, s’assurer que ses deux faces sont ex‑
emptes de tout élément qui pourrait être endommagé.

	 	 	 g.	 Fixer l’appareil à une surface de bois avec des vis à bois de 1 po No 10. 
En cas de montage sur une surface métallique, percer des trous de 13/64” de diamètre et fixer 
l’appareil avec des boulons No 10, des rondelles-frein et des écrous.

	 	 	 h.	 Repositionner le cornet du haut-parleur si nécessaire pour obtenir la 
couverture sonore désirée. Desserrer l’écrou à embase (voir figure 1) et déplacer le cornet 
jusqu’à la position désirée. Installer des bouchons de conduits de 1/2” dans les entrées non 
utilisées (un bouchon fourni).

	 C.	  Connexions électriques

Pour éviter un choc électrique, ne pas connecter de fils quand les circuits sont sous 
tension.

Ne jamais mettre l’appareil sous tension si le couvercle n’est pas bien fixé sur le 
boîtier. Il pourrait arriver des dommages aux biens, des blessures sérieuses ou la 
mort si le boîtier n’est pas bien fermé.

	 	 Il faut suivre le code électrique national ainsi que les codes locaux pour 
l’installation de ces modèles. Tout le câblage électrique doit passer par les conduits et les rac‑
cords homologués tel que spécifié.
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	 	 1. 	 Connexions à l’alimentation

	 	 	 Utiliser seulement un fil de calibre 12 a 18 AWG (2.5 – 1.0 mm2) pour la 
connexion à l’alimentation. Ne pas dénuder plus de 6 mm (25 po) de fil aux extrémités des 
conducteurs. Si vous utiliser du fil toronné, assurez-vous qu’il n’y a pas de toron flottant à 
l’extérieur du connecteur qui pourrait toucher le conducteur adjacent et causer un court-cir‑
cuit.

	 	 	 a.	 Modèles 24 V CA/CC

	 	 	 	 Pour le fonctionnement en 24 V CC, connecter le fil (+) positif 
d’alimentation à une des bornes (+) et le fil (-) négatif à une des bornes (-) du connecteur 
enfichable comme montré à la figure 2. Pour le fonctionnement en 24 V CA, connecter le fil 
de ligne (vivant) de la source de courant à la borne indiquée « L ». Connecter le fil commun 
(neutre) de la source de courant à la borne indiquée « N ». Voir figure 2. En cas d’exigence 
des codes locaux de construction, connecter le fil de mise à la terre à la vis verte filetée à 
l’intérieur de l’enceinte.

	 	 	 b.	 Modèles 120 V CC et 240V CC

	 	 	 	 Connecter le fil de ligne (vivant) de la source de courant à la borne indi‑
quée « L ». Connecter le fil commun (neutre) de la source de courant à la borne indiquée « N ». 
Voir figure 2. En cas d’exigence des codes locaux de construction, connecter le fil de mise à la 
terre à la vis verte filetée à l’intérieur de l’enceinte.

	 	 Brancher le connecteur dans la prise fournie sur la carte de circuits imprimés. 

	 	 2. 	 Installation de la carte de tonalité

NOTE

La carte de tonalité s’achète séparément.

	 	 	 a.	 Insérer la carte de tonalité désirée dans la prise femelle comme le mon‑
tre la figure 2.

	 	 	 b.	 Pour s’assurer d’une bonne étanchéité, vérifier que le joint de caoutchouc 
du couvercle est bien installé dans la rainure du boîtier et reposer le couvercle du boîtier.

	 	 3.	 Installation des cartes de connecteurs de haut-parleur (Modèles AM25CK, 
AM70CK, et 300CK).

NOTE

La carte de connecteurs s’achète séparément.

	 	 	 a.	 Passer les conducteurs de signal audio dans l’enceinte et les connecter 
aux entrées audio de la carte de connecteurs. Les cartes de connecteurs NE sont PAS sen‑
sibles à la polarité; cependant, il faut observer la polarité en plaçant les unités à proximité 
l’une de l’autre. Se reporter au manuel d’installation de cartes de connecteurs fourni avec la 
trousse de cartes de connecteurs pour des renseignements supplémentaires sur les branche‑
ments.

	 	 	 b.	 Insérer la carte de connecteur désirée dans la prise femelle comme le 
montre la figure 2.

	 	 	 c.	 Pour s’assurer d’une bonne étanchéité, vérifier que le joint de caoutchouc 
du couvercle est bien installé dans la rainure du boîtier et reposer le couvercle du boîtier.
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Il pourrait arriver des dommages aux biens, des blessures sérieuses ou la mort si 
le boîtier n’est pas bien fermé. Pour réduire la possibilité d’explosion, il faut que le 
couvercle du boîtier soit bien fermé pendant la mise sous tension des circuits.

IV.	 ESSAIS / FONCTIONNEMENT.

Dans certaines situations, ces appareils sont capables de produire des sons suf‑
fisamment puissants pour causer une diminution de l’acuité auditive. Vous devez 
porter une protection auditive adéquate si vous êtes à proximité de l’appareil pen‑
dant les essais. Il ne faut pas dépasser les recommandations de la norme de niveau 
sonore (29 CFR 1910) de l’OSHA.

	 A.	 Une fois l’installation terminée, faire l’essai du système pour vérifier que chaque 
haut-parleur amplifié fonctionne de manière satisfaisante. Si l’unité est trop bruyante pour 
son emplacement, on peut régler le volume à l’aide d’une commande interne. Reposer le 
couvercle du boîtier. À l’aide d’un tournevis plat avec une lame de 1/8”, tourner doucement la 
commande à l’intensité sonore désirée. Voir figure 2. Reposer le couvercle du boîtier.

	 B.	 Une fois terminé le premier essai du système, il faut établir un programme d’essai 
périodique de cet appareil. 

	 C.	 Fournir une copie de ces consignes à l’ingénieur de la sécurité, aux opérateurs du 
système et au personnel d’entretien.

 MESSAGE DE SÉCURITÉ AUX OPÉRATEURS

Même si votre système fonctionne correctement, il pourrait ne pas être totalement 
efficace. Les gens pourraient ne pas entendre ou tenir compte du signal avertis‑
seur. Vous devez reconnaître ce fait et vous assurez que votre signal avertisseur 
atteint son but par de séquences appropriées d’essais et de formation dans le cadre 
de vos applications spécifiques.

 - RISQUE D’EXPLOSION

 La substitution de composants pourrait réduire la compatibilité avec la classe 1, 
division 2 et classe 1, zone 2

V.	 ENTRETIEN.

 MESSAGE DE SÉCURITÉ AU PERSONNEL D’ENTRETIEN

	 Le non respect de toutes les mesures et consignes de sécurité pourrait entraîner des 
dommages aux biens, de sérieuses blessures ou la mort pour vous ou d’autres

•	 Lire et comprendre toutes les consignes avant d'effectuer l'entretien de cette 
unité.

•	 Pour réduire le risque de chocs électriques ou un allumage d’atmosphères 
dangereuses, ne pas effectuer d’entretien ou de réparation sur cet appareil si 
les circuits sont sous tension.

•	 Il faut faire des vérifications périodiques pour s'assurer que l'efficacité de 
cet appareil n'a pas été réduite parce qu'une substance étrangère obstrue le 
haut-parleur ou que des objets ont été placés en devant celui-ci. 
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•	 Un électricien formé DOIT effectuer tout entretien de cette unité conformé‑
ment aux directives du NEC et des codes locaux.

•	 Ne jamais modifier ces appareils d'aucune façon. Note : Faire d'autres ouver‑
tures ou modifications aux modèles 300GCX or 302GCX pourrait comprom‑
ettre la sécurité de emplacement dangereux.

•	 Si l'extérieur de l'appareil est peint, il ne faut pas masquer les plaques 
signalétiques qui comportent des avertissements et autres renseignements 
d'importance pour le personnel d'entretien.

	 A.	 Inspecter périodiquement cet appareil pour vérifier qu’il n’y a aucune substance 
étrangère dans ou devant le haut-parleur, ce qui réduirait son efficacité.

	 B.	 Il faut effectuer une évaluation périodique de la performance de l,appareil à inter‑
valles réguliers. 

	 C.	 En cas d’ajustement de volume ou d’une autre réparation, assurez-vous de vous 
reporter au message de sécurité pour le personnel d’entretien avant de continuer.

Une réparation ou un dépannage non autorisés de cette unité pourrait entraîner 
une dégradation de la performance et/ou des dommages aux biens, de sérieuses 
blessures ou la mort pour vous ou d’autres. Si une unité présente un mauvais fonc‑
tionnement, ne pas essayer de réparer sur place ou de remplacer des pièces.

VI.	 SERVICE.

	 Federal Signal dépannera votre équipement et vous fournira de l’assistance technique 
pour tout problème qui ne peut être traité localement.

	 Tout appareil retourné à Federal Signal pour dépannage, inspection ou réparation doit 
être accompagné d’une autorisation de retour de matériel (RMA). Votre distributeur local ou 
un représentant du fabricant peut vous fournir cette RMA.

	 À ce moment-là, vous devrez donner une brève explication du service requis ou de la 
nature du mauvais fonctionnement.

	 Adresser toutes les communications et envois à :

	 Federal Signal Corporation
	 Electrical Products Division
	 Service Department
	 2645 Federal Signal Drive
	 University Park, IL  60466-3195



VII.	 PIÈCES DE RECHANGE  (Série D).

Description	 	 	 	 	 	 Numéro de pièce

Sous-ensemble d’amplificateur, 300GC-024, 300GCX-024	 	 K2005356A-05
Sous-ensemble d’amplificateur, 300GC-120, 300GCX-120,	 	 K2005356A-04
	 300GC-240 et 300GCX-240
Sous-ensemble d’amplificateur, 302GC-024, 302GCX-024	 	 K2005356A-03
Sous-ensemble d’amplificateur, 302GC-120, 302GCX-120,	 	 K2005356A-02
	 302GC-240 et 302GCX-240
Circuit d’alimentation d’amplificateur, 300GC-024, 300GCX-024	 K2001961A-05
Circuit d’alimentation d’amplificateur, 300GC-120, 300GCX-120	 K2001961A-04
	 300GC-240 et 300GCX-240
Circuit d’alimentation d’amplificateur, 302GC-024, 302GCX-024	 K2001961A-03
Circuit d’alimentation d’amplificateur, 302GC-120, 302GCX-120	 K2001961A-02
	 302GC-240 et 302GCX-240
Haut-parleur, 300GC-024, 300GCX-024, 300GC-120,	 	 8593082A
	 300GCX-120, 300GC-240 et 300GCX-240
Haut-parleur, 302GC-024, 302GCX-024, 302GC-120,	 	 8593103A
	 302GCX-120, 302GC-240 et 302GCX-240
Transformateur, 300GC-120, 300GCX-120	 	 	 	 K120857A
Transformateur, 300GC-240, 300GCX-240	 	 	 	 K120858A
Transformateur, 302GC-120, 302GCX-120	 	 	 	 K120846A
Transformateur, 302GC-240, 302GCX-240	 	 	 	 K120856A
Bobine acoustique, 300GC-120, 300GCX-120,	 	 	 	 K8593035A
	 300GC-240 et 300GCX-240
Bobine acoustique, 302GC-120, 302GCX-120,	 	 	 	 K8590246A
	 �����������������������  302GC-240 et 302GCX-240
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English

A.	 Volume Control

B.	 Tone/Connector Card Socket

C.	 Power Connector Plug

D.	 Earth Grounding Terminal

Español

A.	 Control de volumen

B.	 Receptáculo de la tarjeta de conexión/tono

C.	 Tapón del conector de potencia

D.	 Terminal de conexión a tierra

Français

A.	 Commande de volume

B.	 Prise femelle pour carte de connecteur/tonalité

C.	 Connecteur d’alimentation

D.	 Borne de mise à la terre
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A tone for every  
signaling need

•	 32 switchable tones 

•	 Compatible with all  
SelecTone® equipment

•	 Plug-in installation

•	 RFI and EMI shielded

•	 UL and cUL Listed, CSA Certified and 
CSFM Approved

SelecTone ®  
Universal  Tone 
Module
Model UTM

Federal Signal’s Universal Tone Module (UTM) is a microcontroller-
based tone generator capable of producing 32 different tones. The 
UTM is the key component of a SelecTone® System or a single 
SelecTone device. Tone selection is made by setting five DIP switches.

Housed in a plastic cover impregnated with stainless steel fibers, the 
circuitry is shielded from RFI (radio frequency interference) and EMI 
(electro-magnetic interference). The edge connector allows for quick 
and simple installation.

In addition to working with the entire SelecTone® line of speaker/ 
amplifier products, the Model UTM is compatible with the EM3 
Extension Module, 300VSC-1 Command Unit, 300VSC-1044SB 
Command Unit and 300SCW-1 Command Unit. Federal Signal’s UTM 
provides crisp, clear digital signals easily distinguished from the ambi-
ent noise of commercial, institutional and industrial environments. 

All tones can be reviewed on www.federalsignal.com

FEDERAL SIGNAL CORPORATION

5yr5555y
W A R R A N T Y
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Universal tone module (UTM)

2645 Federal Signal Dr., University Park, IL 60484   Tel: 708.534.4756    Fax: 708.534.4852    www.federalsignal-indust.com

Edge Connector

RFI/EMI Shielded Cover

2.25"/57.2 mm

3.25"/82.6 mm 0.84"/ 
21.3 
mm

	 DIP Switch	 Tone	 Sound	F requency	 Repetition Rate
	 1	 2	 3	 4	 5

	 ⇑	⇑	⇑	⇑	⇑	 Wail	 TM1	 Conventional Siren	 560-1055Hz	 11 cycles/minute

	 ⇑	⇑	⇑	⇑	⇓	 Yelp	 TM2	 Rapid Siren	 560-1055Hz	 3.3 cycles/second

	 ⇑	⇑	⇑	⇓	⇑	 Hi-Low	 TM3	 Alternating Hi and Low	 561Hz and 760Hz	 50 cycles/minute	

	 ⇑	⇑	⇑	⇓	⇓	 Bell	 TM4	 Bell, Struck Rapidly	 801Hz	 50 cycles/minute

	 ⇑	⇑	⇓	⇑	⇑	 Yeow	 TM5	 Descending High to Low, Repeated	 545Hz and 1296Hz	 36 cycles/minute	

	 ⇑	⇑	⇓	⇑	⇓	 Horn	 TM6	 Steady Horn	 470Hz	 Continuous

	 ⇑	⇑	⇓	⇓	⇑	 Beep	 TM7	 Slow Intermittent Horn	 470Hz	 50 cycles/minute

	 ⇑	⇑	⇓	⇓	⇓	 Stutter	 TM8	 Rapid Intermittent Horn	 470Hz	 5 cycles/minute

	 ⇑	⇓	⇑	⇑	⇑	 Slow Whoop	 TM9	 Slow Ascending Low to High, Repeated	 424Hz and 1163Hz	 15 cycles/minute

	 ⇑	⇓	⇑	⇑	⇓	 Gradual Horn	 TM10	 Steady Horn, Gradually 	 514Hz	 Continuous
								        Increasing in Volume

	 ⇑	⇓	⇑	⇓	⇑	 Temporal Slow Whoop	 TM11	 NFPA Coded Slow Whoop	 424Hz and 774Hz	 15 cycles/minute

	 ⇑	⇓	⇑	⇓	⇓	 Westminster Chime	 TM12	 Westminster Chime	 Musical Tone	 1 cycle/8 tones

	 ⇑	⇓	⇓	⇑	⇑	 Evac	 TM13	 Amplitude Modulated Siren	 479Hz	 4.3 cycles/second

	 ⇑	⇓	⇓	⇑	⇓	 Air Horn	 TM14	 Steady Horn	 400Hz and 800Hz	 Continuous

	 ⇑	⇓	⇓	⇓	⇑	 Chime	 TM15	 Single Strike Chime	 Musical Tone	 49 cycles/minute

	 ⇑	⇓	⇓	⇓	⇓	 Phaser	 TM16	 Rapid Siren	 600-1200Hz	 15 cycles/second

	 ⇓	⇑	⇑	⇑	⇑	 Alternating Hi/Low	 TM17	 Alternating High-to-Low	 363Hz and 518Hz	 60 cycles/minute

	 ⇓	⇑	⇑	⇑	⇓	 Warble	 TM18	 Extremely Rapid Siren	 560-1055Hz	 6.3 cycles/second

	 ⇓	⇑	⇑	⇓	⇑	 Alert	 TM19	 Slow Sweep Tone	 400-1560Hz	 Ascending

	 ⇓	⇑	⇑	⇓	⇓	 Euro-Police	 TM20	 Alternating Hi and Low	 969Hz and 800Hz	 30 cycles/minute

	 ⇓	⇑	⇓	⇑	⇑	 Euro-Fire	 TM21	 Sweep Tone	 900-800Hz	 Continuous	

	 ⇓	⇑	⇓	⇑	⇓	 Euro-Slow Whoop	 TM22	 Slow Sweep Tone	 650-1290Hz	 17 cycles/minute

	 ⇓	⇑	⇓	⇓	⇑	 Euro-General	 TM23	 Intermittent Horn	 969Hz	 60 cycles/minute	

	 ⇓	⇑	⇓	⇓	⇓	 Euro-Toxic	 TM24	 Steady Horn	 969Hz	 Continuous

	 ⇓	⇓	⇑	⇑	⇑	 Euro-Police II	 TM25	 Slow Alternating Hi and Low	 554Hz and 440Hz	 Alternating Slow

	 ⇓	⇓	⇑	⇑	⇓	 Euro-Stutter	 TM26	 Intermittent Beep	 2840Hz	 252 ms/cycles

	 ⇓	⇓	⇑	⇓	⇑	 Euro-Sweep	 TM27	 Sweep Tone	 1163 - 397Hz	 Descending

	 ⇓	⇓	⇑	⇓	⇓	 Ringer	 TM28	 Continuous Ringing Tone 	 560Hz and 326Hz	 Fast Alternating

	 ⇓	⇓	⇓	⇑	⇑	 Buzzer	 TM29	 Buzzer Tone	 1318Hz and 760Hz	 Continuously Alternating

	 ⇓	⇓	⇓	⇑	⇓	 Attention	 TM30	 Extremely Rapid Siren	 Multiple Frequency	 1 cycle, 8 tones

	 ⇓	⇓	⇓	⇓	⇑	 Multi-Tone	 TM31	 Extremely Rapid Siren	 Multiple Frequency	 1 cycle, 8 tones

	 ⇓	⇓	⇓	⇓	⇓	 Caution	 TM32	 Extremely Rapid Siren 	 Multiple Frequency 	 1 cycle, 8 tones



1 P&ID Number Tag Number SLS-338716-100 XAF-21603A1

2 Service CMT Field Facilities and Infrastruture Phase 1 & 2

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5 Area Classification Location Class 1 Div 2

6 Ambient Temperature Range -50°C TO 66°C

7 Operating Voltage 24VDC

8

9

10

11

12

13

14

15

16

17

18 Model Federal Model 191XL-024R

19 Flashes/Minute 60 FPM

20 Maximum Operating Current 380mA

21 Frequency DC/50/50

RED BEACON 22 DC In -Rush Current 1.75A at 24 VDC for 5 ms

23 Environment Rating Type 4X  (water-tight and corrosion resistant) and indoor/outdoor use

24 IP66 (dust-tight and protection against heavy seas) and

25 outside type (salt water)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:
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1 P&ID Number Tag Number 338716-100 XAF-21603A2

2 Service CMT Field Facilities and Infrastruture Phase 1 & 2

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5 Area Classification Location Class 1 Div 2

6 Ambient Temperature Range -50°C TO 66°C

7 Operating Voltage 24VDC

8

9

10

11

12

13

14

15

16

17

18 Model Federal Model 191XL-024R

19 Flashes/Minute 60 FPM

20 Maximum Operating Current 380mA

21 Frequency DC/50/50

RED BEACON 22 DC In -Rush Current 1.75A at 24 VDC for 5 ms

23 Environment Rating Type 4X  (water-tight and corrosion resistant) and indoor/outdoor use

24 IP66 (dust-tight and protection against heavy seas) and

25 outside type (salt water)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

RED BEACON STROBE

1 ET 10/27/2015 Revised as per customer request Instr. Chk Process Chk Appr.

0 ET 9/15/2015 For Approval ET ET Sheet 1

No. By Date Description Code: Dwg. No.: 338716-100 REV 1

FIELD

Federal Model 191XL-024R

Federal Signal Corporation



1 P&ID Number Tag Number 338716-100 XAF-21605A1

2 Service CMT Field Facilities and Infrastruture Phase 1 & 2

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5 Area Classification Location Class 1 Div 2

6 Ambient Temperature Range -50°C TO 66°C

7 Operating Voltage 24VDC

8

9

10

11

12

13

14

15

16

17

18 Model Federal Model 191XL-024R

19 Flashes/Minute 60 FPM

20 Maximum Operating Current 380mA

21 Frequency DC/50/50

RED BEACON 22 DC In -Rush Current 1.75A at 24 VDC for 5 ms

23 Environment Rating Type 4X  (water-tight and corrosion resistant) and indoor/outdoor use

24 IP66 (dust-tight and protection against heavy seas) and

25 outside type (salt water)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

RED BEACON STROBE

1 ET 10/27/2015 Revised as per customer request Instr. Chk Process Chk Appr.

0 ET 9/15/2015 For Approval ET ET Sheet 1

No. By Date Description Code: Dwg. No.: 338716-100 REV 1

FIELD

Federal Model 191XL-024R

Federal Signal Corporation



1 P&ID Number Tag Number 338716-100 XAF-21605A2

2 Service CMT Field Facilities and Infrastruture Phase 1 & 2

3 Application

4 Line Number Equipment Number --- 0735A-08030

GENERAL 5 Area Classification Location Class 1 Div 2

6 Ambient Temperature Range -50°C TO 66°C

7 Operating Voltage 24VDC

8

9

10

11

12

13

14

15

16

17

18 Model Federal Model 191XL-024R

19 Flashes/Minute 60 FPM

20 Maximum Operating Current 380mA

21 Frequency DC/50/50

RED BEACON 22 DC In -Rush Current 1.75A at 24 VDC for 5 ms

23 Environment Rating Type 4X  (water-tight and corrosion resistant) and indoor/outdoor use

24 IP66 (dust-tight and protection against heavy seas) and

25 outside type (salt water)

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47 Manufacturer

48 Model

PURCHASE 49 Purchase Order Number

50 Price

51 Serial Number

Notes:

INSTRUMENT SPECIFICATION

RED BEACON STROBE

1 ET 10/27/2015 Revised as per customer request Instr. Chk Process Chk Appr.

0 ET 9/15/2015 For Approval ET ET Sheet 1

No. By Date Description Code: Dwg. No.: 338716-100 REV 1
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RUGGED DESIGN FOR USE IN  
HAZARDOUS LOCATIONS

•	 XLTTM Technology
•	 Available in 24VAC/DC, 	

120-240VAC and 277VAC 
•	 Five lamp/lens colors
•	 Flashing mode standard, 	

configurable to Steady-burn
•	 60,000 hour, vibration resistant 	

LED lamp
•	 Available in 3/4-inch NPT 	

pipe mount or surface mount
•	 Dome guard included 
•	 Type 4X, IP66 enclosure, Marine Listed
•	 UL and cUL Listed

Flashing LED 
Hazardous Locat ion 
Warning Light  
with XLT™
Model 191XL

The model 191XL is a hazardous location flashing signal light that 
features the super bright LED array with XLTTM, eXtreme Light Technology.  
The unit is available in 24VAC/DC, 120VAC or 240VAC and five colors: 
Amber, Blue, Clear, Green, and Red. The 191XL comes standard 
in flashing mode and is field configurable to steady burn mode for 
maximum functionality.

The Model 191XL has been certified by UL as meeting Type 4X 
water-tight and corrosion-resistant requirements, and IP66 rated. 
This hazardous location warning light has an aluminum base, coated 
for corrosion-resistance, that can be ordered. A dome guard fits over 
the glass dome to protect it against accidental collision with moving 
equipment, such as a forklift. 

Federal Signal’s super bright LED array used in the 191XL produces 
intense light output and 60,000 hours of service.  Increased shock 
and vibration resistance add to this unit’s rugged industrial portfolio 
of features.

The 191XL is UL Listed for Class I, Division 2, Groups A, B, C and D; 
Class II Division 1, Groups E, F and G; and Class III.

			   Operating	 In-rush	 Flash
Model	 Voltage	 Current	 Current	 Rate/Minute	 Mount
191XL-*024**	 24VAC/DC	 0.40 amps	 1.75 amps, 5.0 mS	 60	 3/4" NPT Pipe

191XL-*120-240_**	 120/240VAC	 0.21/0.13 amps	 2.0 amps, 0.25 mS	 60	 3/4" NPT Pipe

191XL-*277_** 	 277VAC	 0.13 amps	 9.75 amps, 0.25mS	 60	 3/4" NPT Pipe

Hazardous Location	 24V	 100-265VAC	 277VAC	 24V	100-265VAC	 277VAC	 24V	 100-265VAC	 277VAC
Class I, Div 2, Groups A, B, C, D	 T6	 T6	 T5	 T5	 T5	 T5 	 T4A	 T4A	 T5 

Class II, Div 1, Groups E, F and G	 T6	 T6	 T5 	 T6	 T6	 T5 	 T6	 T6	 T5 

Class III	 T6	 T6	 T5 	 T6	 T6	 T5 	 T6	 T6	 T5 

T-Code at Maximum Ambient Temperature, °C

	 40°C	 55°C	 66°C

Hazardous Location Rating:

*	 Include (S) for Surface Mount Option (Example part number: 191XL-S024R for surface mount option, 	
	191XL-024R for pipe mount)

**	 Indicates color: (A) Amber, (B) Blue, (C) Clear, (G) Green or (R) Red

FEDERAL SIGNAL CORPORATION
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HAZARDOUS LOCATION LED WARNING LIGHT (191XL)

H O W  T O  O R D E R

•	 Specify model, mount, voltage, 	
and color

•	 Optional Accessories:	
Hazardous Location Mounting 	
Bracket (LHWB)

•	 Please refer to Model Number Index 
191XL beginning on page 354

S P E C I F I C A T I O N S
Lamp Life:	 60,000 Hours	 60,000 Hours
Light Source:	 LED Array	 LED Array
Operating Temperature:	 -58°F to 150°F	 -50°C to 66°C
Net Weight:	 4.0 lbs.	 1.82 kg
Shipping Weight:	 4.25 lbs.	 1.93 kg
Height (with Dome Guard):	 9.25"	 235.0 mm
Diameter:	 5.5"	 140.0 mm

R E P L A C E M E N T  P A R T S

LED array, Amber	 K14700030A-A

LED array, Blue	 K14700030A-B

LED array, Clear	 K14700030A-W

LED array, Green	 K14700030A-G

LED array, Red	 K14700030A-R

PC Board Assembly, 24VDC	 K2005455A

PC Board Assembly, 120/240VAC	 K2005416A

PC Board Assembly, 277VAC	 K2005416A-01

Description	 Part Number	 Dome and Ring Assembly	 Part Number

Glass
Dome

Dome
Guard
(Included)

Power
Wires

Aluminum
Base

LED 
Array

Gasket

8.18" / 
207.8 mm

5.58" / 141.6 mm

6.52" / 165.6 mm

0.26" / 
6.6 mm

0.51" / 13.0 mm

3.00" / 
76.2 mm

2X 
3/4" NPT
Entry  3/4" NPT

Pipe Mount

Aluminum Base

Gasket

Glass Dome

LED Array

Surface Mount Pipe Mount
5.5"/140 mm

9.25" / 
235 mm

Glass Dome/Ring Assembly, Amber1	 K8449078C-01

Glass Dome/Ring Assembly, Blue1	 K8449078C-06

Glass Dome/Ring Assembly, Clear1	 K8449078C-04

Glass Dome/Ring Assembly, Green1	 K8449078C-07

Glass Dome/Ring Assembly, Red1	 K8449078C

Guard, Dome	 K8449090B

1  Assembly includes a gasket

Rev. 073013
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Warranty – Seller warrants all goods for five years on parts and 2-1/2 years 
on labor, under the following conditions and exceptions: Seller warrants that 
all goods of Seller's manufacture will conform to any descriptions thereof for 
specifications which are expressly made a part of this sales contract and at the 
time of sale by Seller such goods shall be commercially free from defects in 
material or workmanship. Seller reserves the right at the Seller’s discretion 
to “Repair and Return” or “Replace” any item deemed defective during the 
warranty period. This warranty does not cover travel expenses, the cost of 
specialized equipment for gaining access to the product, or labor charges for 
removal and reinstallation of the product. This warranty shall be ineffective 
and shall not apply to goods that have been subjected to misuse, neglect, 
accident, damage, improper maintenance, or to goods altered or repaired by 
anyone other than Seller or its authorized representative, or if five years have 
elapsed from the date of shipment of the goods by Seller with the following 
exceptions: lamps and strobe tubes are not covered under this warranty. 
Outdoor warning sirens and controllers manufactured by Federal Warning Sys-
tems are warranteed for two years on parts and one year on labor. No agent, 
employee, representative or distributor of Seller has any authority to bind the 
Seller to any representation, affirmation, or warranty concerning the goods 
and any such representation, affirmation or warranty shall not be deemed to 
have become a part of the basics of the sales contract and shall be unenforce-
able. THE FOREGOING WARRANTIES ARE EXCLUSIVE AND IN LIEU 
OF ALL OTHER WARRANTIES OR MERCHANTABILITY, FITNESS 
FOR PURPOSE AND OF ANY OTHER TYPE, WHETHER EXPRESS 
OR IMPLIED. These warranties shall not apply unless Seller shall be given 
reasonable opportunity to investigate all claims for allegedly defective goods. 
Upon Seller's instruction a sample only of allegedly defective goods shall be 
returned to Seller for its inspection and approval. The basis of all claims for al-
leged defects in the goods not discoverable upon reasonable inspection thereof 
pursuant to paragraph 8 hereof must be fully explained in writing and received 
by Seller within thirty days after Buyer learns of the defect or such claim shall 
be deemed waived.

Industrial Systems
2645 Federal Signal Drive • University Park, IL 60484-3167
Tel: 1-877-289-3246 • Fax: 708-534-4852
www.federalsignal-indust.com • www.fs-isys.com



Model 191XL LED Series Beacon
3

Contents

Safety Messages to Installers........................................................... 5

An Overview of the 191XL Series...................................................... 6

Unpacking the Beacon....................................................................... 7

Pipe-Mounting the Beacon (191XL).................................................. 8

Surface-Mounting the Beacon (191XL-S)....................................... 10

Wiring the Beacon............................................................................ 11
Wiring 120-240, 277 Vac Models........................................... 12
Wiring 24 Vac/dc Models........................................................ 12

Safety Message to Maintenance Personnel................................... 12

Changing from Flash Mode to Steady Mode.................................. 13

Cleaning the Fixture......................................................................... 16

Lubricating the Threaded Joint....................................................... 17

Getting Service, Assistance, and Parts.......................................... 17

Returning the Product for Credit.................................................... 18



4    
Model 191XL Series LED Beacon

Contents

Tables

Table 1  Electrical ratings.....................................................................7

Table 2  Installation Environment Ratings............................................7

Table 3  Ambient and Operating Temperature Range..........................8

Table 4  Replacement parts...............................................................17

Figures

Figure 1  Pipe-mounted beacon..........................................................9

Figure 2  Surface-mounted beacon...................................................10

Figure 3  PCB removed from housing...............................................15

Figure 4  Location of jumper J3 on PCB............................................16



5

Installation and Service Instructions

Model 191XL Series LED Beacon

Safety Messages to Installers

It is important to follow all instructions shipped with this product. 
This device is to be installed by a trained electrician who is 
thoroughly familiar with the National Electrical Code and/or 
Canadian Electrical Code and will follow the NEC and/or CEC 
Guidelines as well as all local codes. This beacon should be 
considered a part of the warning system and not the entire warning 
system. 

The selection of the mounting location for the beacon, its controls 
and the routing of the wiring are to be accomplished under the 
direction of the facilities engineer and the safety engineer. In 
addition, listed below are some other important safety instructions 
and precautions you should follow:

•	 Read and understand all instructions before installing or 
operating this beacon.

•	 Do not connect this beacon to the system when power is on.

•	 Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

•	 After installation, make sure that all set screws and threaded 
joints are properly tightened.

•	 Never alter the unit in any manner. Safety in hazardous 
locations may be endangered if additional openings or other 
alterations are made in units specifically designed for use in 
these locations.

•	 To be an effective warning device, this product produces bright 
beacon that can be hazardous to your eyesight when viewed at 
a close range. Do not stare directly into this lighting product at 
a close range or permanent damage to your eyesight may occur.
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Installation and Service Instructions

Model 191XL Series LED Beacon

•	 After installation, test the beacon to make sure that it is 
operating properly.

•	 Keep the unit tightly closed when in operation.

•	 After testing is complete; provide a copy of this instruction 
booklet to all personnel.

•	 Establish a procedure to routinely check the beacon for proper 
activation and operation.

Failure to follow all safety precautions and instructions may result 
in property damage, serious injury, or death.

An Overview of the 191XL Series
This equipment is suitable for use in Class I, Division 2, Groups A, 
B, C and D; Class II, Division 1, Groups E, F & G; Class III OR 
non-hazardous locations only.

This strobe light can be mounted to a Federal Signal Model 
LHWB bracket. If installed in this way, the entire assembled 
device is suitable only for Class I, Div. 2, Groups A, B, C, and D; 
Class II, Div. 2, Groups F and G; Class III locations.

The Model 191XL LED Beacon is a UL listed visual signal for 
operation in harsh environments and hazardous locations and has 
been investigated by UL as meeting Type 4X and IP66 enclosure 
requirements. The unit is rated for operation on 100Vac to 265 Vac, 
50/60 Hz, 0.21 A, 277 Vac, 50/60 Hz, 0.13A, or 24 Vdc/ac 
50/60 Hz, 0.38 A. The 191XL can be supplied with colors of red, 
amber, green, blue, and clear. The 191XL is factory-set to operate 60 
flashes/minute. There is an option to operate the LED Beacon in 
Steady Mode. (See “Changing from Flash Mode to Steady Mode” 
on page 13). Models are available for pipe mounting (191XL) or 
surface mounting (191XL-S).

These devices are intended for permanent installation and 
operation in accordance with Title 46, Code of Federal 
Regulations, Parts 110–113, or Title 33, Code of Federal 
Regulations, Part 183, Sub-part I, Section 183.410, and the 
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Installation and Service Instructions

Model 191XL Series LED Beacon

applicable requirements of the American Boat and Yacht Council, 
Inc., and/or ANSI/NFPA 302, “Fire Protection Standard for 
Pleasure and Commercial Motor Craft.”

Unpacking the Beacon

EXPLOSION HAZARD—Damaged domes can lead to explosions 
that could result in serious  injury or death.

After unpacking the beacon, examine it for damage that may 
have occurred in transit. If the beacon has been damaged, do not 
attempt to install or operate it. File a claim immediately with 
the carrier, stating the extent of the damage. Carefully check all 
envelopes, shipping labels, and tags before removing or discarding 
them. Disposal of all shipping materials must be carried out in 
accordance with national and local codes and standards. If any 
parts are missing, please call Federal Signal Customer Support at 
708-534-4756.

Table 1  Electrical ratings

Operating Voltage: 24 Vdc/ac 100–265,  
277 Vac 277 Vac

Flashes/Minute: 60 FPM 60 FPM 60 FPM
Maximum Operating 
Current: 380 mA 210 mA 130 mA

Frequency: DC/50/60 50/60 50/60
DC In-Rush Current: 1.75 A at 24 Vdc for 5 ms.

AC In-Rush Current: 2.0 A at 85 Vac and 1.5 A at 265 and 
277 Vac for 0.25 ms.

Table 2  Installation Environment Ratings

Ambient Storage Rating: –55 °C to +70 °C
Ambient Operating Rating: –50 °C to +66 °C
Type 4X (water-tight and corrosion resistant) and indoor/outdoor use
IP66 (dust-tight and protection against heavy seas) and outside type 
(saltwater)
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Installation and Service Instructions

Model 191XL Series LED Beacon

Table 3  Ambient and Operating Temperature Range

Temperature Code or Maximum Temperature, °C
40 °C Ambient 55 °C Ambient 66 °C Ambient

Hazardous 
Locations

24 
V

100–265 
Vac

277 
Vac

24 
V

100–265 
Vac 

277 
Vac

24 
V

100–265  
Vac

277 
Vac

Class I,  
Div 2,	
Groups A, 
B, C, and D

T6 T6 T5 T5 T5 T5 T4A T4A T5

Class II, Div 
1, Groups 
E, F, and G

T6 T6 T6 T6 T6 T6 T6 T6 T6

Class III T6 T6 T6 T6 T6 T6 T6 T6 T6

Pipe-Mounting the Beacon (191XL)

EXPLOSION HAZARD—To reduce the risk of fire or explosion, 
do not install the beacon in a hazardous location if the operating 
temperature exceeds the hazardous atmosphere’s ignition 
temperature. Before proceeding, consult the product nameplate 
and determine the operating temperature of the beacon.

NOTE: To comply with NEC Section 300-14, which requires a 
minimum of 6 inches (15.25 cm) of free conductor at a junction, when 
mounting the Model 191XL, the mounting pipe used to join the unit to 
a splice box should be no longer than 10 inches (25.4 cm).

The Model 191XL has provisions for mounting a 3/4" pipe and can 
be mounted in any position. 

1.	 Before mounting the beacon, ensure that the mating threads 
are clean. 

2.	 To prevent the ingress of water and dust, apply conductive 
sealant to the conduit threads prior to mounting. If non-
conductive sealant is used, the enclosure must be earthed 
via the provided internal grounding wire/grounding screw to 
ensure proper grounding continuity. 
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Model 191XL Series LED Beacon

3.	 In high-humidity environments when units are mounted dome 
down, condensation may occur in the conduit system. Use 
properly rated conduit seals/drains to prevent moisture from 
entering the fixture. 

	 IMPORTANT: To prevent the connection from loosening, 
tighten the fixture to a MINIMUM torque of 5 ft-lb (6.8 N·m) 
after threading it onto the pipe.

4.	 Thread the fixture onto the 3/4" pipe and secure it with the set 
screw.

Figure 1  Pipe-mounted beacon

191XL LIGHT 
ASSEMBLY

3/4" NPT PIPE

290A6881
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Installation and Service Instructions

Model 191XL Series LED Beacon

Surface-Mounting the Beacon (191XL-S)
To surface mount the beacon:

1.	 Use the mounting base as a template to mark the location of 
the two mounting holes.

2.	 Drill a 9/32 inch (7.143 mm) hole at each mark.

3.	 Secure the beacon to the mounting surface with installer 
supplied hardware.

Figure 2  Surface-mounted beacon

191XL-S LIGHT
ASSEMBLY

DRILL TWO 9/32"
(7.143 mm) HOLES

MOUNTING SURFACE

290A6880

INSTALLER-SUPPLIED
MOUNTING HARDWARE
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Model 191XL Series LED Beacon

Wiring the Beacon

SHOCK HAZARD
To avoid electrical shock hazards, do not connect wires while 
power is applied.

EXPLOSION HAZARD
Do not disconnect the beacon while the circuit is live or unless 
the area is known to be free of ignitable concentrations. Keep 
the beacon tightly closed when in operation.

Wiring must comply with the National Electrical Code or Canadian 
Electrical Code and the local authority having jurisdiction.

The Model 191XL Series LED Beacon should be installed per the 
NEC or CEC, STATE and LOCAL CODES. Alternate installation 
locations and/or orientations should only be performed with the 
approval of the authority having jurisdiction. In addition, the unit 
can be mounted using an optional ceiling mount or optional wall 
mount.

SHOCK HAZARD—To avoid electrical shock hazards, do not 
connect wires while power is applied.

NOTE: Model 191XL that are 24 V models are designed to 
operate on AC and DC supply voltages. The 120–240 Vac model 
is designed to operate 100 Vac to 265 Vac at 50/60 Hz. See Table 1 
on page 7 for electrical ratings.

REVERSE POLARITY/MISWIRING—The 191XL is not polarity 
sensitive, but MAY BE DAMAGED by incorrect electrical hookup. 
Damage will result if the voltage rating of the particular model is 
exceeded.
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Installation and Service Instructions

Model 191XL Series LED Beacon

NOTE: Field terminations made inside of the surface mount 
enclosure will require the printed circuit board (PCB) assembly 
to be removed from the housing. See Figure 3 on page 15 and 
follow steps 1‒4 and 6‒8 of “Changing from Flash Mode to Steady 
Mode” on page 13 for the PCB removal and installation process.

The surface mount enclosure is not suitable for feed-through 
branch-circuit conductors.

Wiring 120-240, 277 Vac Models
The 120-240, 277 Vac models are supplied with three 24-inch 
leads: white, black, and green/yellow. Connect the black lead to 
the phase (hot) side of the power source and the white lead to 
the common (neutral) side of the power source. If required, the 
green/yellow lead in the housing is provided for connection to 
an earth ground.

Wiring 24 Vac/dc Models
The 24 Vac/dc models are supplied with two 24" leads, one red 
and one black. Connect the red (+) lead to the positive or phase 
(hot) side of the power source and the black (–) lead to the 
negative or common (neutral) side of power source.

Safety Message to Maintenance Personnel

Listed below are some important safety instructions and 
precautions you should follow:

• 	 Read and understand all instructions before operating this system.

• 	 Any maintenance to the light system must be done with power 
turned off.

• 	 Any maintenance to the light system must be performed 
by a trained electrician who is thoroughly familiar with all 
applicable national and local codes in the country of use.

•	 Do not connect this beacon to the system when power is on.
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Model 191XL Series LED Beacon

•	 Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

• 	 Never alter the unit in any manner. Safety of the unit may be 
affected if additional openings or other alterations are made to 
the internal components or housing.

• 	 The nameplate should NOT be obscured, as it contains 
cautionary and/or other information of importance to 
maintenance personnel. Ensure the nameplate remains readable 
if the housing exterior is painted.

• 	 If the dome is damaged in any way, it MUST be replaced.

• 	 After performing any maintenance, test the light system to 
ensure that it is operating properly.

Failure to follow all safety precautions and instructions may result 
in property damage, serious injury, or death to you or others.

Changing from Flash Mode to Steady Mode

EXPLOSION HAZARD—To prevent ignition of hazardous 
atmospheres, disconnect the fixture from the supply circuit 
before opening it.

EXPLOSION HAZARD
Do not disconnect the beacon while circuit is live or unless the 
area is known to be free of ignitable concentrations. Keep the 
beacon tightly closed when in operation.

EXPLOSION HAZARD—To maintain the vapor-tight enclosure, 
do not damage the dome or threads while disassembling or 
reassembling the unit. Lubricated threaded joints exposed 
for long periods of time may attract small particles of dirt or 
other foreign materials. Housing and cover joints should be 
reassembled immediately, with all the threads fully engaged.
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Model 191XL Series LED Beacon

To change from the default Steady Mode to Flashing Mode.

1.	 Disconnect power to the device.

2.	 See Figure 3 on page 15. Remove the threaded dome assembly 
by twisting it counterclockwise. 

3.	 Using a No. 2 Phillips screwdriver, remove two #8-32 pan-
head screws holding the printed circuit board assembly to 
the die-cast housing. Be sure to retain the two nylon screw 
bushings isolating the bracket from the screws.

4.	 Gently lift the printed circuit board (PCB) assembly from the 
housing and turn the assembly over to access the component 
side of the printed circuit board.

5.	 See Figure 4 on page 16. Locate jumper J3 and lift the jumper 
to remove it from “Flash” setting. Re-seat the jumper over the 
pins labeled “Steady.”

6.	 Place the printed circuit board assembly back into housing, 
making sure that four insulating pads are seated between 
the metal bracket and die-cast housing. The bracket must 
be oriented so that the notch in the bracket is aligned with 
the ground screw in the die-cast housing. This step must be 
carefully followed to prevent arcing and dielectric failure.

7.	 Slide two #8-32 pan-head screws into the screw bushings and 
tighten screws to secure the printed circuit board assembly to 
the die-cast housing.

8.	 Thread the dome assembly back onto the housing by turning it 
clock-wise to tighten.

SHOCK HAZARD
To avoid electrical shock hazards, do not connect wires 
while power is applied.

9.	 Reconnect the beacon to power.
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Model 191XL Series LED Beacon

10.	 Test the device by applying power and verifying the steady 
operation of the LED lamp.

Figure 3  PCB removed from housing

DOME ASSEMBLY

NYLON SCREW BUSHING

#8-32 PAN-HEAD SCREW

PRINTED CIRCUIT BOARD ASSEMBLY

INSULATING PADS

CAST HOUSING

290A6283C
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Installation and Service Instructions

Model 191XL Series LED Beacon

Figure 4  Location of jumper J3 on PCB
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Cleaning the Fixture

EXPLOSION HAZARD—Never use an abrasive material or file to 
remove corrosive materials from threaded surfaces. In extremely 
corrosive locations, equipment should be periodically inspected 
to guard against unusual deterioration and possible porosity, 
since this may weaken the enclosure structurally.

Maintenance procedures sometimes require fixtures to be hosed 
down for good housekeeping. The circuit should be turned off 
prior to hosing down the fixture.

The fixture should be cleaned periodically to maintain maximum 
light output. Only mild, non-abrasive cleaning agents should be 
used. The glass dome should be regularly inspected for scratches 
and chips, and if damaged, MUST be replaced.
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Installation and Service Instructions

Model 191XL Series LED Beacon

Lubricating the Threaded Joint
The threaded joint on the cover should be kept well lubricated 
with a corrosion inhibiting grease such a petrolatum or soap-
thickened mineral oil. If corrosive materials have accumulated on 
the threaded joints and cannot be removed with solvents, the parts 
should be discarded and replaced.  

Getting Service, Assistance, and Parts
Please call 1-877-289-3246 for service, assistance and replacement 
parts. For instruction manuals and information about related 
products, please go to http://www.federalsignal-indust.com. 

EXPLOSION HAZARD—Substitution of components may impair 
suitability for Class I, Division 2.

Typical spare parts are listed below. Due to certification, certain 
component parts are not available for field replacement. Units with 
this type of damage must be either replaced entirely or returned to 
Federal Signal for service.

Table 4  Replacement parts

Description Part Number
Dome Assy., Red K8449078
Dome Assy., Amber K8449078-01
Dome Assy., Clear K8449078-04
Dome Assy., Blue K8449078-06
Dome Assy., Green K8449078-07
Gasket K8449080
Grease, 8 oz Tube KR81-05-01
Dome Guard K8449090
LED Emitter, Amber K147169-06
LED Emitter, Blue	 K147169-07
LED Emitter, Green K147169-08
LED Emitter, Red	 K147169-09
LED Emitter, Clear K147169-10
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Installation and Service Instructions

Model 191XL Series LED Beacon

Returning the Product for Credit
Product returns for credit require a return authorization from your  
local distributor prior to returning the product to Federal Signal. 
Please contact your distributor for assistance. 

A product is qualified to be returned for credit when the following 
conditions are met:

• 	 Product is resalable and in the original cartons

• 	 Product has not been previously installed

• 	 Product is the current revision

• 	 Product has not been previously repaired

• 	 Product is a standard product

• 	 Product is not a service part

All returns are subject to a re-stock fee.

Defective products that are returned within the warranty period 
will be repaired or replaced at Federal Signal’s sole discretion. 
Defective products do not include those products with lamp 
failure.

Circumstances other than those listed above will be addressed on a 
case-by-case basis.



© 2012 Federal Signal Corporation. All rights reserved.
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GHG43 Series 
Control Stations
Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

UL/cUL listed
Cl. I, Div. 2, Groups A, B, C, D
Cl. I, Zones 1 and 2,
(A) Ex de IIB + H2 T6
Cl. II, Div. 1, Groups E, F, G (cUL)

PTB ATEX CERTIFIED 3117
Ex de IIC, T6,
Zones 1 and 2
Ex de IIC,T6 Zones 21 and 22
IP 66, NEMA 4X

GHG43 Nonmetallic Control Stations

GHG43 Stainless Steel Control Stations

Applications:
Control stations are used as a remote
means of:
• Motor control
• Visual indication of equipment

performance
• On-off control of circuits
• Circuit selection
Common applications include:
• Areas which are hazardous due to the

presence of flammable vapors, gases or
highly combustible dusts

• For installation at petroleum refineries,
chemical and petrochemical plants and
other process industry facilities where
similar hazards exist

Features:
• NEMA 4X, IP66 enclosure with formed-

in-place gasket
• Available with all operators: indicator

lights, potentiometers, control switches,
pushbuttons, terminal blocks and meters

• Base-mounted contact blocks
• Easy change-out components snap in

place on DIN rail
• Enclosure meets UL 94-VO. Also

available in anti-static Ex e materials
• Inserts for mounting DIN rails
• Available with a maximum of 2 entries -

top and bottom for conduit fittings or
cable glands

• Suitable for universal mounting plates on
pipes, conduit, wall or channels

• Mounting dimensions data molded on
back

• Captive, corrosion-resistant cover
screws

• Built-in mounting slots for wall
installation

• Available in 316L stainless steel

Certifications and
Compliances:
• UL/cUL Listed
• Class I, Div. 2, Groups A, B, C, D
• Class II, Div. 1, Groups E, F, G (cUL)
• Class I, Zones 1 and 2, Ex de IIB + H2, T6
• AEx de IIB + H2, T6
• Type 3, 4, 4X; IP66
• CENELEC-PTB 00 ATEX 3117
• Ex de IIC, T6, Zones 1 and 2, IP66

Options:
Description Suffix

Eaton's Crouse-Hinds GHG43
Series control stations are now
available with 316L stainless steel
enclosures, making them ideal for
corrosive and adverse locations -
especially offshore platform
applications S860

4C
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

GHG43 2 - Size 2 Enclosure

Codes see page 559

Pushbutton DRT

Codes see page 559

Mounting Area*
Double

Pushbutton

GHG43 4 - Size 4 Enclosure

Codes see page 559

Key Operated

Pushbutton

Codes see page 560

Mushroom-Head

Pushbutton

Codes see page 560

Mounting Area* Signal Lamp

How to build a GHG43 Series Catalog Number‡

‡For a GHG43 control station with 316L stainless steel enclosure, add suffix "S860" to end of catalog number.
*Unoccupied spaces must be filled in with KLM for correct positioning of devices.



4
C

558 www.crouse-hinds.com    US: 1-866-764-5454    CAN: 1-800-265-0502    Copyright© 2013 Eaton’s Crouse-Hinds Business

Codes see page 561

Potentiometer

Codes see page 562

Requires 2 spaces

Measuring Instrument

Codes see pages 563–564

Switch

Codes see pages 563–564

Requires 2 spaces

Control Switch Ex 23 10A

Code see page 561

Terminals and cover

blanking plug

Cable Entries

NPT Metric

No entries No entries

Two entries
2 x 1/2" Myers Hub,
STGK1 Zinc Gland
plate

2 x M25 Plastic
Cable gland M25
Blanking plug

2 x 3/4" Myers Hub,
STGK2 Zinc Gland
plate
(Stainless Steel
Control Stations only)

2 x M20
Threaded entries
Gland plate

One entry
2 x 1/2" Myers Hub,
SSTGK1 Stainless
steel
Gland plate

2 x M25
Threaded entries
Gland plate

2 x 3/4" Myers Hub,
SSTGK2 Stainless
steel
Gland plate
(Stainless Steel
Control Stations only)

1 x M32 Plastic
Cable gland

1 x 3/4" Myers Hub,
STGK2, Zone 1
Gland plate

1 x M25
Threaded Entry,
Blanking plug and
Gland plate

1 x 1/2" Myers Hub,
STGK1, Zone 1
Gland plate

2 x M25
Threaded Entry,
1 blanking plug and
Gland plate

1 x 1/2" Myers Hub,
SSTGK1 Stainless st.
Gland plate

1 x M20
Threaded entry
Blanking plug and
Gland plate

1 x 3/4" Myers Hub,
SSTGK2 Stainless st.
Gland plate

1 x 3/4"
Myers Hub
SSTGK2 stainless
steel,
Gland plate

4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

‡For a GHG43 control station with 316L stainless steel enclosure, add suffix "S860" to end of catalog number.
*Unoccupied spaces must be filled in with KLM for correct positioning of devices.

How to build a GHG43 Series Catalog Number‡
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless 
Steel Corrosion Resistant

Pushbuttons Technical Data

Pushbuttons:
• Used for logic controls in hazardous

areas
• Single or double units
• Used with all operators
• Base mounting

Pushbutton

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-87.B.1007U
Approvals PTB, UL, cUL
Rated Voltage Up to 400V
Rated Current NEC/CEC 10A IEC 16 A
Terminal Wiring 2 x 2.5mm2 / 14AWG
Mechanical and Electrical Life >105 Operations

See page 564 for explanation of contact symbols.

Pushbutton DRT

D R T O

Code A B C D

Contact System

Code B 13 14 15

Inscription ALL * 0 I II Stop Start Special-Text On Order †

Code C 01 02 03 04 06 07 99
Lockout see page 565

Code D (leave blank if no lockout required)

Contact System

Code B 43 44 45

Inscription ALL * 0 I II Stop Start Special-Text on Order †

Code C, D Left/Right 01 02 03 04 06 07 99

Lockout see page 565

Code E (leave blank if no lockout required)

Key-Operated Pushbutton SLT

S L T O

Code A B C

Contact System

Code B 23 24 25

Pushbutton Key

Not Depressed Lockable Yes Yes Yes No No Yes
Key Removable Yes Yes No No Yes Yes

Depressed
Lockable Yes No Yes Yes Auto Yes
Key Removable No No Yes Yes Yes Yes

Code C 1 2 3 4 5 6

*  01 - Includes the following discs - Start, stop, I, O, and red, green, yellow, white and black blank discs.
†  For Marking Guide for Pushbuttons  see page 565.

Double Pushbutton DDTO

D D T O

Code A B C D E
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4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Mushroom-Head Pushbutton SGT

S G T

Code A B C D E F

Contact System

Code B 53 54 55

Color of Pushbutton Red Yellow Black Actuator

Code C 1 2 3

Function Spring Return Maintained Key Release

Code D 1 2 3

Inscription Stop Start Black Actuator

Code E 06 07 11

Lockout 

see page 565

Code F (leave blank if no lockout required)

Signal Lamp
• Used for positive feedback indication
• High intensity with special reflector and

optical lens
• Accomodates most input voltages
• Base mounting

Lamp

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-88.B.2106U
Approvals PTB, UL, cUL
Lamp Life >100,000 Hours (11.5 Years)

Rated Voltages
Up to 240VAC, 50 / 60 Hz 
Up to 110VDC

Rated Current Max. 15 mA
Power Consumption <1.2W
Terminal Wiring 2 x 2.5mm2 / 14AWG
Colors Red, Green, Yellow, Clear & Blue

Signal Lamp SIL

S I L

Code A B C

Colored

Lens Cover White Yellow Red

1 pkg

white,

yellow, red,

green Green Blue

Code B 1 2 3 4 5 6

Voltage 20-250VAC/DC 10-33VAC/DC

Code C 01 31

Pushbuttons and Signal Lamps
Technical Data
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4CGHG43 Series Control Stations Terminal Blocks and Potentiometers
Technical Data

Terminal Blocks

• Terminal block for easy field connections

• Base mounting

Terminal Blocks

Type of Protection Ex e II
Certificate of Conformity PTB No. Ex-88.B.3112U
Rated Voltages Up to 400V
Rated Current 23A
Conductor Size 4mm2 / 12AWG

Terminals and Cover Plugs
KLM

K L M

Code A B

6 Terminals 2 x 4 mm2 Undrilled Cover (No Terminals)

Code B 61 00

Potentiometers
• Used to adjust resistance to vary motor

speed or light levels
• Scale 0 to 100%
• Base mounting

Potentiometers

Type of Protection Ex de IIC T6
Certificate of Conformity PTB No. Ex-87.B.1007U
Approvals PTB, UL, cUL
Rated Voltages >250V
Power Consumption 1.0W
Resistance 100–10,000W
Angle of Rotation 270°
Scale 0–100%
Connection Terminals 2 x 2.5mm2 / 14AWG

Potentiometer POT

P O T

Code A B

Power Consumption 1W

Resistance W 1,000 2,200 4,700 10,000
Code B 4 7 5 6

Nonmetallic or 316L Stainless Steel
Corrosion Resistant
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4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Ammeters
Technical Data

Ammeters
• Used to measure motor current draw for

efficiencies and maintenance
• Slide in scales to accommodate any

amperage range
• Red indicator for quick visual indication

to compare set points and actual values

Ammeters

Type of Protection Ex e II T6
Certificate of Conformity PTB No. Ex-87.B.2016U

Approvals PTB, UL, cUL

Movement Moving iron (core)

Accuracy 2.5% of range (class 2.5)

Measuring Range 0-16A direct, C.T. n/1 A

Operating Position Vertical

Scale Interchangeable for C.T. n/1 A

Zero Adjustment At instrument

Terminal Wiring 2 x 2.5 mm2 / 14 AWG

Rated Current Marking Red indicator

Ammeter Measuring 
Instrument AM 72*

M 7 2

Code A B C

* Requires 2 spaces.

Movement Direct n/1 A 0 - 2 mA 4-20 mA

Code B 1 2 3 6
Movements 0-20 mA and 4-20 mA are only available with 0 - 100 / 120% scale

Direct Measurement Interchangeable Scale for C.T. n/1A
Code C Scale Code C Scale Code C Scale Code C Scale

02 0 -1/1.5A 02 0 -1/1.5A 09 0 - 30/45A 16 0 - 200/300A
03 0 - 2.5/3.75A 03 0 - 2.5/3.75A 10 0 - 40/60A 17 0 - 250/375A
04 0 -5/7.5A 04 0 -5/7.5A 11 0 - 50/75A 18 0 - 300/450A
05 0 - 10/15A 05 0 - 10/15A 12 0 - 60/90A 19 0 - 400/600A
07 0 - 16/24A 06 0 -15/22.5A 13 0 -75/112.5A 20 0 - 500/750A

08 0 - 20/30A 14 0 - 100/150A 21 0 - 600/900A
15 0 - 150/225A 22 0 - 100/150A
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GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Rotary Switches
Technical Data

Rotary Control Switches
• Used for selectable operations (i.e.

Hand–Off–Auto)
• 2 independent contacts
• Available in any contact configuration
• Spring return or maintained position
• Available with lockout positions

SCT Ex 23

Type of Protection Ex de IIC T6 Ex de IIC T6
Certificate of Conformity Ex.87.B.1007U PTB no. Ex-88.B.1047U
Approvals PTB, UL, cUL PTB, UL, cUL
Rated Votage 400 V Up to 500 V
Rated Current NEC 10 A NEC 10 A

IEC 16 A IEC 16 A
Terminal Wiring 2 x 2.5mm2 / 14 AWG 2 x 2.5mm2 / 14 AWG
Mechanical Life >105 Operations >105 Operations
Electrical Life >105 Operations >105 Operations
Switching Capacity AC II: 20V/6A AC I: 500G/10A

400V/4A AC II: 230V/6A
DC II: 24V/6A 500V/6A
60V/0.8A DC II: 24V/6A
110V/.5A 48V/4A
220V/.2A 60V/0.8A

110V/0.5A
220V/0.4A

Rotary Control Switch SCT

S C T

Code A B C D

Switch Mechanism

Code B

Code C Inscription Code C Inscription

01 0 I 07 I 0 II
03 STOP START 13 LOCAL REMOTE AUTO
04 HAND AUTO 14 STOP 0 START
06 REMOTE LOCAL 15 HAND 0 AUTO
29 OFF ON 99 Special – text to be given on order

Contact

System

Code D 1 2 3 4 5 6

Same as SCT above except up to 4

independent contacts

Rotary Control Switch Ex 23*

E x 2 3

Code A B C D E

* Requires 2 spaces in cover.

Code B Inscription

01 0 I
03 STOP START
04 HAND AUTO
06 remote local
07 I 0
13 LOCAL REMOTE AUTO
14 STOP 0 START
23 OFF 0 ON
24 HAND OFF AUTO
27 START STOP
29 OFF ON
32 ON OFF
99 Special – text to be given on order

4C
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4
C

Code C Contact System Type

00 2 Position

01 2 Position

02 2 Position

03 Single Pole
Changeover

05 HOA

07 3 Position Single
Level

Code C Contact System Type

09 3 Position

10 3 Position

12 3 Position

13 2 Position

14 2 Position

15 3 Position Double
Pole Changeover

Switched Mechanism

Code D

Padlocking Facility

Code E

Contact Configurations

Normally Closed Normally Open

Normally Closed Extended Over

2 Positions
Normally Open Early Make/Late

Break

Change-Over Break Before Make Change-Over Make Before Break

Example of Switch Type 10
This example is the switch type 10 Stop-Run-Stop. The switch has 3
positions – the normal position is center and can be switched left or
right. An arrow (→←) indicates spring return. (See codes for switch
mechanism). Contacts 1–2 only close in the Stop position. Contacts 3–
4 close only in the Start position. Contacts 5–6 are normally closed
and remain closed when switched to the Start position and open when
switched to the Stop position.

4C GHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Rotary Switches
Technical Data
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4CGHG43 Series Control Stations

Nonmetallic or 316L Stainless Steel
Corrosion Resistant

Lockouts for Pushbuttons
and Marking Guide for Pushbuttons

Marking Guide For Pushbuttons
Special Text
Marking Required Standard Abbreviation Actual Marking on Disc

Acknowledge AK ACK
Alarm AM ALARM
Automatic AU AUTO
Close CL CLOSE
Down DN DOWN

Fast FS FAST
Forward FW FWD
Hand HN HAND
High HI HIGH
In IN IN
Jog JG JOG

Local LC LOCAL
Lower LO LOWER
Maintain MT MAINT
Manual MN MANUAL
Normal NR NORMAL
Off OF OFF

On ON ON
Open OP OPEN
Out OT OUT
Raise RA RAISE
Remote RM REMOTE
Reset RS RESET

Reverse RV REV
Run RN RUN
Slow SL SLOW
Test TT TEST
Trip TP TRIP
Up UP UP

Lockouts for DRTO Pushbuttons
X

Code D

Shroud Cover For
Pushbutton
Y-Lockout with bolt and chain

Z

Code D

Padlocking Fire Alarm
Cover For Pushbutton

Lockouts for DDTO Double Pushbuttons
X

Code ED

Padlocking Cover For
Double Pushbutton
Without Hole

Z

Code E

Padlocking Cover For
Double Pushbutton
With Hole

Lockouts for SGT Mushroom-Head Pushbuttons
X

Code F

Padlocking Cover For
Emergency Stop Pushbutton

Z

Code F

Padlocking Cover For
Emergency Stop Pushbutton
With Bolt & Chain
Not permitted in IEC hazardous
locations.
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4C GHG43 Series Control Stations

GHG43 Nonmetallic Control Stations

GHG43 Size 2 Nonmetallic GHG43 Size 4 Nonmetallic End View of Back Box

GHG43 Stainless Steel Control Stations

Box Type Dimension (inches)

A B C D E F G H J K L M

1 Operator Control Station 4.72 4.72 4.96 4.96 3.60 3.94 3.94 3.15 2.76 0.79 2.36 2.36

2 Operator Control Station 6.69 4.72 6.93 4.96 3.60 5.90 3.94 5.12 2.76 0.79 4.33 2.36

3 Operator Control Station 8.66 4.72 8.90 4.96 3.60 7.87 3.94 7.09 2.76 0.79 6.30 2.36

4 Operator Control Station 10.63 4.72 10.87 4.96 3.60 9.84 3.94 9.06 2.76 0.79 8.27 2.36

Dimensions

Nonmetallic or 316L Stainless Steel
Corrosion Resistant
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Revision History
 
Program version numbers comprise three parts:
    (a) The Code year of issue.
    (b) The latest Code amendment incorporated.
    (c) Intermediate revisions.
 
 
The history of this calculation is as follows:-
 
Issue Description                                                                  Date  By
 
1     First Issue                                                             15 Aug 14 MVD
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Title  : Design Summary

 
 
MANUFACTURE DESIGN SUMMARY
 
DESIGN DATA:
Item No = TBC
Equipment Name = 6" 900# Shell Line Heater Vessel
Dimension = 168.3 O/D x 1726 long
Capacity = 0.03 m^3
Orientation = Horizontal
Design Code = ASME VIII Div 1, Edition 2013
 
Software used for mechanical calculation =  Finglow
Internal Design Pressure = 99.3 BarG (9930KPa.g)
External Design Pressure = FV
Design temperature = -45 to 93 degrees C
MDMT = -45 degrees C at 99.3 BarG (9930KPa.g)
Corrosion allowance = 1.5mm
Joint efficiency = 1.0
Wind Loading = As per ABC 2006, vessel will be operating indoors, so N/A
Seimic Loading = As per ABC 2006 , Sa(0.2) = 0.12g
Transport Loading = Not requested by client
Blast Loading = Not requested by client
 
MAWP = 99.3 BarG (9930KPa.g) @ 93 degrees C
Limited by = Set equal to the design pressure
Hydrotest Pressure. (1.3xMAWPx(St/Sd)) = 129.09Barg (12909KPa.g)
MAEWP = FV @ 93 degrees C
 
Radiography = Full
Ultrasonic testing = All nozzle to shell welds
MPI = All attachment welds
Special service = None
Post Weld Heat Treatment = None
Impact testing = Yes, for all pressure retaining materials except comp pads
Impact testing temperature = -45 degrees C or below
 
ASME Flange used = B16.5
Flange class & type used = class 900 & RFWN
Flange pressure and temperature rating table = 2-1.1
Flange at design temperature = 141.3 BarG (14130 KPa.g)
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ASME UG-22 Requirements:
 
a) Internal or external pressure: Both
b) Weight of vessel & contents: Vessel- yes, Contents- no, as it is a gas
c) Reactions from attached equipment: Nozzle loads
d) Vessel supports: Saddles
e) Cyclic loadings : N/A
f) Wind, snow, seismic: Seismic (wind & snow N/A as vessel is indoors)
g) Fluid Shock: N/A
h) Temperature gradients N/A
i) Abnormal pressures: N/A
j) Test pressure: Yes
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MAWP
MAWP (hot & corroded) = 99.3 BarG (9930KPa.g)
MAWP is set equal to the design pressure
Vessel strength calculations have been calculated at the MAWP of 99.3 BarG
 
Test Pressure per UG-99 b):
Test pressure = 1.3 x MAWP x Lowest Stress Ratio
=1.3 x 99.3 x (118/118)
=129.09 BarG (12909KPa.g)
 
Check Flange Rating
Flanges will be 900# and standard to ASME B16.5 with temperature
and pressure rating as stated in Table 2-1.1
Allowable Pressure @ 99.3 degrees = 141.3 BarG > Design Pressure 99.3 BarG.
Hence no further consideration is necessary.
 
MDMT
The lowest arbitrary temperature specified by the client and in the vessel
data sheet is -45 degrees C
 
Check impact requirements at this temperature:
Exempt per UG-20? No
Check UCS 66 curves:
Shell: SA333-6, 10.97mm, Curve C: Impacts are required
Cap: SA420 WPL6, 10.97mm, Curve C: Impacts are required
6" Body Flange: SA350-LF2, 10.97mm, Curve C, Impacts are required
2" schXXS pipe: SA333-6, 11.07mm, Curve C, Impacts are required
2" Flange: SA350-LF2, 11.07mm, Curve C: Impacts are required
2" Compensation Pads: SA516 Gr70N, 6mm, Curve D: Impacts are not required
When impact testing is required this shall be done at or below the MDMT.
 
Loadings from Meteorologic Data:
Client has stated that the vessel will be located and operating inside a
building, therefore the vessel is sheltered from wind, rain & snow loads.
Wind loads: N/A
Precipitation loads: N/A
Snow loads: N/A
Sesimic loads: Based on Alberta Building Code
Seismic spectral response acceleration (5% damped), Sa(0.2) = 0.12g
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Centre of Gravity Calculation
-----------------------------
 
Description     Weight (kg)         Vertical           North            East
-----------     -----------        ---------       ---------       ---------
Shell                    64                0               0             892
Cap                       5                0               0            1687
Body Flange              50                0               0              60
N1                       16                0               0             275
N2                       16                0               0            1372
N3                       16                0               0             750
Fix saddle               24                0               0             350
Sli saddle               24                0               0            1300
Ancillaries              20                0               0             892
                -----------
Total Weight            235
 
Centre of Gravity : Vertical from base                           =         0
                  : North                                        =         0
                  : East                                         =       699
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Title  : Hydrotest Weight

 
Centre of Gravity Calculation
-----------------------------
 
Description     Weight (kg)         Vertical           North            East
-----------     -----------        ---------       ---------       ---------
Shell                    64                0               0             892
Cap                       5                0               0            1687
Body Flange              50                0               0              60
N1                       16                0               0             275
N2                       16                0               0            1372
N3                       16                0               0             750
Fix saddle               24                0               0             350
Sli saddle               24                0               0            1300
Ancillaries              20                0               0             892
Water                    30                0               0             892
Blinds                   85                0               0             892
Bolts                    20                0               0             892
                -----------
Total Weight            370
 
Centre of Gravity : Vertical from base                           =         0
                  : North                                        =         0
                  : East                                         =       770
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Title  : Operational Weight

 
Centre of Gravity Calculation
-----------------------------
 
Description     Weight (kg)         Vertical           North            East
-----------     -----------        ---------       ---------       ---------
Shell                    64                0               0             892
Cap                       5                0               0            1687
Body Flange              50                0               0              60
N1                       16                0               0             275
N2                       16                0               0            1372
N3                       16                0               0             750
Fix saddle               24                0               0             350
Sli saddle               24                0               0            1300
Ancillaries              20                0               0             892
Bundle                   98                0               0              27
Bolts                    17                0               0               0
Gasket                    5                0               0               0
                -----------
Total Weight            355
 
Centre of Gravity : Vertical from base                           =         0
                  : North                                        =         0
                  : East                                         =       470
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Calculations for Shells - Internal Pressure
===========================================
 
Calculations for cylindrical and conical shells and formed heads
under internal pressure to ASME VIII Div.1 clauses UG-27, UG-32 &
Appendix 1 clauses 1-2 to 1-5.
 
Joint efficiency E is evaluated to UW-12 for specified radiography and weld
types. Thickness and diameter limits in TABLE UW-12 are checked.
 
Test pressures and maximum allowable working pressures are calculated to
UG-99 and UG-98 respectively. Maximum allowable working pressures (MAWP) are
calculated in both the new & cold and hot & corroded conditions.
 
Required thickness for cylindrical shells is calculated to UG-27(c), except
for P > 0.385SE when Appendix 1-2 is used.
 
For cones without a large end knuckle, required thickness of cone is
calculated to UG-32(g). Reinforcement requirements at large end cone cylinder
junction are calculated to Appendix 1-5(d). For a stiffener with a design
stress lower than that of the shell, required stiffener area is increased by
factor k - see Appendix 1-5(c) & UG-41(a).
 
For cones with a large end knuckle, required thickness of cone is calculated
to UG-32(h). Required thickness of knuckle is calculated to Appendix 1-4(d)
Formula (3). Limitations on knuckle radius in UG-32(h) are checked in the
uncorroded condition.
 
ASME VIII Div.1 does not include rules for design of cones with a small end
knuckle, so requirements for reinforcement of small end cone cylinder
junction are calculated to Appendix 1-5(e) for cones with or without a small
end knuckle.
 
Required thickness for ellipsoidal heads is calculated to Appendix 1-4(c).
Requirements of footnote (1) in Appendix 1-4 are complied with when value of
K exceeds 1.0.
 
Required thickness for hemispherical heads is calculated to UG-32(f), except
for P > 0.665SE when Appendix 1-3 is used.
 
Required thickness for torispherical heads is calculated to Appendix 1-4(d).
Requirements of footnote (1) in Appendix 1-4 are complied with. Limitations
on crown radius and knuckle radius in UG-32(j) are checked in the uncorroded
condition.
 
Knuckle buckling for formed heads is checked per Appendix 1-4(f)
 
Calculation status
==================
 
The status of each individual calculation is printed at the end of each output.
 
Acceptable calculation: Indicates that the calculation and checks have been
performed successfully and that no erros have been found.
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Warnings: Indidates that one or more warning messages have been generated.
These warning messages are then listed. If the messages are informative only
then Acceptable calculation will be printed at the end of the list.
 
Explanation of all possible messages
====================================
 
Additional loads: Additional loads have been input but are not catered for
in this module.
 
Applied axial comp force: May require special analysis.
 
Code limitations exceeded: t/L or temperature limit exceeded.
 
Design pressure: The design pressure limit has been exceeded. U-1(d).
 
Diameter limit exceeded: OD > limit in TABLE UW-12 for weld type.
 
Extrapolated graphs/tables: The limits of TABLE 1-4.4 exceeded.
 
Full radiography reqd: Thickness > 1.5" (38mm) and full radiography not specified
(UW-11(a)(2)).
 
Inside knuckle radius: Knuckle radius is too small.
 
Inside spherical radius: Exceeds head OD.
 
Knuckle buckling: Knuckle buckling governs the design.
 
Large end stiffener area: Additional reinforcement required at large end as
indicated.
 
Limit for stiffener location: The subject stiffener is located more than
0.25sqrt(Rts) from the cone to cylinder junction.
 
Min reqd cone thk tr: Small end cone thickness is insufficient.
 
Min reqd shell thk t: Shell thickness at large or small end of cone is
insufficient.
 
Ratio D/2h: Exceeds 3.0  (TABLE 1-4.1).
 
Ratio L/r: Exceeds 16.667  (TABLE 1-4.2 NOTE (1)).
 
See App 1-5(g): For conical shells with the half apex angle greater than 30°,
special analysis may be required when the cone-to-cylinder junction at the
small end is designed without a knuckle.
 
Small end knuckle rad: The calculation method does not include knuckles at the
small end. Reinforcing requirements at the small end have been calculated in
accordance with Appendix 1-5(e) for a cone without a knuckle.
 
Small end stiffener area: Additional reinforcement required at small end as
indicated.
 
Stiffener on knuckle: A stiffener has been located on the knuckle region of a cone.
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Straight flange: The reqd straight flange thickness of a formed head governs.
 
Thick shell theory reqd: P > 0.385SE or thickness > R/2.
 
Thick shell theory used: Cylindrical shell or hemispherical head thickness
calculated to Appendix 1-2 or 1-3.
 
Thickness limit exceeded: Thk > limit in TABLE UW-12 for weld type.
 
Total reqd knuckle thk: Cone large end knuckle thickness insufficient.
 
Total reqd thk: Thickness of shell, head or cone large end is insufficient.
 
UG-16(b): Min thk: Corroded thickness < 1/16" (1.5mm).
 
UG-32(h):Knuckle reqd:  Large end knuckle reqd.
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Title  : Shell internal pressure

 
Design data
===========
Type                                                -                     Cylindrical shell
Pressure                                            -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Material data
=============
Material spec                                       -                        SA333-6:K03006
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Output data
===========
Joint efficiency  E                                 -                                 1.000
Radius  R                                           mm                               76.051
Min reqd thk  t                                     mm                                6.740
Total reqd thk                                      mm                                9.417
Thickness                                           mm                                8.099
Test pressure (1.3P.Sa/S)                           MPa                              12.909
MAWP new & cold                                     MPa                              14.103
MAWP hot & corroded                                 MPa                              11.811
Length                                              mm                             1491.000
Metal SG                                            -                                 7.850
Shell weight                                        kg                               63.462
Shell volume                                        m3                                0.025
 
Material data
=============
Material spec                                       -                        SA333-6:K03006
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
 
Acceptable calculation
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Title  : End cap internal pressure

 
Design data
===========
Type                                                -                  2:1 Ellipsoidal head
Pressure                                            -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Head data
=========
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
Straight flange                                     -                                   Yes
 
Material data
=============
Material spec                                       -                            SA420-WPL6
Head weld                                           -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Head to shell weld                                  -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
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Title  : End cap internal pressure

 
Output data
===========
Outside head height                                 mm                               42.075
Joint efficiency  E                                 -                                 1.000
Diameter  D                                         mm                              152.102
Head height  h                                      mm                               33.976
Ratio  D/2h                                         -                                 2.238
Factor  K                                           -                                 1.168
Allowable stress: DT                                MPa                             118.000
Min reqd thk  t                                     mm                                7.541
Total reqd thk                                      mm                               10.333
Thickness                                           mm                                8.099
Test pressure (1.3P.Sa/S)                           MPa                              12.909
MAWP new & cold                                     MPa                              12.408
MAWP hot & corroded                                 MPa                              10.658
Metal SG                                            -                                 7.850
Head weight                                         kg                                2.160
Head volume                                         m3                            3.489E-04
 
Material data
=============
Material spec                                       -                            SA420-WPL6
Min tensile strength                                MPa                               415.0
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Elastic mod: ATM                                    MPa                            202350.0
Yield: DT                                           MPa                               221.4
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/29(M)
Data:ASME II Part D Table Y-1 p574/11(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
 
Acceptable calculation
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Calculations for Shells - External Pressure
===========================================
 
Calculations for cylindrical and conical shells and formed heads under
external pressure to ASME VIII Div.1 clauses UG-28, UG-29, UG-30, UG-33 &
Appendix 1-8. Calculations are valid for shells or heads with an out of
roundness that complies with UG-80 & UG-81. Factors A and B are evaluated
from figures and tables in ASME II, PART D, Subpart 3.
 
Allowable external pressure Pa for cylinders is calculated to UG-28(c) and
for cones to UG-33(f) & (g). For cylinders with stiffeners Pa is calculated
for longer of two shell sections either side of subject stiffener. For cones
with stiffeners Pa is calculated for both cone sections on either side of
subject stiffener. As required by UG-33(a), Pa for dished heads is calculated
as lower of maximum allowable pressure on concave side (E = 1) to Appendix
1-8(c) or (d) divided by 1.67, or maximum allowable pressure on convex side
to UG-33(d) or (e). Pa is checked against external design pressure. When a
lap joint is specified as longitudinal weld in cylinder or cone, or as head
to shell weld for hemispherical head, Pa is checked against twice the
external design pressure - see UG-28(g) & UG-33(h).
 
Joint efficiency E is evaluated to UW-12 for specified radiography and weld
types. E = 1 for butt joints in compression - see TABLE UW-12 NOTE (5).
Thickness and diameter limits in TABLE UW-12 are checked.
 
For cylinder or cone calculations stiffeners are specified in terms of
subject stiffener (the one to be assessed) and adjacent stiffeners on either
side. For cone/cylinder junctions, subject stiffener is that providing
reinforcement at junction. Stiffening rings may be internal or external.
Corrosion allowance is deducted from all stiffener surfaces. Moment of
inertia is checked for combined ring-shell cross section. Attachment welds
are checked to UG-30(c), (e) & (f).
 
For large or small end reinforcement calculations, cone/cylinder junction is
analysed as a line of support to Appendix 1-8. Required moment of inertia is
checked against available moment of inertia for combined ring-shell-cone
cross section. Reinforcement of cone/cylinder junction without a knuckle is
assessed, when required, to Appendix 1-8. Required area is checked against
available area. If stiffener design stress is less than that of the shell,
required stiffener area is increased by factor k - see Appendix 1-8(a) and
UG-41(a). Distance from centre of stiffener to cone to cylinder junction is
checked against limits specified in Appendix 1-8.
 
For cones with a large end knuckle, limitations on knuckle radius in UG-32(h)
are checked in the uncorroded condition. For torispherical heads, limitations
on crown radius and knuckle radius in UG-32(j) are checked in the uncorroded
condition.
 
Calculation status
==================
 
The status of each individual calculation is printed at the end of each output.
 
Acceptable calculation: Indicates that the calculation and checks have been
performed successfully and that no erros have been found.
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Warnings: Indidates that one or more warning messages have been generated.
These warning messages are then listed. If the messages are informative only
then Acceptable calculation will be printed at the end of the list.
 
Explanation of all possible messages
====================================
 
Actual weld stress: Stiffener attachment weld stress > allowable.
 
Additional loads: Additional loads have been input but are not catered
for in this module.
 
Applied axial tensile force: May require special analysis.
 
Diameter limit exceeded: OD > limit in TABLE UW-12 for weld type.
 
Extrapolated graphs/tables: Factor A is outside limits of TABLE G
or the limits of TABLE 1-4.4 have been exceeded.
 
Fillet weld leg: Stiffener fillet weld < minimum to UG-30(f).
 
Full radiography reqd: Thk > 1.5" (38mm) and not full X-ray  (UW-11(a)(2)).
 
Inside knuckle radius: Knuckle radius too small  (UG-32(h) & (j)).
 
Inside spherical radius: Spherical radius > OD of head  (UG-32(j)).
 
Insufficient reinforcement: Required area ArL or Ars > area available.
 
Insufficient thk: The shell, cone or head thickness is governed by the
    internal pressure calculation.
 
Lap joint: Pa checked against 2P for lap joint  (UG-28(g) & UG-33(h)).
 
Limit for stiffener location: Stiffener > 0.25sqr(R.ts) from junction.
 
Ratio D/2h: Exceeds 3.0  (TABLE 1-4.1).
 
Ratio DL/te: Exceeds 1000 (TABLE 1-4.1)
 
Ratio Do/2ho: Exceeds 3.0  (TABLE UG-33.1).
 
Ratio Do/ts or Ratio  DL/te: Exceeds 1000 - TABLE G extrapolated.
 
Ratio L/r: Exceeds 16.667  (TABLE 1-4.2 NOTE (1)).
 
Reqd moment of inertia Is': Exceeds available moment of inertia I'.
 
Space between welds: Exceeds limit  (UG-30(c)).
 
Stiffener on knuckle: Stiffener location 1 or 2 on knuckle of cone.
 
Stiffener proportions: Check for buckling  (UG-29(a) CAUTIONARY NOTE).
 
Thick shell theory reqd: Thick shell theory should be used.
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Thick shell theory used: Thick shell theory has been used.
 
Thickness limit exceeded: Thk > limit in TABLE UW-12 for weld type.
 
UG-16(b): Min thk: Corroded thickness < 1/16" (1.5mm).
 
Unsuitable for external pressure: Pa < external design pressure.
 
Welded length: Length of weld segments less than minimum to UG-30(c).
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Design data
===========
Type                                                -                     Cylindrical shell
External design pressure                            MPa                               0.103
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
Stiffener                                           -                                  None
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Material data
=============
Material spec                                       -                        SA333-6:K03006
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Output data
===========
Joint efficiency  E                                 -                                 1.000
Diameter  Do                                        mm                              168.300
Radius  R                                           mm                               76.051
Length  L                                           mm                             1491.000
Ratio  L/Do                                         -                                 8.859
Min reqd thk  t                                     mm                                6.740
Shell thk  ts                                       mm                                8.099
Ratio  Do/ts                                        -                                20.781
Factor  A (xE6)                                     -                              2611.186
Elastic mod  Es                                     MPa                          199900.000
Factor  B                                           MPa                             108.834
Stress  S                                           MPa                             217.800
Allowable external pressure                         MPa                               6.983
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table CS-2(M)
                                                                                           
 
Acceptable calculation
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Title  : End cap external pressure

 
Design data
===========
Type                                                -                  2:1 Ellipsoidal head
External design pressure                            MPa                               0.103
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Head data
=========
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
 
Material data
=============
Material spec                                       -                            SA420-WPL6
Head weld                                           -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Head to shell weld                                  -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Output data
===========
Radius  Ro                                          mm                              151.470
Min reqd thk  t                                     mm                                7.542
Ratio  Ro/ts                                        -                                18.703
Factor  A (xE6)                                     -                              6683.460
Elastic mod  Es                                     MPa                          199900.000
Factor  B                                           MPa                             119.358
Allowable external pressure                         MPa                               6.382
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Miscellaneous data
==================
Joint efficiency  E                                 -                                 1.000
Diameter  D                                         mm                              152.102
Head height  h                                      mm                               33.976
Ratio  D/2h                                         -                                 2.238
Factor  K                                           -                                 1.168
Diameter  Do                                        mm                              168.300
Ratio  Do/2ho                                       -                                 2.000
Factor  Ko                                          -                                 0.900
 
Material data
=============
Head                                                                                       
Material spec                                       -                            SA420-WPL6
Yield: DT                                           MPa                               221.4
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/29(M)
Data:ASME II Part D Table Y-1 p574/11(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
Data:ASME II Part D Table CS-2(M)
                                                                                           
 
Acceptable calculation
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Calculations for Nozzles & Openings
===================================
 
Calculations for reinforcement of single or combined openings in cylindrical
or conical shells or formed heads subject to internal pressure to ASME VIII
Div.1 clauses UG-36, UG-37, UG-40, UG-41, UG-42, UG-45 and Appendix 1-7. Weld
sizes are checked to UW-16 in corroded condition.
 
Strength calculations for attachment welds are performed to UW-15(a), (b) &
(c), UG-41 and FIG UG-41.1(a) & (b), modified as necessary for various nozzle
types. Weld strength calculations are not performed for nozzle types
specified in UW-15(b).
 
Nozzle wall thickness less mill tolerance is checked to UG-45(a), and
thickness less mill tolerance and corrosion is checked to UG-27(c)(1) for
internal pressure using appropriate nozzle joint efficiency.
 
External and internal projections are measured along centre-line of nozzle
from point of intersection with outside surface of vessel.
 
For cylindrical and conical shells reinforcement requirements are calculated
for two perpendicular planes through centre of opening and normal to surface
of shell. The two planes are parallel to and perpendicular to longitudinal
axis of the shell. For formed heads calculations are performed for plane
through centre of opening and centre of head. Calculations for combined
reinforcement are performed to UG-42(a) for plane through centres of the two
openings. The true pitch between openings is evaluated at mid-surface of
shell or head corroded wall thickness.
 
Limits of reinforcement are to UG-40. Reinforcement beyond end of shell or
cone, or in knuckle region of formed head, or beyond external or internal
projection of nozzle is not included. For cylindrical shells where opening
size exceeds limits in UG-36(b)(1), rules of Appendix 1-7 are also applied.
Area available in nozzle neck is based on nominal wall thickness less
corrosion with no deduction of mill tolerance.
 
NOTE - FIG UG-37.1 illustrates a typical nozzle configuration and this figure
and equations beneath it are not necessarily correct for other nozzle types.
 
Shop/Site test conditions are checked if required. Output data is omitted.
Warning messages are printed if calculations are unsatisfactory.
 
Calculation status
==================
 
The status of each individual calculation is printed at the end of each output.
 
Acceptable calculation: Indicates that the calculation and checks have been
performed successfully and that no erros have been found.
 
Warnings: Indidates that one or more warning messages have been generated.
These warning messages are then listed. If the messages are informative only
then Acceptable calculation will be printed at the end of the list.
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Explanation of all possible messages
====================================
 
Code limitation exceeded: Nozzle OD or thk > limit in TABLE UW-12 for weld
type, or nozzle thk > 1.5" (38mm) and not full X-ray  (UW-11(a)(2)), or nozzle limit
outside of the central 80% of an ellipsoidal head (UG-37(a)).
 
Diameter limit exceeded: Shell OD > limit in TABLE UW-12 for weld type.
 
Elliptical opening: The ratio of major to minor axis of the opening exceeds 2.
See UG-36(a)(1). The program will show the effective increase in stress ratio
caused by the nozzle being inclined from the normal.
 
Full radiography reqd: Shell thickness > 1.5" (38mm) and not full X-ray (UW-11(a)(2)).
 
Insufficient reinforcement: Reinforcement does not satisfy Code requirements.
 
Location may reduce reinforcement: Area available in shell may be limited by
proximity of shell or cone end, or knuckle on head.
 
Min nozzle thk to UG-45: Nozzle thickness < minimum to UG-45.
 
Min weld thk to UW-16: Thickness of one or more attachment welds less than
minimum to UW-16.
 
Openings do not combine: Nozzles or openings do not combine.
 
Reinforcement reduced by location: Area available in shell limited by
proximity of shell or cone end, or knuckle on head.
 
Size limit to UG-36(b): Nozzle or opening dia > limit to UG-36(b). Appendix
1-7 will be applied.
 
Shop test fails: Further calculations may required for test condition.
 
Site test fails: Further calculations may required for test condition.
 
Strength path failure: One or more of the weld failure paths is insufficient.
 
Stress limit exceeded: The Appendix 1-7 stresses exceed the allowable.
 
Thick shell theory used: P > 0.385SE or thk > R/2.
 
Thickness limit exceeded: Thickness > limit in TABLE UW-12 for welded type.
 
UG-16(b): Min thk: Corroded shell or head thickness < 1/16" (1.5mm).
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Title  : N1 Inlet

 
Design data
===========
Type                                                -                     Cylindrical shell
Relax reinforcment limits                           -                                    No
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
Shop test pressure                                  MPa                              12.900
Site test pressure                                  MPa                              12.900
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Opening or nozzle data
======================
Opening ident                                       -                                    N1
Type                                                -                   Nozzle + single pad
Attachment                                          -                                Set-in
Weld                                                -                      Full penetration
Nozzle configuration                                -                                Radial
Pipework fitted                                     -                                   Yes
Orientation                                         degrees                           0.000
Opening location                                    mm                              129.000
Main weld pierced                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Nozzle data
===========
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Material spec                                       -                        SA333-6:K03006
External projection                                 mm                              200.000
Corner radius                                       mm                                3.000
Fillet weld (noz/pad)                               mm                               10.000
 
Pad data
========
Material spec                                       -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
Fillet weld (pad/shell)                             mm                                6.000
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Title  : N1 Inlet

 
Output data
===========
Opening ident                                       -                                    N1
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Diameter  D                                         mm                              152.102
Shell thk  t                                        mm                                8.099
Reqd thk (int.p)                                    mm                                6.740
Reqd shell thk  tr (E=1)                            mm                                6.740
Nozzle thk  tn                                      mm                                9.574
Reqd nozzle thk  trn (E=1)                          mm                                1.825
Joint efficiency  E1                                -                                 1.000
Nozzle joint efficiency                             -                                 1.000
Min nozzle thk for pressure                         mm                                1.947
Min nozzle thk to UG-45                             mm                                4.923
Stress factor  fr1                                  -                                 1.000
Stress factor  fr2                                  -                                 1.000
Stress factor  fr3                                  -                                 1.000
Stress factor  fr4                                  -                                 1.000
Size limit to UG-36(b)                              mm                               76.051
 
Reinforcement data
==================
                                                     -               Long axis    Tran axis
Factor  F                                            -                   1.000        1.000
Diameter  d                                          mm                 41.176       41.176
Reinf limit: radial                                  mm                 41.176       41.414
Reinf limit: normal                                  mm                 20.247       20.247
Area  A                                              mm2               277.537      277.537
Area  A1                                             mm2                55.939       55.749
Area  A2                                             mm2               312.850      313.388
Area  A41                                            mm2               100.000      100.000
Area  A42                                            mm2                 0.000        0.000
Area  A5                                             mm2               132.164      126.782
Area available                                       mm2               600.953      595.920
Reinforced both sides                                -                     Yes          Yes
 
Weld data
=========
Min weld thk  tc                                    mm                                4.200
Min weld thk  tmin/2                                mm                                3.000
Check reqd per UG-41(b)                             -                                   Yes
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Weld data
=========
                                                     -               Long axis    Tran axis
Fillet weld strength  A                              N                   54789        54789
Nozzle wall strength  B                              N                   63045        63045
Groove weld strength  C                              N                   67011        67011
Fillet weld strength  D                              N                   65393        65393
Groove weld strength  E                              N                   49646        49646
Weld load  W1                                        N                   64312        63740
Strength path 1 (B+D)                                N                  128438       128438
Weld load  W2                                        N                   67016        68090
Strength path 2 (A+C+E)                              N                  171446       171446
Weld load  W3                                        N                   82611        83050
Strength path 3 (C+D)                                N                  132404       132404
Total weld load  W                                   N                   29218        29241
 
Material data
=============
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Yield: ATM                                          MPa                               260.0
Allowable stress: ATM                               MPa                               138.0
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
 
Acceptable calculation
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Title  : N2 Outlet

 
Design data
===========
Type                                                -                     Cylindrical shell
Relax reinforcment limits                           -                                    No
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
Shop test pressure                                  MPa                              12.900
Site test pressure                                  MPa                              12.900
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Opening or nozzle data
======================
Opening ident                                       -                                    N2
Type                                                -                   Nozzle + single pad
Attachment                                          -                                Set-in
Weld                                                -                      Full penetration
Nozzle configuration                                -                                Radial
Pipework fitted                                     -                                   Yes
Orientation                                         degrees                           0.000
Opening location                                    mm                             1226.000
Main weld pierced                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Nozzle data
===========
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Material spec                                       -                        SA333-6:K03006
External projection                                 mm                              200.000
Corner radius                                       mm                                3.000
Fillet weld (noz/pad)                               mm                               10.000
 
Pad data
========
Material spec                                       -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
Fillet weld (pad/shell)                             mm                                6.000
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Output data
===========
Opening ident                                       -                                    N2
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Diameter  D                                         mm                              152.102
Shell thk  t                                        mm                                8.099
Reqd thk (int.p)                                    mm                                6.740
Reqd shell thk  tr (E=1)                            mm                                6.740
Nozzle thk  tn                                      mm                                9.574
Reqd nozzle thk  trn (E=1)                          mm                                1.825
Joint efficiency  E1                                -                                 1.000
Nozzle joint efficiency                             -                                 1.000
Min nozzle thk for pressure                         mm                                1.947
Min nozzle thk to UG-45                             mm                                4.923
Stress factor  fr1                                  -                                 1.000
Stress factor  fr2                                  -                                 1.000
Stress factor  fr3                                  -                                 1.000
Stress factor  fr4                                  -                                 1.000
Size limit to UG-36(b)                              mm                               76.051
 
Reinforcement data
==================
                                                     -               Long axis    Tran axis
Factor  F                                            -                   1.000        1.000
Diameter  d                                          mm                 41.176       41.176
Reinf limit: radial                                  mm                 41.176       41.414
Reinf limit: normal                                  mm                 20.247       20.247
Area  A                                              mm2               277.537      277.537
Area  A1                                             mm2                55.939       55.749
Area  A2                                             mm2               312.850      313.388
Area  A41                                            mm2               100.000      100.000
Area  A42                                            mm2                 0.000        0.000
Area  A5                                             mm2               132.164      126.782
Area available                                       mm2               600.953      595.920
Reinforced both sides                                -                     Yes          Yes
 
Weld data
=========
Min weld thk  tc                                    mm                                4.200
Min weld thk  tmin/2                                mm                                3.000
Check reqd per UG-41(b)                             -                                   Yes
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Weld data
=========
                                                     -               Long axis    Tran axis
Fillet weld strength  A                              N                   54789        54789
Nozzle wall strength  B                              N                   63045        63045
Groove weld strength  C                              N                   67011        67011
Fillet weld strength  D                              N                   65393        65393
Groove weld strength  E                              N                   49646        49646
Weld load  W1                                        N                   64312        63740
Strength path 1 (B+D)                                N                  128438       128438
Weld load  W2                                        N                   67016        68090
Strength path 2 (A+C+E)                              N                  171446       171446
Weld load  W3                                        N                   82611        83050
Strength path 3 (C+D)                                N                  132404       132404
Total weld load  W                                   N                   29218        29241
 
Material data
=============
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Yield: ATM                                          MPa                               260.0
Allowable stress: ATM                               MPa                               138.0
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
 
Acceptable calculation
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Design data
===========
Type                                                -                     Cylindrical shell
Relax reinforcment limits                           -                                    No
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
Shop test pressure                                  MPa                              12.900
Site test pressure                                  MPa                              12.900
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Opening or nozzle data
======================
Opening ident                                       -                                    N3
Type                                                -                   Nozzle + single pad
Attachment                                          -                                Set-in
Weld                                                -                      Full penetration
Nozzle configuration                                -                                Radial
Pipework fitted                                     -                                   Yes
Orientation                                         degrees                         180.000
Opening location                                    mm                              604.000
Main weld pierced                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
 
Nozzle data
===========
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Material spec                                       -                        SA333-6:K03006
External projection                                 mm                              200.000
Corner radius                                       mm                                3.000
Fillet weld (noz/pad)                               mm                               10.000
 
Pad data
========
Material spec                                       -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
Fillet weld (pad/shell)                             mm                                6.000
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Output data
===========
Opening ident                                       -                                    N3
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Diameter  D                                         mm                              152.102
Shell thk  t                                        mm                                8.099
Reqd thk (int.p)                                    mm                                6.740
Reqd shell thk  tr (E=1)                            mm                                6.740
Nozzle thk  tn                                      mm                                9.574
Reqd nozzle thk  trn (E=1)                          mm                                1.825
Joint efficiency  E1                                -                                 1.000
Nozzle joint efficiency                             -                                 1.000
Min nozzle thk for pressure                         mm                                1.947
Min nozzle thk to UG-45                             mm                                4.923
Stress factor  fr1                                  -                                 1.000
Stress factor  fr2                                  -                                 1.000
Stress factor  fr3                                  -                                 1.000
Stress factor  fr4                                  -                                 1.000
Size limit to UG-36(b)                              mm                               76.051
 
Reinforcement data
==================
                                                     -               Long axis    Tran axis
Factor  F                                            -                   1.000        1.000
Diameter  d                                          mm                 41.176       41.176
Reinf limit: radial                                  mm                 41.176       41.414
Reinf limit: normal                                  mm                 20.247       20.247
Area  A                                              mm2               277.537      277.537
Area  A1                                             mm2                55.939       55.749
Area  A2                                             mm2               312.850      313.388
Area  A41                                            mm2               100.000      100.000
Area  A42                                            mm2                 0.000        0.000
Area  A5                                             mm2               132.164      126.782
Area available                                       mm2               600.953      595.920
Reinforced both sides                                -                     Yes          Yes
 
Weld data
=========
Min weld thk  tc                                    mm                                4.200
Min weld thk  tmin/2                                mm                                3.000
Check reqd per UG-41(b)                             -                                   Yes
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Weld data
=========
                                                     -               Long axis    Tran axis
Fillet weld strength  A                              N                   54789        54789
Nozzle wall strength  B                              N                   63045        63045
Groove weld strength  C                              N                   67011        67011
Fillet weld strength  D                              N                   65393        65393
Groove weld strength  E                              N                   49646        49646
Weld load  W1                                        N                   64312        63740
Strength path 1 (B+D)                                N                  128438       128438
Weld load  W2                                        N                   67016        68090
Strength path 2 (A+C+E)                              N                  171446       171446
Weld load  W3                                        N                   82611        83050
Strength path 3 (C+D)                                N                  132404       132404
Total weld load  W                                   N                   29218        29241
 
Material data
=============
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Yield: ATM                                          MPa                               260.0
Allowable stress: ATM                               MPa                               138.0
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Yield: ATM                                          MPa                               240.0
Allowable stress: ATM                               MPa                               118.0
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
 
Acceptable calculation
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Calculations for Local Loads on Cylinders
=========================================
 
Calculations for assessment of stresses due to local loading on cylindrical
shells to ASME VIII Div.1 Appendix G-9, Welding Research Council Bulletin
107, August 1965, including March 1979 Revision; and Bulletin 297, August
1984, including Revision 1 September 1987.
 
Nomenclature is to WRC 107 sections 1.1 and 1.3, and WRC 297 section 1.0,
except that loadings are specified for axes X, Y and Z. Axis X is parallel to
shell axis, positive towards end location 1. Axis Y is tangential to and Z
perpendicular to surface of shell. The right hand screw rule is applied for
moments. If a standout is specifed then moments acting at surface of shell
are calculated taking account of moment applied by shear loads X and Y. The
relation between specified loadings and those shown in WRC 297 Fig 1 is as
follows (NOTE - the loadings shown in WRC 107 Fig 2 are the same except that
Load P and Moment Mc have opposite signs to those in WRC 297):
 
     Load VL = Load X     Moment Mc = Moment MX
     Load Vc = Load Y     Moment ML = Moment MY
     Load P  = Load Z     Moment MT = Moment MZ
 
For a nozzle without a reinforcing pad deflection and rotations are
calculated using factors from WRC 297 Figures 59 and 60. In all other cases
deflection is calculated using factors derived from 'Stresses from Radial
Loads in Cylindrical Pressure Vessels' by P.P.Bijlaard (Welding Journal,
December 1954), Table 1, and rotations using factors from 'Stresses from
Radial Loads and External Moments in Cylindrical Pressure Vessels' by
P.P.Bijlaard (Welding Journal, December 1955), Figures 3 and 7. For
deflection due to load P and rotation due to moment Mc a correction factor is
applied dependent on ratio L/Rm. For a nozzle or solid attachment with a pad
or insert plate, deflection and rotations are calculated at edge of pad or
insert plate.
 
Provision is made for taking account of pipe and shell flexibility. Input
data Free end rotn Rx, Free end rotn Ry and Free end defl Dz are rotations
and deflection from piping stress analysis assuming pipe end to be free to
move in Z direction and to rotate in X and Y directions. Load Z and Moments X
and Y are force and moments applied assuming nozzle to be a rigid anchor.
Reduced load and moments are calculated using linear interpolation of pipe
and shell spring characteristics. Stresses, deflections and rotations are
calculated using reduced load and moments.
 
Stresses in shell at edge of nozzle are calculated to WRC 297 section 3.0.
Dimensionless membrane force and bending moment factors (stress resultants)
are obtained from Figures 3 to 58. Stresses in nozzle at junction with shell
are calculated to WRC 297 section 3.1. Stresses at edge of solid attachment
and at edge of pad or insert plate are calculated to WRC 107 section 4.
Dimensionless membrane force and bending moment factors are obtained from
Figures 1A to 4C.
 
When a pad or insert plate is specified, stresses are calculated at edge of
nozzle or attachment using insert plate thickness or combined shell plus pad
thickness, and at edge of pad or insert plate using shell thickness.
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Membrane stresses due to internal pressure (S pr) are included with no stress
concentration factor applied. When a pad or insert plate is specified,
pressure stress is calculated using shell thickness only.
 
Summation of stresses is to WRC 107 Table 5. Column headings Au, AL, Bu, BL,
etc. refer to four points around nozzle or attachment; A & B in longitudinal
plane and C & D in circumferential plane. u and L refer to upper (outside)
and lower (inside) surfaces of shell or nozzle.
 
Tensile stresses are positive, compressive stresses are negative. Total
circumferential and longitudinal membrane stresses, Smy and Smx, are combined
with shear stress Tau to give membrane stress intensites Sm1, Sm2 and Sm3.
Total membrane plus bending stresses, Sy and Sx, are comined with shear
stress Tau to give total stress intensites S1, S2 and S3. Maximum values of
shear stress, membrane stress and membrane plus bending stress are checked
against corresponding allowable stresses.
 
Calculation status
==================
 
The status of each individual calculation is printed at the end of each output.
 
Acceptable calculation: Indicates that the calculation and checks have been
performed successfully and that no erros have been found.
 
Warnings: Indidates that one or more warning messages have been generated.
These warning messages are then listed. If the messages are informative only
then Acceptable calculation will be printed at the end of the list.
 
Explanation of all possible messages
====================================
 
Beta out of range: 0.01 < Beta < 0.5. Limit used  (WRC 107 Figs 1A to 4C).
 
Clearance to shell end: Distance to end < Rm/2  (WRC 107 clause 4.5.2).
 
Deflection: Parameters out of range for deflection calculation.
 
d/t out of range: 10.0 < d/t < 100.0. Limit used  (WRC 297 Figs 3-58).
 
Gamma out of range: 5.0 < gamma < 300. Limit used  (WRC 107 Figs 1A-4C).
 
Lambda out of range: 0.01 < Lambda < 10.0. Limit used  (WRC 297 Figs 3-58).
 
Nozzle strength ratio: The membrane stress in the nozzle neck due to pressure and external
loads exceeds the allowable design strength.
 
Pad OD: The pad width is less than the PD5500 recommended minimum for
pressure.
 
Ratio d/D: Exceeds 0.5  (WRC 297 section 3.2).
 
Ratio d/T: Less than 5.0  (WRC 297 section 3.2).
 
Ratio D/T: Out of range 20.0 < D/T < 2500  (WRC 297 section 3.2).
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Ratio d/t: Less than 20.0  (WRC 297 section 3.2).
 
Shell length: Ratio L/Rm < 1.0  (WRC 107 clause 4.5.1).
 
Stress limit exceeded: One or more of the stresses exceeds the allowable.
 
Table value out of range: 0.25 < ratio < 4.0  (WRC 107 Tables 7 & 8).
 
T/t out of range: Ratio T/t > 10.0  (WRC 297 Figs 3 to 58).
 
WRC 107 graphs: Factor(s) obtained from dotted part of curves or by
extrapolation in Figs 1A to 4C.
 
WRC 297 graphs: Factor(s) obtained by extrapolation in Figs 3 to 58.
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                              2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N1
Opening location                                    mm                              129.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N1
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          54.967
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                              129.000
Distance to end 2                                   mm                             1362.000
Equiv length  L                                     mm                              603.429
Clearance to shell end                              mm                               98.838
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                 5.885
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                                0.035
Rotation  Rx                                        degrees                           0.066
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                 2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
 
 
-------------------------------------------------------------------------------------------
Finglow Software : ASME VIII Div.1                                         13 Aug 14 By MVD
 
Local Loads on Cylinders                                                   Version 13.00.00
-------------------------------------------------------------------------------------------



Vessco Engineering Ltd
-------------------------------------------------------------------------------------------
Item   : 6" 900# Shell Line Heater               Doc No. :                           VQ0511
Client : Exheat Ltd                              Issue   : 1                      Page : 37
-------------------------------------------------------------------------------------------
Title  : N1 radial load +ve

 
Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.5      1.5      1.5      1.5
Sb P                     4.0     -4.0      4.0     -4.0      8.3     -8.3      8.3     -8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    167.7    167.7    180.7    180.7    180.9    180.9    166.9    166.9
Sy                     151.5    184.0    204.9    156.5    241.1    120.6    123.2    210.6
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.5      1.5      1.5      1.5      1.8      1.8      1.8      1.8
Sb P                     8.3     -8.3      8.3     -8.3      4.0     -4.0      4.0     -4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     68.5     68.5     78.1     78.1     75.2     75.2     72.0     72.0
Sx                      42.2     94.9    120.9     35.2    109.4     41.0     45.7     98.4
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     56.6     56.6     68.3     68.3     68.4     68.4     56.0     56.0
Sm2                     19.8     19.8     30.6     30.6     27.8     27.8     23.1     23.1
Sm3                     36.8     36.8     37.7     37.7     40.6     40.6     32.9     32.9
S1                     152.0    184.6    205.1    156.7    241.2    120.8    123.9    211.1
S2                      41.7     94.2    120.7     35.0    109.3     40.8     45.0     97.8
S3                     110.4     90.5     84.3    121.6    131.9     80.0     79.0    113.3
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                68.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               241.2
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            68.1
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Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
Sy                      27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sb P                    11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -17.8    -17.8     44.2     44.2     44.2     44.2    -17.8    -17.8
Sx                     -66.8     31.1    115.7    -27.3    147.3    -58.9    -98.4     62.7
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     31.6     31.6     49.8     49.8     48.3     48.3     36.2     36.2
Sm2                    -21.5    -21.5     35.3     35.3     31.9     31.9    -21.2    -21.2
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      29.8     43.0    116.3     41.6    147.7     36.5     34.2     67.8
S2                     -68.6     16.0     40.3    -28.0     35.6    -59.4    -99.7     27.7
S3                      98.4     27.0     76.1     69.7    112.1     96.0    133.9     40.1
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               147.7
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            83.5
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     4.8      4.8      4.8      4.8      3.0      3.0      3.0      3.0
Sb P                     4.9     -4.9      4.9     -4.9      8.7     -8.7      8.7     -8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     90.0     90.0    118.0    118.0    108.7    108.7     95.7     95.7
Sy                      80.5     99.5    137.3     98.7    179.6     37.8     42.3    149.1
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     3.0      3.0      3.0      3.0      4.8      4.8      4.8      4.8
Sb P                     8.9     -8.9      8.9     -8.9      5.1     -5.1      5.1     -5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     41.0     41.0     54.2     54.2     64.5     64.5     34.4     34.4
Sx                      23.0     59.0     90.0     18.4    100.7     28.2      8.5     60.3
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     90.4     90.4    118.0    118.0    108.7    108.7     96.0     96.0
Sm2                     40.7     40.7     54.2     54.2     64.5     64.5     34.1     34.1
Sm3                     49.7     49.7     63.8     63.8     44.3     44.3     61.9     61.9
S1                      80.9     99.9    137.3     98.7    179.6     37.9     42.8    149.3
S2                      22.7     58.6     90.0     18.4    100.7     28.1      7.9     60.1
S3                      58.1     41.4     47.3     80.3     78.9      9.8     34.8     89.2
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Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               118.0
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               179.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                             -2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N1
Opening location                                    mm                              129.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N1
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          53.726
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                              129.000
Distance to end 2                                   mm                             1362.000
Equiv length  L                                     mm                              603.429
Clearance to shell end                              mm                               98.838
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                 5.885
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                               -0.035
Rotation  Rx                                        degrees                           0.066
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                -2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
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Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.5     -1.5     -1.5     -1.5
Sb P                    -4.0      4.0     -4.0      4.0     -8.3      8.3     -8.3      8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    164.1    164.1    177.0    177.0    177.9    177.9    163.9    163.9
Sy                     139.9    188.2    193.3    160.8    221.6    134.2    103.6    224.1
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.5     -1.5     -1.5     -1.5     -1.8     -1.8     -1.8     -1.8
Sb P                    -8.3      8.3     -8.3      8.3     -4.0      4.0     -4.0      4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     65.6     65.6     75.1     75.1     71.6     71.6     68.4     68.4
Sx                      22.7    108.4    101.4     48.8     97.9     45.3     34.2    102.6
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     53.0     53.0     64.7     64.7     65.4     65.4     53.0     53.0
Sm2                     16.8     16.8     27.6     27.6     24.1     24.1     19.4     19.4
Sm3                     36.2     36.2     37.0     37.0     41.3     41.3     33.5     33.5
S1                     140.4    189.0    193.5    160.9    221.7    134.4    104.5    224.6
S2                      22.2    107.7    101.2     48.6     97.7     45.1     33.3    102.1
S3                     118.2     81.3     92.2    112.3    124.0     89.3     71.2    122.5
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                65.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               224.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            63.5
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Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
Sy                      24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sb P                   -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -21.5    -21.5     40.5     40.5     40.5     40.5    -21.5    -21.5
Sx                     -93.0     50.0     89.4     -8.4    121.0    -40.0   -124.6     81.6
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     27.9     27.9     46.1     46.1     44.6     44.6     32.5     32.5
Sm2                    -25.1    -25.1     31.6     31.6     28.3     28.3    -24.8    -24.8
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      25.8     55.7     90.4     38.3    121.6     33.1     30.3     84.8
S2                     -94.5     18.5     36.3     -9.5     31.8    -40.7   -125.8     25.9
S3                     120.3     37.2     54.0     47.8     89.8     73.8    156.1     58.9
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               156.1
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            88.2
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -4.8     -4.8     -4.8     -4.8     -3.0     -3.0     -3.0     -3.0
Sb P                    -4.9      4.9     -4.9      4.9     -8.7      8.7     -8.7      8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     80.4     80.4    108.4    108.4    102.7    102.7     89.7     89.7
Sy                      61.1     99.7    117.9     98.9    156.1     49.3     18.8    160.6
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -3.0     -3.0     -3.0     -3.0     -4.8     -4.8     -4.8     -4.8
Sb P                    -8.9      8.9     -8.9      8.9     -5.1      5.1     -5.1      5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     35.0     35.0     48.2     48.2     54.9     54.9     24.8     24.8
Sx                      -0.7     70.8     66.2     30.3     80.8     28.9    -11.4     61.0
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     80.8     80.8    108.4    108.4    102.7    102.7     90.0     90.0
Sm2                     34.7     34.7     48.2     48.2     54.9     54.9     24.5     24.5
Sm3                     46.2     46.2     60.2     60.2     47.9     47.9     65.5     65.5
S1                      61.4    100.3    117.9     98.9    156.2     49.3     19.4    160.8
S2                      -1.0     70.2     66.2     30.2     80.8     28.9    -12.0     60.8
S3                      62.4     30.1     51.7     68.7     75.4     20.4     31.4     99.9
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Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               108.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               160.8
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                              2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N2
Opening location                                    mm                             1226.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N2
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Title  : N2 radial load +ve

 
Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          54.967
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                             1226.000
Distance to end 2                                   mm                              265.000
Equiv length  L                                     mm                              987.890
Clearance to shell end                              mm                              234.838
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                10.881
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                                0.053
Rotation  Rx                                        degrees                           0.071
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                 2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
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Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.5      1.5      1.5      1.5
Sb P                     4.0     -4.0      4.0     -4.0      8.3     -8.3      8.3     -8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    167.7    167.7    180.7    180.7    180.9    180.9    166.9    166.9
Sy                     151.5    184.0    204.9    156.5    241.1    120.6    123.2    210.6
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.5      1.5      1.5      1.5      1.8      1.8      1.8      1.8
Sb P                     8.3     -8.3      8.3     -8.3      4.0     -4.0      4.0     -4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     68.5     68.5     78.1     78.1     75.2     75.2     72.0     72.0
Sx                      42.2     94.9    120.9     35.2    109.4     41.0     45.7     98.4
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     56.6     56.6     68.3     68.3     68.4     68.4     56.0     56.0
Sm2                     19.8     19.8     30.6     30.6     27.8     27.8     23.1     23.1
Sm3                     36.8     36.8     37.7     37.7     40.6     40.6     32.9     32.9
S1                     152.0    184.6    205.1    156.7    241.2    120.8    123.9    211.1
S2                      41.7     94.2    120.7     35.0    109.3     40.8     45.0     97.8
S3                     110.4     90.5     84.3    121.6    131.9     80.0     79.0    113.3
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                68.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               241.2
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            68.1
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Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
Sy                      27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sb P                    11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -17.8    -17.8     44.2     44.2     44.2     44.2    -17.8    -17.8
Sx                     -66.8     31.1    115.7    -27.3    147.3    -58.9    -98.4     62.7
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     31.6     31.6     49.8     49.8     48.3     48.3     36.2     36.2
Sm2                    -21.5    -21.5     35.3     35.3     31.9     31.9    -21.2    -21.2
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      29.8     43.0    116.3     41.6    147.7     36.5     34.2     67.8
S2                     -68.6     16.0     40.3    -28.0     35.6    -59.4    -99.7     27.7
S3                      98.4     27.0     76.1     69.7    112.1     96.0    133.9     40.1
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               147.7
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            83.5
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     4.8      4.8      4.8      4.8      3.0      3.0      3.0      3.0
Sb P                     4.9     -4.9      4.9     -4.9      8.7     -8.7      8.7     -8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     90.0     90.0    118.0    118.0    108.7    108.7     95.7     95.7
Sy                      80.5     99.5    137.3     98.7    179.6     37.8     42.3    149.1
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     3.0      3.0      3.0      3.0      4.8      4.8      4.8      4.8
Sb P                     8.9     -8.9      8.9     -8.9      5.1     -5.1      5.1     -5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     41.0     41.0     54.2     54.2     64.5     64.5     34.4     34.4
Sx                      23.0     59.0     90.0     18.4    100.7     28.2      8.5     60.3
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     90.4     90.4    118.0    118.0    108.7    108.7     96.0     96.0
Sm2                     40.7     40.7     54.2     54.2     64.5     64.5     34.1     34.1
Sm3                     49.7     49.7     63.8     63.8     44.3     44.3     61.9     61.9
S1                      80.9     99.9    137.3     98.7    179.6     37.9     42.8    149.3
S2                      22.7     58.6     90.0     18.4    100.7     28.1      7.9     60.1
S3                      58.1     41.4     47.3     80.3     78.9      9.8     34.8     89.2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-------------------------------------------------------------------------------------------
Finglow Software : ASME VIII Div.1                                         13 Aug 14 By MVD
 
Local Loads on Cylinders                                                   Version 13.00.00
-------------------------------------------------------------------------------------------



Vessco Engineering Ltd
-------------------------------------------------------------------------------------------
Item   : 6" 900# Shell Line Heater               Doc No. :                           VQ0511
Client : Exheat Ltd                              Issue   : 1                      Page : 55
-------------------------------------------------------------------------------------------
Title  : N2 radial load +ve

 
Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               118.0
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               179.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                             -2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N2
Opening location                                    mm                             1226.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N2
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          53.726
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                             1226.000
Distance to end 2                                   mm                              265.000
Equiv length  L                                     mm                              987.890
Clearance to shell end                              mm                              234.838
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                10.881
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                               -0.053
Rotation  Rx                                        degrees                           0.071
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                -2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
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Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.5     -1.5     -1.5     -1.5
Sb P                    -4.0      4.0     -4.0      4.0     -8.3      8.3     -8.3      8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    164.1    164.1    177.0    177.0    177.9    177.9    163.9    163.9
Sy                     139.9    188.2    193.3    160.8    221.6    134.2    103.6    224.1
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.5     -1.5     -1.5     -1.5     -1.8     -1.8     -1.8     -1.8
Sb P                    -8.3      8.3     -8.3      8.3     -4.0      4.0     -4.0      4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     65.6     65.6     75.1     75.1     71.6     71.6     68.4     68.4
Sx                      22.7    108.4    101.4     48.8     97.9     45.3     34.2    102.6
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     53.0     53.0     64.7     64.7     65.4     65.4     53.0     53.0
Sm2                     16.8     16.8     27.6     27.6     24.1     24.1     19.4     19.4
Sm3                     36.2     36.2     37.0     37.0     41.3     41.3     33.5     33.5
S1                     140.4    189.0    193.5    160.9    221.7    134.4    104.5    224.6
S2                      22.2    107.7    101.2     48.6     97.7     45.1     33.3    102.1
S3                     118.2     81.3     92.2    112.3    124.0     89.3     71.2    122.5
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                65.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               224.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            63.5
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Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
Sy                      24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sb P                   -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -21.5    -21.5     40.5     40.5     40.5     40.5    -21.5    -21.5
Sx                     -93.0     50.0     89.4     -8.4    121.0    -40.0   -124.6     81.6
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     27.9     27.9     46.1     46.1     44.6     44.6     32.5     32.5
Sm2                    -25.1    -25.1     31.6     31.6     28.3     28.3    -24.8    -24.8
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      25.8     55.7     90.4     38.3    121.6     33.1     30.3     84.8
S2                     -94.5     18.5     36.3     -9.5     31.8    -40.7   -125.8     25.9
S3                     120.3     37.2     54.0     47.8     89.8     73.8    156.1     58.9
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               156.1
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            88.2
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -4.8     -4.8     -4.8     -4.8     -3.0     -3.0     -3.0     -3.0
Sb P                    -4.9      4.9     -4.9      4.9     -8.7      8.7     -8.7      8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     80.4     80.4    108.4    108.4    102.7    102.7     89.7     89.7
Sy                      61.1     99.7    117.9     98.9    156.1     49.3     18.8    160.6
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -3.0     -3.0     -3.0     -3.0     -4.8     -4.8     -4.8     -4.8
Sb P                    -8.9      8.9     -8.9      8.9     -5.1      5.1     -5.1      5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     35.0     35.0     48.2     48.2     54.9     54.9     24.8     24.8
Sx                      -0.7     70.8     66.2     30.3     80.8     28.9    -11.4     61.0
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     80.8     80.8    108.4    108.4    102.7    102.7     90.0     90.0
Sm2                     34.7     34.7     48.2     48.2     54.9     54.9     24.5     24.5
Sm3                     46.2     46.2     60.2     60.2     47.9     47.9     65.5     65.5
S1                      61.4    100.3    117.9     98.9    156.2     49.3     19.4    160.8
S2                      -1.0     70.2     66.2     30.2     80.8     28.9    -12.0     60.8
S3                      62.4     30.1     51.7     68.7     75.4     20.4     31.4     99.9
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Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               108.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               160.8
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                              2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N3
Opening location                                    mm                              604.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N3
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          54.967
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                              604.000
Distance to end 2                                   mm                              887.000
Equiv length  L                                     mm                             1450.469
Clearance to shell end                              mm                              573.837
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                17.943
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                                0.074
Rotation  Rx                                        degrees                           0.077
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                 2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
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Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.5      1.5      1.5      1.5
Sb P                     4.0     -4.0      4.0     -4.0      8.3     -8.3      8.3     -8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    167.7    167.7    180.7    180.7    180.9    180.9    166.9    166.9
Sy                     151.5    184.0    204.9    156.5    241.1    120.6    123.2    210.6
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.5      1.5      1.5      1.5      1.8      1.8      1.8      1.8
Sb P                     8.3     -8.3      8.3     -8.3      4.0     -4.0      4.0     -4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     68.5     68.5     78.1     78.1     75.2     75.2     72.0     72.0
Sx                      42.2     94.9    120.9     35.2    109.4     41.0     45.7     98.4
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     56.6     56.6     68.3     68.3     68.4     68.4     56.0     56.0
Sm2                     19.8     19.8     30.6     30.6     27.8     27.8     23.1     23.1
Sm3                     36.8     36.8     37.7     37.7     40.6     40.6     32.9     32.9
S1                     152.0    184.6    205.1    156.7    241.2    120.8    123.9    211.1
S2                      41.7     94.2    120.7     35.0    109.3     40.8     45.0     97.8
S3                     110.4     90.5     84.3    121.6    131.9     80.0     79.0    113.3
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                68.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               241.2
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            68.1
 
 
-------------------------------------------------------------------------------------------
Finglow Software : ASME VIII Div.1                                         13 Aug 14 By MVD
 
Local Loads on Cylinders                                                   Version 13.00.00
-------------------------------------------------------------------------------------------



Vessco Engineering Ltd
-------------------------------------------------------------------------------------------
Item   : 6" 900# Shell Line Heater               Doc No. :                           VQ0511
Client : Exheat Ltd                              Issue   : 1                      Page : 66
-------------------------------------------------------------------------------------------
Title  : N3 radial load +ve

 
Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
Sy                      27.9     27.9     40.9     40.9     36.0     36.0     32.8     32.8
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     1.8      1.8      1.8      1.8      1.8      1.8      1.8      1.8
Sb P                    11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -17.8    -17.8     44.2     44.2     44.2     44.2    -17.8    -17.8
Sx                     -66.8     31.1    115.7    -27.3    147.3    -58.9    -98.4     62.7
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     31.6     31.6     49.8     49.8     48.3     48.3     36.2     36.2
Sm2                    -21.5    -21.5     35.3     35.3     31.9     31.9    -21.2    -21.2
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      29.8     43.0    116.3     41.6    147.7     36.5     34.2     67.8
S2                     -68.6     16.0     40.3    -28.0     35.6    -59.4    -99.7     27.7
S3                      98.4     27.0     76.1     69.7    112.1     96.0    133.9     40.1
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               147.7
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            83.5
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     4.8      4.8      4.8      4.8      3.0      3.0      3.0      3.0
Sb P                     4.9     -4.9      4.9     -4.9      8.7     -8.7      8.7     -8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     90.0     90.0    118.0    118.0    108.7    108.7     95.7     95.7
Sy                      80.5     99.5    137.3     98.7    179.6     37.8     42.3    149.1
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                     3.0      3.0      3.0      3.0      4.8      4.8      4.8      4.8
Sb P                     8.9     -8.9      8.9     -8.9      5.1     -5.1      5.1     -5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     41.0     41.0     54.2     54.2     64.5     64.5     34.4     34.4
Sx                      23.0     59.0     90.0     18.4    100.7     28.2      8.5     60.3
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     90.4     90.4    118.0    118.0    108.7    108.7     96.0     96.0
Sm2                     40.7     40.7     54.2     54.2     64.5     64.5     34.1     34.1
Sm3                     49.7     49.7     63.8     63.8     44.3     44.3     61.9     61.9
S1                      80.9     99.9    137.3     98.7    179.6     37.9     42.8    149.3
S2                      22.7     58.6     90.0     18.4    100.7     28.1      7.9     60.1
S3                      58.1     41.4     47.3     80.3     78.9      9.8     34.8     89.2
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Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               118.0
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               179.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Design data
===========
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                               9.930
Design temp                                         deg.C                            93.000
Corrosion: int                                      mm                                1.500
Corrosion: ext                                      mm                                0.000
 
Shell data
==========
Material spec                                       -                        SA333-6:K03006
Allow pressure factor                               -                                 3.000
Allow shear factor                                  -                                 0.600
Allow membrane factor                               -                                 1.500
Allow memb+bend factor                              -                                 3.000
Outside diameter                                    mm                              168.300
New thickness                                       mm                               10.970
Thinning                                            percent                          12.500
End location 1                                      mm                                0.000
End location 2                                      mm                             1491.000
 
Load data
=========
Attachment                                          -                                Nozzle
Loads at shell surface                              -                                   Yes
Constant load                                       -                                   Yes
Pressure load                                       -                                    No
Load  X (long shear)                                N                              2460.000
Load  Y (circ shear)                                N                              2460.000
Load  Z (radial)                                    N                             -2460.000
Moment  X (circ)                                    N.mm                         480000.000
Moment  Y (long)                                    N.mm                         480000.000
Moment  Z (torsion)                                 N.mm                         480000.000
 
Nozzle data
===========
Opening ident                                       -                                    N3
Opening location                                    mm                              604.000
Type                                                -                   Nozzle + single pad
Nozzle configuration                                -                                Radial
Nominal bore                                        -                                    2"
Schedule                                            -                                   XXS
Thinning                                            percent                          12.500
Nozzle material spec                                -                        SA333-6:K03006
Allow shear factor                                  -                                 0.700
Allow membrane factor                               -                                 1.000
Allow memb+bend factor                              -                                 1.500
Calc nozzle SCF                                     -                                   Yes
 
Pad data
========
Opening ident                                       -                                    N3
Pad material spec                                   -                       SA516-70:K02700
Pad OD                                              mm                              120.000
Pad thk                                             mm                                6.000
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Output data
===========
Abridged output                                     -                                    No
Radius  R                                           mm                               76.051
Thickness  T                                        mm                               14.099
Diameter  D                                         mm                              166.201
Nozzle OD                                           mm                               60.325
Nozzle thk                                          mm                               11.074
Nozzle strength ratio                               percent                          53.726
Diameter  d                                         mm                               60.325
Thickness  t                                        mm                                8.190
Cross section area  A                               mm2                            1341.429
Section modulus  Z                                  mm3                           15482.999
Ratio  d/t                                          -                                 7.366
Ratio  T/t                                          -                                 1.721
Ratio  d/T                                          -                                 4.279
Ratio  D/T                                          -                                11.788
Ratio  d/D                                          -                                 0.363
Factor  lambda                                      -                                 1.246
Gross SCF                                           -                                 2.896
 
Length data
===========
Shell length                                        mm                             1491.000
Distance to end 1                                   mm                              604.000
Distance to end 2                                   mm                              887.000
Equiv length  L                                     mm                             1450.469
Clearance to shell end                              mm                              573.837
Length  2.sqr(D.T)                                  mm                               96.814
 
Deflection data
===============
Elastic mod  E                                      MPa                          198373.333
Ratio  L/Rm                                         -                                17.943
Factor  beta                                        -                                 0.655
w.E.Rm/P                                            -                               277.201
ROT.Rm^3.beta^2.E/Mc                                -                                98.041
ROT.Rm^3.beta^2.E/ML                                -                                37.223
Deflection  Dz                                      mm                               -0.074
Rotation  Rx                                        degrees                           0.077
Rotation  Ry                                        degrees                           0.023
 
Load data
=========
                                                           Z axis       X axis       Y axis
Load / Moment                           N.mm                -2460       480000       480000
Torsion / Shear                         N.mm               480000         2460         2460
 
Factor data
===========
                                                                P           Mc           ML
Stress resultant  nr                    -                   0.120        0.175        0.119
Stress resultant  mr                    -                   0.111        0.216        0.144
Stress resultant  nt                    -                   0.148        0.040        0.162
Stress resultant  mt                    -                   0.053        0.126        0.084
 
 
-------------------------------------------------------------------------------------------
Finglow Software : ASME VIII Div.1                                         13 Aug 14 By MVD
 
Local Loads on Cylinders                                                   Version 13.00.00
-------------------------------------------------------------------------------------------



Vessco Engineering Ltd
-------------------------------------------------------------------------------------------
Item   : 6" 900# Shell Line Heater               Doc No. :                           VQ0511
Client : Exheat Ltd                              Issue   : 1                      Page : 72
-------------------------------------------------------------------------------------------
Title  : N3 radial load -ve

 
Circumferential stress data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.5     -1.5     -1.5     -1.5
Sb P                    -4.0      4.0     -4.0      4.0     -8.3      8.3     -8.3      8.3
Sm Mc                    0.0      0.0      0.0      0.0      7.0      7.0     -7.0     -7.0
Sb Mc                    0.0      0.0      0.0      0.0     52.0    -52.0    -52.0     52.0
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
Sb ML                  -20.2     20.2     20.2    -20.2      0.0      0.0      0.0      0.0
S  pr                  172.4    172.4    172.4    172.4    172.4    172.4    172.4    172.4
Smy                    164.1    164.1    177.0    177.0    177.9    177.9    163.9    163.9
Sy                     139.9    188.2    193.3    160.8    221.6    134.2    103.6    224.1
 
Longitudinal stress data
========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.5     -1.5     -1.5     -1.5     -1.8     -1.8     -1.8     -1.8
Sb P                    -8.3      8.3     -8.3      8.3     -4.0      4.0     -4.0      4.0
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sb Mc                    0.0      0.0      0.0      0.0     30.3    -30.3    -30.3     30.3
Sm ML                   -4.8     -4.8      4.8      4.8      0.0      0.0      0.0      0.0
Sb ML                  -34.6     34.6     34.6    -34.6      0.0      0.0      0.0      0.0
S  pr                   71.8     71.8     71.8     71.8     71.8     71.8     71.8     71.8
Smx                     65.6     65.6     75.1     75.1     71.6     71.6     68.4     68.4
Sx                      22.7    108.4    101.4     48.8     97.9     45.3     34.2    102.6
 
Shear stress data
=================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.8      1.8     -1.8     -1.8      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.8     -1.8      1.8      1.8
Tau MT                   6.0      6.0      6.0      6.0      6.0      6.0      6.0      6.0
Tau                      7.8      7.8      4.1      4.1      4.1      4.1      7.8      7.8
 
Stress intensity data
=====================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     53.0     53.0     64.7     64.7     65.4     65.4     53.0     53.0
Sm2                     16.8     16.8     27.6     27.6     24.1     24.1     19.4     19.4
Sm3                     36.2     36.2     37.0     37.0     41.3     41.3     33.5     33.5
S1                     140.4    189.0    193.5    160.9    221.7    134.4    104.5    224.6
S2                      22.2    107.7    101.2     48.6     97.7     45.1     33.3    102.1
S3                     118.2     81.3     92.2    112.3    124.0     89.3     71.2    122.5
 
Stress summary data
===================
Pressure stress  Sp                                 MPa                               172.4
Allowable                                           MPa                               354.0
Shear stress                                        MPa                                 7.8
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                                65.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               224.6
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            63.5
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Circ stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sm Mc                    0.0      0.0      0.0      0.0      1.6      1.6     -1.6     -1.6
Sm ML                   -6.5     -6.5      6.5      6.5      0.0      0.0      0.0      0.0
S  pr                   32.6     32.6     32.6     32.6     32.6     32.6     32.6     32.6
Smy                     24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
Sy                      24.3     24.3     37.3     37.3     32.4     32.4     29.2     29.2
 
Long stress (nozzle) data
=========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8     -1.8
Sb P                   -11.3     11.3    -11.3     11.3    -11.3     11.3    -11.3     11.3
Sm Mc                    0.0      0.0      0.0      0.0     31.0     31.0    -31.0    -31.0
Sb Mc                    0.0      0.0      0.0      0.0     91.8    -91.8    -91.8     91.8
Sm ML                  -31.0    -31.0     31.0     31.0      0.0      0.0      0.0      0.0
Sb ML                  -60.2     60.2     60.2    -60.2      0.0      0.0      0.0      0.0
S  pr                   11.3     11.3     11.3     11.3     11.3     11.3     11.3     11.3
Smx                    -21.5    -21.5     40.5     40.5     40.5     40.5    -21.5    -21.5
Sx                     -93.0     50.0     89.4     -8.4    121.0    -40.0   -124.6     81.6
 
Shear stress (nozzle) data
==========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   3.2      3.2     -3.2     -3.2      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -3.2     -3.2      3.2      3.2
Tau MT                  10.3     10.3     10.3     10.3     10.3     10.3     10.3     10.3
Tau                     13.4     13.4      7.1      7.1      7.1      7.1     13.4     13.4
 
Stress intensity (nozzle) data
==============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     27.9     27.9     46.1     46.1     44.6     44.6     32.5     32.5
Sm2                    -25.1    -25.1     31.6     31.6     28.3     28.3    -24.8    -24.8
Sm3                     53.1     53.1     14.5     14.5     16.3     16.3     57.3     57.3
S1                      25.8     55.7     90.4     38.3    121.6     33.1     30.3     84.8
S2                     -94.5     18.5     36.3     -9.5     31.8    -40.7   -125.8     25.9
S3                     120.3     37.2     54.0     47.8     89.8     73.8    156.1     58.9
 
Stress summary (nozzle) data
============================
Pressure stress  Sp                                 MPa                                32.6
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                13.4
Allowable                                           MPa                                82.6
Membrane stress  Sm                                 MPa                                57.3
Allowable                                           MPa                               118.0
Memb + bending stress  Sb                           MPa                               156.1
Allowable                                           MPa                               177.0
Maximum ratio                                       percent                            88.2
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Pad data
========
Thickness  T                                        mm                                8.099
Radius  Rm                                          mm                               80.101
Factor  gamma                                       -                                 9.890
Radius  ro                                          mm                               60.000
Factor  beta                                        -                                 0.655
 
Radial load data
================
                                                                     Long axis    Tran axis
Ny.Rm/P (Fig 4C/3C)                                  -                   1.266        0.789
My/P    (Fig 2C-1/1C)                                -                   0.022        0.039
Nx.Rm/P (Fig 3C/4C)                                  -                   0.789        1.266
Mx/P    (Fig 1C-1/2C)                                -                   0.040        0.023
 
Moment data
===========
                                                                            Mc           ML
Ny.Rm^2.beta/M (Fig 3A/3B)                           -                   0.460        0.992
My.Rm.beta/M   (Fig 1A/1B-1)                         -                   0.074        0.017
Nx.Rm^2.beta/M (Fig 4A/4B)                           -                   1.067        0.469
Mx.Rm.beta/M   (Fig 2A/2B-1)                         -                   0.037        0.032
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Circ stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -4.8     -4.8     -4.8     -4.8     -3.0     -3.0     -3.0     -3.0
Sb P                    -4.9      4.9     -4.9      4.9     -8.7      8.7     -8.7      8.7
Sm Mc                    0.0      0.0      0.0      0.0      6.5      6.5     -6.5     -6.5
Sb Mc                    0.0      0.0      0.0      0.0     62.2    -62.2    -62.2     62.2
Sm ML                  -14.0    -14.0     14.0     14.0      0.0      0.0      0.0      0.0
Sb ML                  -14.4     14.4     14.4    -14.4      0.0      0.0      0.0      0.0
S  pr                   99.2     99.2     99.2     99.2     99.2     99.2     99.2     99.2
Smy                     80.4     80.4    108.4    108.4    102.7    102.7     89.7     89.7
Sy                      61.1     99.7    117.9     98.9    156.1     49.3     18.8    160.6
 
Long stress (pad edge) data
===========================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm P                    -3.0     -3.0     -3.0     -3.0     -4.8     -4.8     -4.8     -4.8
Sb P                    -8.9      8.9     -8.9      8.9     -5.1      5.1     -5.1      5.1
Sm Mc                    0.0      0.0      0.0      0.0     15.0     15.0    -15.0    -15.0
Sb Mc                    0.0      0.0      0.0      0.0     31.1    -31.1    -31.1     31.1
Sm ML                   -6.6     -6.6      6.6      6.6      0.0      0.0      0.0      0.0
Sb ML                  -26.9     26.9     26.9    -26.9      0.0      0.0      0.0      0.0
S  pr                   44.6     44.6     44.6     44.6     44.6     44.6     44.6     44.6
Smx                     35.0     35.0     48.2     48.2     54.9     54.9     24.8     24.8
Sx                      -0.7     70.8     66.2     30.3     80.8     28.9    -11.4     61.0
 
Shear stress (pad edge) data
============================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Tau Vc                   1.6      1.6     -1.6     -1.6      0.0      0.0      0.0      0.0
Tau VL                   0.0      0.0      0.0      0.0     -1.6     -1.6      1.6      1.6
Tau MT                   2.6      2.6      2.6      2.6      2.6      2.6      2.6      2.6
Tau                      4.2      4.2      1.0      1.0      1.0      1.0      4.2      4.2
 
Stress intensity (pad edge) data
================================
                          Au       AL       Bu       BL       Cu       CL       Du       DL
Sm1                     80.8     80.8    108.4    108.4    102.7    102.7     90.0     90.0
Sm2                     34.7     34.7     48.2     48.2     54.9     54.9     24.5     24.5
Sm3                     46.2     46.2     60.2     60.2     47.9     47.9     65.5     65.5
S1                      61.4    100.3    117.9     98.9    156.2     49.3     19.4    160.8
S2                      -1.0     70.2     66.2     30.2     80.8     28.9    -12.0     60.8
S3                      62.4     30.1     51.7     68.7     75.4     20.4     31.4     99.9
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Stress summary (pad edge) data
==============================
Pressure stress  Sp                                 MPa                                99.2
Allowable                                           MPa                               118.0
Shear stress                                        MPa                                 4.2
Allowable                                           MPa                                70.8
Membrane stress  Sm                                 MPa                               108.4
Allowable                                           MPa                               177.0
Memb + bending stress  Sb                           MPa                               160.8
Allowable                                           MPa                               354.0
Maximum ratio                                       percent                            84.1
 
Material data
=============
Shell                                                                                      
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Elastic mod: DT                                     MPa                            198373.3
Data:ASME II Part D Table 1A p14/22(M)
Data:ASME II Part D Table TM-1 CS C <= 0.3%(M)
                                                                                           
Nozzle                                                                                     
Material spec                                       -                        SA333-6:K03006
Allowable stress: DT                                MPa                               118.0
Data:ASME II Part D Table 1A p14/22(M)
                                                                                           
Pad                                                                                        
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
 
Warnings data
=============
Beta out of range                                                                          
d/t out of range                                                                           
Deflection out of range                                                                    
Ratio  d/T                                                                                 
Ratio  D/T                                                                                 
Ratio  d/t                                                                                 
WRC 107 graphs                                                                             
WRC 297 graphs                                                                             
 
Advisory messages have been reviewed, stresses are considered to be acceptable
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Calculations for External Loads on Horizontal Vessels
=====================================================
 
Calculations for the stresses in horizontal vessels subject to triaxial
loading supported on two saddle supports located either symmetrically or
asymmetrically in the longitudinal direction, in accordance with
ASME VIII Div.1 Appendix G-6 and G-9, and 'Stresses in Large Horizontal
Cylindrical Pressure Vessels on Two Saddle Supports' by L.P.Zick and
additionally to British Standard PD5500 Annex G.3.3 with reference to
BSI document PD 6497.
 
The vessel may be subject to triaxial accelerations X, Y and Z resulting
in reactions Rx, Ry and Rz acting through the centre of the vessel at
the saddles.
 
Saddles are considered to be totally restrained such that translation is only
possible at the sliding end in the X direction. Saddles may be asymmetrically
located.
 
Shear stresses are calculated by combining the reactions in the Y and Z
directions vectorially.
 
Circumferential stresses on plain saddles and rings where applicable are calculated
by considering the vertical and lateral shear forces causing bending.
 
Circumferential stresses in saddles with rings are determined by the
superposition of the bending due to reactions Rz and Ry.
 
Longitudinal stresses are calculated by considering the effective shell
section at the saddles.
 
The location of maximum stress between supports is found by iteration.
 
Membrane stresses due to internal and/or external pressures are included.
 
The maximum allowable longitudinal compressive stress for the shell is
calculated in accordance with UG-23.
 
Calculation status
==================
 
The status of each individual calculation is printed at the end of each output.
 
Acceptable calculation: Indicates that the calculation and checks have been
performed successfully and that no erros have been found.
 
Warnings: Indidates that one or more warning messages have been generated.
These warning messages are then listed. If the messages are informative only
then Acceptable calculation will be printed at the end of the list.
 
Explanation of all possible messages
====================================
 
A > L/4: Saddle beyond 1/4 point of vessel.
 
 
 
-------------------------------------------------------------------------------------------
Finglow Software : ASME VIII Div.1                                                28 Jan 14
 
External Loads on Horizontal Vessels                                      Explanatory notes
-------------------------------------------------------------------------------------------



Vessco Engineering Ltd
-------------------------------------------------------------------------------------------
Item   : 6" 900# Shell Line Heater               Doc No. :                           VQ0511
Client : Exheat Ltd                              Issue   : 1                      Page : 78
-------------------------------------------------------------------------------------------
Explanatory notes

 
Accelerations: The accelerations in the vertical direction has been input
as less than 1.0 or one of the three accelerations has been input greater
than 2.0 or the specific gravity is outside of the range 2.0 < SG < 10.0.
 
Diameter limit exceeded: OD > limit in TABLE UW-12 for weld type.
 
Distance between supports: For a ring support phi < 30 deg  (PD5500 Table G.3.3.3).
 
Code limitations exceeded: One or more of the head dimensions is outside
of the limitations of the code.
 
Extrapolated graphs/tables: For the calculation of Kz the wrapper
or saddle angle is greater than 150 degrees.
 
Full radiography reqd: Thickness > 1.5" (38mm) and full radiography not specified
(UW-11(a)(2)).
 
Saddle angle < 120 or > 150: (G-6).
 
Saddle welded to shell: The loadings are such that movement of the saddle,
relative to the vessel at the sliding end, may occur if the saddles are not
welded to the shell, eg: the vessel may lift out of the saddle.
 
Stress limit exceeded: One or more of the calculated stresses exceeds the
corresponding allowable stress.
 
Thickness limit exceeded: Thickness > limit in TABLE UW-12 for weld type.
 
Wrapper plate angle: Wrapper angle < r/10 above horn of saddle or > 180 deg.
 
Wrapper plate thk : The wrapper plate thickness is less than the shell thickness.
 
Wrapper plate width: Wrapper width < (saddle width + 10t).
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Design data
===========
Longitudinal weld                                   -                              Seamless
Radiography: TABLE UW-12                            -                                  None
Circumferential weld                                -                                Type 1
Radiography: TABLE UW-12                            -                                  Full
Pressure input                                      -                       Design pressure
Design pressure                                     MPa                                9.93
Liquid SG                                           -                                  1.00
External design pressure                            MPa                                0.10
Design temp                                         deg.C                             93.00
Corrosion: int                                      mm                                 1.50
Corrosion: ext                                      mm                                 0.00
Liquid level                                        mm                               168.30
Live Loads                                          -                                   Yes
Weight increment                                    percent                          100.00
Acceleration X (long)                               -                                  0.12
Acceleration Y (vert)                               -                                  1.00
Acceleration Z (trans)                              -                                  0.12
 
Head data
=========
Head                            -                                                       Yes
Type                            -                                      2:1 Ellipsoidal head
Location                        mm                                                  1491.00
Outside diameter                mm                                                   168.30
New thickness                   mm                                                    10.97
Thinning                        percent                                               12.50
Material spec                   -                                                SA420-WPL6
 
Shell data
==========
Location                        mm                                                     0.00
Outside diameter                mm                                                   168.30
New thickness                   mm                                                    10.97
Thinning                        percent                                               12.50
Material spec                   -                                            SA333-6:K03006
 
Head data
=========
Head                            -                                                        No
Location                        mm                                                     0.00
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Support data
============
Type                                                -                          Plain saddle
Material spec                                       -                       SA516-70:K02700
Saddle welded to shell                              -                                   Yes
Saddle angle                                        degrees                          120.00
Saddle width                                        mm                                90.00
Extended wrapper fitted                             -                                    No
Saddle location : fixed                             mm                               350.00
Saddle location : slide                             mm                              1300.00
Line of action                                      mm                               477.00
 
Additional loads data
=====================
Location         mm           1372.00  1300.00   750.00   350.00   275.00    60.00    27.00
Mass             kg             16.00    24.00    16.00    24.00    16.00    50.00    98.00
Load  X (shear)  N               0.00     0.00     0.00     0.00     0.00     0.00     0.00
Load  Y (shear)  N               0.00     0.00     0.00     0.00     0.00     0.00     0.00
Load  Z (shear)  N               0.00     0.00     0.00     0.00     0.00     0.00     0.00
Moment  Y        N.mm            0.00     0.00     0.00     0.00     0.00     0.00     0.00
Moment  Z        N.mm            0.00     0.00     0.00     0.00     0.00     0.00     0.00
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Output data
===========
Abridged output                                     -                                   Yes
 
Reaction data
=============
Location                                             mm                   1300          350
X axis                                               N                       0          394
Y axis                                               N                     571         2715
Z axis                                               N                      45          350
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Longitudinal stress data
========================
Location                                             mm                 1300.0        350.0
Stress  1                                            MPa                   1.5         28.7
Stress  2                                            MPa                  -0.9        -15.9
Stress  3                                            MPa                   0.0         -0.9
Stress  4                                            MPa                   0.0    -9.73E-02
Internal                                                                                   
Stress  Pr                                           MPa                  49.1         49.1
Stress  Max                                          MPa                  50.7         78.8
Stress  Min                                          MPa                  48.3         33.1
Stress intensity                                     MPa                  98.2         98.2
External                                                                                   
Stress  Pr                                           MPa                  -0.5         -0.5
Stress  Max                                          MPa                   1.1         29.1
Stress  Min                                          MPa                  -1.4        -16.5
Stress intensity                                     MPa                   2.1         30.2
Allowable                                            MPa                 141.6        141.6
Allowable comp stress                                MPa                 141.6        141.6
Maximum ratio                                        percent              69.4         69.4
 
Stress data
===========
Location                                            mm                               1300.0
Shear                                                                                      
Stress  S2                                          MPa                                 0.7
Allowable                                           MPa                                94.4
Pressure stress in head                             MPa                               109.9
Allowable                                           MPa                               118.0
Maximum ratio                                       percent                            93.2
Circumferential                                                                            
Stress  S5                                          MPa                                -0.3
Allowable                                           MPa                               118.0
Stress  S3                                          MPa                                -1.0
Allowable                                           MPa                               147.5
Maximum ratio                                       percent                             0.7
 
Stress data
===========
Location                                            mm                                350.0
Shear                                                                                      
Stress  S2                                          MPa                                 2.6
Allowable                                           MPa                                94.4
Maximum ratio                                       percent                             2.8
Circumferential                                                                            
Stress  S5                                          MPa                                -1.5
Allowable                                           MPa                               118.0
Stress  S3                                          MPa                                -5.2
Allowable                                           MPa                               147.5
Maximum ratio                                       percent                             3.5
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Longitudinal stress data
========================
Location                                            mm                                347.0
Stress  1                                           MPa                                17.5
Stress  2                                           MPa                               -12.0
Stress  3                                           MPa                                -0.8
Stress  4                                           MPa                           -9.73E-02
Internal                                                                                   
Stress  Pr                                          MPa                                49.1
Stress  Max                                         MPa                                67.4
Stress  Min                                         MPa                                37.0
Stress intensity                                    MPa                                98.2
External                                                                                   
Stress  Pr                                          MPa                                -0.5
Stress  Max                                         MPa                                17.8
Stress  Min                                         MPa                               -12.6
Stress intensity                                    MPa                                18.8
Allowable                                           MPa                               141.6
Allowable comp stress                               MPa                               141.6
Maximum ratio                                       percent                            69.4
 
Material data
=============
Shell                                                                                      
Material spec                   -                                            SA333-6:K03006
Allowable stress: DT            MPa                                                  118.00
Elastic mod: DT                 MPa                                               199900.00
Material  SG                    -                                                      7.85
 
Material data
=============
Head                                                                                       
Location                        mm                                                   1491.0
Material spec                   -                                                SA420-WPL6
Allowable stress: DT            MPa                                                   118.0
                                                                                           
 
Material data
=============
Saddle                                                                                     
Material spec                                       -                       SA516-70:K02700
Allowable stress: DT                                MPa                               138.0
Data:ASME II Part D Table 1A p22/6(M)
                                                                                           
 
Acceptable calculation
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Item: Shell Line Heater Vessel

CLIENT: ExHeat

DATE: 15/08/14

BY: MVD

DESIGN OF SADDLE SUPPORTS - Generally in accordance with the Zick analysis method

With reference to Pressure Vessel Design Manual 3rd Edition by Dennis Moss, Procedure 3-11

Material SA516 Gr70

Minimum yield stress Re = 240 N/mm²

Stress factor Sf = 1

120 ⁰

90

477

R 84

10 414

90

A= 150 10

Saddle centres Ls = 950 mm Width of saddle at bottom Gb = 70 mm

No of ribs n = 2 Width of saddle at top Gt = 90 mm

Web and rib thk, J = 10 mm Line of action, B = 477 mm

Operating weight Wo = 355 Kg Hydrotest weight WT = 370 Kg

Load per saddle Qo = 1.741 KN Load per saddle QT = 1.815 KN

Maximum longitudinal force due to wind, seismic, transport or blast, FL= 0.418 KN

Maximum transverse force due to wind, seismic, transport or blast, FT = 0.418 KN

Vertical load acting on saddle due to max longitudinal load, QL = FLB/Ls = 0.210 KN

Vertical load acting on saddle due to max transverse load, QR = 3FTB/A = 3.988 KN

Maximum Loads

Vertical: greater of Q1, Q2 or QT

Q1 = Qo + QR = 5.7 KN

Q2 = Qo + QL = 2.0 KN

QT = 1.8 KN

Therefore maximum load Q per saddle = 5.7 KN

Longitudinal: FL = 0.418 KN

Cross Sectional Properties of the Saddles

 Area, A y Ay Ay² Io

mm² mm mm³ mm⁴ mm⁴

Wrapper plate 0 0 0 0 0.0

Web 4140 217 898380 194948460 59131620

Base plate 900 5 4500 22500 7500

∑ 5040 902880 194970960 59139120

C1 = ∑Ay / ∑A = 179.1 mm C2 = h - C1 = 244.9 mm

I = ∑Ay² + ∑Io - C1∑Ay = 92365577.1 mm⁴



Item: Shell Line Heater Vessel

CLIENT: ExHeat

DATE: 15/08/14

BY: MVD

Web Design

Contact angle, 2θ = 120 ⁰

Contact angle θ in radians = 1.047 rads

Angle ß = 120 ⁰

Saddle coefficient K1 (from Table 3-27) = 0.19

Saddle spliiting force, fh = K1 x Q = 1088.5 N

Tensile Stress in the Saddle

CSA of saddle, As = 5040 mm²

Tensile stress in web, ft = fh / As = 0.22 N/mm²

Allowable stress, Ft = 0.6 x Re x Sf = 144 N/mm²

Therefore acceptable

Bending Stress in the Saddle

d=B-(Rsinθ/θ) = 407.5 mm

Bending moment, M = fhd = 443597.239 Nmm

Distance from shell to centroid, C1 = 179.1 mm

Bending stress, fb = MC1/I = 0.9 N/mm²

Allowable stress, Fb = 0.66 x Re x Sf = 158.4 N/mm²

Therefore acceptable

Base Plate Design

Area, Ab = A x F = 13500 mm²

Bearing Pressure Bp = Q/Ab = 0.42 N/mm²

Bending Stress in Base Plate

fb = 3QF/4Atb² = 25.78 N/mm²

Allowable stress, Fb = 0.66 x Re x Sf = 158.4 N/mm²

Therefore acceptable



Item: Shell Line Heater Vessel

CLIENT: ExHeat

DATE: 15/08/14

BY: MVD

Outside Rib

Rib spacing, e = 60 mm

Rib height, L1 = 414 mm

Cross sectional area of rib + web, Ar = 1300 mm²

Pressure area on rib, Ap = 0.5 x F x e = 2700 mm²

Compressive Stress

Moment of Inertia I1 = J /12(Gt/2 + Gb/2)³ = 426666.6667 mm⁴

Radius of gyration, r = sqrt(I1/Ar) = 18.1 mm

Slenderness ratio = L1/r = 22.9

Axial load P = Bp x Ap = 1145.8 N

Compressive stress fa = P/Ar = 0.9 N/mm²

Allowable stress Fa = 0.6 x Re x Sf = 144 N/mm²

Therefore acceptable

Bending Stress

Unit force fu = FL / 2A = 1.39 N

Bending moment M =0.5 x fu x e x L1 = 17305.2 Nmm

Action of force, C1 = (GT + Gb)/4 = 40 mm

Bending stress fb = (M x C1)/I = 0.01 N/mm²

Allowable stress Fb = 0.66 x Re x Sf = 158.4 N/mm²

Therefore acceptable

Combined Stress

fa/Fa + fb/Fb < 1 fc = 0.01

Inside Rib N/A

Rib spacing, e = mm

Rib height, L2 = mm

Cross sectional area of rib + web, Ar = mm²

Pressure area on rib, Ap = F x e = mm²

Compressive Stress

Moment of Inertia I2 =(J x Gb³) /12 = mm⁴

Radius of gyration, r = sqrt(I2/Ar) = mm

Slenderness ratio = L2/r =

Axial load P = Bp x Ap = N

Compressive stress fa = P/Ar = N/mm²

Allowable stress Fa = 0.6 x Re x Sf = N/mm²

Bending Stress

Unit force fu = FL / 2A = N

Position of centroid = 0.5 x Gb = mm

Bending moment M =fu x L2 x e Nmm

Action of force, C2 = 0.5 Gb = mm

Bending stress fb = (M x C2)/I = N/mm²

Allowable stress Fb = 0.6 x Re x Sf = N/mm²

Combined Stress

fa/Fa + fb/Fb < 1 fc =
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CLIENT: ExHeat

DATE: 15/08/14
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Anchor Bolts

Number of anchor bolts in the fixed saddle N = 2

Anchor bolts are governed by one of the three following load cases:

1) Longitudinal Load

Qo = 1741.3 N QL = 209.9 N

If Qo > QL then no uplift occurs and the minimum number and size of bolts from table 3-28 should be used.

Load per bolt = QL - Qo / N = -765.7 N

 

2) Shear

Assume the fixed saddle takes the entire shear load.

Shear per bolt = FL / N = 209 N

3) Transverse Load

Determine uplift and overturning moment:

Overturning moment M = FT x B = 199386 Nmm

e = M / Qo = 114.5 mm

A/6 = 25.0 mm

If e < A/6 then there is no uplift

However, e > A/6 so there is uplift and the tension force, T in the outermost bolt needs to be determined

Bolt size: M 16

Bolt cross sectional area in tension, at = 201.0 mm²

Modular ratio, steel to concrete, n1= 10.0

Distance from C/L to outermost bolt, f = 32.5 mm

Factor K1 = 3(e-0.5A) = 118.5

Factor K2 = (6n1at/F)*(f + e) = 19694.9

Factor K3 = (-)K2[(A/2)+f] = -2117196.41

Substitute K1, K2, K3 into the following equation to determine the effective bearing length Y by iterating:

Y³ + K1Y² + K2Y + K3 = 0 Y = 66.3 mm

0
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Tension force, T in the outermost bolt or bolts

T = (-)Qo[((A/2)-(Y/3)-e)/((A/2)-(Y/3)+f)]

T = 1255.88 N

Anchor bolts material: SA320 L7

Size of bolts for anchoring: M16

Check the size and material of the bolts from Table 3-28

Table 3-28 : Allowable Tension Loads on Bolts to BS5950-Pt1

Bolt size M10 M12 M16 M20 M24 M30 M36

N 13900 20200 37700 58800 84700 135000 196000

Bolting is acceptable

Nominal

A-320



Design Calculations for 6" Shell Line Heater Vessel

Client: ExHeat

By: MVD

Date: 15/08/14

DESIGN OF LIFTING LUGS - provided to lift vessel c/w bundle inside

DESIGN INFORMATION

Material SA516-70

Yield Strength, Sy 240 N/mm
2

Allow. Stress (Shear), Ss = 0.4 * Sy 96 N/mm
2

Allow. Stress (Bending), Sb = 0.6 * Sy 144 N/mm
2

Young's Modulus, E 191000 N/mm
2

Erection Weight, We (approx.) 355 kg

Impact Factor, I 2

Number of Lugs, n 2

Design Lifting Weight, W = We * I 710 kg

Design Lifting Weight per lug, W1 = W / n-1 710 kg

Lifting angle, β 45 deg

LUG DIMENSIONS

Diameter of hole, d 25.00 mm

Outer radius, r 30.00 mm

Width of lug, L 100.00 mm

Height of hole, H 100.00 mm

Shackle type 3.5t Crosby G-2130

Diameter of shackle pin, dp 22.00 mm

MINIMUM REQUIRED THICKNESS OF LUG

Radial Load, Pr = (W1*9.81) 6965.10 N

Tangential Load, Pt = (W1*9.81)/β 9850.14 N

Maximum Load, P = max(Pr or Pt) 9850.14 N

Required thickness (Shear), ts = P / (Ss*(r - d/2)) 5.86 mm

Required thickness (Bending), tb = (6*P*H / (Sb*L
2
) 4.10 mm

Actual Thickness of lug assigned, t 10.00 mm

Note:

1. All load assumed carried by one lug

2. All load cases analyzed independently

3. Contour lug to fit vessel

4. Important: Do not move or support vessel with this lug when full or pressurized

DESIGN OF WELDED JOINTS

Length of welds, Aw = 2*L + 2*t 220.00 mm

Section Modulus Weld Line, Sw = L
2
/3 3333.33 mm

2

Shear Force, Ws = P/Aw 44.77 N/mm

Bending Force, Wb = (P*h) / Sw 295.50 N/mm

Resultant Force, W = sqrt(Ws
2 
+ Wb

2
) 298.88 N/mm

Allowable Load on Weld, f 66.20 N/mm
2

Minimum Fillet Weld size, w = W / f 4.51 mm

Weld size 10mm Full Penetration Weld

t 

Diameter, d 
Radius, r 

L 

H 

We 
W 

β 
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1.  Model geometry 
This section provides model geometry information, including items such as joint coordinates, joint restraints, and element 
connectivity. 
 

XYY Z XZ

 
Figure 1:  Finite element model 

 

1.1.  Joint coordinates 

 

Table 1:  Joint Coordinates, Part 1 of 2 

Table 1:  Joint Coordinates, Part 1 of 2 

Joint CoordSys CoordType XorR Y Z SpecialJt GlobalX 

   m m m  m 

1 GLOBAL Cartesian 0.00000 0.00000 0.00000 No 0.00000 

2 GLOBAL Cartesian 0.00000 3.45500 0.00000 No 0.00000 

3 GLOBAL Cartesian 9.67500 0.00000 0.00000 No 9.67500 

4 GLOBAL Cartesian 9.67500 3.45500 0.00000 No 9.67500 

5 GLOBAL Cartesian 3.00100 3.45500 0.00000 No 3.00100 

6 GLOBAL Cartesian 6.20000 3.45500 0.00000 No 6.20000 

7 GLOBAL Cartesian 3.00100 0.00000 0.00000 No 3.00100 

8 GLOBAL Cartesian 6.20000 0.00000 0.00000 No 6.20000 

11 GLOBAL Cartesian 6.67500 0.00000 0.00000 No 6.67500 

12 GLOBAL Cartesian 6.67500 3.45500 0.00000 No 6.67500 

13 GLOBAL Cartesian 0.89000 0.00000 0.00000 No 0.89000 

14 GLOBAL Cartesian 0.89000 1.32100 0.00000 No 0.89000 

15 GLOBAL Cartesian 0.89000 3.45500 0.00000 No 0.89000 

19 GLOBAL Cartesian 2.41400 0.00000 0.00000 No 2.41400 

20 GLOBAL Cartesian 2.41400 1.32100 0.00000 No 2.41400 

21 GLOBAL Cartesian 2.41400 3.45500 0.00000 No 2.41400 
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Table 1:  Joint Coordinates, Part 1 of 2 

Joint CoordSys CoordType XorR Y Z SpecialJt GlobalX 

   m m m  m 

22 GLOBAL Cartesian 4.05500 0.00000 0.00000 No 4.05500 

23 GLOBAL Cartesian 4.05500 1.32100 0.00000 No 4.05500 

24 GLOBAL Cartesian 4.05500 3.45500 0.00000 No 4.05500 

25 GLOBAL Cartesian 3.43300 0.00000 0.00000 No 3.43300 

26 GLOBAL Cartesian 3.43300 1.32100 0.00000 No 3.43300 

27 GLOBAL Cartesian 3.43300 3.45500 0.00000 No 3.43300 

31 GLOBAL Cartesian 5.51000 1.32100 0.00000 No 5.51000 

32 GLOBAL Cartesian 5.51000 3.45500 0.00000 No 5.51000 

33 GLOBAL Cartesian 5.43700 0.00000 0.00000 No 5.43700 

34 GLOBAL Cartesian 5.43700 1.32100 0.00000 No 5.43700 

37 GLOBAL Cartesian 4.59800 2.33700 0.00000 No 4.59800 

38 GLOBAL Cartesian 5.51000 2.33700 0.00000 No 5.51000 

39 GLOBAL Cartesian 9.42100 0.00000 0.00000 No 9.42100 

40 GLOBAL Cartesian 9.42100 1.32100 0.00000 No 9.42100 

41 GLOBAL Cartesian 9.42100 3.45500 0.00000 No 9.42100 

57 GLOBAL Cartesian 6.20000 1.32100 0.00000 No 6.20000 

64 GLOBAL Cartesian 8.50200 0.00000 0.00000 No 8.50200 

65 GLOBAL Cartesian 8.50200 1.32100 0.00000 No 8.50200 

66 GLOBAL Cartesian 8.50200 3.45500 0.00000 No 8.50200 

67 GLOBAL Cartesian 9.11100 0.00000 0.00000 No 9.11100 

68 GLOBAL Cartesian 9.11100 1.32100 0.00000 No 9.11100 

69 GLOBAL Cartesian 9.11100 3.45500 0.00000 No 9.11100 

73 GLOBAL Cartesian 7.33650 0.00000 0.00000 No 7.33650 

74 GLOBAL Cartesian 7.33650 1.32100 0.00000 No 7.33650 

75 GLOBAL Cartesian 7.33650 3.45500 0.00000 No 7.33650 

76 GLOBAL Cartesian 1.67700 0.00000 0.00000 No 1.67700 

77 GLOBAL Cartesian 1.67700 3.45500 0.00000 No 1.67700 

78 GLOBAL Cartesian 7.99800 0.00000 0.00000 No 7.99800 

79 GLOBAL Cartesian 7.99800 3.45500 0.00000 No 7.99800 

80 GLOBAL Cartesian 0.00000 1.32100 0.00000 No 0.00000 

81 GLOBAL Cartesian 1.67700 1.32100 0.00000 No 1.67700 

82 GLOBAL Cartesian 7.99800 1.32100 0.00000 No 7.99800 

83 GLOBAL Cartesian 9.67500 1.32100 0.00000 No 9.67500 

84 GLOBAL Cartesian 4.59800 0.00000 0.00000 No 4.59800 

85 GLOBAL Cartesian 4.59800 3.45500 0.00000 No 4.59800 

86 GLOBAL Cartesian 4.59800 1.32100 0.00000 No 4.59800 

87 GLOBAL Cartesian 3.00100 1.32100 0.00000 No 3.00100 

88 GLOBAL Cartesian 6.67500 1.32100 0.00000 No 6.67500 

 
 

Table 1:  Joint Coordinates, Part 2 of 2 

Table 1:  Joint Coordinates, Part 2 of 2 

Joint GlobalY GlobalZ GUID 

 m m  

1 0.00000 0.00000  

2 3.45500 0.00000  

3 0.00000 0.00000  

4 3.45500 0.00000  

5 3.45500 0.00000  

6 3.45500 0.00000  

7 0.00000 0.00000  

8 0.00000 0.00000  

11 0.00000 0.00000  
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Table 1:  Joint Coordinates, Part 2 of 2 

Joint GlobalY GlobalZ GUID 

 m m  

12 3.45500 0.00000  

13 0.00000 0.00000  

14 1.32100 0.00000  

15 3.45500 0.00000  

19 0.00000 0.00000  

20 1.32100 0.00000  

21 3.45500 0.00000  

22 0.00000 0.00000  

23 1.32100 0.00000  

24 3.45500 0.00000  

25 0.00000 0.00000  

26 1.32100 0.00000  

27 3.45500 0.00000  

31 1.32100 0.00000  

32 3.45500 0.00000  

33 0.00000 0.00000  

34 1.32100 0.00000  

37 2.33700 0.00000  

38 2.33700 0.00000  

39 0.00000 0.00000  

40 1.32100 0.00000  

41 3.45500 0.00000  

57 1.32100 0.00000  

64 0.00000 0.00000  

65 1.32100 0.00000  

66 3.45500 0.00000  

67 0.00000 0.00000  

68 1.32100 0.00000  

69 3.45500 0.00000  

73 0.00000 0.00000  

74 1.32100 0.00000  

75 3.45500 0.00000  

76 0.00000 0.00000  

77 3.45500 0.00000  

78 0.00000 0.00000  

79 3.45500 0.00000  

80 1.32100 0.00000  

81 1.32100 0.00000  

82 1.32100 0.00000  

83 1.32100 0.00000  

84 0.00000 0.00000  

85 3.45500 0.00000  

86 1.32100 0.00000  

87 1.32100 0.00000  

88 1.32100 0.00000  

 
 
 

1.2.  Joint restraints 
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Table 2:  Joint Restraint Assignments 

Table 2:  Joint Restraint Assignments 

Joint U1 U2 U3 R1 R2 R3 

       

1 Yes Yes Yes No No No 

2 Yes Yes Yes No No No 

3 Yes Yes Yes No No No 

4 Yes Yes Yes No No No 

5 Yes Yes Yes No No No 

7 Yes Yes Yes No No No 

11 Yes Yes Yes No No No 

12 Yes Yes Yes No No No 

 
 
 

1.3.  Element connectivity 

 

Table 3:  Connectivity - Frame, Part 1 of 2 

Table 3:  Connectivity - Frame, Part 1 of 2 

Frame JointI JointJ IsCurved Length CentroidX CentroidY CentroidZ 

    m m m m 

1 1 2 No 3.45500 0.00000 1.72750 0.00000 

2 3 4 No 3.45500 9.67500 1.72750 0.00000 

3 2 5 No 3.00100 1.50050 3.45500 0.00000 

7 1 7 No 3.00100 1.50050 0.00000 0.00000 

14 13 14 No 1.32100 0.89000 0.66050 0.00000 

15 14 15 No 2.13400 0.89000 2.38800 0.00000 

18 19 20 No 1.32100 2.41400 0.66050 0.00000 

19 20 21 No 2.13400 2.41400 2.38800 0.00000 

20 22 23 No 1.32100 4.05500 0.66050 0.00000 

21 23 24 No 2.13400 4.05500 2.38800 0.00000 

22 25 26 No 1.32100 3.43300 0.66050 0.00000 

23 26 27 No 2.13400 3.43300 2.38800 0.00000 

26 31 32 No 2.13400 5.51000 2.38800 0.00000 

27 33 34 No 1.32100 5.43700 0.66050 0.00000 

29 37 38 No 0.91200 5.05400 2.33700 0.00000 

30 39 40 No 1.32100 9.42100 0.66050 0.00000 

31 40 41 No 2.13400 9.42100 2.38800 0.00000 

42 8 57 No 1.32100 6.20000 0.66050 0.00000 

43 57 6 No 2.13400 6.20000 2.38800 0.00000 

44 5 12 No 3.67400 4.83800 3.45500 0.00000 

45 12 4 No 3.00000 8.17500 3.45500 0.00000 

46 7 11 No 3.67400 4.83800 0.00000 0.00000 

47 11 3 No 3.00000 8.17500 0.00000 0.00000 

52 64 65 No 1.32100 8.50200 0.66050 0.00000 

53 65 66 No 2.13400 8.50200 2.38800 0.00000 

54 67 68 No 1.32100 9.11100 0.66050 0.00000 

55 68 69 No 2.13400 9.11100 2.38800 0.00000 

58 73 74 No 1.32100 7.33650 0.66050 0.00000 

59 74 75 No 2.13400 7.33650 2.38800 0.00000 

60 76 77 No 3.45500 1.67700 1.72750 0.00000 

61 78 79 No 3.45500 7.99800 1.72750 0.00000 

62 80 81 No 1.67700 0.83850 1.32100 0.00000 

63 82 83 No 1.67700 8.83650 1.32100 0.00000 
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Table 3:  Connectivity - Frame, Part 1 of 2 

Frame JointI JointJ IsCurved Length CentroidX CentroidY CentroidZ 

    m m m m 

64 84 85 No 3.45500 4.59800 1.72750 0.00000 

65 81 86 No 2.92100 3.13750 1.32100 0.00000 

66 86 82 No 3.40000 6.29800 1.32100 0.00000 

67 7 87 No 1.32100 3.00100 0.66050 0.00000 

68 87 5 No 2.13400 3.00100 2.38800 0.00000 

69 11 88 No 1.32100 6.67500 0.66050 0.00000 

70 88 12 No 2.13400 6.67500 2.38800 0.00000 

 
 

Table 3:  Connectivity - Frame, Part 2 of 2 

Table 3:  Connectivity - Frame, Part 2 of 2 

Frame GUID 

  

1  

2  

3  

7  

14  

15  

18  

19  

20  

21  

22  

23  

26  

27  

29  

30  

31  

42  

43  

44  

45  

46  

47  

52  

53  

54  

55  

58  

59  

60  

61  

62  

63  

64  

65  

66  

67  

68  

69  

70  
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Table 4:  Frame Section Assignments 

Table 4:  Frame Section Assignments 

Frame SectionType AutoSelect AnalSect DesignSect MatProp 

      

1 I / Wide Flange N.A. W250X33 N.A. Default 

2 I / Wide Flange N.A. W250X33 N.A. Default 

3 I / Wide Flange N.A. W250X33 N.A. Default 

7 I / Wide Flange N.A. W250X33 N.A. Default 

14 Channel N.A. C150X12 N.A. Default 

15 Channel N.A. C150X12 N.A. Default 

18 Channel N.A. C150X12 N.A. Default 

19 Channel N.A. C150X12 N.A. Default 

20 Channel N.A. C150X12 N.A. Default 

21 Channel N.A. C150X12 N.A. Default 

22 I / Wide Flange N.A. W150X22 N.A. Default 

23 I / Wide Flange N.A. W150X22 N.A. Default 

26 I / Wide Flange N.A. W150X22 N.A. Default 

27 Channel N.A. C150X12 N.A. Default 

29 I / Wide Flange N.A. W150X22 N.A. Default 

30 I / Wide Flange N.A. W100X19 N.A. Default 

31 I / Wide Flange N.A. W100X19 N.A. Default 

42 Channel N.A. C150X12 N.A. Default 

43 Channel N.A. C150X12 N.A. Default 

44 I / Wide Flange N.A. W250X33 N.A. Default 

45 I / Wide Flange N.A. W250X33 N.A. Default 

46 I / Wide Flange N.A. W250X33 N.A. Default 

47 I / Wide Flange N.A. W250X33 N.A. Default 

52 Channel N.A. C150X12 N.A. Default 

53 Channel N.A. C150X12 N.A. Default 

54 Channel N.A. C150X12 N.A. Default 

55 Channel N.A. C150X12 N.A. Default 

58 Channel N.A. C150X12 N.A. Default 

59 Channel N.A. C150X12 N.A. Default 

60 I / Wide Flange N.A. W250X33 N.A. Default 

61 I / Wide Flange N.A. W250X33 N.A. Default 

62 I / Wide Flange N.A. W150X22 N.A. Default 

63 I / Wide Flange N.A. W150X22 N.A. Default 

64 I / Wide Flange N.A. W250X33 N.A. Default 

65 I / Wide Flange N.A. W150X22 N.A. Default 

66 I / Wide Flange N.A. W150X22 N.A. Default 

67 Channel N.A. C150X12 N.A. Default 

68 Channel N.A. C150X12 N.A. Default 

69 Channel N.A. C150X12 N.A. Default 

70 Channel N.A. C150X12 N.A. Default 

 
 
 

Table 5:  Connectivity - Area, Part 1 of 2 

Table 5:  Connectivity - Area, Part 1 of 2 

Area NumJoints Joint1 Joint2 Joint3 Joint4 Perimeter AreaArea 

      m m2 

1 4 2 5 7 1 12.912000 10.368455 

2 4 7 5 12 11 14.258000 12.693670 
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Table 5:  Connectivity - Area, Part 1 of 2 

Area NumJoints Joint1 Joint2 Joint3 Joint4 Perimeter AreaArea 

      m m2 

3 4 11 12 4 39 12.665324 9.926215 

 
 

Table 5:  Connectivity - Area, Part 2 of 2 

Table 5:  Connectivity - Area, Part 2 of 2 

Area Volume CentroidX CentroidY CentroidZ GUID 

 m3 m m m  

1 1.036846 1.50050 1.72750 0.00000  

2 1.269367 4.83800 1.72750 0.00000  

3 0.992622 8.11244 1.75295 0.00000  

 
 
 

Table 6:  Area Section Assignments 

Table 6:  Area Section Assignments 

Area Section MatProp 

   

1 Floor Default 

2 Floor Default 

3 Floor Default 

 
 
 

2.  Material properties 
This section provides material property information for materials used in the model. 
 

Table 7:  Material Properties 02 - Basic Mechanical Properties 

Table 7:  Material Properties 02 - Basic Mechanical Properties 

Material UnitWeight UnitMass E1 G12 U12 A1 

 KN/m3 KN-s2/m4 KN/m2 KN/m2  1/C 

4000Psi 2.3563E+01 2.4028E+00 24855578.06 10356490.86 0.200000 9.9000E-06 

A992Fy50 7.6973E+01 7.8490E+00 199947978.8 76903068.77 0.300000 1.1700E-05 

 
 
 

Table 8:  Material Properties 03a - Steel Data, Part 1 of 2 

Table 8:  Material Properties 03a - Steel Data, Part 1 of 2 

Material Fy Fu EffFy EffFu SSCurveOpt SSHysType SHard SMax 

 KN/m2 KN/m2 KN/m2 KN/m2     

A992Fy50 344737.89 448159.26 379211.68 492975.19 Simple Kinematic 0.015000 0.110000 

 
 

Table 8:  Material Properties 03a - Steel Data, Part 2 of 2 

Table 8:  Material Properties 03a - Steel 
Data, Part 2 of 2 

Material SRup FinalSlope 

   

A992Fy50 0.170000 -0.100000 
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Table 9:  Material Properties 03b - Concrete Data, Part 1 of 2 

Table 9:  Material Properties 03b - Concrete Data, Part 1 of 2 

Material Fc LtWtConc SSCurveOpt SSHysType SFc SCap FinalSlope FAngle 

 KN/m2       Degrees 

4000Psi 27579.03 No Mander Takeda 0.002219 0.005000 -0.100000 0.000 

 
 

Table 9:  Material Properties 03b - Concrete Data, Part 2 of 2 

Table 9:  Material 
Properties 03b - Concrete 

Data, Part 2 of 2 

Material DAngle 

 Degrees 

4000Psi 0.000 

 
 
 

3.  Section properties 
This section provides section property information for objects used in the model. 
 

3.1.  Frames 

 

Table 10:  Frame Section Properties 01 - General, Part 1 of 7 

Table 10:  Frame Section Properties 01 - General, Part 1 of 7 

SectionName Material Shape t3 t2 tf tw 

   m m m m 

C150X12 A992Fy50 Channel 0.152000 0.048000 0.008700 0.005100 

FSEC1 A992Fy50 I/Wide Flange 0.304800 0.127000 0.009652 0.006350 

L76X76X6.4 A992Fy50 Angle 0.076200 0.076200 0.006350 0.006350 

W100X19 A992Fy50 I/Wide Flange 0.106000 0.103000 0.008800 0.007100 

W150X22 A992Fy50 I/Wide Flange 0.152000 0.152000 0.006600 0.005800 

W250X33 A992Fy50 I/Wide Flange 0.258000 0.146000 0.009100 0.006100 

 
 

Table 10:  Frame Section Properties 01 - General, Part 2 of 7 

Table 10:  Frame Section Properties 01 - General, Part 2 of 7 

SectionName t2b tfb Area TorsConst I33 I22 I23 

 m m m2 m4 m4 m4 m4 

C150X12   0.001530 3.060E-08 5.360E-06 2.780E-07 0.000000 

FSEC1 0.127000 0.009652 0.004265 9.651E-08 0.000066 3.301E-06 0.000000 

L76X76X6.4   0.000927 1.250E-08 5.180E-07 5.180E-07 3.079E-07 

W100X19 0.103000 0.008800 0.002480 6.360E-08 4.770E-06 1.610E-06 0.000000 

W150X22 0.152000 0.006600 0.002850 4.200E-08 0.000012 3.870E-06 0.000000 

W250X33 0.146000 0.009100 0.004170 9.850E-08 0.000049 4.730E-06 0.000000 
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Table 10:  Frame Section Properties 01 - General, Part 3 of 7 

Table 10:  Frame Section Properties 01 - General, Part 3 of 7 

SectionName AS2 AS3 S33 S22 Z33 Z22 R33 

 m2 m2 m3 m3 m3 m3 m 

C150X12 0.000775 0.000835 0.000071 7.920E-06 0.000071 7.930E-06 0.059188 

FSEC1 0.001935 0.002043 0.000431 0.000052 0.000491 0.000081 0.124145 

L76X76X6.4 0.000484 0.000484 9.453E-06 9.453E-06 9.450E-06 9.450E-06 0.023639 

W100X19 0.000753 0.001511 0.000090 0.000031 0.000103 0.000048 0.043856 

W150X22 0.000882 0.001672 0.000159 0.000051 0.000176 0.000078 0.065158 

W250X33 0.001574 0.002214 0.000379 0.000065 0.000424 0.000100 0.108290 

 
 

Table 10:  Frame Section Properties 01 - General, Part 4 of 7 

Table 10:  Frame Section Properties 01 - General, Part 4 of 7 

SectionName R22 EccV2 ConcCol ConcBeam Color TotalWt TotalMass 

 m m    KN KN-s2/m 

C150X12 0.013480 0.027509 No No Red 3.818 0.39 

FSEC1 0.027823  No No Green 0.000 0.00 

L76X76X6.4 0.023639  No No Magenta 0.000 0.00 

W100X19 0.025479  No No Orange 0.660 6.725E-02 

W150X22 0.036850  No No Yellow 3.549 0.36 

W250X33 0.033679  No No Blue 11.756 1.20 

 
 

Table 10:  Frame Section Properties 01 - General, Part 5 of 7 

Table 10:  Frame Section Properties 01 - General, Part 5 of 7 

SectionName FromFile AMod A2Mod A3Mod JMod I2Mod I3Mod 

        

C150X12 Yes 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

FSEC1 No 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

L76X76X6.4 Yes 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

W100X19 Yes 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

W150X22 Yes 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

W250X33 Yes 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

 
 

Table 10:  Frame Section Properties 01 - General, Part 6 of 7 

Table 10:  Frame Section Properties 01 - General, Part 6 of 7 

SectionName MMod WMod SectInFile FileName GUID 

      

C150X12 1.000000 1.000000 C150X12 c:\program files (x86)\computers and 
structures\sap2000 16\cisc10.pro 

 

FSEC1 1.000000 1.000000    

L76X76X6.4 1.000000 1.000000 L76X76X6.4 c:\program files (x86)\computers and 
structures\sap2000 16\cisc10.pro 

 

W100X19 1.000000 1.000000 W100X19 c:\program files (x86)\computers and 
structures\sap2000 16\cisc10.pro 

 

W150X22 1.000000 1.000000 W150X22 c:\program files (x86)\computers and 
structures\sap2000 16\cisc10.pro 

 

W250X33 1.000000 1.000000 W250X33 c:\program files (x86)\computers and 
structures\sap2000 16\cisc10.pro 
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Table 10:  Frame Section Properties 01 - General, Part 7 of 7 

Table 10:  Frame Section Properties 01 - General, Part 7 
of 7 

SectionName Notes 

  

C150X12 Imported 30/09/2014 12:33:38 AM 
from CISC10.pro 

FSEC1 Added 30/09/2014 12:29:29 AM 

L76X76X6.4 Imported 30/09/2014 12:34:12 AM 
from CISC10.pro 

W100X19 Imported 30/09/2014 12:33:01 AM 
from CISC10.pro 

W150X22 Imported 30/09/2014 12:32:36 AM 
from CISC10.pro 

W250X33 Imported 30/09/2014 12:31:57 AM 
from CISC10.pro 

 
 
 

3.2.  Areas 

 

Table 11:  Area Section Properties, Part 1 of 4 

Table 11:  Area Section Properties, Part 1 of 4 

Section Material MatAngle AreaType Type DrillDOF Thickness BendThick Arc 

  Degrees    m m Degrees 

Floor A992Fy50 0.000 Shell Shell-Thin Yes 0.100000 0.100000  

Panel A992Fy50 0.000 Shell Shell-Thin Yes 0.100000 0.100000  

 
 

Table 11:  Area Section Properties, Part 2 of 4 

Table 11:  Area Section Properties, Part 2 of 4 

Section InComp CoordSys Color TotalWt TotalMass F11Mod F22Mod 

    KN KN-s2/m   

Floor   16744703 0.000 0.00 1.000000 1.000000 

Panel   8388863 0.000 0.00 1.000000 1.000000 

 
 

Table 11:  Area Section Properties, Part 3 of 4 

Table 11:  Area Section Properties, Part 3 of 4 

Section F12Mod M11Mod M22Mod M12Mod V13Mod V23Mod MMod WMod 

         

Floor 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 0.000000 0.000000 

Panel 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 0.000000 0.000000 

 
 

Table 11:  Area Section Properties, Part 4 of 4 

Table 11:  Area Section Properties, Part 4 of 4 

Section GUID Notes 

   

Floor  Added 30/09/2014 2:36:34 PM 

Panel  Added 30/09/2014 2:37:01 PM 
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4.  Load patterns 
This section provides loading information as applied to the model. 
 

4.1.  Definitions 

 

Table 12:  Load Pattern Definitions 

Table 12:  Load Pattern Definitions 

LoadPat DesignType SelfWtMult AutoLoad GUID Notes 

      

DEAD DEAD 1.000000    

Checker Plate DEAD 0.000000    

misc. DEAD 0.000000    

piping DEAD 0.000000    

piping support DEAD 0.000000    

Live LIVE 0.000000    

wind WIND 0.000000 None   

snow SNOW 0.000000    

building load SNOW 0.000000    

 
 
 

5.  Load cases 
This section provides load case information. 
 

5.1.  Definitions 

 

Table 13:  Load Case Definitions, Part 1 of 2 

Table 13:  Load Case Definitions, Part 1 of 2 

Case Type InitialCond ModalCase BaseCase DesTypeOpt DesignType DesActOpt 

        

DEAD LinStatic Zero   Prog Det DEAD Prog Det 

Checker 
Plate 

LinStatic Zero   Prog Det DEAD Prog Det 

misc. LinStatic Zero   Prog Det DEAD Prog Det 

piping LinStatic Zero   Prog Det DEAD Prog Det 

piping 
support 

LinStatic Zero   Prog Det DEAD Prog Det 

Live LinStatic Zero   Prog Det LIVE Prog Det 

wind LinStatic Zero   Prog Det WIND Prog Det 

snow LinStatic Zero   Prog Det SNOW Prog Det 

building load LinStatic Zero   Prog Det SNOW Prog Det 
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Table 13:  Load Case Definitions, Part 2 of 2 

Table 13:  Load Case Definitions, Part 2 of 2 

Case DesignAct AutoType RunCase CaseStatus GUID Notes 

       

DEAD Non-Compos
ite 

None Yes Finished   

Checker 
Plate 

Non-Compos
ite 

None Yes Finished   

misc. Non-Compos
ite 

None Yes Finished   

piping Non-Compos
ite 

None Yes Finished   

piping 
support 

Non-Compos
ite 

None Yes Finished   

Live Short-Term 
Composite 

None Yes Finished   

wind Short-Term 
Composite 

None Yes Finished   

snow Short-Term 
Composite 

None Yes Finished   

building load Short-Term 
Composite 

None Yes Finished   

 
 
 

5.2.  Static case load assignments 

 

Table 14:  Case - Static 1 - Load Assignments 

Table 14:  Case - Static 1 - Load Assignments 

Case LoadType LoadName LoadSF 

    

DEAD Load pattern DEAD 1.000000 

Checker Plate Load pattern Checker Plate 1.000000 

misc. Load pattern misc. 1.000000 

piping Load pattern piping 1.000000 

piping support Load pattern piping support 1.000000 

Live Load pattern Live 1.000000 

wind Load pattern wind 1.000000 

snow Load pattern snow 1.000000 

building load Load pattern building load 1.000000 

 
 
 

5.3.  Response spectrum case load assignments 

 

Table 15:  Function - Response Spectrum - User 

Table 15:  Function - Response Spectrum - User 

Name Period Accel FuncDamp 

 Sec   

UNIFRS 0.000000 1.000000 0.050000 

UNIFRS 1.000000 1.000000  
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6.  Load combinations 
This section provides load combination information. 
 

Table 16:  Combination Definitions, Part 1 of 3 

Table 16:  Combination Definitions, Part 1 of 3 

ComboName ComboType AutoDesign CaseType CaseName ScaleFactor SteelDesign 

       

COM1 Linear Add No Linear Static building load 1.400000 None 

COM1   Linear Static Checker Plate 1.400000  

COM1   Linear Static DEAD 1.400000  

COM1   Linear Static misc. 1.400000  

COM1   Linear Static piping 1.400000  

COM1   Linear Static piping support 1.400000  

COM2 Linear Add No Linear Static building load 1.250000 None 

COM2   Linear Static Checker Plate 1.250000  

COM2   Linear Static DEAD 1.250000  

COM2   Linear Static misc. 1.250000  

COM2   Linear Static piping 1.250000  

COM2   Linear Static piping support 1.250000  

COM2   Linear Static Live 1.500000  

COM3 Linear Add No Linear Static building load 1.250000 None 

COM3   Linear Static Checker Plate 1.250000  

COM3   Linear Static DEAD 1.250000  

COM3   Linear Static misc. 1.250000  

COM3   Linear Static piping 1.250000  

COM3   Linear Static piping support 1.250000  

COM3   Linear Static snow 1.500000  

LIFTLUG Linear Add No Linear Static building load 1.000000 None 

LIFTLUG   Linear Static Checker Plate 1.000000  

LIFTLUG   Linear Static DEAD 1.000000  

LIFTLUG   Linear Static Live 1.000000  

LIFTLUG   Linear Static misc. 1.000000  

LIFTLUG   Linear Static piping 1.000000  

LIFTLUG   Linear Static piping support 1.000000  

 
 

Table 16:  Combination Definitions, Part 2 of 3 

Table 16:  Combination Definitions, Part 2 of 3 

ComboName CaseName ConcDesign AlumDesign ColdDesign GUID 

      

COM1 building load None None None  

COM1 Checker Plate     

COM1 DEAD     

COM1 misc.     

COM1 piping     

COM1 piping support     

COM2 building load None None None  

COM2 Checker Plate     

COM2 DEAD     

COM2 misc.     

COM2 piping     

COM2 piping support     

COM2 Live     
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Table 16:  Combination Definitions, Part 2 of 3 

ComboName CaseName ConcDesign AlumDesign ColdDesign GUID 

      

COM3 building load None None None  

COM3 Checker Plate     

COM3 DEAD     

COM3 misc.     

COM3 piping     

COM3 piping support     

COM3 snow     

LIFTLUG building load None None None  

LIFTLUG Checker Plate     

LIFTLUG DEAD     

LIFTLUG Live     

LIFTLUG misc.     

LIFTLUG piping     

LIFTLUG piping support     

 
 

Table 16:  Combination Definitions, Part 3 of 3 

Table 16:  Combination Definitions, Part 3 of 3 

ComboName CaseName Notes 

   

COM1 building load  

COM1 Checker Plate  

COM1 DEAD  

COM1 misc.  

COM1 piping  

COM1 piping support  

COM2 building load  

COM2 Checker Plate  

COM2 DEAD  

COM2 misc.  

COM2 piping  

COM2 piping support  

COM2 Live  

COM3 building load  

COM3 Checker Plate  

COM3 DEAD  

COM3 misc.  

COM3 piping  

COM3 piping support  

COM3 snow  

LIFTLUG building load  

LIFTLUG Checker Plate  

LIFTLUG DEAD  

LIFTLUG Live  

LIFTLUG misc.  

LIFTLUG piping  

LIFTLUG piping support  
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7.  Structure results 
This section provides structure results, including items such as structural periods and base reactions. 
 

XYY Z XZ

 
Figure 2:  Deformed shape 

 

7.1.  Mass summary 

 

Table 17:  Assembled Joint Masses 

Table 17:  Assembled Joint Masses 

Joint MassSource U1 U2 U3 R1 R2 R3 

  KN-s2/m KN-s2/m KN-s2/m KN-m-s2 KN-m-s2 KN-m-s2 

1 MSSSRC1 3.618E-02 3.618E-02 3.618E-02 0.0000 0.0000 0.0000 

2 MSSSRC1 4.949E-02 4.949E-02 4.949E-02 0.0000 0.0000 0.0000 

3 MSSSRC1 2.578E-02 2.578E-02 2.578E-02 0.0000 0.0000 0.0000 

4 MSSSRC1 3.908E-02 3.908E-02 3.908E-02 0.0000 0.0000 0.0000 

5 MSSSRC1 2.949E-02 2.949E-02 2.949E-02 0.0000 0.0000 0.0000 

6 MSSSRC1 3.188E-02 3.188E-02 3.188E-02 0.0000 0.0000 0.0000 

7 MSSSRC1 2.461E-02 2.461E-02 2.461E-02 0.0000 0.0000 0.0000 

8 MSSSRC1 2.819E-02 2.819E-02 2.819E-02 0.0000 0.0000 0.0000 

11 MSSSRC1 2.653E-02 2.653E-02 2.653E-02 0.0000 0.0000 0.0000 

12 MSSSRC1 3.141E-02 3.141E-02 3.141E-02 0.0000 0.0000 0.0000 

13 MSSSRC1 3.538E-02 3.538E-02 3.538E-02 0.0000 0.0000 0.0000 

14 MSSSRC1 3.950E-02 3.950E-02 3.950E-02 0.0000 0.0000 0.0000 

15 MSSSRC1 4.026E-02 4.026E-02 4.026E-02 0.0000 0.0000 0.0000 

19 MSSSRC1 2.960E-02 2.960E-02 2.960E-02 0.0000 0.0000 0.0000 

20 MSSSRC1 3.555E-02 3.555E-02 3.555E-02 0.0000 0.0000 0.0000 

21 MSSSRC1 3.448E-02 3.448E-02 3.448E-02 0.0000 0.0000 0.0000 

22 MSSSRC1 2.700E-02 2.700E-02 2.700E-02 0.0000 0.0000 0.0000 
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Table 17:  Assembled Joint Masses 

Joint MassSource U1 U2 U3 R1 R2 R3 

  KN-s2/m KN-s2/m KN-s2/m KN-m-s2 KN-m-s2 KN-m-s2 

23 MSSSRC1 3.378E-02 3.378E-02 3.378E-02 0.0000 0.0000 0.0000 

24 MSSSRC1 3.188E-02 3.188E-02 3.188E-02 0.0000 0.0000 0.0000 

25 MSSSRC1 3.202E-02 3.202E-02 3.202E-02 0.0000 0.0000 0.0000 

26 MSSSRC1 5.043E-02 5.043E-02 5.043E-02 0.0000 0.0000 0.0000 

27 MSSSRC1 4.112E-02 4.112E-02 4.112E-02 0.0000 0.0000 0.0000 

31 MSSSRC1 1.990E-02 1.990E-02 1.990E-02 0.0000 0.0000 0.0000 

32 MSSSRC1 3.872E-02 3.872E-02 3.872E-02 0.0000 0.0000 0.0000 

33 MSSSRC1 3.415E-02 3.415E-02 3.415E-02 0.0000 0.0000 0.0000 

34 MSSSRC1 1.813E-02 1.813E-02 1.813E-02 0.0000 0.0000 0.0000 

37 MSSSRC1 4.512E-02 4.512E-02 4.512E-02 0.0000 0.0000 0.0000 

38 MSSSRC1 3.407E-02 3.407E-02 3.407E-02 0.0000 0.0000 0.0000 

39 MSSSRC1 2.209E-02 2.209E-02 2.209E-02 0.0000 0.0000 0.0000 

40 MSSSRC1 3.994E-02 3.994E-02 3.994E-02 0.0000 0.0000 0.0000 

41 MSSSRC1 3.000E-02 3.000E-02 3.000E-02 0.0000 0.0000 0.0000 

57 MSSSRC1 3.378E-02 3.378E-02 3.378E-02 0.0000 0.0000 0.0000 

64 MSSSRC1 2.615E-02 2.615E-02 2.615E-02 0.0000 0.0000 0.0000 

65 MSSSRC1 3.319E-02 3.319E-02 3.319E-02 0.0000 0.0000 0.0000 

66 MSSSRC1 3.103E-02 3.103E-02 3.103E-02 0.0000 0.0000 0.0000 

67 MSSSRC1 2.297E-02 2.297E-02 2.297E-02 0.0000 0.0000 0.0000 

68 MSSSRC1 3.102E-02 3.102E-02 3.102E-02 0.0000 0.0000 0.0000 

69 MSSSRC1 2.785E-02 2.785E-02 2.785E-02 0.0000 0.0000 0.0000 

73 MSSSRC1 2.958E-02 2.958E-02 2.958E-02 0.0000 0.0000 0.0000 

74 MSSSRC1 3.554E-02 3.554E-02 3.554E-02 0.0000 0.0000 0.0000 

75 MSSSRC1 3.446E-02 3.446E-02 3.446E-02 0.0000 0.0000 0.0000 

76 MSSSRC1 4.656E-02 4.656E-02 4.656E-02 0.0000 0.0000 0.0000 

77 MSSSRC1 5.986E-02 5.986E-02 5.986E-02 0.0000 0.0000 0.0000 

78 MSSSRC1 4.069E-02 4.069E-02 4.069E-02 0.0000 0.0000 0.0000 

79 MSSSRC1 5.400E-02 5.400E-02 5.400E-02 0.0000 0.0000 0.0000 

80 MSSSRC1 6.650E-02 6.650E-02 6.650E-02 0.0000 0.0000 0.0000 

81 MSSSRC1 7.359E-02 7.359E-02 7.359E-02 0.0000 0.0000 0.0000 

82 MSSSRC1 6.958E-02 6.958E-02 6.958E-02 0.0000 0.0000 0.0000 

83 MSSSRC1 5.938E-02 5.938E-02 5.938E-02 0.0000 0.0000 0.0000 

84 MSSSRC1 4.424E-02 4.424E-02 4.424E-02 0.0000 0.0000 0.0000 

85 MSSSRC1 4.211E-02 4.211E-02 4.211E-02 0.0000 0.0000 0.0000 

86 MSSSRC1 5.370E-02 5.370E-02 5.370E-02 0.0000 0.0000 0.0000 

87 MSSSRC1 3.214E-02 3.214E-02 3.214E-02 0.0000 0.0000 0.0000 

88 MSSSRC1 3.346E-02 3.346E-02 3.346E-02 0.0000 0.0000 0.0000 

 
 
 

7.2.  Base reactions 

 

Table 18:  Base Reactions, Part 1 of 3 

Table 18:  Base Reactions, Part 1 of 3 

OutputCase CaseType GlobalFX GlobalFY GlobalFZ GlobalMX GlobalMY GlobalMZ GlobalX 

  KN KN KN KN-m KN-m KN-m m 

COM1 Combination 0.000 0.000 273.168 471.4143 -1458.7929 0.0000 0.00000 

COM2 Combination 0.000 0.000 837.690 1451.2261 -4137.4149 0.0000 0.00000 

COM3 Combination 0.000 0.000 421.155 727.1137 -2159.9647 0.0000 0.00000 

LIFTLUG Combination 0.000 0.000 590.980 1023.6048 -2931.9424 0.0000 0.00000 
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Table 18:  Base Reactions, Part 2 of 3 

Table 18:  Base Reactions, Part 2 of 3 

OutputCase GlobalY GlobalZ XCentroidF
X 

YCentroidF
X 

ZCentroidF
X 

XCentroidF
Y 

YCentroidF
Y 

ZCentroidF
Y 

 m m m m m m m m 

COM1 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

COM2 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

COM3 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

LIFTLUG 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 

 
 

Table 18:  Base Reactions, Part 3 of 3 

Table 18:  Base Reactions, Part 3 of 3 

OutputCase XCentroidF
Z 

YCentroidF
Z 

ZCentroidFZ 

 m m m 

COM1 5.34028 1.72573 0.00000 

COM2 4.93908 1.73241 0.00000 

COM3 5.12867 1.72648 0.00000 

LIFTLUG 4.96115 1.73205 0.00000 

 
 
 

8.  Joint results 
This section provides joint results, including items such as displacements and reactions. 
 

Table 19:  Joint Displacements 

Table 19:  Joint Displacements 

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3 

   m m m Radians Radians Radians 

1 COM1 Combination 0.000000 0.000000 0.000000 -0.000233 0.000054 0.000000 

1 COM2 Combination 0.000000 0.000000 0.000000 -0.000826 0.000244 0.000000 

1 COM3 Combination 0.000000 0.000000 0.000000 -0.000580 0.000101 0.000000 

1 LIFTLUG Combination 0.000000 0.000000 0.000000 -0.000578 0.000169 0.000000 

2 COM1 Combination 0.000000 0.000000 0.000000 0.000223 0.000062 0.000000 

2 COM2 Combination 0.000000 0.000000 0.000000 0.000760 0.000333 0.000000 

2 COM3 Combination 0.000000 0.000000 0.000000 0.000569 0.000106 0.000000 

2 LIFTLUG Combination 0.000000 0.000000 0.000000 0.000533 0.000229 0.000000 

3 COM1 Combination 0.000000 0.000000 0.000000 -0.000845 -0.000245 0.000000 

3 COM2 Combination 0.000000 0.000000 0.000000 -0.001591 -0.000668 0.000000 

3 COM3 Combination 0.000000 0.000000 0.000000 -0.001466 -0.000344 0.000000 

3 LIFTLUG Combination 0.000000 0.000000 0.000000 -0.001161 -0.000475 0.000000 

4 COM1 Combination 0.000000 0.000000 0.000000 0.000342 -0.000136 0.000000 

4 COM2 Combination 0.000000 0.000000 0.000000 0.000513 -0.000435 0.000000 

4 COM3 Combination 0.000000 0.000000 0.000000 0.000676 -0.000151 0.000000 

4 LIFTLUG Combination 0.000000 0.000000 0.000000 0.000383 -0.000306 0.000000 

5 COM1 Combination 0.000000 0.000000 0.000000 0.000098 0.000068 0.000000 

5 COM2 Combination 0.000000 0.000000 0.000000 0.000453 0.000117 0.000000 

5 COM3 Combination 0.000000 0.000000 0.000000 0.000052 0.000074 0.000000 

5 LIFTLUG Combination 0.000000 0.000000 0.000000 0.000314 0.000086 0.000000 

6 COM1 Combination 0.000000 0.000000 -0.000204 0.003416 -0.000460 0.000000 

6 COM2 Combination 0.000000 0.000000 -0.000631 0.012713 -0.001428 0.000000 

6 COM3 Combination 0.000000 0.000000 -0.000294 0.003074 -0.000651 0.000000 



338716-Shell.sdb  SAP2000 v16.1.1 - License #*1DJRQ6QTSMZATCZ 
8.  Joint results  26 May 2015 

 ENS CANADA INC.    Page 21 of 81 

Table 19:  Joint Displacements 

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3 

   m m m Radians Radians Radians 

6 LIFTLUG Combination 0.000000 0.000000 -0.000445 0.008882 -0.001007 0.000000 

7 COM1 Combination 0.000000 0.000000 0.000000 -0.000092 0.000066 0.000000 

7 COM2 Combination 0.000000 0.000000 0.000000 -0.000444 0.000150 0.000000 

7 COM3 Combination 0.000000 0.000000 0.000000 -0.000035 0.000065 0.000000 

7 LIFTLUG Combination 0.000000 0.000000 0.000000 -0.000307 0.000108 0.000000 

8 COM1 Combination 0.000000 0.000000 -0.000185 -0.003011 -0.000433 0.000000 

8 COM2 Combination 0.000000 0.000000 -0.000575 -0.011303 -0.001358 0.000000 

8 COM3 Combination 0.000000 0.000000 -0.000268 -0.002722 -0.000612 0.000000 

8 LIFTLUG Combination 0.000000 0.000000 -0.000405 -0.007894 -0.000957 0.000000 

11 COM1 Combination 0.000000 0.000000 0.000000 -0.000260 0.000024 0.000000 

11 COM2 Combination 0.000000 0.000000 0.000000 -0.000969 0.000049 0.000000 

11 COM3 Combination 0.000000 0.000000 0.000000 -0.000238 0.000026 0.000000 

11 LIFTLUG Combination 0.000000 0.000000 0.000000 -0.000677 0.000036 0.000000 

12 COM1 Combination 0.000000 0.000000 0.000000 0.000190 -1.994E-06 0.000000 

12 COM2 Combination 0.000000 0.000000 0.000000 0.000789 -7.229E-06 0.000000 

12 COM3 Combination 0.000000 0.000000 0.000000 0.000127 -0.000014 0.000000 

12 LIFTLUG Combination 0.000000 0.000000 0.000000 0.000548 -5.056E-06 0.000000 

13 COM1 Combination 0.000000 0.000000 -0.000210 -0.000848 0.000187 0.000000 

13 COM2 Combination 0.000000 0.000000 -0.000841 -0.004852 0.000786 0.000000 

13 COM3 Combination 0.000000 0.000000 -0.000363 -0.000927 0.000304 0.000000 

13 LIFTLUG Combination 0.000000 0.000000 -0.000586 -0.003335 0.000546 0.000000 

14 COM1 Combination 0.000000 0.000000 -0.001055 -0.000491 0.000481 0.000000 

14 COM2 Combination 0.000000 0.000000 -0.005653 -0.002982 0.002875 0.000000 

14 COM3 Combination 0.000000 0.000000 -0.001302 -0.000487 0.000188 0.000000 

14 LIFTLUG Combination 0.000000 0.000000 -0.003894 -0.002046 0.001974 0.000000 

15 COM1 Combination 0.000000 0.000000 -0.000218 0.001352 0.000184 0.000000 

15 COM2 Combination 0.000000 0.000000 -0.000936 0.008135 0.000803 0.000000 

15 COM3 Combination 0.000000 0.000000 -0.000368 0.001354 0.000299 0.000000 

15 LIFTLUG Combination 0.000000 0.000000 -0.000650 0.005584 0.000557 0.000000 

19 COM1 Combination 0.000000 0.000000 -0.000118 -0.001491 -0.000204 0.000000 

19 COM2 Combination 0.000000 0.000000 -0.000501 -0.007087 -0.000861 0.000000 

19 COM3 Combination 0.000000 0.000000 -0.000206 -0.001348 -0.000340 0.000000 

19 LIFTLUG Combination 0.000000 0.000000 -0.000348 -0.004902 -0.000598 0.000000 

20 COM1 Combination 0.000000 0.000000 -0.001622 -0.000657 0.000445 0.000000 

20 COM2 Combination 0.000000 0.000000 -0.007669 -0.003328 0.000821 0.000000 

20 COM3 Combination 0.000000 0.000000 -0.001563 -0.000591 0.000335 0.000000 

20 LIFTLUG Combination 0.000000 0.000000 -0.005306 -0.002297 0.000600 0.000000 

21 COM1 Combination 0.000000 0.000000 -0.000119 0.001844 -0.000202 0.000000 

21 COM2 Combination 0.000000 0.000000 -0.000538 0.009274 -0.000894 0.000000 

21 COM3 Combination 0.000000 0.000000 -0.000204 0.001662 -0.000335 0.000000 

21 LIFTLUG Combination 0.000000 0.000000 -0.000373 0.006402 -0.000620 0.000000 

22 COM1 Combination 0.000000 0.000000 -0.000635 -0.001818 0.000519 0.000000 

22 COM2 Combination 0.000000 0.000000 -0.001995 -0.007011 0.001666 0.000000 

22 COM3 Combination 0.000000 0.000000 -0.000849 -0.001577 0.000696 0.000000 

22 LIFTLUG Combination 0.000000 0.000000 -0.001405 -0.004890 0.001173 0.000000 

23 COM1 Combination 0.000000 0.000000 -0.002478 -0.000864 0.000433 0.000000 

23 COM2 Combination 0.000000 0.000000 -0.009107 -0.003257 0.001129 0.000000 

23 COM3 Combination 0.000000 0.000000 -0.002451 -0.000761 0.000509 0.000000 

23 LIFTLUG Combination 0.000000 0.000000 -0.006366 -0.002274 0.000804 0.000000 

24 COM1 Combination 0.000000 0.000000 -0.000640 0.002422 0.000516 0.000000 

24 COM2 Combination 0.000000 0.000000 -0.001972 0.009196 0.001636 0.000000 

24 COM3 Combination 0.000000 0.000000 -0.000867 0.002116 0.000705 0.000000 

24 LIFTLUG Combination 0.000000 0.000000 -0.001391 0.006419 0.001152 0.000000 

25 COM1 Combination 0.000000 0.000000 -0.000213 -0.001865 0.000495 0.000000 
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Table 19:  Joint Displacements 

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3 

   m m m Radians Radians Radians 

25 COM2 Combination 0.000000 0.000000 -0.000655 -0.007422 0.001542 0.000000 

25 COM3 Combination 0.000000 0.000000 -0.000283 -0.001719 0.000658 0.000000 

25 LIFTLUG Combination 0.000000 0.000000 -0.000462 -0.005170 0.001087 0.000000 

26 COM1 Combination 0.000000 0.000000 -0.002146 -0.000697 0.000591 0.000000 

26 COM2 Combination 0.000000 0.000000 -0.008364 -0.002675 0.001120 0.000000 

26 COM3 Combination 0.000000 0.000000 -0.002066 -0.000639 0.000646 0.000000 

26 LIFTLUG Combination 0.000000 0.000000 -0.005831 -0.001866 0.000817 0.000000 

27 COM1 Combination 0.000000 0.000000 -0.000217 0.001987 0.000499 0.000000 

27 COM2 Combination 0.000000 0.000000 -0.000649 0.007674 0.001518 0.000000 

27 COM3 Combination 0.000000 0.000000 -0.000291 0.001817 0.000674 0.000000 

27 LIFTLUG Combination 0.000000 0.000000 -0.000458 0.005352 0.001071 0.000000 

31 COM1 Combination 0.000000 0.000000 -0.003330 0.000505 0.000336 0.000000 

31 COM2 Combination 0.000000 0.000000 -0.012342 0.001677 0.001391 0.000000 

31 COM3 Combination 0.000000 0.000000 -0.003200 0.000405 0.000182 0.000000 

31 LIFTLUG Combination 0.000000 0.000000 -0.008624 0.001178 0.000967 0.000000 

32 COM1 Combination 0.000000 0.000000 -0.000638 0.002004 -0.000482 0.000000 

32 COM2 Combination 0.000000 0.000000 -0.001986 0.007974 -0.001508 0.000000 

32 COM3 Combination 0.000000 0.000000 -0.000897 0.001741 -0.000652 0.000000 

32 LIFTLUG Combination 0.000000 0.000000 -0.001400 0.005555 -0.001063 0.000000 

33 COM1 Combination 0.000000 0.000000 -0.000650 -0.002408 -0.000468 0.000000 

33 COM2 Combination 0.000000 0.000000 -0.002042 -0.009450 -0.001493 0.000000 

33 COM3 Combination 0.000000 0.000000 -0.000909 -0.002081 -0.000613 0.000000 

33 LIFTLUG Combination 0.000000 0.000000 -0.001439 -0.006587 -0.001051 0.000000 

34 COM1 Combination 0.000000 0.000000 -0.003299 -0.001616 0.000429 0.000000 

34 COM2 Combination 0.000000 0.000000 -0.012212 -0.005998 0.001762 0.000000 

34 COM3 Combination 0.000000 0.000000 -0.003181 -0.001376 0.000269 0.000000 

34 LIFTLUG Combination 0.000000 0.000000 -0.008534 -0.004191 0.001226 0.000000 

37 COM1 Combination 0.000000 0.000000 -0.002419 0.000874 0.000182 0.000000 

37 COM2 Combination 0.000000 0.000000 -0.008721 0.003391 0.001021 0.000000 

37 COM3 Combination 0.000000 0.000000 -0.002474 0.000724 0.000118 0.000000 

37 LIFTLUG Combination 0.000000 0.000000 -0.006102 0.002365 0.000703 0.000000 

38 COM1 Combination 0.000000 0.000000 -0.002581 0.001211 0.000173 0.000000 

38 COM2 Combination 0.000000 0.000000 -0.009648 0.004639 0.001012 0.000000 

38 COM3 Combination 0.000000 0.000000 -0.002578 0.001034 0.000110 0.000000 

38 LIFTLUG Combination 0.000000 0.000000 -0.006739 0.003237 0.000695 0.000000 

39 COM1 Combination 0.000000 0.000000 -0.000090 -0.000126 -0.000193 0.000000 

39 COM2 Combination 0.000000 0.000000 -0.000239 -0.000095 -0.000541 0.000000 

39 COM3 Combination 0.000000 0.000000 -0.000130 -0.000264 -0.000265 0.000000 

39 LIFTLUG Combination 0.000000 0.000000 -0.000170 -0.000079 -0.000384 0.000000 

40 COM1 Combination 0.000000 0.000000 -0.001308 -0.001021 -0.001472 0.000000 

40 COM2 Combination 0.000000 0.000000 -0.003227 -0.002506 -0.005570 0.000000 

40 COM3 Combination 0.000000 0.000000 -0.001772 -0.001185 -0.000860 0.000000 

40 LIFTLUG Combination 0.000000 0.000000 -0.002307 -0.001792 -0.003889 0.000000 

41 COM1 Combination 0.000000 0.000000 -0.000099 0.002055 -0.000310 0.000000 

41 COM2 Combination 0.000000 0.000000 -0.000282 0.004860 -0.000915 0.000000 

41 COM3 Combination 0.000000 0.000000 -0.000129 0.002353 -0.000397 0.000000 

41 LIFTLUG Combination 0.000000 0.000000 -0.000200 0.003485 -0.000647 0.000000 

57 COM1 Combination 0.000000 0.000000 -0.003265 -0.001212 -0.000439 0.000000 

57 COM2 Combination 0.000000 0.000000 -0.012107 -0.004480 -0.001724 0.000000 

57 COM3 Combination 0.000000 0.000000 -0.003051 -0.001094 -0.000503 0.000000 

57 LIFTLUG Combination 0.000000 0.000000 -0.008460 -0.003131 -0.001202 0.000000 

64 COM1 Combination 0.000000 0.000000 -0.000436 -0.001705 -0.000210 0.000000 

64 COM2 Combination 0.000000 0.000000 -0.001243 -0.005516 -0.000644 0.000000 

64 COM3 Combination 0.000000 0.000000 -0.000590 -0.001609 -0.000260 0.000000 
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Table 19:  Joint Displacements 

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3 

   m m m Radians Radians Radians 

64 LIFTLUG Combination 0.000000 0.000000 -0.000881 -0.003880 -0.000455 0.000000 

65 COM1 Combination 0.000000 0.000000 -0.002170 -0.000837 -0.000407 0.000000 

65 COM2 Combination 0.000000 0.000000 -0.006872 -0.002821 -0.002256 0.000000 

65 COM3 Combination 0.000000 0.000000 -0.002218 -0.000772 -0.000113 0.000000 

65 LIFTLUG Combination 0.000000 0.000000 -0.004840 -0.001980 -0.001552 0.000000 

66 COM1 Combination 0.000000 0.000000 -0.000480 0.002298 -0.000194 0.000000 

66 COM2 Combination 0.000000 0.000000 -0.001408 0.007708 -0.000594 0.000000 

66 COM3 Combination 0.000000 0.000000 -0.000631 0.002125 -0.000248 0.000000 

66 LIFTLUG Combination 0.000000 0.000000 -0.000996 0.005412 -0.000419 0.000000 

67 COM1 Combination 0.000000 0.000000 -0.000208 -0.001475 -0.000310 0.000000 

67 COM2 Combination 0.000000 0.000000 -0.000569 -0.004138 -0.000892 0.000000 

67 COM3 Combination 0.000000 0.000000 -0.000292 -0.001682 -0.000418 0.000000 

67 LIFTLUG Combination 0.000000 0.000000 -0.000404 -0.002934 -0.000632 0.000000 

68 COM1 Combination 0.000000 0.000000 -0.001735 -0.000766 -0.001123 0.000000 

68 COM2 Combination 0.000000 0.000000 -0.004881 -0.002273 -0.004537 0.000000 

68 COM3 Combination 0.000000 0.000000 -0.002020 -0.000792 -0.000618 0.000000 

68 LIFTLUG Combination 0.000000 0.000000 -0.003460 -0.001606 -0.003159 0.000000 

69 COM1 Combination 0.000000 0.000000 -0.000245 0.002096 -0.000375 0.000000 

69 COM2 Combination 0.000000 0.000000 -0.000707 0.006171 -0.001106 0.000000 

69 COM3 Combination 0.000000 0.000000 -0.000323 0.002190 -0.000492 0.000000 

69 LIFTLUG Combination 0.000000 0.000000 -0.000501 0.004363 -0.000782 0.000000 

73 COM1 Combination 0.000000 0.000000 -0.000256 -0.002302 0.000362 0.000000 

73 COM2 Combination 0.000000 0.000000 -0.000740 -0.008433 0.001055 0.000000 

73 COM3 Combination 0.000000 0.000000 -0.000342 -0.002041 0.000476 0.000000 

73 LIFTLUG Combination 0.000000 0.000000 -0.000524 -0.005896 0.000746 0.000000 

74 COM1 Combination 0.000000 0.000000 -0.002628 -0.001018 -0.000534 0.000000 

74 COM2 Combination 0.000000 0.000000 -0.009430 -0.003831 -0.002495 0.000000 

74 COM3 Combination 0.000000 0.000000 -0.002447 -0.000903 -0.000410 0.000000 

74 LIFTLUG Combination 0.000000 0.000000 -0.006599 -0.002675 -0.001727 0.000000 

75 COM1 Combination 0.000000 0.000000 -0.000261 0.002855 0.000376 0.000000 

75 COM2 Combination 0.000000 0.000000 -0.000774 0.010709 0.001114 0.000000 

75 COM3 Combination 0.000000 0.000000 -0.000343 0.002538 0.000488 0.000000 

75 LIFTLUG Combination 0.000000 0.000000 -0.000547 0.007479 0.000787 0.000000 

76 COM1 Combination 0.000000 0.000000 -0.000290 -0.000920 -0.000072 0.000000 

76 COM2 Combination 0.000000 0.000000 -0.001217 -0.005068 -0.000269 0.000000 

76 COM3 Combination 0.000000 0.000000 -0.000477 -0.000807 -0.000123 0.000000 

76 LIFTLUG Combination 0.000000 0.000000 -0.000846 -0.003488 -0.000188 0.000000 

77 COM1 Combination 0.000000 0.000000 -0.000287 0.000863 -0.000077 0.000000 

77 COM2 Combination 0.000000 0.000000 -0.001258 0.004731 -0.000308 0.000000 

77 COM3 Combination 0.000000 0.000000 -0.000471 0.000760 -0.000127 0.000000 

77 LIFTLUG Combination 0.000000 0.000000 -0.000873 0.003257 -0.000215 0.000000 

78 COM1 Combination 0.000000 0.000000 -0.000493 -0.001632 0.000099 0.000000 

78 COM2 Combination 0.000000 0.000000 -0.001437 -0.005709 0.000267 0.000000 

78 COM3 Combination 0.000000 0.000000 -0.000648 -0.001430 0.000140 0.000000 

78 LIFTLUG Combination 0.000000 0.000000 -0.001016 -0.004000 0.000190 0.000000 

79 COM1 Combination 0.000000 0.000000 -0.000511 0.001490 0.000131 0.000000 

79 COM2 Combination 0.000000 0.000000 -0.001517 0.005203 0.000374 0.000000 

79 COM3 Combination 0.000000 0.000000 -0.000664 0.001308 0.000172 0.000000 

79 LIFTLUG Combination 0.000000 0.000000 -0.001072 0.003646 0.000265 0.000000 

80 COM1 Combination 0.000000 0.000000 -0.000415 -0.000143 0.000797 0.000000 

80 COM2 Combination 0.000000 0.000000 -0.001537 -0.000506 0.005183 0.000000 

80 COM3 Combination 0.000000 0.000000 -0.000974 -0.000344 0.000429 0.000000 

80 LIFTLUG Combination 0.000000 0.000000 -0.001074 -0.000355 0.003550 0.000000 

81 COM1 Combination 0.000000 0.000000 -0.001287 -0.000296 0.000351 0.000000 
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Table 19:  Joint Displacements 

Joint OutputCase CaseType U1 U2 U3 R1 R2 R3 

   m m m Radians Radians Radians 

81 COM2 Combination 0.000000 0.000000 -0.006712 -0.001643 0.001172 0.000000 

81 COM3 Combination 0.000000 0.000000 -0.001351 -0.000259 0.000153 0.000000 

81 LIFTLUG Combination 0.000000 0.000000 -0.004628 -0.001131 0.000823 0.000000 

82 COM1 Combination 0.000000 0.000000 -0.002266 -0.000518 -0.000355 0.000000 

82 COM2 Combination 0.000000 0.000000 -0.007644 -0.001816 -0.002085 0.000000 

82 COM3 Combination 0.000000 0.000000 -0.002202 -0.000455 -0.000152 0.000000 

82 LIFTLUG Combination 0.000000 0.000000 -0.005366 -0.001273 -0.001432 0.000000 

83 COM1 Combination 0.000000 0.000000 -0.000886 -0.000186 -0.001580 0.000000 

83 COM2 Combination 0.000000 0.000000 -0.001677 -0.000310 -0.005871 0.000000 

83 COM3 Combination 0.000000 0.000000 -0.001521 -0.000359 -0.000932 0.000000 

83 LIFTLUG Combination 0.000000 0.000000 -0.001223 -0.000229 -0.004102 0.000000 

84 COM1 Combination 0.000000 0.000000 -0.000871 -0.001664 0.000133 0.000000 

84 COM2 Combination 0.000000 0.000000 -0.002768 -0.006415 0.000423 0.000000 

84 COM3 Combination 0.000000 0.000000 -0.001163 -0.001396 0.000204 0.000000 

84 LIFTLUG Combination 0.000000 0.000000 -0.001949 -0.004474 0.000298 0.000000 

85 COM1 Combination 0.000000 0.000000 -0.000870 0.001536 0.000143 0.000000 

85 COM2 Combination 0.000000 0.000000 -0.002718 0.005953 0.000463 0.000000 

85 COM3 Combination 0.000000 0.000000 -0.001182 0.001285 0.000219 0.000000 

85 LIFTLUG Combination 0.000000 0.000000 -0.001916 0.004152 0.000326 0.000000 

86 COM1 Combination 0.000000 0.000000 -0.002679 -0.000528 0.000577 0.000000 

86 COM2 Combination 0.000000 0.000000 -0.009736 -0.002029 0.002138 0.000000 

86 COM3 Combination 0.000000 0.000000 -0.002680 -0.000449 0.000542 0.000000 

86 LIFTLUG Combination 0.000000 0.000000 -0.006810 -0.001416 0.001494 0.000000 

87 COM1 Combination 0.000000 0.000000 -0.001874 -0.000842 0.000520 0.000000 

87 COM2 Combination 0.000000 0.000000 -0.007905 -0.003605 0.000667 0.000000 

87 COM3 Combination 0.000000 0.000000 -0.001781 -0.000801 0.000513 0.000000 

87 LIFTLUG Combination 0.000000 0.000000 -0.005493 -0.002504 0.000507 0.000000 

88 COM1 Combination 0.000000 0.000000 -0.002957 -0.001298 -0.000596 0.000000 

88 COM2 Combination 0.000000 0.000000 -0.010888 -0.004777 -0.002451 0.000000 

88 COM3 Combination 0.000000 0.000000 -0.002734 -0.001185 -0.000580 0.000000 

88 LIFTLUG Combination 0.000000 0.000000 -0.007611 -0.003339 -0.001705 0.000000 

 
 
 

Table 20:  Joint Reactions 

Table 20:  Joint Reactions 

Joint OutputCase CaseType F1 F2 F3 M1 M2 M3 

   KN KN KN KN-m KN-m KN-m 

1 COM1 Combination 0.000 0.000 14.209 0.0000 0.0000 0.0000 

1 COM2 Combination 0.000 0.000 49.227 0.0000 0.0000 0.0000 

1 COM3 Combination 0.000 0.000 31.994 0.0000 0.0000 0.0000 

1 LIFTLUG Combination 0.000 0.000 34.510 0.0000 0.0000 0.0000 

2 COM1 Combination 0.000 0.000 14.120 0.0000 0.0000 0.0000 

2 COM2 Combination 0.000 0.000 49.112 0.0000 0.0000 0.0000 

2 COM3 Combination 0.000 0.000 31.925 0.0000 0.0000 0.0000 

2 LIFTLUG Combination 0.000 0.000 34.422 0.0000 0.0000 0.0000 

3 COM1 Combination 0.000 0.000 24.824 0.0000 0.0000 0.0000 

3 COM2 Combination 0.000 0.000 54.148 0.0000 0.0000 0.0000 

3 COM3 Combination 0.000 0.000 41.282 0.0000 0.0000 0.0000 

3 LIFTLUG Combination 0.000 0.000 39.054 0.0000 0.0000 0.0000 

4 COM1 Combination 0.000 0.000 25.052 0.0000 0.0000 0.0000 

4 COM2 Combination 0.000 0.000 56.879 0.0000 0.0000 0.0000 

4 COM3 Combination 0.000 0.000 41.678 0.0000 0.0000 0.0000 
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Table 20:  Joint Reactions 

Joint OutputCase CaseType F1 F2 F3 M1 M2 M3 

   KN KN KN KN-m KN-m KN-m 

4 LIFTLUG Combination 0.000 0.000 40.902 0.0000 0.0000 0.0000 

5 COM1 Combination 0.000 0.000 44.086 0.0000 0.0000 0.0000 

5 COM2 Combination 0.000 0.000 153.640 0.0000 0.0000 0.0000 

5 COM3 Combination 0.000 0.000 64.289 0.0000 0.0000 0.0000 

5 LIFTLUG Combination 0.000 0.000 107.675 0.0000 0.0000 0.0000 

7 COM1 Combination 0.000 0.000 44.411 0.0000 0.0000 0.0000 

7 COM2 Combination 0.000 0.000 154.154 0.0000 0.0000 0.0000 

7 COM3 Combination 0.000 0.000 64.581 0.0000 0.0000 0.0000 

7 LIFTLUG Combination 0.000 0.000 108.056 0.0000 0.0000 0.0000 

11 COM1 Combination 0.000 0.000 53.280 0.0000 0.0000 0.0000 

11 COM2 Combination 0.000 0.000 160.124 0.0000 0.0000 0.0000 

11 COM3 Combination 0.000 0.000 72.846 0.0000 0.0000 0.0000 

11 LIFTLUG Combination 0.000 0.000 113.093 0.0000 0.0000 0.0000 

12 COM1 Combination 0.000 0.000 53.186 0.0000 0.0000 0.0000 

12 COM2 Combination 0.000 0.000 160.406 0.0000 0.0000 0.0000 

12 COM3 Combination 0.000 0.000 72.561 0.0000 0.0000 0.0000 

12 LIFTLUG Combination 0.000 0.000 113.269 0.0000 0.0000 0.0000 

 
 
 

9.  Frame results 
This section provides frame force results. 
 

Table 21:  Element Forces - Frames, Part 1 of 2 

Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

1 0.00000 COM1 Combination 0.000 -8.007 0.000 0.0043 0.0000 

1 0.44033 COM1 Combination 0.000 -6.301 0.000 0.0043 0.0000 

1 0.88067 COM1 Combination 0.000 -4.596 0.000 0.0043 0.0000 

1 1.32100 COM1 Combination 0.000 -2.891 0.000 0.0043 0.0000 

1 1.32100 COM1 Combination 0.000 -0.851 0.000 -0.0026 0.0000 

1 1.74780 COM1 Combination 0.000 0.802 0.000 -0.0026 0.0000 

1 2.17460 COM1 Combination 0.000 2.455 0.000 -0.0026 0.0000 

1 2.60140 COM1 Combination 0.000 4.108 0.000 -0.0026 0.0000 

1 3.02820 COM1 Combination 0.000 5.760 0.000 -0.0026 0.0000 

1 3.45500 COM1 Combination 0.000 7.413 0.000 -0.0026 0.0000 

1 0.00000 COM2 Combination 0.000 -29.062 0.000 0.0283 0.0000 

1 0.44033 COM2 Combination 0.000 -24.013 0.000 0.0283 0.0000 

1 0.88067 COM2 Combination 0.000 -18.963 0.000 0.0283 0.0000 

1 1.32100 COM2 Combination 0.000 -13.914 0.000 0.0283 0.0000 

1 1.32100 COM2 Combination 0.000 0.368 0.000 -0.0172 0.0000 

1 1.74780 COM2 Combination 0.000 5.263 0.000 -0.0172 0.0000 

1 2.17460 COM2 Combination 0.000 10.157 0.000 -0.0172 0.0000 

1 2.60140 COM2 Combination 0.000 15.051 0.000 -0.0172 0.0000 

1 3.02820 COM2 Combination 0.000 19.946 0.000 -0.0172 0.0000 

1 3.45500 COM2 Combination 0.000 24.840 0.000 -0.0172 0.0000 

1 0.00000 COM3 Combination 0.000 -18.622 0.000 0.0019 0.0000 

1 0.44033 COM3 Combination 0.000 -14.128 0.000 0.0019 0.0000 

1 0.88067 COM3 Combination 0.000 -9.633 0.000 0.0019 0.0000 

1 1.32100 COM3 Combination 0.000 -5.138 0.000 0.0019 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

1 1.32100 COM3 Combination 0.000 -3.579 0.000 -0.0011 0.0000 

1 1.74780 COM3 Combination 0.000 0.778 0.000 -0.0011 0.0000 

1 2.17460 COM3 Combination 0.000 5.134 0.000 -0.0011 0.0000 

1 2.60140 COM3 Combination 0.000 9.491 0.000 -0.0011 0.0000 

1 3.02820 COM3 Combination 0.000 13.847 0.000 -0.0011 0.0000 

1 3.45500 COM3 Combination 0.000 18.204 0.000 -0.0011 0.0000 

1 0.00000 LIFTLUG Combination 0.000 -20.328 0.000 0.0194 0.0000 

1 0.44033 LIFTLUG Combination 0.000 -16.759 0.000 0.0194 0.0000 

1 0.88067 LIFTLUG Combination 0.000 -13.189 0.000 0.0194 0.0000 

1 1.32100 LIFTLUG Combination 0.000 -9.620 0.000 0.0194 0.0000 

1 1.32100 LIFTLUG Combination 0.000 0.144 0.000 -0.0118 0.0000 

1 1.74780 LIFTLUG Combination 0.000 3.604 0.000 -0.0118 0.0000 

1 2.17460 LIFTLUG Combination 0.000 7.064 0.000 -0.0118 0.0000 

1 2.60140 LIFTLUG Combination 0.000 10.523 0.000 -0.0118 0.0000 

1 3.02820 LIFTLUG Combination 0.000 13.983 0.000 -0.0118 0.0000 

1 3.45500 LIFTLUG Combination 0.000 17.443 0.000 -0.0118 0.0000 

2 0.00000 COM1 Combination 0.000 -8.839 0.000 -0.0077 0.0000 

2 0.44033 COM1 Combination 0.000 -7.409 0.000 -0.0077 0.0000 

2 0.88067 COM1 Combination 0.000 -5.978 0.000 -0.0077 0.0000 

2 1.32100 COM1 Combination 0.000 -4.547 0.000 -0.0077 0.0000 

2 1.32100 COM1 Combination 0.000 3.697 0.000 0.0051 0.0000 

2 1.74780 COM1 Combination 0.000 5.084 0.000 0.0051 0.0000 

2 2.17460 COM1 Combination 0.000 6.471 0.000 0.0051 0.0000 

2 2.60140 COM1 Combination 0.000 7.858 0.000 0.0051 0.0000 

2 3.02820 COM1 Combination 0.000 9.245 0.000 0.0051 0.0000 

2 3.45500 COM1 Combination 0.000 10.632 0.000 0.0051 0.0000 

2 0.00000 COM2 Combination 0.000 -15.691 0.000 -0.0298 0.0000 

2 0.44033 COM2 Combination 0.000 -14.414 0.000 -0.0298 0.0000 

2 0.88067 COM2 Combination 0.000 -13.136 0.000 -0.0298 0.0000 

2 1.32100 COM2 Combination 0.000 -11.859 0.000 -0.0298 0.0000 

2 1.32100 COM2 Combination 0.000 11.438 0.000 0.0193 0.0000 

2 1.74780 COM2 Combination 0.000 12.676 0.000 0.0193 0.0000 

2 2.17460 COM2 Combination 0.000 13.914 0.000 0.0193 0.0000 

2 2.60140 COM2 Combination 0.000 15.153 0.000 0.0193 0.0000 

2 3.02820 COM2 Combination 0.000 16.391 0.000 0.0193 0.0000 

2 3.45500 COM2 Combination 0.000 17.629 0.000 0.0193 0.0000 

2 0.00000 COM3 Combination 0.000 -16.712 0.000 -0.0034 0.0000 

2 0.44033 COM3 Combination 0.000 -12.463 0.000 -0.0034 0.0000 

2 0.88067 COM3 Combination 0.000 -8.213 0.000 -0.0034 0.0000 

2 1.32100 COM3 Combination 0.000 -3.963 0.000 -0.0034 0.0000 

2 1.32100 COM3 Combination 0.000 1.466 0.000 0.0028 0.0000 

2 1.74780 COM3 Combination 0.000 5.585 0.000 0.0028 0.0000 

2 2.17460 COM3 Combination 0.000 9.705 0.000 0.0028 0.0000 

2 2.60140 COM3 Combination 0.000 13.824 0.000 0.0028 0.0000 

2 3.02820 COM3 Combination 0.000 17.943 0.000 0.0028 0.0000 

2 3.45500 COM3 Combination 0.000 22.062 0.000 0.0028 0.0000 

2 0.00000 LIFTLUG Combination 0.000 -11.513 0.000 -0.0208 0.0000 

2 0.44033 LIFTLUG Combination 0.000 -10.491 0.000 -0.0208 0.0000 

2 0.88067 LIFTLUG Combination 0.000 -9.469 0.000 -0.0208 0.0000 

2 1.32100 LIFTLUG Combination 0.000 -8.447 0.000 -0.0208 0.0000 

2 1.32100 LIFTLUG Combination 0.000 8.065 0.000 0.0135 0.0000 

2 1.74780 LIFTLUG Combination 0.000 9.056 0.000 0.0135 0.0000 

2 2.17460 LIFTLUG Combination 0.000 10.047 0.000 0.0135 0.0000 

2 2.60140 LIFTLUG Combination 0.000 11.037 0.000 0.0135 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

2 3.02820 LIFTLUG Combination 0.000 12.028 0.000 0.0135 0.0000 

2 3.45500 LIFTLUG Combination 0.000 13.018 0.000 0.0135 0.0000 

3 0.00000 COM1 Combination 0.000 -9.558 0.000 0.0096 0.0000 

3 0.44500 COM1 Combination 0.000 -8.112 0.000 0.0096 0.0000 

3 0.89000 COM1 Combination 0.000 -6.666 0.000 0.0096 0.0000 

3 0.89000 COM1 Combination 0.000 -3.837 0.000 -0.0047 0.0000 

3 1.28350 COM1 Combination 0.000 -2.559 0.000 -0.0047 0.0000 

3 1.67700 COM1 Combination 0.000 -1.280 0.000 -0.0047 0.0000 

3 1.67700 COM1 Combination 0.000 5.758 0.000 0.0101 0.0000 

3 2.04550 COM1 Combination 0.000 6.955 0.000 0.0101 0.0000 

3 2.41400 COM1 Combination 0.000 8.153 0.000 0.0101 0.0000 

3 2.41400 COM1 Combination 0.000 11.132 0.000 -0.0225 0.0000 

3 2.70750 COM1 Combination 0.000 12.086 0.000 -0.0225 0.0000 

3 3.00100 COM1 Combination 0.000 13.040 0.000 -0.0225 0.0000 

3 0.00000 COM2 Combination 0.000 -33.495 0.000 0.0628 0.0000 

3 0.44500 COM2 Combination 0.000 -32.204 0.000 0.0628 0.0000 

3 0.89000 COM2 Combination 0.000 -30.913 0.000 0.0628 0.0000 

3 0.89000 COM2 Combination 0.000 -13.115 0.000 -0.0328 0.0000 

3 1.28350 COM2 Combination 0.000 -11.974 0.000 -0.0328 0.0000 

3 1.67700 COM2 Combination 0.000 -10.832 0.000 -0.0328 0.0000 

3 1.67700 COM2 Combination 0.000 28.071 0.000 0.0467 0.0000 

3 2.04550 COM2 Combination 0.000 29.140 0.000 0.0467 0.0000 

3 2.41400 COM2 Combination 0.000 30.210 0.000 0.0467 0.0000 

3 2.41400 COM2 Combination 0.000 46.351 0.000 -0.1138 0.0000 

3 2.70750 COM2 Combination 0.000 47.202 0.000 -0.1138 0.0000 

3 3.00100 COM2 Combination 0.000 48.054 0.000 -0.1138 0.0000 

3 0.00000 COM3 Combination 0.000 -18.335 0.000 0.0067 0.0000 

3 0.44500 COM3 Combination 0.000 -14.040 0.000 0.0067 0.0000 

3 0.89000 COM3 Combination 0.000 -9.746 0.000 0.0067 0.0000 

3 0.89000 COM3 Combination 0.000 -7.128 0.000 -0.0057 0.0000 

3 1.28350 COM3 Combination 0.000 -3.330 0.000 -0.0057 0.0000 

3 1.67700 COM3 Combination 0.000 0.467 0.000 -0.0057 0.0000 

3 1.67700 COM3 Combination 0.000 6.683 0.000 0.0093 0.0000 

3 2.04550 COM3 Combination 0.000 10.240 0.000 0.0093 0.0000 

3 2.41400 COM3 Combination 0.000 13.796 0.000 0.0093 0.0000 

3 2.41400 COM3 Combination 0.000 16.467 0.000 -0.0208 0.0000 

3 2.70750 COM3 Combination 0.000 19.300 0.000 -0.0208 0.0000 

3 3.00100 COM3 Combination 0.000 22.132 0.000 -0.0208 0.0000 

3 0.00000 LIFTLUG Combination 0.000 -23.468 0.000 0.0430 0.0000 

3 0.44500 LIFTLUG Combination 0.000 -22.435 0.000 0.0430 0.0000 

3 0.89000 LIFTLUG Combination 0.000 -21.402 0.000 0.0430 0.0000 

3 0.89000 LIFTLUG Combination 0.000 -9.200 0.000 -0.0224 0.0000 

3 1.28350 LIFTLUG Combination 0.000 -8.287 0.000 -0.0224 0.0000 

3 1.67700 LIFTLUG Combination 0.000 -7.374 0.000 -0.0224 0.0000 

3 1.67700 LIFTLUG Combination 0.000 19.400 0.000 0.0323 0.0000 

3 2.04550 LIFTLUG Combination 0.000 20.255 0.000 0.0323 0.0000 

3 2.41400 LIFTLUG Combination 0.000 21.110 0.000 0.0323 0.0000 

3 2.41400 LIFTLUG Combination 0.000 32.226 0.000 -0.0786 0.0000 

3 2.70750 LIFTLUG Combination 0.000 32.907 0.000 -0.0786 0.0000 

3 3.00100 LIFTLUG Combination 0.000 33.588 0.000 -0.0786 0.0000 

7 0.00000 COM1 Combination 0.000 -9.123 0.000 -0.0052 0.0000 

7 0.44500 COM1 Combination 0.000 -7.677 0.000 -0.0052 0.0000 

7 0.89000 COM1 Combination 0.000 -6.231 0.000 -0.0052 0.0000 

7 0.89000 COM1 Combination 0.000 -4.579 0.000 -6.915E-04 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

7 1.28350 COM1 Combination 0.000 -3.300 0.000 -6.915E-04 0.0000 

7 1.67700 COM1 Combination 0.000 -2.021 0.000 -6.915E-04 0.0000 

7 1.67700 COM1 Combination 0.000 6.253 0.000 -0.0059 0.0000 

7 2.04550 COM1 Combination 0.000 7.450 0.000 -0.0059 0.0000 

7 2.41400 COM1 Combination 0.000 8.648 0.000 -0.0059 0.0000 

7 2.41400 COM1 Combination 0.000 10.806 0.000 0.0181 0.0000 

7 2.70750 COM1 Combination 0.000 11.760 0.000 0.0181 0.0000 

7 3.00100 COM1 Combination 0.000 12.713 0.000 0.0181 0.0000 

7 0.00000 COM2 Combination 0.000 -29.984 0.000 -0.0343 0.0000 

7 0.44500 COM2 Combination 0.000 -28.693 0.000 -0.0343 0.0000 

7 0.89000 COM2 Combination 0.000 -27.401 0.000 -0.0343 0.0000 

7 0.89000 COM2 Combination 0.000 -17.334 0.000 -0.0021 0.0000 

7 1.28350 COM2 Combination 0.000 -16.192 0.000 -0.0021 0.0000 

7 1.67700 COM2 Combination 0.000 -15.050 0.000 -0.0021 0.0000 

7 1.67700 COM2 Combination 0.000 30.482 0.000 -0.0208 0.0000 

7 2.04550 COM2 Combination 0.000 31.551 0.000 -0.0208 0.0000 

7 2.41400 COM2 Combination 0.000 32.620 0.000 -0.0208 0.0000 

7 2.41400 COM2 Combination 0.000 43.624 0.000 0.0857 0.0000 

7 2.70750 COM2 Combination 0.000 44.476 0.000 0.0857 0.0000 

7 3.00100 COM2 Combination 0.000 45.327 0.000 0.0857 0.0000 

7 0.00000 COM3 Combination 0.000 -17.996 0.000 -0.0030 0.0000 

7 0.44500 COM3 Combination 0.000 -13.701 0.000 -0.0030 0.0000 

7 0.89000 COM3 Combination 0.000 -9.406 0.000 -0.0030 0.0000 

7 0.89000 COM3 Combination 0.000 -7.783 0.000 0.0012 0.0000 

7 1.28350 COM3 Combination 0.000 -3.985 0.000 0.0012 0.0000 

7 1.67700 COM3 Combination 0.000 -0.187 0.000 0.0012 0.0000 

7 1.67700 COM3 Combination 0.000 7.090 0.000 -0.0056 0.0000 

7 2.04550 COM3 Combination 0.000 10.646 0.000 -0.0056 0.0000 

7 2.41400 COM3 Combination 0.000 14.203 0.000 -0.0056 0.0000 

7 2.41400 COM3 Combination 0.000 16.147 0.000 0.0169 0.0000 

7 2.70750 COM3 Combination 0.000 18.979 0.000 0.0169 0.0000 

7 3.00100 COM3 Combination 0.000 21.812 0.000 0.0169 0.0000 

7 0.00000 LIFTLUG Combination 0.000 -21.075 0.000 -0.0235 0.0000 

7 0.44500 LIFTLUG Combination 0.000 -20.042 0.000 -0.0235 0.0000 

7 0.89000 LIFTLUG Combination 0.000 -19.009 0.000 -0.0235 0.0000 

7 0.89000 LIFTLUG Combination 0.000 -12.101 0.000 -0.0015 0.0000 

7 1.28350 LIFTLUG Combination 0.000 -11.187 0.000 -0.0015 0.0000 

7 1.67700 LIFTLUG Combination 0.000 -10.274 0.000 -0.0015 0.0000 

7 1.67700 LIFTLUG Combination 0.000 21.066 0.000 -0.0145 0.0000 

7 2.04550 LIFTLUG Combination 0.000 21.921 0.000 -0.0145 0.0000 

7 2.41400 LIFTLUG Combination 0.000 22.776 0.000 -0.0145 0.0000 

7 2.41400 LIFTLUG Combination 0.000 30.369 0.000 0.0593 0.0000 

7 2.70750 LIFTLUG Combination 0.000 31.051 0.000 0.0593 0.0000 

7 3.00100 LIFTLUG Combination 0.000 31.732 0.000 0.0593 0.0000 

14 0.00000 COM1 Combination 0.000 -1.652 0.000 -0.0492 0.0000 

14 0.44033 COM1 Combination 0.000 -0.446 0.000 -0.0161 0.0000 

14 0.88067 COM1 Combination 0.000 0.760 0.000 0.0171 0.0000 

14 1.32100 COM1 Combination 0.000 1.966 0.000 0.0503 0.0000 

14 0.00000 COM2 Combination 0.000 -10.068 0.000 -0.3149 0.0000 

14 0.44033 COM2 Combination 0.000 -2.345 0.000 -0.1025 0.0000 

14 0.88067 COM2 Combination 0.000 5.378 0.000 0.1099 0.0000 

14 1.32100 COM2 Combination 0.000 13.100 0.000 0.3224 0.0000 

14 0.00000 COM3 Combination 0.000 -1.624 0.000 -0.0446 0.0000 

14 0.44033 COM3 Combination 0.000 -0.547 0.000 -0.0150 0.0000 



338716-Shell.sdb  SAP2000 v16.1.1 - License #*1DJRQ6QTSMZATCZ 
9.  Frame results  26 May 2015 

 ENS CANADA INC.    Page 29 of 81 

Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

14 0.88067 COM3 Combination 0.000 0.530 0.000 0.0146 0.0000 

14 1.32100 COM3 Combination 0.000 1.607 0.000 0.0442 0.0000 

14 0.00000 LIFTLUG Combination 0.000 -6.909 0.000 -0.2158 0.0000 

14 0.44033 LIFTLUG Combination 0.000 -1.617 0.000 -0.0702 0.0000 

14 0.88067 LIFTLUG Combination 0.000 3.675 0.000 0.0753 0.0000 

14 1.32100 LIFTLUG Combination 0.000 8.968 0.000 0.2209 0.0000 

15 0.00000 COM1 Combination 0.000 -3.016 0.000 -0.0807 0.0000 

15 0.42680 COM1 Combination 0.000 -1.847 0.000 -0.0486 0.0000 

15 0.85360 COM1 Combination 0.000 -0.678 0.000 -0.0164 0.0000 

15 1.28040 COM1 Combination 0.000 0.491 0.000 0.0158 0.0000 

15 1.70720 COM1 Combination 0.000 1.660 0.000 0.0479 0.0000 

15 2.13400 COM1 Combination 0.000 2.829 0.000 0.0801 0.0000 

15 0.00000 COM2 Combination 0.000 -19.629 0.000 -0.5171 0.0000 

15 0.42680 COM2 Combination 0.000 -12.144 0.000 -0.3112 0.0000 

15 0.85360 COM2 Combination 0.000 -4.658 0.000 -0.1052 0.0000 

15 1.28040 COM2 Combination 0.000 2.827 0.000 0.1007 0.0000 

15 1.70720 COM2 Combination 0.000 10.312 0.000 0.3066 0.0000 

15 2.13400 COM2 Combination 0.000 17.798 0.000 0.5125 0.0000 

15 0.00000 COM3 Combination 0.000 -2.601 0.000 -0.0717 0.0000 

15 0.42680 COM3 Combination 0.000 -1.557 0.000 -0.0429 0.0000 

15 0.85360 COM3 Combination 0.000 -0.513 0.000 -0.0142 0.0000 

15 1.28040 COM3 Combination 0.000 0.530 0.000 0.0145 0.0000 

15 1.70720 COM3 Combination 0.000 1.574 0.000 0.0432 0.0000 

15 2.13400 COM3 Combination 0.000 2.618 0.000 0.0719 0.0000 

15 0.00000 LIFTLUG Combination 0.000 -13.445 0.000 -0.3543 0.0000 

15 0.42680 LIFTLUG Combination 0.000 -8.316 0.000 -0.2132 0.0000 

15 0.85360 LIFTLUG Combination 0.000 -3.186 0.000 -0.0721 0.0000 

15 1.28040 LIFTLUG Combination 0.000 1.943 0.000 0.0690 0.0000 

15 1.70720 LIFTLUG Combination 0.000 7.073 0.000 0.2101 0.0000 

15 2.13400 LIFTLUG Combination 0.000 12.202 0.000 0.3512 0.0000 

18 0.00000 COM1 Combination 0.000 -2.158 0.000 -0.0441 0.0000 

18 0.44033 COM1 Combination 0.000 -1.061 0.000 -0.0139 0.0000 

18 0.88067 COM1 Combination 0.000 0.036 0.000 0.0162 0.0000 

18 1.32100 COM1 Combination 0.000 1.133 0.000 0.0464 0.0000 

18 0.00000 COM2 Combination 0.000 -11.004 0.000 -0.2539 0.0000 

18 0.44033 COM2 Combination 0.000 -4.778 0.000 -0.0826 0.0000 

18 0.88067 COM2 Combination 0.000 1.449 0.000 0.0886 0.0000 

18 1.32100 COM2 Combination 0.000 7.676 0.000 0.2599 0.0000 

18 0.00000 COM3 Combination 0.000 -1.944 0.000 -0.0392 0.0000 

18 0.44033 COM3 Combination 0.000 -0.964 0.000 -0.0123 0.0000 

18 0.88067 COM3 Combination 0.000 0.015 0.000 0.0147 0.0000 

18 1.32100 COM3 Combination 0.000 0.995 0.000 0.0416 0.0000 

18 0.00000 LIFTLUG Combination 0.000 -7.593 0.000 -0.1745 0.0000 

18 0.44033 LIFTLUG Combination 0.000 -3.311 0.000 -0.0568 0.0000 

18 0.88067 LIFTLUG Combination 0.000 0.970 0.000 0.0610 0.0000 

18 1.32100 LIFTLUG Combination 0.000 5.252 0.000 0.1788 0.0000 

19 0.00000 COM1 Combination 0.000 -2.337 0.000 -0.0738 0.0000 

19 0.42680 COM1 Combination 0.000 -1.274 0.000 -0.0446 0.0000 

19 0.85360 COM1 Combination 0.000 -0.211 0.000 -0.0153 0.0000 

19 1.28040 COM1 Combination 0.000 0.853 0.000 0.0139 0.0000 

19 1.70720 COM1 Combination 0.000 1.916 0.000 0.0432 0.0000 

19 2.13400 COM1 Combination 0.000 2.980 0.000 0.0724 0.0000 

19 0.00000 COM2 Combination 0.000 -14.035 0.000 -0.4169 0.0000 

19 0.42680 COM2 Combination 0.000 -8.000 0.000 -0.2509 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

19 0.85360 COM2 Combination 0.000 -1.965 0.000 -0.0849 0.0000 

19 1.28040 COM2 Combination 0.000 4.071 0.000 0.0811 0.0000 

19 1.70720 COM2 Combination 0.000 10.106 0.000 0.2471 0.0000 

19 2.13400 COM2 Combination 0.000 16.141 0.000 0.4132 0.0000 

19 0.00000 COM3 Combination 0.000 -2.077 0.000 -0.0660 0.0000 

19 0.42680 COM3 Combination 0.000 -1.127 0.000 -0.0399 0.0000 

19 0.85360 COM3 Combination 0.000 -0.178 0.000 -0.0138 0.0000 

19 1.28040 COM3 Combination 0.000 0.772 0.000 0.0123 0.0000 

19 1.70720 COM3 Combination 0.000 1.721 0.000 0.0384 0.0000 

19 2.13400 COM3 Combination 0.000 2.671 0.000 0.0646 0.0000 

19 0.00000 LIFTLUG Combination 0.000 -9.635 0.000 -0.2868 0.0000 

19 0.42680 LIFTLUG Combination 0.000 -5.485 0.000 -0.1726 0.0000 

19 0.85360 LIFTLUG Combination 0.000 -1.335 0.000 -0.0584 0.0000 

19 1.28040 LIFTLUG Combination 0.000 2.815 0.000 0.0557 0.0000 

19 1.70720 LIFTLUG Combination 0.000 6.965 0.000 0.1699 0.0000 

19 2.13400 LIFTLUG Combination 0.000 11.115 0.000 0.2841 0.0000 

20 0.00000 COM1 Combination 0.000 -2.840 0.000 -0.0688 0.0000 

20 0.44033 COM1 Combination 0.000 -1.175 0.000 -0.0230 0.0000 

20 0.88067 COM1 Combination 0.000 0.490 0.000 0.0227 0.0000 

20 1.32100 COM1 Combination 0.000 2.154 0.000 0.0685 0.0000 

20 0.00000 COM2 Combination 0.000 -10.718 0.000 -0.2528 0.0000 

20 0.44033 COM2 Combination 0.000 -4.615 0.000 -0.0849 0.0000 

20 0.88067 COM2 Combination 0.000 1.488 0.000 0.0830 0.0000 

20 1.32100 COM2 Combination 0.000 7.591 0.000 0.2509 0.0000 

20 0.00000 COM3 Combination 0.000 -2.491 0.000 -0.0617 0.0000 

20 0.44033 COM3 Combination 0.000 -1.005 0.000 -0.0208 0.0000 

20 0.88067 COM3 Combination 0.000 0.482 0.000 0.0201 0.0000 

20 1.32100 COM3 Combination 0.000 1.968 0.000 0.0610 0.0000 

20 0.00000 LIFTLUG Combination 0.000 -7.484 0.000 -0.1767 0.0000 

20 0.44033 LIFTLUG Combination 0.000 -3.217 0.000 -0.0593 0.0000 

20 0.88067 LIFTLUG Combination 0.000 1.050 0.000 0.0580 0.0000 

20 1.32100 LIFTLUG Combination 0.000 5.317 0.000 0.1754 0.0000 

21 0.00000 COM1 Combination 0.000 -3.815 0.000 -0.1109 0.0000 

21 0.42680 COM1 Combination 0.000 -2.202 0.000 -0.0665 0.0000 

21 0.85360 COM1 Combination 0.000 -0.588 0.000 -0.0221 0.0000 

21 1.28040 COM1 Combination 0.000 1.025 0.000 0.0223 0.0000 

21 1.70720 COM1 Combination 0.000 2.639 0.000 0.0667 0.0000 

21 2.13400 COM1 Combination 0.000 4.252 0.000 0.1111 0.0000 

21 0.00000 COM2 Combination 0.000 -13.798 0.000 -0.4063 0.0000 

21 0.42680 COM2 Combination 0.000 -7.882 0.000 -0.2435 0.0000 

21 0.85360 COM2 Combination 0.000 -1.966 0.000 -0.0808 0.0000 

21 1.28040 COM2 Combination 0.000 3.949 0.000 0.0819 0.0000 

21 1.70720 COM2 Combination 0.000 9.865 0.000 0.2447 0.0000 

21 2.13400 COM2 Combination 0.000 15.780 0.000 0.4074 0.0000 

21 0.00000 COM3 Combination 0.000 -3.434 0.000 -0.0989 0.0000 

21 0.42680 COM3 Combination 0.000 -1.993 0.000 -0.0592 0.0000 

21 0.85360 COM3 Combination 0.000 -0.553 0.000 -0.0196 0.0000 

21 1.28040 COM3 Combination 0.000 0.888 0.000 0.0200 0.0000 

21 1.70720 COM3 Combination 0.000 2.328 0.000 0.0597 0.0000 

21 2.13400 COM3 Combination 0.000 3.769 0.000 0.0993 0.0000 

21 0.00000 LIFTLUG Combination 0.000 -9.653 0.000 -0.2840 0.0000 

21 0.42680 LIFTLUG Combination 0.000 -5.517 0.000 -0.1703 0.0000 

21 0.85360 LIFTLUG Combination 0.000 -1.381 0.000 -0.0565 0.0000 

21 1.28040 LIFTLUG Combination 0.000 2.755 0.000 0.0573 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

21 1.70720 LIFTLUG Combination 0.000 6.891 0.000 0.1710 0.0000 

21 2.13400 LIFTLUG Combination 0.000 11.026 0.000 0.2848 0.0000 

22 0.00000 COM1 Combination 0.000 -4.980 0.000 2.348E-04 0.0000 

22 0.44033 COM1 Combination 0.000 -3.287 0.000 2.348E-04 0.0000 

22 0.88067 COM1 Combination 0.000 -1.594 0.000 2.348E-04 0.0000 

22 1.32100 COM1 Combination 0.000 0.099 0.000 2.348E-04 0.0000 

22 0.00000 COM2 Combination 0.000 -19.044 0.000 -0.0010 0.0000 

22 0.44033 COM2 Combination 0.000 -13.355 0.000 -0.0010 0.0000 

22 0.88067 COM2 Combination 0.000 -7.667 0.000 -0.0010 0.0000 

22 1.32100 COM2 Combination 0.000 -1.978 0.000 -0.0010 0.0000 

22 0.00000 COM3 Combination 0.000 -4.553 0.000 -3.066E-05 0.0000 

22 0.44033 COM3 Combination 0.000 -3.042 0.000 -3.066E-05 0.0000 

22 0.88067 COM3 Combination 0.000 -1.530 0.000 -3.066E-05 0.0000 

22 1.32100 COM3 Combination 0.000 -0.018 0.000 -3.066E-05 0.0000 

22 0.00000 LIFTLUG Combination 0.000 -13.289 0.000 -6.596E-04 0.0000 

22 0.44033 LIFTLUG Combination 0.000 -9.295 0.000 -6.596E-04 0.0000 

22 0.88067 LIFTLUG Combination 0.000 -5.301 0.000 -6.596E-04 0.0000 

22 1.32100 LIFTLUG Combination 0.000 -1.307 0.000 -6.596E-04 0.0000 

23 0.00000 COM1 Combination 0.000 -2.592 0.000 -1.390E-04 0.0000 

23 0.42680 COM1 Combination 0.000 -0.951 0.000 -1.390E-04 0.0000 

23 0.85360 COM1 Combination 0.000 0.690 0.000 -1.390E-04 0.0000 

23 1.28040 COM1 Combination 0.000 2.331 0.000 -1.390E-04 0.0000 

23 1.70720 COM1 Combination 0.000 3.972 0.000 -1.390E-04 0.0000 

23 2.13400 COM1 Combination 0.000 5.613 0.000 -1.390E-04 0.0000 

23 0.00000 COM2 Combination 0.000 -7.282 0.000 6.025E-04 0.0000 

23 0.42680 COM2 Combination 0.000 -1.768 0.000 6.025E-04 0.0000 

23 0.85360 COM2 Combination 0.000 3.745 0.000 6.025E-04 0.0000 

23 1.28040 COM2 Combination 0.000 9.259 0.000 6.025E-04 0.0000 

23 1.70720 COM2 Combination 0.000 14.773 0.000 6.025E-04 0.0000 

23 2.13400 COM2 Combination 0.000 20.287 0.000 6.025E-04 0.0000 

23 0.00000 COM3 Combination 0.000 -2.249 0.000 4.247E-05 0.0000 

23 0.42680 COM3 Combination 0.000 -0.784 0.000 4.247E-05 0.0000 

23 0.85360 COM3 Combination 0.000 0.681 0.000 4.247E-05 0.0000 

23 1.28040 COM3 Combination 0.000 2.147 0.000 4.247E-05 0.0000 

23 1.70720 COM3 Combination 0.000 3.612 0.000 4.247E-05 0.0000 

23 2.13400 COM3 Combination 0.000 5.077 0.000 4.247E-05 0.0000 

23 0.00000 LIFTLUG Combination 0.000 -5.163 0.000 3.851E-04 0.0000 

23 0.42680 LIFTLUG Combination 0.000 -1.292 0.000 3.851E-04 0.0000 

23 0.85360 LIFTLUG Combination 0.000 2.579 0.000 3.851E-04 0.0000 

23 1.28040 LIFTLUG Combination 0.000 6.450 0.000 3.851E-04 0.0000 

23 1.70720 LIFTLUG Combination 0.000 10.321 0.000 3.851E-04 0.0000 

23 2.13400 LIFTLUG Combination 0.000 14.193 0.000 3.851E-04 0.0000 

26 0.00000 COM1 Combination 0.000 -4.543 0.000 -5.183E-04 0.0000 

26 0.33867 COM1 Combination 0.000 -3.111 0.000 -5.183E-04 0.0000 

26 0.67733 COM1 Combination 0.000 -1.679 0.000 -5.183E-04 0.0000 

26 1.01600 COM1 Combination 0.000 -0.247 0.000 -5.183E-04 0.0000 

26 1.01600 COM1 Combination 0.000 -0.105 0.000 -0.0019 0.0000 

26 1.38867 COM1 Combination 0.000 1.470 0.000 -0.0019 0.0000 

26 1.76133 COM1 Combination 0.000 3.046 0.000 -0.0019 0.0000 

26 2.13400 COM1 Combination 0.000 4.622 0.000 -0.0019 0.0000 

26 0.00000 COM2 Combination 0.000 -19.319 0.000 -0.0012 0.0000 

26 0.33867 COM2 Combination 0.000 -13.157 0.000 -0.0012 0.0000 

26 0.67733 COM2 Combination 0.000 -6.996 0.000 -0.0012 0.0000 

26 1.01600 COM2 Combination 0.000 -0.834 0.000 -0.0012 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

26 1.01600 COM2 Combination 0.000 -0.711 0.000 -0.0073 0.0000 

26 1.38867 COM2 Combination 0.000 6.069 0.000 -0.0073 0.0000 

26 1.76133 COM2 Combination 0.000 12.849 0.000 -0.0073 0.0000 

26 2.13400 COM2 Combination 0.000 19.629 0.000 -0.0073 0.0000 

26 0.00000 COM3 Combination 0.000 -4.059 0.000 -2.271E-04 0.0000 

26 0.33867 COM3 Combination 0.000 -2.781 0.000 -2.271E-04 0.0000 

26 0.67733 COM3 Combination 0.000 -1.502 0.000 -2.271E-04 0.0000 

26 1.01600 COM3 Combination 0.000 -0.223 0.000 -2.271E-04 0.0000 

26 1.01600 COM3 Combination 0.000 -0.096 0.000 -0.0022 0.0000 

26 1.38867 COM3 Combination 0.000 1.311 0.000 -0.0022 0.0000 

26 1.76133 COM3 Combination 0.000 2.718 0.000 -0.0022 0.0000 

26 2.13400 COM3 Combination 0.000 4.125 0.000 -0.0022 0.0000 

26 0.00000 LIFTLUG Combination 0.000 -13.420 0.000 -8.636E-04 0.0000 

26 0.33867 LIFTLUG Combination 0.000 -9.142 0.000 -8.636E-04 0.0000 

26 0.67733 LIFTLUG Combination 0.000 -4.864 0.000 -8.636E-04 0.0000 

26 1.01600 LIFTLUG Combination 0.000 -0.586 0.000 -8.636E-04 0.0000 

26 1.01600 LIFTLUG Combination 0.000 -0.487 0.000 -0.0051 0.0000 

26 1.38867 LIFTLUG Combination 0.000 4.221 0.000 -0.0051 0.0000 

26 1.76133 LIFTLUG Combination 0.000 8.929 0.000 -0.0051 0.0000 

26 2.13400 LIFTLUG Combination 0.000 13.636 0.000 -0.0051 0.0000 

27 0.00000 COM1 Combination 0.000 -2.774 0.000 -0.0726 0.0000 

27 0.44033 COM1 Combination 0.000 -0.974 0.000 -0.0232 0.0000 

27 0.88067 COM1 Combination 0.000 0.825 0.000 0.0263 0.0000 

27 1.32100 COM1 Combination 0.000 2.624 0.000 0.0758 0.0000 

27 0.00000 COM2 Combination 0.000 -12.208 0.000 -0.3225 0.0000 

27 0.44033 COM2 Combination 0.000 -4.253 0.000 -0.1036 0.0000 

27 0.88067 COM2 Combination 0.000 3.702 0.000 0.1152 0.0000 

27 1.32100 COM2 Combination 0.000 11.657 0.000 0.3341 0.0000 

27 0.00000 COM3 Combination 0.000 -2.472 0.000 -0.0647 0.0000 

27 0.44033 COM3 Combination 0.000 -0.865 0.000 -0.0205 0.0000 

27 0.88067 COM3 Combination 0.000 0.741 0.000 0.0237 0.0000 

27 1.32100 COM3 Combination 0.000 2.348 0.000 0.0679 0.0000 

27 0.00000 LIFTLUG Combination 0.000 -8.469 0.000 -0.2236 0.0000 

27 0.44033 LIFTLUG Combination 0.000 -2.951 0.000 -0.0718 0.0000 

27 0.88067 LIFTLUG Combination 0.000 2.566 0.000 0.0799 0.0000 

27 1.32100 LIFTLUG Combination 0.000 8.084 0.000 0.2317 0.0000 

29 0.00000 COM1 Combination 0.000 -0.139 0.000 0.0012 0.0000 

29 0.45600 COM1 Combination 0.000 1.438E-03 0.000 0.0012 0.0000 

29 0.91200 COM1 Combination 0.000 0.141 0.000 0.0012 0.0000 

29 0.00000 COM2 Combination 0.000 -0.127 0.000 0.0044 0.0000 

29 0.45600 COM2 Combination 0.000 -1.687E-03 0.000 0.0044 0.0000 

29 0.91200 COM2 Combination 0.000 0.123 0.000 0.0044 0.0000 

29 0.00000 COM3 Combination 0.000 -0.123 0.000 0.0011 0.0000 

29 0.45600 COM3 Combination 0.000 2.045E-03 0.000 0.0011 0.0000 

29 0.91200 COM3 Combination 0.000 0.127 0.000 0.0011 0.0000 

29 0.00000 LIFTLUG Combination 0.000 -0.101 0.000 0.0031 0.0000 

29 0.45600 LIFTLUG Combination 0.000 -9.533E-04 0.000 0.0031 0.0000 

29 0.91200 LIFTLUG Combination 0.000 0.099 0.000 0.0031 0.0000 

30 0.00000 COM1 Combination 0.000 -4.237 0.000 -0.0047 0.0000 

30 0.44033 COM1 Combination 0.000 -2.785 0.000 -0.0047 0.0000 

30 0.88067 COM1 Combination 0.000 -1.324 0.000 -0.0047 0.0000 

30 1.32100 COM1 Combination 0.000 0.147 0.000 -0.0047 0.0000 

30 0.00000 COM2 Combination 0.000 -9.628 0.000 -0.0186 0.0000 

30 0.44033 COM2 Combination 0.000 -7.040 0.000 -0.0186 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

30 0.88067 COM2 Combination 0.000 -4.314 0.000 -0.0186 0.0000 

30 1.32100 COM2 Combination 0.000 -1.452 0.000 -0.0186 0.0000 

30 0.00000 COM3 Combination 0.000 -5.004 0.000 -0.0022 0.0000 

30 0.44033 COM3 Combination 0.000 -3.709 0.000 -0.0022 0.0000 

30 0.88067 COM3 Combination 0.000 -2.404 0.000 -0.0022 0.0000 

30 1.32100 COM3 Combination 0.000 -1.091 0.000 -0.0022 0.0000 

30 0.00000 LIFTLUG Combination 0.000 -6.923 0.000 -0.0130 0.0000 

30 0.44033 LIFTLUG Combination 0.000 -5.025 0.000 -0.0130 0.0000 

30 0.88067 LIFTLUG Combination 0.000 -3.034 0.000 -0.0130 0.0000 

30 1.32100 LIFTLUG Combination 0.000 -0.950 0.000 -0.0130 0.0000 

31 0.00000 COM1 Combination 0.000 -3.492 0.000 0.0027 0.0000 

31 0.42680 COM1 Combination 0.000 -2.057 0.000 0.0027 0.0000 

31 0.85360 COM1 Combination 0.000 -0.612 0.000 0.0027 0.0000 

31 1.28040 COM1 Combination 0.000 0.842 0.000 0.0027 0.0000 

31 1.70720 COM1 Combination 0.000 2.305 0.000 0.0027 0.0000 

31 2.13400 COM1 Combination 0.000 3.778 0.000 0.0027 0.0000 

31 0.00000 COM2 Combination 0.000 -7.100 0.000 0.0107 0.0000 

31 0.42680 COM2 Combination 0.000 -4.194 0.000 0.0107 0.0000 

31 0.85360 COM2 Combination 0.000 -1.159 0.000 0.0107 0.0000 

31 1.28040 COM2 Combination 0.000 2.004 0.000 0.0107 0.0000 

31 1.70720 COM2 Combination 0.000 5.297 0.000 0.0107 0.0000 

31 2.13400 COM2 Combination 0.000 8.718 0.000 0.0107 0.0000 

31 0.00000 COM3 Combination 0.000 -2.778 0.000 0.0011 0.0000 

31 0.42680 COM3 Combination 0.000 -1.496 0.000 0.0011 0.0000 

31 0.85360 COM3 Combination 0.000 -0.206 0.000 0.0011 0.0000 

31 1.28040 COM3 Combination 0.000 1.092 0.000 0.0011 0.0000 

31 1.70720 COM3 Combination 0.000 2.399 0.000 0.0011 0.0000 

31 2.13400 COM3 Combination 0.000 3.714 0.000 0.0011 0.0000 

31 0.00000 LIFTLUG Combination 0.000 -5.149 0.000 0.0074 0.0000 

31 0.42680 LIFTLUG Combination 0.000 -3.041 0.000 0.0074 0.0000 

31 0.85360 LIFTLUG Combination 0.000 -0.846 0.000 0.0074 0.0000 

31 1.28040 LIFTLUG Combination 0.000 1.436 0.000 0.0074 0.0000 

31 1.70720 LIFTLUG Combination 0.000 3.806 0.000 0.0074 0.0000 

31 2.13400 LIFTLUG Combination 0.000 6.262 0.000 0.0074 0.0000 

42 0.00000 COM1 Combination 0.000 -3.972 0.000 -0.0696 0.0000 

42 0.44033 COM1 Combination 0.000 -2.285 0.000 -0.0232 0.0000 

42 0.88067 COM1 Combination 0.000 -0.598 0.000 0.0232 0.0000 

42 1.32100 COM1 Combination 0.000 1.089 0.000 0.0696 0.0000 

42 0.00000 COM2 Combination 0.000 -15.071 0.000 -0.2653 0.0000 

42 0.44033 COM2 Combination 0.000 -8.658 0.000 -0.0889 0.0000 

42 0.88067 COM2 Combination 0.000 -2.245 0.000 0.0875 0.0000 

42 1.32100 COM2 Combination 0.000 4.167 0.000 0.2640 0.0000 

42 0.00000 COM3 Combination 0.000 -3.576 0.000 -0.0620 0.0000 

42 0.44033 COM3 Combination 0.000 -2.070 0.000 -0.0205 0.0000 

42 0.88067 COM3 Combination 0.000 -0.563 0.000 0.0209 0.0000 

42 1.32100 COM3 Combination 0.000 0.943 0.000 0.0624 0.0000 

42 0.00000 LIFTLUG Combination 0.000 -10.520 0.000 -0.1851 0.0000 

42 0.44033 LIFTLUG Combination 0.000 -6.044 0.000 -0.0620 0.0000 

42 0.88067 LIFTLUG Combination 0.000 -1.568 0.000 0.0611 0.0000 

42 1.32100 LIFTLUG Combination 0.000 2.908 0.000 0.1843 0.0000 

43 0.00000 COM1 Combination 0.000 -3.137 0.000 -0.1110 0.0000 

43 0.42680 COM1 Combination 0.000 -1.523 0.000 -0.0666 0.0000 

43 0.85360 COM1 Combination 0.000 0.090 0.000 -0.0222 0.0000 

43 1.28040 COM1 Combination 0.000 1.704 0.000 0.0222 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

43 1.70720 COM1 Combination 0.000 3.317 0.000 0.0666 0.0000 

43 2.13400 COM1 Combination 0.000 4.930 0.000 0.1109 0.0000 

43 0.00000 COM2 Combination 0.000 -11.399 0.000 -0.4065 0.0000 

43 0.42680 COM2 Combination 0.000 -5.484 0.000 -0.2438 0.0000 

43 0.85360 COM2 Combination 0.000 0.432 0.000 -0.0810 0.0000 

43 1.28040 COM2 Combination 0.000 6.348 0.000 0.0817 0.0000 

43 1.70720 COM2 Combination 0.000 12.263 0.000 0.2444 0.0000 

43 2.13400 COM2 Combination 0.000 18.179 0.000 0.4072 0.0000 

43 0.00000 COM3 Combination 0.000 -2.782 0.000 -0.0992 0.0000 

43 0.42680 COM3 Combination 0.000 -1.342 0.000 -0.0596 0.0000 

43 0.85360 COM3 Combination 0.000 0.099 0.000 -0.0200 0.0000 

43 1.28040 COM3 Combination 0.000 1.540 0.000 0.0197 0.0000 

43 1.70720 COM3 Combination 0.000 2.980 0.000 0.0593 0.0000 

43 2.13400 COM3 Combination 0.000 4.421 0.000 0.0989 0.0000 

43 0.00000 LIFTLUG Combination 0.000 -7.973 0.000 -0.2842 0.0000 

43 0.42680 LIFTLUG Combination 0.000 -3.837 0.000 -0.1704 0.0000 

43 0.85360 LIFTLUG Combination 0.000 0.299 0.000 -0.0567 0.0000 

43 1.28040 LIFTLUG Combination 0.000 4.435 0.000 0.0571 0.0000 

43 1.70720 LIFTLUG Combination 0.000 8.570 0.000 0.1709 0.0000 

43 2.13400 LIFTLUG Combination 0.000 12.706 0.000 0.2846 0.0000 

44 0.00000 COM1 Combination 0.000 -22.910 0.000 0.0331 0.0000 

44 0.43200 COM1 Combination 0.000 -21.506 0.000 0.0331 0.0000 

44 0.43200 COM1 Combination 0.000 -15.893 0.000 0.0053 0.0000 

44 0.74300 COM1 Combination 0.000 -14.883 0.000 0.0053 0.0000 

44 1.05400 COM1 Combination 0.000 -13.872 0.000 0.0053 0.0000 

44 1.05400 COM1 Combination 0.000 -9.620 0.000 -0.0124 0.0000 

44 1.32550 COM1 Combination 0.000 -8.738 0.000 -0.0124 0.0000 

44 1.59700 COM1 Combination 0.000 -7.856 0.000 -0.0124 0.0000 

44 1.59700 COM1 Combination 0.000 4.059 0.000 0.0039 0.0000 

44 2.05300 COM1 Combination 0.000 5.540 0.000 0.0039 0.0000 

44 2.50900 COM1 Combination 0.000 7.022 0.000 0.0039 0.0000 

44 2.50900 COM1 Combination 0.000 11.644 0.000 0.0155 0.0000 

44 2.85400 COM1 Combination 0.000 12.765 0.000 0.0155 0.0000 

44 3.19900 COM1 Combination 0.000 13.886 0.000 0.0155 0.0000 

44 3.19900 COM1 Combination 0.000 18.817 0.000 -0.0514 0.0000 

44 3.67400 COM1 Combination 0.000 20.360 0.000 -0.0514 0.0000 

44 0.00000 COM2 Combination 0.000 -70.050 0.000 0.1266 0.0000 

44 0.43200 COM2 Combination 0.000 -68.797 0.000 0.1266 0.0000 

44 0.43200 COM2 Combination 0.000 -48.510 0.000 0.0185 0.0000 

44 0.74300 COM2 Combination 0.000 -47.607 0.000 0.0185 0.0000 

44 1.05400 COM2 Combination 0.000 -46.705 0.000 0.0185 0.0000 

44 1.05400 COM2 Combination 0.000 -30.925 0.000 -0.0452 0.0000 

44 1.32550 COM2 Combination 0.000 -30.137 0.000 -0.0452 0.0000 

44 1.59700 COM2 Combination 0.000 -29.349 0.000 -0.0452 0.0000 

44 1.59700 COM2 Combination 0.000 16.924 0.000 0.0168 0.0000 

44 2.05300 COM2 Combination 0.000 18.247 0.000 0.0168 0.0000 

44 2.50900 COM2 Combination 0.000 19.569 0.000 0.0168 0.0000 

44 2.50900 COM2 Combination 0.000 39.199 0.000 0.0520 0.0000 

44 2.85400 COM2 Combination 0.000 40.200 0.000 0.0520 0.0000 

44 3.19900 COM2 Combination 0.000 41.201 0.000 0.0520 0.0000 

44 3.19900 COM2 Combination 0.000 59.380 0.000 -0.1902 0.0000 

44 3.67400 COM2 Combination 0.000 60.758 0.000 -0.1902 0.0000 

44 0.00000 COM3 Combination 0.000 -32.615 0.000 0.0309 0.0000 

44 0.43200 COM3 Combination 0.000 -28.446 0.000 0.0309 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

44 0.43200 COM3 Combination 0.000 -23.369 0.000 0.0036 0.0000 

44 0.74300 COM3 Combination 0.000 -20.367 0.000 0.0036 0.0000 

44 1.05400 COM3 Combination 0.000 -17.366 0.000 0.0036 0.0000 

44 1.05400 COM3 Combination 0.000 -13.597 0.000 -0.0116 0.0000 

44 1.32550 COM3 Combination 0.000 -10.977 0.000 -0.0116 0.0000 

44 1.59700 COM3 Combination 0.000 -8.356 0.000 -0.0116 0.0000 

44 1.59700 COM3 Combination 0.000 1.812 0.000 0.0038 0.0000 

44 2.05300 COM3 Combination 0.000 6.213 0.000 0.0038 0.0000 

44 2.50900 COM3 Combination 0.000 10.614 0.000 0.0038 0.0000 

44 2.50900 COM3 Combination 0.000 14.739 0.000 0.0146 0.0000 

44 2.85400 COM3 Combination 0.000 18.068 0.000 0.0146 0.0000 

44 3.19900 COM3 Combination 0.000 21.398 0.000 0.0146 0.0000 

44 3.19900 COM3 Combination 0.000 25.819 0.000 -0.0470 0.0000 

44 3.67400 COM3 Combination 0.000 30.403 0.000 -0.0470 0.0000 

44 0.00000 LIFTLUG Combination 0.000 -49.427 0.000 0.0884 0.0000 

44 0.43200 LIFTLUG Combination 0.000 -48.425 0.000 0.0884 0.0000 

44 0.43200 LIFTLUG Combination 0.000 -34.232 0.000 0.0130 0.0000 

44 0.74300 LIFTLUG Combination 0.000 -33.510 0.000 0.0130 0.0000 

44 1.05400 LIFTLUG Combination 0.000 -32.788 0.000 0.0130 0.0000 

44 1.05400 LIFTLUG Combination 0.000 -21.762 0.000 -0.0316 0.0000 

44 1.32550 LIFTLUG Combination 0.000 -21.132 0.000 -0.0316 0.0000 

44 1.59700 LIFTLUG Combination 0.000 -20.501 0.000 -0.0316 0.0000 

44 1.59700 LIFTLUG Combination 0.000 11.766 0.000 0.0117 0.0000 

44 2.05300 LIFTLUG Combination 0.000 12.824 0.000 0.0117 0.0000 

44 2.50900 LIFTLUG Combination 0.000 13.882 0.000 0.0117 0.0000 

44 2.50900 LIFTLUG Combination 0.000 27.519 0.000 0.0365 0.0000 

44 2.85400 LIFTLUG Combination 0.000 28.320 0.000 0.0365 0.0000 

44 3.19900 LIFTLUG Combination 0.000 29.120 0.000 0.0365 0.0000 

44 3.19900 LIFTLUG Combination 0.000 41.826 0.000 -0.1329 0.0000 

44 3.67400 LIFTLUG Combination 0.000 42.929 0.000 -0.1329 0.0000 

45 0.00000 COM1 Combination 0.000 -18.347 0.000 0.0305 0.0000 

45 0.33075 COM1 Combination 0.000 -17.273 0.000 0.0305 0.0000 

45 0.66150 COM1 Combination 0.000 -16.198 0.000 0.0305 0.0000 

45 0.66150 COM1 Combination 0.000 -11.564 0.000 -0.0156 0.0000 

45 0.99225 COM1 Combination 0.000 -10.489 0.000 -0.0156 0.0000 

45 1.32300 COM1 Combination 0.000 -9.415 0.000 -0.0156 0.0000 

45 1.32300 COM1 Combination 0.000 2.075 0.000 0.0121 0.0000 

45 1.57500 COM1 Combination 0.000 2.893 0.000 0.0121 0.0000 

45 1.82700 COM1 Combination 0.000 3.712 0.000 0.0121 0.0000 

45 1.82700 COM1 Combination 0.000 7.865 0.000 -0.0025 0.0000 

45 2.13150 COM1 Combination 0.000 8.854 0.000 -0.0025 0.0000 

45 2.43600 COM1 Combination 0.000 9.843 0.000 -0.0025 0.0000 

45 2.43600 COM1 Combination 0.000 13.756 0.000 -0.0010 0.0000 

45 2.74600 COM1 Combination 0.000 14.763 0.000 -0.0010 0.0000 

45 2.74600 COM1 Combination 0.000 18.541 0.000 -0.0511 0.0000 

45 3.00000 COM1 Combination 0.000 19.367 0.000 -0.0511 0.0000 

45 0.00000 COM2 Combination 0.000 -52.424 0.000 0.1136 0.0000 

45 0.33075 COM2 Combination 0.000 -51.465 0.000 0.1136 0.0000 

45 0.66150 COM2 Combination 0.000 -50.505 0.000 0.1136 0.0000 

45 0.66150 COM2 Combination 0.000 -32.555 0.000 -0.0631 0.0000 

45 0.99225 COM2 Combination 0.000 -31.595 0.000 -0.0631 0.0000 

45 1.32300 COM2 Combination 0.000 -30.636 0.000 -0.0631 0.0000 

45 1.32300 COM2 Combination 0.000 9.453 0.000 0.0377 0.0000 

45 1.57500 COM2 Combination 0.000 10.184 0.000 0.0377 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

45 1.82700 COM2 Combination 0.000 10.915 0.000 0.0377 0.0000 

45 1.82700 COM2 Combination 0.000 25.427 0.000 -0.0191 0.0000 

45 2.13150 COM2 Combination 0.000 26.311 0.000 -0.0191 0.0000 

45 2.43600 COM2 Combination 0.000 27.194 0.000 -0.0191 0.0000 

45 2.43600 COM2 Combination 0.000 39.355 0.000 -0.0320 0.0000 

45 2.74600 COM2 Combination 0.000 40.255 0.000 -0.0320 0.0000 

45 2.74600 COM2 Combination 0.000 48.973 0.000 -0.1296 0.0000 

45 3.00000 COM2 Combination 0.000 49.710 0.000 -0.1296 0.0000 

45 0.00000 COM3 Combination 0.000 -26.714 0.000 0.0276 0.0000 

45 0.33075 COM3 Combination 0.000 -23.522 0.000 0.0276 0.0000 

45 0.66150 COM3 Combination 0.000 -20.329 0.000 0.0276 0.0000 

45 0.66150 COM3 Combination 0.000 -16.199 0.000 -0.0141 0.0000 

45 0.99225 COM3 Combination 0.000 -13.007 0.000 -0.0141 0.0000 

45 1.32300 COM3 Combination 0.000 -9.815 0.000 -0.0141 0.0000 

45 1.32300 COM3 Combination 0.000 0.311 0.000 0.0123 0.0000 

45 1.57500 COM3 Combination 0.000 2.743 0.000 0.0123 0.0000 

45 1.82700 COM3 Combination 0.000 5.175 0.000 0.0123 0.0000 

45 1.82700 COM3 Combination 0.000 8.928 0.000 8.102E-04 0.0000 

45 2.13150 COM3 Combination 0.000 11.866 0.000 8.102E-04 0.0000 

45 2.43600 COM3 Combination 0.000 14.805 0.000 8.102E-04 0.0000 

45 2.43600 COM3 Combination 0.000 18.498 0.000 0.0040 0.0000 

45 2.74600 COM3 Combination 0.000 21.490 0.000 0.0040 0.0000 

45 2.74600 COM3 Combination 0.000 25.203 0.000 -0.0500 0.0000 

45 3.00000 COM3 Combination 0.000 27.655 0.000 -0.0500 0.0000 

45 0.00000 LIFTLUG Combination 0.000 -37.134 0.000 0.0794 0.0000 

45 0.33075 LIFTLUG Combination 0.000 -36.366 0.000 0.0794 0.0000 

45 0.66150 LIFTLUG Combination 0.000 -35.598 0.000 0.0794 0.0000 

45 0.66150 LIFTLUG Combination 0.000 -23.080 0.000 -0.0439 0.0000 

45 0.99225 LIFTLUG Combination 0.000 -22.312 0.000 -0.0439 0.0000 

45 1.32300 LIFTLUG Combination 0.000 -21.545 0.000 -0.0439 0.0000 

45 1.32300 LIFTLUG Combination 0.000 6.549 0.000 0.0266 0.0000 

45 1.57500 LIFTLUG Combination 0.000 7.134 0.000 0.0266 0.0000 

45 1.82700 LIFTLUG Combination 0.000 7.719 0.000 0.0266 0.0000 

45 1.82700 LIFTLUG Combination 0.000 17.888 0.000 -0.0130 0.0000 

45 2.13150 LIFTLUG Combination 0.000 18.594 0.000 -0.0130 0.0000 

45 2.43600 LIFTLUG Combination 0.000 19.301 0.000 -0.0130 0.0000 

45 2.43600 LIFTLUG Combination 0.000 27.874 0.000 -0.0215 0.0000 

45 2.74600 LIFTLUG Combination 0.000 28.594 0.000 -0.0215 0.0000 

45 2.74600 LIFTLUG Combination 0.000 34.856 0.000 -0.0925 0.0000 

45 3.00000 LIFTLUG Combination 0.000 35.445 0.000 -0.0925 0.0000 

46 0.00000 COM1 Combination 0.000 -22.238 0.000 -0.0311 0.0000 

46 0.43200 COM1 Combination 0.000 -20.834 0.000 -0.0311 0.0000 

46 0.43200 COM1 Combination 0.000 -15.854 0.000 5.711E-04 0.0000 

46 0.74300 COM1 Combination 0.000 -14.843 0.000 5.711E-04 0.0000 

46 1.05400 COM1 Combination 0.000 -13.833 0.000 5.711E-04 0.0000 

46 1.05400 COM1 Combination 0.000 -10.993 0.000 0.0022 0.0000 

46 1.32550 COM1 Combination 0.000 -10.111 0.000 0.0022 0.0000 

46 1.59700 COM1 Combination 0.000 -9.229 0.000 0.0022 0.0000 

46 1.59700 COM1 Combination 0.000 5.342 0.000 -0.0067 0.0000 

46 2.01650 COM1 Combination 0.000 6.705 0.000 -0.0067 0.0000 

46 2.43600 COM1 Combination 0.000 8.068 0.000 -0.0067 0.0000 

46 2.43600 COM1 Combination 0.000 10.842 0.000 -0.0060 0.0000 

46 2.81750 COM1 Combination 0.000 12.082 0.000 -0.0060 0.0000 

46 3.19900 COM1 Combination 0.000 13.321 0.000 -0.0060 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

46 3.19900 COM1 Combination 0.000 17.294 0.000 0.0439 0.0000 

46 3.67400 COM1 Combination 0.000 18.837 0.000 0.0439 0.0000 

46 0.00000 COM2 Combination 0.000 -68.731 0.000 -0.1223 0.0000 

46 0.43200 COM2 Combination 0.000 -67.478 0.000 -0.1223 0.0000 

46 0.43200 COM2 Combination 0.000 -48.434 0.000 0.0050 0.0000 

46 0.74300 COM2 Combination 0.000 -47.531 0.000 0.0050 0.0000 

46 1.05400 COM2 Combination 0.000 -46.629 0.000 0.0050 0.0000 

46 1.05400 COM2 Combination 0.000 -35.911 0.000 0.0083 0.0000 

46 1.32550 COM2 Combination 0.000 -35.123 0.000 0.0083 0.0000 

46 1.59700 COM2 Combination 0.000 -34.335 0.000 0.0083 0.0000 

46 1.59700 COM2 Combination 0.000 21.887 0.000 -0.0274 0.0000 

46 2.01650 COM2 Combination 0.000 23.104 0.000 -0.0274 0.0000 

46 2.43600 COM2 Combination 0.000 24.321 0.000 -0.0274 0.0000 

46 2.43600 COM2 Combination 0.000 36.529 0.000 -0.0184 0.0000 

46 2.81750 COM2 Combination 0.000 37.636 0.000 -0.0184 0.0000 

46 3.19900 COM2 Combination 0.000 38.743 0.000 -0.0184 0.0000 

46 3.19900 COM2 Combination 0.000 53.814 0.000 0.1648 0.0000 

46 3.67400 COM2 Combination 0.000 55.192 0.000 0.1648 0.0000 

46 0.00000 COM3 Combination 0.000 -31.826 0.000 -0.0295 0.0000 

46 0.43200 COM3 Combination 0.000 -27.656 0.000 -0.0295 0.0000 

46 0.43200 COM3 Combination 0.000 -23.103 0.000 0.0017 0.0000 

46 0.74300 COM3 Combination 0.000 -20.101 0.000 0.0017 0.0000 

46 1.05400 COM3 Combination 0.000 -17.100 0.000 0.0017 0.0000 

46 1.05400 COM3 Combination 0.000 -14.609 0.000 0.0025 0.0000 

46 1.32550 COM3 Combination 0.000 -11.989 0.000 0.0025 0.0000 

46 1.59700 COM3 Combination 0.000 -9.368 0.000 0.0025 0.0000 

46 1.59700 COM3 Combination 0.000 2.884 0.000 -0.0062 0.0000 

46 2.01650 COM3 Combination 0.000 6.933 0.000 -0.0062 0.0000 

46 2.43600 COM3 Combination 0.000 10.982 0.000 -0.0062 0.0000 

46 2.43600 COM3 Combination 0.000 13.454 0.000 -0.0064 0.0000 

46 2.81750 COM3 Combination 0.000 17.136 0.000 -0.0064 0.0000 

46 3.19900 COM3 Combination 0.000 20.818 0.000 -0.0064 0.0000 

46 3.19900 COM3 Combination 0.000 24.394 0.000 0.0396 0.0000 

46 3.67400 COM3 Combination 0.000 28.978 0.000 0.0396 0.0000 

46 0.00000 LIFTLUG Combination 0.000 -48.468 0.000 -0.0853 0.0000 

46 0.43200 LIFTLUG Combination 0.000 -47.465 0.000 -0.0853 0.0000 

46 0.43200 LIFTLUG Combination 0.000 -34.177 0.000 0.0034 0.0000 

46 0.74300 LIFTLUG Combination 0.000 -33.455 0.000 0.0034 0.0000 

46 1.05400 LIFTLUG Combination 0.000 -32.733 0.000 0.0034 0.0000 

46 1.05400 LIFTLUG Combination 0.000 -25.249 0.000 0.0058 0.0000 

46 1.32550 LIFTLUG Combination 0.000 -24.619 0.000 0.0058 0.0000 

46 1.59700 LIFTLUG Combination 0.000 -23.989 0.000 0.0058 0.0000 

46 1.59700 LIFTLUG Combination 0.000 15.227 0.000 -0.0191 0.0000 

46 2.01650 LIFTLUG Combination 0.000 16.201 0.000 -0.0191 0.0000 

46 2.43600 LIFTLUG Combination 0.000 17.175 0.000 -0.0191 0.0000 

46 2.43600 LIFTLUG Combination 0.000 25.644 0.000 -0.0130 0.0000 

46 2.81750 LIFTLUG Combination 0.000 26.529 0.000 -0.0130 0.0000 

46 3.19900 LIFTLUG Combination 0.000 27.415 0.000 -0.0130 0.0000 

46 3.19900 LIFTLUG Combination 0.000 37.935 0.000 0.1151 0.0000 

46 3.67400 LIFTLUG Combination 0.000 39.037 0.000 0.1151 0.0000 

47 0.00000 COM1 Combination 0.000 -17.231 0.000 -0.0234 0.0000 

47 0.33075 COM1 Combination 0.000 -16.157 0.000 -0.0234 0.0000 

47 0.66150 COM1 Combination 0.000 -15.082 0.000 -0.0234 0.0000 

47 0.66150 COM1 Combination 0.000 -11.744 0.000 0.0077 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

47 0.99225 COM1 Combination 0.000 -10.669 0.000 0.0077 0.0000 

47 1.32300 COM1 Combination 0.000 -9.594 0.000 0.0077 0.0000 

47 1.32300 COM1 Combination 0.000 4.655 0.000 -0.0011 0.0000 

47 1.57500 COM1 Combination 0.000 5.474 0.000 -0.0011 0.0000 

47 1.82700 COM1 Combination 0.000 6.293 0.000 -0.0011 0.0000 

47 1.82700 COM1 Combination 0.000 9.014 0.000 0.0029 0.0000 

47 2.13150 COM1 Combination 0.000 10.003 0.000 0.0029 0.0000 

47 2.43600 COM1 Combination 0.000 10.993 0.000 0.0029 0.0000 

47 2.43600 COM1 Combination 0.000 13.498 0.000 0.0330 0.0000 

47 2.74600 COM1 Combination 0.000 14.505 0.000 0.0330 0.0000 

47 2.74600 COM1 Combination 0.000 15.159 0.000 -0.0214 0.0000 

47 3.00000 COM1 Combination 0.000 15.984 0.000 -0.0214 0.0000 

47 0.00000 COM2 Combination 0.000 -48.202 0.000 -0.0855 0.0000 

47 0.33075 COM2 Combination 0.000 -47.243 0.000 -0.0855 0.0000 

47 0.66150 COM2 Combination 0.000 -46.283 0.000 -0.0855 0.0000 

47 0.66150 COM2 Combination 0.000 -33.680 0.000 0.0312 0.0000 

47 0.99225 COM2 Combination 0.000 -32.721 0.000 0.0312 0.0000 

47 1.32300 COM2 Combination 0.000 -31.761 0.000 0.0312 0.0000 

47 1.32300 COM2 Combination 0.000 18.031 0.000 0.0029 0.0000 

47 1.57500 COM2 Combination 0.000 18.762 0.000 0.0029 0.0000 

47 1.82700 COM2 Combination 0.000 19.493 0.000 0.0029 0.0000 

47 1.82700 COM2 Combination 0.000 28.708 0.000 0.0171 0.0000 

47 2.13150 COM2 Combination 0.000 29.591 0.000 0.0171 0.0000 

47 2.43600 COM2 Combination 0.000 30.475 0.000 0.0171 0.0000 

47 2.43600 COM2 Combination 0.000 37.950 0.000 0.0988 0.0000 

47 2.74600 COM2 Combination 0.000 38.849 0.000 0.0988 0.0000 

47 2.74600 COM2 Combination 0.000 37.720 0.000 -0.0446 0.0000 

47 3.00000 COM2 Combination 0.000 38.457 0.000 -0.0446 0.0000 

47 0.00000 COM3 Combination 0.000 -25.413 0.000 -0.0206 0.0000 

47 0.33075 COM3 Combination 0.000 -22.221 0.000 -0.0206 0.0000 

47 0.66150 COM3 Combination 0.000 -19.029 0.000 -0.0206 0.0000 

47 0.66150 COM3 Combination 0.000 -16.060 0.000 0.0070 0.0000 

47 0.99225 COM3 Combination 0.000 -12.868 0.000 0.0070 0.0000 

47 1.32300 COM3 Combination 0.000 -9.676 0.000 0.0070 0.0000 

47 1.32300 COM3 Combination 0.000 2.832 0.000 -0.0027 0.0000 

47 1.57500 COM3 Combination 0.000 5.265 0.000 -0.0027 0.0000 

47 1.82700 COM3 Combination 0.000 7.697 0.000 -0.0027 0.0000 

47 1.82700 COM3 Combination 0.000 10.199 0.000 -9.174E-04 0.0000 

47 2.13150 COM3 Combination 0.000 13.137 0.000 -9.174E-04 0.0000 

47 2.43600 COM3 Combination 0.000 16.076 0.000 -9.174E-04 0.0000 

47 2.43600 COM3 Combination 0.000 18.642 0.000 0.0347 0.0000 

47 2.74600 COM3 Combination 0.000 21.634 0.000 0.0347 0.0000 

47 2.74600 COM3 Combination 0.000 22.118 0.000 -0.0358 0.0000 

47 3.00000 COM3 Combination 0.000 24.569 0.000 -0.0358 0.0000 

47 0.00000 LIFTLUG Combination 0.000 -34.186 0.000 -0.0598 0.0000 

47 0.33075 LIFTLUG Combination 0.000 -33.418 0.000 -0.0598 0.0000 

47 0.66150 LIFTLUG Combination 0.000 -32.651 0.000 -0.0598 0.0000 

47 0.66150 LIFTLUG Combination 0.000 -23.852 0.000 0.0217 0.0000 

47 0.99225 LIFTLUG Combination 0.000 -23.084 0.000 0.0217 0.0000 

47 1.32300 LIFTLUG Combination 0.000 -22.316 0.000 0.0217 0.0000 

47 1.32300 LIFTLUG Combination 0.000 12.575 0.000 0.0018 0.0000 

47 1.57500 LIFTLUG Combination 0.000 13.160 0.000 0.0018 0.0000 

47 1.82700 LIFTLUG Combination 0.000 13.745 0.000 0.0018 0.0000 

47 1.82700 LIFTLUG Combination 0.000 20.212 0.000 0.0118 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

47 2.13150 LIFTLUG Combination 0.000 20.918 0.000 0.0118 0.0000 

47 2.43600 LIFTLUG Combination 0.000 21.625 0.000 0.0118 0.0000 

47 2.43600 LIFTLUG Combination 0.000 26.907 0.000 0.0698 0.0000 

47 2.74600 LIFTLUG Combination 0.000 27.626 0.000 0.0698 0.0000 

47 2.74600 LIFTLUG Combination 0.000 26.951 0.000 -0.0323 0.0000 

47 3.00000 LIFTLUG Combination 0.000 27.541 0.000 -0.0323 0.0000 

52 0.00000 COM1 Combination 0.000 -2.721 0.000 -0.0684 0.0000 

52 0.44033 COM1 Combination 0.000 -1.072 0.000 -0.0230 0.0000 

52 0.88067 COM1 Combination 0.000 0.576 0.000 0.0223 0.0000 

52 1.32100 COM1 Combination 0.000 2.225 0.000 0.0677 0.0000 

52 0.00000 COM2 Combination 0.000 -9.214 0.000 -0.2456 0.0000 

52 0.44033 COM2 Combination 0.000 -3.332 0.000 -0.0838 0.0000 

52 0.88067 COM2 Combination 0.000 2.551 0.000 0.0780 0.0000 

52 1.32100 COM2 Combination 0.000 8.434 0.000 0.2399 0.0000 

52 0.00000 COM3 Combination 0.000 -2.502 0.000 -0.0605 0.0000 

52 0.44033 COM3 Combination 0.000 -1.030 0.000 -0.0200 0.0000 

52 0.88067 COM3 Combination 0.000 0.442 0.000 0.0205 0.0000 

52 1.32100 COM3 Combination 0.000 1.914 0.000 0.0610 0.0000 

52 0.00000 LIFTLUG Combination 0.000 -6.467 0.000 -0.1719 0.0000 

52 0.44033 LIFTLUG Combination 0.000 -2.349 0.000 -0.0586 0.0000 

52 0.88067 LIFTLUG Combination 0.000 1.769 0.000 0.0547 0.0000 

52 1.32100 LIFTLUG Combination 0.000 5.887 0.000 0.1680 0.0000 

53 0.00000 COM1 Combination 0.000 -3.837 0.000 -0.1097 0.0000 

53 0.42680 COM1 Combination 0.000 -2.239 0.000 -0.0657 0.0000 

53 0.85360 COM1 Combination 0.000 -0.642 0.000 -0.0217 0.0000 

53 1.28040 COM1 Combination 0.000 0.956 0.000 0.0222 0.0000 

53 1.70720 COM1 Combination 0.000 2.554 0.000 0.0662 0.0000 

53 2.13400 COM1 Combination 0.000 4.152 0.000 0.1101 0.0000 

53 0.00000 COM2 Combination 0.000 -13.998 0.000 -0.3903 0.0000 

53 0.42680 COM2 Combination 0.000 -8.296 0.000 -0.2334 0.0000 

53 0.85360 COM2 Combination 0.000 -2.594 0.000 -0.0766 0.0000 

53 1.28040 COM2 Combination 0.000 3.108 0.000 0.0803 0.0000 

53 1.70720 COM2 Combination 0.000 8.810 0.000 0.2371 0.0000 

53 2.13400 COM2 Combination 0.000 14.512 0.000 0.3940 0.0000 

53 0.00000 COM3 Combination 0.000 -3.381 0.000 -0.0983 0.0000 

53 0.42680 COM3 Combination 0.000 -1.954 0.000 -0.0590 0.0000 

53 0.85360 COM3 Combination 0.000 -0.528 0.000 -0.0198 0.0000 

53 1.28040 COM3 Combination 0.000 0.899 0.000 0.0195 0.0000 

53 1.70720 COM3 Combination 0.000 2.326 0.000 0.0587 0.0000 

53 2.13400 COM3 Combination 0.000 3.752 0.000 0.0980 0.0000 

53 0.00000 LIFTLUG Combination 0.000 -9.789 0.000 -0.2733 0.0000 

53 0.42680 LIFTLUG Combination 0.000 -5.797 0.000 -0.1635 0.0000 

53 0.85360 LIFTLUG Combination 0.000 -1.806 0.000 -0.0537 0.0000 

53 1.28040 LIFTLUG Combination 0.000 2.186 0.000 0.0562 0.0000 

53 1.70720 LIFTLUG Combination 0.000 6.178 0.000 0.1660 0.0000 

53 2.13400 LIFTLUG Combination 0.000 10.169 0.000 0.2758 0.0000 

54 0.00000 COM1 Combination 0.000 -2.506 0.000 -0.0670 0.0000 

54 0.44033 COM1 Combination 0.000 -0.917 0.000 -0.0233 0.0000 

54 0.88067 COM1 Combination 0.000 0.672 0.000 0.0204 0.0000 

54 1.32100 COM1 Combination 0.000 2.261 0.000 0.0641 0.0000 

54 0.00000 COM2 Combination 0.000 -7.475 0.000 -0.2153 0.0000 

54 0.44033 COM2 Combination 0.000 -2.415 0.000 -0.0761 0.0000 

54 0.88067 COM2 Combination 0.000 2.646 0.000 0.0631 0.0000 

54 1.32100 COM2 Combination 0.000 7.706 0.000 0.2023 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

54 0.00000 COM3 Combination 0.000 -2.566 0.000 -0.0589 0.0000 

54 0.44033 COM3 Combination 0.000 -1.147 0.000 -0.0199 0.0000 

54 0.88067 COM3 Combination 0.000 0.271 0.000 0.0192 0.0000 

54 1.32100 COM3 Combination 0.000 1.690 0.000 0.0582 0.0000 

54 0.00000 LIFTLUG Combination 0.000 -5.282 0.000 -0.1515 0.0000 

54 0.44033 LIFTLUG Combination 0.000 -1.719 0.000 -0.0535 0.0000 

54 0.88067 LIFTLUG Combination 0.000 1.844 0.000 0.0445 0.0000 

54 1.32100 LIFTLUG Combination 0.000 5.407 0.000 0.1425 0.0000 

55 0.00000 COM1 Combination 0.000 -3.788 0.000 -0.1051 0.0000 

55 0.42680 COM1 Combination 0.000 -2.248 0.000 -0.0627 0.0000 

55 0.85360 COM1 Combination 0.000 -0.708 0.000 -0.0204 0.0000 

55 1.28040 COM1 Combination 0.000 0.832 0.000 0.0220 0.0000 

55 1.70720 COM1 Combination 0.000 2.372 0.000 0.0644 0.0000 

55 2.13400 COM1 Combination 0.000 3.912 0.000 0.1067 0.0000 

55 0.00000 COM2 Combination 0.000 -12.364 0.000 -0.3335 0.0000 

55 0.42680 COM2 Combination 0.000 -7.459 0.000 -0.1986 0.0000 

55 0.85360 COM2 Combination 0.000 -2.554 0.000 -0.0637 0.0000 

55 1.28040 COM2 Combination 0.000 2.351 0.000 0.0712 0.0000 

55 1.70720 COM2 Combination 0.000 7.256 0.000 0.2062 0.0000 

55 2.13400 COM2 Combination 0.000 12.161 0.000 0.3411 0.0000 

55 0.00000 COM3 Combination 0.000 -3.182 0.000 -0.0944 0.0000 

55 0.42680 COM3 Combination 0.000 -1.807 0.000 -0.0566 0.0000 

55 0.85360 COM3 Combination 0.000 -0.433 0.000 -0.0188 0.0000 

55 1.28040 COM3 Combination 0.000 0.942 0.000 0.0191 0.0000 

55 1.70720 COM3 Combination 0.000 2.317 0.000 0.0569 0.0000 

55 2.13400 COM3 Combination 0.000 3.692 0.000 0.0947 0.0000 

55 0.00000 LIFTLUG Combination 0.000 -8.693 0.000 -0.2349 0.0000 

55 0.42680 LIFTLUG Combination 0.000 -5.240 0.000 -0.1399 0.0000 

55 0.85360 LIFTLUG Combination 0.000 -1.787 0.000 -0.0449 0.0000 

55 1.28040 LIFTLUG Combination 0.000 1.667 0.000 0.0501 0.0000 

55 1.70720 LIFTLUG Combination 0.000 5.120 0.000 0.1451 0.0000 

55 2.13400 LIFTLUG Combination 0.000 8.573 0.000 0.2401 0.0000 

58 0.00000 COM1 Combination 0.000 -3.338 0.000 -0.0723 0.0000 

58 0.44033 COM1 Combination 0.000 -1.625 0.000 -0.0252 0.0000 

58 0.88067 COM1 Combination 0.000 0.088 0.000 0.0220 0.0000 

58 1.32100 COM1 Combination 0.000 1.802 0.000 0.0691 0.0000 

58 0.00000 COM2 Combination 0.000 -12.603 0.000 -0.2858 0.0000 

58 0.44033 COM2 Combination 0.000 -5.830 0.000 -0.0995 0.0000 

58 0.88067 COM2 Combination 0.000 0.943 0.000 0.0868 0.0000 

58 1.32100 COM2 Combination 0.000 7.716 0.000 0.2731 0.0000 

58 0.00000 COM3 Combination 0.000 -2.969 0.000 -0.0647 0.0000 

58 0.44033 COM3 Combination 0.000 -1.439 0.000 -0.0226 0.0000 

58 0.88067 COM3 Combination 0.000 0.091 0.000 0.0195 0.0000 

58 1.32100 COM3 Combination 0.000 1.621 0.000 0.0615 0.0000 

58 0.00000 LIFTLUG Combination 0.000 -8.799 0.000 -0.1991 0.0000 

58 0.44033 LIFTLUG Combination 0.000 -4.080 0.000 -0.0693 0.0000 

58 0.88067 LIFTLUG Combination 0.000 0.639 0.000 0.0605 0.0000 

58 1.32100 LIFTLUG Combination 0.000 5.358 0.000 0.1903 0.0000 

59 0.00000 COM1 Combination 0.000 -3.670 0.000 -0.1132 0.0000 

59 0.42680 COM1 Combination 0.000 -2.009 0.000 -0.0675 0.0000 

59 0.85360 COM1 Combination 0.000 -0.348 0.000 -0.0218 0.0000 

59 1.28040 COM1 Combination 0.000 1.312 0.000 0.0238 0.0000 

59 1.70720 COM1 Combination 0.000 2.973 0.000 0.0695 0.0000 

59 2.13400 COM1 Combination 0.000 4.634 0.000 0.1152 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

59 0.00000 COM2 Combination 0.000 -14.873 0.000 -0.4475 0.0000 

59 0.42680 COM2 Combination 0.000 -8.309 0.000 -0.2669 0.0000 

59 0.85360 COM2 Combination 0.000 -1.744 0.000 -0.0863 0.0000 

59 1.28040 COM2 Combination 0.000 4.821 0.000 0.0943 0.0000 

59 1.70720 COM2 Combination 0.000 11.385 0.000 0.2749 0.0000 

59 2.13400 COM2 Combination 0.000 17.950 0.000 0.4554 0.0000 

59 0.00000 COM3 Combination 0.000 -3.283 0.000 -0.1010 0.0000 

59 0.42680 COM3 Combination 0.000 -1.801 0.000 -0.0602 0.0000 

59 0.85360 COM3 Combination 0.000 -0.318 0.000 -0.0194 0.0000 

59 1.28040 COM3 Combination 0.000 1.165 0.000 0.0214 0.0000 

59 1.70720 COM3 Combination 0.000 2.647 0.000 0.0622 0.0000 

59 2.13400 COM3 Combination 0.000 4.130 0.000 0.1030 0.0000 

59 0.00000 LIFTLUG Combination 0.000 -10.352 0.000 -0.3118 0.0000 

59 0.42680 LIFTLUG Combination 0.000 -5.778 0.000 -0.1860 0.0000 

59 0.85360 LIFTLUG Combination 0.000 -1.204 0.000 -0.0601 0.0000 

59 1.28040 LIFTLUG Combination 0.000 3.370 0.000 0.0657 0.0000 

59 1.70720 LIFTLUG Combination 0.000 7.944 0.000 0.1915 0.0000 

59 2.13400 LIFTLUG Combination 0.000 12.518 0.000 0.3173 0.0000 

60 0.00000 COM1 Combination 0.000 -8.274 0.000 0.0024 0.0000 

60 0.44033 COM1 Combination 0.000 -6.990 0.000 0.0024 0.0000 

60 0.88067 COM1 Combination 0.000 -5.706 0.000 0.0024 0.0000 

60 1.32100 COM1 Combination 0.000 -4.422 0.000 0.0024 0.0000 

60 1.32100 COM1 Combination 0.000 0.815 0.000 -0.0015 0.0000 

60 1.74780 COM1 Combination 0.000 2.059 0.000 -0.0015 0.0000 

60 2.17460 COM1 Combination 0.000 3.304 0.000 -0.0015 0.0000 

60 2.60140 COM1 Combination 0.000 4.548 0.000 -0.0015 0.0000 

60 3.02820 COM1 Combination 0.000 5.793 0.000 -0.0015 0.0000 

60 3.45500 COM1 Combination 0.000 7.038 0.000 -0.0015 0.0000 

60 0.00000 COM2 Combination 0.000 -45.532 0.000 0.0083 0.0000 

60 0.44033 COM2 Combination 0.000 -38.346 0.000 0.0083 0.0000 

60 0.88067 COM2 Combination 0.000 -31.160 0.000 0.0083 0.0000 

60 1.32100 COM2 Combination 0.000 -23.974 0.000 0.0083 0.0000 

60 1.32100 COM2 Combination 0.000 4.077 0.000 -0.0053 0.0000 

60 1.74780 COM2 Combination 0.000 11.043 0.000 -0.0053 0.0000 

60 2.17460 COM2 Combination 0.000 18.008 0.000 -0.0053 0.0000 

60 2.60140 COM2 Combination 0.000 24.973 0.000 -0.0053 0.0000 

60 3.02820 COM2 Combination 0.000 31.938 0.000 -0.0053 0.0000 

60 3.45500 COM2 Combination 0.000 38.904 0.000 -0.0053 0.0000 

60 0.00000 COM3 Combination 0.000 -7.277 0.000 0.0016 0.0000 

60 0.44033 COM3 Combination 0.000 -6.131 0.000 0.0016 0.0000 

60 0.88067 COM3 Combination 0.000 -4.984 0.000 0.0016 0.0000 

60 1.32100 COM3 Combination 0.000 -3.838 0.000 0.0016 0.0000 

60 1.32100 COM3 Combination 0.000 0.659 0.000 -9.913E-04 0.0000 

60 1.74780 COM3 Combination 0.000 1.771 0.000 -9.913E-04 0.0000 

60 2.17460 COM3 Combination 0.000 2.882 0.000 -9.913E-04 0.0000 

60 2.60140 COM3 Combination 0.000 3.993 0.000 -9.913E-04 0.0000 

60 3.02820 COM3 Combination 0.000 5.104 0.000 -9.913E-04 0.0000 

60 3.45500 COM3 Combination 0.000 6.216 0.000 -9.913E-04 0.0000 

60 0.00000 LIFTLUG Combination 0.000 -31.340 0.000 0.0058 0.0000 

60 0.44033 LIFTLUG Combination 0.000 -26.396 0.000 0.0058 0.0000 

60 0.88067 LIFTLUG Combination 0.000 -21.453 0.000 0.0058 0.0000 

60 1.32100 LIFTLUG Combination 0.000 -16.509 0.000 0.0058 0.0000 

60 1.32100 LIFTLUG Combination 0.000 2.815 0.000 -0.0037 0.0000 

60 1.74780 LIFTLUG Combination 0.000 7.607 0.000 -0.0037 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

60 2.17460 LIFTLUG Combination 0.000 12.399 0.000 -0.0037 0.0000 

60 2.60140 LIFTLUG Combination 0.000 17.190 0.000 -0.0037 0.0000 

60 3.02820 LIFTLUG Combination 0.000 21.982 0.000 -0.0037 0.0000 

60 3.45500 LIFTLUG Combination 0.000 26.774 0.000 -0.0037 0.0000 

61 0.00000 COM1 Combination 0.000 -14.249 0.000 -0.0026 0.0000 

61 0.44033 COM1 Combination 0.000 -12.459 0.000 -0.0026 0.0000 

61 0.88067 COM1 Combination 0.000 -10.669 0.000 -0.0026 0.0000 

61 1.32100 COM1 Combination 0.000 -8.879 0.000 -0.0026 0.0000 

61 1.32100 COM1 Combination 0.000 2.814 0.000 0.0017 0.0000 

61 1.74780 COM1 Combination 0.000 4.549 0.000 0.0017 0.0000 

61 2.17460 COM1 Combination 0.000 6.284 0.000 0.0017 0.0000 

61 2.60140 COM1 Combination 0.000 8.019 0.000 0.0017 0.0000 

61 3.02820 COM1 Combination 0.000 9.754 0.000 0.0017 0.0000 

61 3.45500 COM1 Combination 0.000 11.489 0.000 0.0017 0.0000 

61 0.00000 COM2 Combination 0.000 -49.792 0.000 -0.0135 0.0000 

61 0.44033 COM2 Combination 0.000 -43.575 0.000 -0.0135 0.0000 

61 0.88067 COM2 Combination 0.000 -37.358 0.000 -0.0135 0.0000 

61 1.32100 COM2 Combination 0.000 -31.141 0.000 -0.0135 0.0000 

61 1.32100 COM2 Combination 0.000 9.958 0.000 0.0087 0.0000 

61 1.74780 COM2 Combination 0.000 15.984 0.000 0.0087 0.0000 

61 2.17460 COM2 Combination 0.000 22.010 0.000 0.0087 0.0000 

61 2.60140 COM2 Combination 0.000 28.037 0.000 0.0087 0.0000 

61 3.02820 COM2 Combination 0.000 34.063 0.000 0.0087 0.0000 

61 3.45500 COM2 Combination 0.000 40.089 0.000 0.0087 0.0000 

61 0.00000 COM3 Combination 0.000 -12.508 0.000 -0.0017 0.0000 

61 0.44033 COM3 Combination 0.000 -10.910 0.000 -0.0017 0.0000 

61 0.88067 COM3 Combination 0.000 -9.312 0.000 -0.0017 0.0000 

61 1.32100 COM3 Combination 0.000 -7.714 0.000 -0.0017 0.0000 

61 1.32100 COM3 Combination 0.000 2.380 0.000 0.0011 0.0000 

61 1.74780 COM3 Combination 0.000 3.929 0.000 0.0011 0.0000 

61 2.17460 COM3 Combination 0.000 5.479 0.000 0.0011 0.0000 

61 2.60140 COM3 Combination 0.000 7.028 0.000 0.0011 0.0000 

61 3.02820 COM3 Combination 0.000 8.577 0.000 0.0011 0.0000 

61 3.45500 COM3 Combination 0.000 10.126 0.000 0.0011 0.0000 

61 0.00000 LIFTLUG Combination 0.000 -34.891 0.000 -0.0093 0.0000 

61 0.44033 LIFTLUG Combination 0.000 -30.533 0.000 -0.0093 0.0000 

61 0.88067 LIFTLUG Combination 0.000 -26.175 0.000 -0.0093 0.0000 

61 1.32100 LIFTLUG Combination 0.000 -21.818 0.000 -0.0093 0.0000 

61 1.32100 LIFTLUG Combination 0.000 6.974 0.000 0.0060 0.0000 

61 1.74780 LIFTLUG Combination 0.000 11.198 0.000 0.0060 0.0000 

61 2.17460 LIFTLUG Combination 0.000 15.422 0.000 0.0060 0.0000 

61 2.60140 LIFTLUG Combination 0.000 19.646 0.000 0.0060 0.0000 

61 3.02820 LIFTLUG Combination 0.000 23.870 0.000 0.0060 0.0000 

61 3.45500 LIFTLUG Combination 0.000 28.094 0.000 0.0060 0.0000 

62 0.00000 COM1 Combination 0.000 -2.041 0.000 -0.0013 0.0000 

62 0.44500 COM1 Combination 0.000 -1.904 0.000 -0.0013 0.0000 

62 0.89000 COM1 Combination 0.000 -1.767 0.000 -0.0013 0.0000 

62 0.89000 COM1 Combination 0.000 3.214 0.000 8.000E-04 0.0000 

62 1.28350 COM1 Combination 0.000 3.335 0.000 8.000E-04 0.0000 

62 1.67700 COM1 Combination 0.000 3.456 0.000 8.000E-04 0.0000 

62 0.00000 COM2 Combination 0.000 -14.282 0.000 -0.0090 0.0000 

62 0.44500 COM2 Combination 0.000 -14.160 0.000 -0.0090 0.0000 

62 0.89000 COM2 Combination 0.000 -14.038 0.000 -0.0090 0.0000 

62 0.89000 COM2 Combination 0.000 18.691 0.000 0.0055 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

62 1.28350 COM2 Combination 0.000 18.799 0.000 0.0055 0.0000 

62 1.67700 COM2 Combination 0.000 18.907 0.000 0.0055 0.0000 

62 0.00000 COM3 Combination 0.000 -1.560 0.000 -5.181E-04 0.0000 

62 0.44500 COM3 Combination 0.000 -1.438 0.000 -5.181E-04 0.0000 

62 0.89000 COM3 Combination 0.000 -1.315 0.000 -5.181E-04 0.0000 

62 0.89000 COM3 Combination 0.000 2.892 0.000 9.355E-04 0.0000 

62 1.28350 COM3 Combination 0.000 3.000 0.000 9.355E-04 0.0000 

62 1.67700 COM3 Combination 0.000 3.108 0.000 9.355E-04 0.0000 

62 0.00000 LIFTLUG Combination 0.000 -9.765 0.000 -0.0061 0.0000 

62 0.44500 LIFTLUG Combination 0.000 -9.667 0.000 -0.0061 0.0000 

62 0.89000 LIFTLUG Combination 0.000 -9.569 0.000 -0.0061 0.0000 

62 0.89000 LIFTLUG Combination 0.000 12.843 0.000 0.0038 0.0000 

62 1.28350 LIFTLUG Combination 0.000 12.930 0.000 0.0038 0.0000 

62 1.67700 LIFTLUG Combination 0.000 13.016 0.000 0.0038 0.0000 

63 0.00000 COM1 Combination 0.000 -8.162 0.000 -0.0020 0.0000 

63 0.25200 COM1 Combination 0.000 -8.085 0.000 -0.0020 0.0000 

63 0.50400 COM1 Combination 0.000 -8.007 0.000 -0.0020 0.0000 

63 0.50400 COM1 Combination 0.000 -1.945 0.000 3.760E-04 0.0000 

63 0.80850 COM1 Combination 0.000 -1.852 0.000 3.760E-04 0.0000 

63 1.11300 COM1 Combination 0.000 -1.758 0.000 3.760E-04 0.0000 

63 1.11300 COM1 Combination 0.000 4.290 0.000 -0.0027 0.0000 

63 1.42300 COM1 Combination 0.000 4.386 0.000 -0.0027 0.0000 

63 1.42300 COM1 Combination 0.000 8.025 0.000 0.0106 0.0000 

63 1.67700 COM1 Combination 0.000 8.244 0.000 0.0106 0.0000 

63 0.00000 COM2 Combination 0.000 -27.259 0.000 -0.0064 0.0000 

63 0.25200 COM2 Combination 0.000 -27.190 0.000 -0.0064 0.0000 

63 0.50400 COM2 Combination 0.000 -27.121 0.000 -0.0064 0.0000 

63 0.50400 COM2 Combination 0.000 -4.689 0.000 0.0029 0.0000 

63 0.80850 COM2 Combination 0.000 -4.605 0.000 0.0029 0.0000 

63 1.11300 COM2 Combination 0.000 -4.522 0.000 0.0029 0.0000 

63 1.11300 COM2 Combination 0.000 15.548 0.000 -0.0024 0.0000 

63 1.42300 COM2 Combination 0.000 15.633 0.000 -0.0024 0.0000 

63 1.42300 COM2 Combination 0.000 21.281 0.000 0.0279 0.0000 

63 1.67700 COM2 Combination 0.000 23.297 0.000 0.0279 0.0000 

63 0.00000 COM3 Combination 0.000 -7.012 0.000 -0.0020 0.0000 

63 0.25200 COM3 Combination 0.000 -6.943 0.000 -0.0020 0.0000 

63 0.50400 COM3 Combination 0.000 -6.873 0.000 -0.0020 0.0000 

63 0.50400 COM3 Combination 0.000 -1.578 0.000 -1.047E-04 0.0000 

63 0.80850 COM3 Combination 0.000 -1.495 0.000 -1.047E-04 0.0000 

63 1.11300 COM3 Combination 0.000 -1.411 0.000 -1.047E-04 0.0000 

63 1.11300 COM3 Combination 0.000 3.461 0.000 -0.0041 0.0000 

63 1.42300 COM3 Combination 0.000 3.546 0.000 -0.0041 0.0000 

63 1.42300 COM3 Combination 0.000 5.233 0.000 0.0105 0.0000 

63 1.67700 COM3 Combination 0.000 5.429 0.000 0.0105 0.0000 

63 0.00000 LIFTLUG Combination 0.000 -19.144 0.000 -0.0045 0.0000 

63 0.25200 LIFTLUG Combination 0.000 -19.089 0.000 -0.0045 0.0000 

63 0.50400 LIFTLUG Combination 0.000 -19.034 0.000 -0.0045 0.0000 

63 0.50400 LIFTLUG Combination 0.000 -3.358 0.000 0.0020 0.0000 

63 0.80850 LIFTLUG Combination 0.000 -3.291 0.000 0.0020 0.0000 

63 1.11300 LIFTLUG Combination 0.000 -3.224 0.000 0.0020 0.0000 

63 1.11300 LIFTLUG Combination 0.000 10.876 0.000 -0.0019 0.0000 

63 1.42300 LIFTLUG Combination 0.000 10.944 0.000 -0.0019 0.0000 

63 1.42300 LIFTLUG Combination 0.000 15.143 0.000 0.0199 0.0000 

63 1.67700 LIFTLUG Combination 0.000 16.513 0.000 0.0199 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

64 0.00000 COM1 Combination 0.000 -14.571 0.000 0.0025 0.0000 

64 0.44033 COM1 Combination 0.000 -12.714 0.000 0.0025 0.0000 

64 0.88067 COM1 Combination 0.000 -10.857 0.000 0.0025 0.0000 

64 1.32100 COM1 Combination 0.000 -9.001 0.000 0.0025 0.0000 

64 1.32100 COM1 Combination 0.000 2.668 0.000 -0.0029 0.0000 

64 1.65967 COM1 Combination 0.000 4.114 0.000 -0.0029 0.0000 

64 1.99833 COM1 Combination 0.000 5.559 0.000 -0.0029 0.0000 

64 2.33700 COM1 Combination 0.000 7.004 0.000 -0.0029 0.0000 

64 2.33700 COM1 Combination 0.000 7.143 0.000 -2.622E-04 0.0000 

64 2.70967 COM1 Combination 0.000 8.733 0.000 -2.622E-04 0.0000 

64 3.08233 COM1 Combination 0.000 10.324 0.000 -2.622E-04 0.0000 

64 3.45500 COM1 Combination 0.000 11.914 0.000 -2.622E-04 0.0000 

64 0.00000 COM2 Combination 0.000 -56.222 0.000 0.0098 0.0000 

64 0.44033 COM2 Combination 0.000 -49.088 0.000 0.0098 0.0000 

64 0.88067 COM2 Combination 0.000 -41.953 0.000 0.0098 0.0000 

64 1.32100 COM2 Combination 0.000 -34.818 0.000 0.0098 0.0000 

64 1.32100 COM2 Combination 0.000 10.070 0.000 -0.0083 0.0000 

64 1.65967 COM2 Combination 0.000 15.795 0.000 -0.0083 0.0000 

64 1.99833 COM2 Combination 0.000 21.520 0.000 -0.0083 0.0000 

64 2.33700 COM2 Combination 0.000 27.246 0.000 -0.0083 0.0000 

64 2.33700 COM2 Combination 0.000 27.372 0.000 -0.0038 0.0000 

64 2.70967 COM2 Combination 0.000 33.673 0.000 -0.0038 0.0000 

64 3.08233 COM2 Combination 0.000 39.973 0.000 -0.0038 0.0000 

64 3.45500 COM2 Combination 0.000 46.273 0.000 -0.0038 0.0000 

64 0.00000 COM3 Combination 0.000 -12.253 0.000 0.0019 0.0000 

64 0.44033 COM3 Combination 0.000 -10.595 0.000 0.0019 0.0000 

64 0.88067 COM3 Combination 0.000 -8.937 0.000 0.0019 0.0000 

64 1.32100 COM3 Combination 0.000 -7.279 0.000 0.0019 0.0000 

64 1.32100 COM3 Combination 0.000 1.914 0.000 -0.0032 0.0000 

64 1.65967 COM3 Combination 0.000 3.204 0.000 -0.0032 0.0000 

64 1.99833 COM3 Combination 0.000 4.495 0.000 -0.0032 0.0000 

64 2.33700 COM3 Combination 0.000 5.785 0.000 -0.0032 0.0000 

64 2.33700 COM3 Combination 0.000 5.908 0.000 6.790E-04 0.0000 

64 2.70967 COM3 Combination 0.000 7.328 0.000 6.790E-04 0.0000 

64 3.08233 COM3 Combination 0.000 8.749 0.000 6.790E-04 0.0000 

64 3.45500 COM3 Combination 0.000 10.169 0.000 6.790E-04 0.0000 

64 0.00000 LIFTLUG Combination 0.000 -39.216 0.000 0.0069 0.0000 

64 0.44033 LIFTLUG Combination 0.000 -34.239 0.000 0.0069 0.0000 

64 0.88067 LIFTLUG Combination 0.000 -29.261 0.000 0.0069 0.0000 

64 1.32100 LIFTLUG Combination 0.000 -24.284 0.000 0.0069 0.0000 

64 1.32100 LIFTLUG Combination 0.000 7.031 0.000 -0.0059 0.0000 

64 1.65967 LIFTLUG Combination 0.000 11.020 0.000 -0.0059 0.0000 

64 1.99833 LIFTLUG Combination 0.000 15.009 0.000 -0.0059 0.0000 

64 2.33700 LIFTLUG Combination 0.000 18.998 0.000 -0.0059 0.0000 

64 2.33700 LIFTLUG Combination 0.000 19.099 0.000 -0.0026 0.0000 

64 2.70967 LIFTLUG Combination 0.000 23.488 0.000 -0.0026 0.0000 

64 3.08233 LIFTLUG Combination 0.000 27.878 0.000 -0.0026 0.0000 

64 3.45500 LIFTLUG Combination 0.000 32.267 0.000 -0.0026 0.0000 

65 0.00000 COM1 Combination 0.000 -1.781 0.000 -0.0016 0.0000 

65 0.36850 COM1 Combination 0.000 -1.667 0.000 -0.0016 0.0000 

65 0.73700 COM1 Combination 0.000 -1.554 0.000 -0.0016 0.0000 

65 0.73700 COM1 Combination 0.000 1.916 0.000 -0.0010 0.0000 

65 1.03050 COM1 Combination 0.000 2.006 0.000 -0.0010 0.0000 

65 1.32400 COM1 Combination 0.000 2.096 0.000 -0.0010 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

65 1.32400 COM1 Combination 0.000 -3.657 0.000 0.0011 0.0000 

65 1.75600 COM1 Combination 0.000 -3.524 0.000 0.0011 0.0000 

65 1.75600 COM1 Combination 0.000 -0.833 0.000 -8.654E-04 0.0000 

65 2.06700 COM1 Combination 0.000 -0.738 0.000 -8.654E-04 0.0000 

65 2.37800 COM1 Combination 0.000 -0.642 0.000 -8.654E-04 0.0000 

65 2.37800 COM1 Combination 0.000 5.327 0.000 0.0020 0.0000 

65 2.64950 COM1 Combination 0.000 5.411 0.000 0.0020 0.0000 

65 2.92100 COM1 Combination 0.000 5.494 0.000 0.0020 0.0000 

65 0.00000 COM2 Combination 0.000 -9.144 0.000 -0.0074 0.0000 

65 0.36850 COM2 Combination 0.000 -9.043 0.000 -0.0074 0.0000 

65 0.73700 COM2 Combination 0.000 -8.942 0.000 -0.0074 0.0000 

65 0.73700 COM2 Combination 0.000 12.769 0.000 -0.0015 0.0000 

65 1.03050 COM2 Combination 0.000 12.849 0.000 -0.0015 0.0000 

65 1.32400 COM2 Combination 0.000 12.929 0.000 -0.0015 0.0000 

65 1.32400 COM2 Combination 0.000 -8.010 0.000 0.0070 0.0000 

65 1.75600 COM2 Combination 0.000 -7.892 0.000 0.0070 0.0000 

65 1.75600 COM2 Combination 0.000 -2.587 0.000 -0.0030 0.0000 

65 2.06700 COM2 Combination 0.000 -2.502 0.000 -0.0030 0.0000 

65 2.37800 COM2 Combination 0.000 -2.417 0.000 -0.0030 0.0000 

65 2.37800 COM2 Combination 0.000 18.972 0.000 0.0073 0.0000 

65 2.64950 COM2 Combination 0.000 19.046 0.000 0.0073 0.0000 

65 2.92100 COM2 Combination 0.000 19.121 0.000 0.0073 0.0000 

65 0.00000 COM3 Combination 0.000 -1.389 0.000 -0.0015 0.0000 

65 0.36850 COM3 Combination 0.000 -1.288 0.000 -0.0015 0.0000 

65 0.73700 COM3 Combination 0.000 -1.187 0.000 -0.0015 0.0000 

65 0.73700 COM3 Combination 0.000 1.885 0.000 -0.0012 0.0000 

65 1.03050 COM3 Combination 0.000 1.965 0.000 -0.0012 0.0000 

65 1.32400 COM3 Combination 0.000 2.046 0.000 -0.0012 0.0000 

65 1.32400 COM3 Combination 0.000 -3.879 0.000 0.0012 0.0000 

65 1.75600 COM3 Combination 0.000 -3.760 0.000 0.0012 0.0000 

65 1.75600 COM3 Combination 0.000 -1.530 0.000 -6.312E-04 0.0000 

65 2.06700 COM3 Combination 0.000 -1.445 0.000 -6.312E-04 0.0000 

65 2.37800 COM3 Combination 0.000 -1.359 0.000 -6.312E-04 0.0000 

65 2.37800 COM3 Combination 0.000 4.042 0.000 0.0019 0.0000 

65 2.64950 COM3 Combination 0.000 4.117 0.000 0.0019 0.0000 

65 2.92100 COM3 Combination 0.000 4.191 0.000 0.0019 0.0000 

65 0.00000 LIFTLUG Combination 0.000 -6.308 0.000 -0.0051 0.0000 

65 0.36850 LIFTLUG Combination 0.000 -6.227 0.000 -0.0051 0.0000 

65 0.73700 LIFTLUG Combination 0.000 -6.147 0.000 -0.0051 0.0000 

65 0.73700 LIFTLUG Combination 0.000 8.740 0.000 -0.0011 0.0000 

65 1.03050 LIFTLUG Combination 0.000 8.805 0.000 -0.0011 0.0000 

65 1.32400 LIFTLUG Combination 0.000 8.869 0.000 -0.0011 0.0000 

65 1.32400 LIFTLUG Combination 0.000 -5.775 0.000 0.0048 0.0000 

65 1.75600 LIFTLUG Combination 0.000 -5.681 0.000 0.0048 0.0000 

65 1.75600 LIFTLUG Combination 0.000 -1.824 0.000 -0.0021 0.0000 

65 2.06700 LIFTLUG Combination 0.000 -1.756 0.000 -0.0021 0.0000 

65 2.37800 LIFTLUG Combination 0.000 -1.688 0.000 -0.0021 0.0000 

65 2.37800 LIFTLUG Combination 0.000 13.282 0.000 0.0051 0.0000 

65 2.64950 LIFTLUG Combination 0.000 13.342 0.000 0.0051 0.0000 

65 2.92100 LIFTLUG Combination 0.000 13.401 0.000 0.0051 0.0000 

66 0.00000 COM1 Combination 0.000 -6.175 0.000 -0.0042 0.0000 

66 0.41950 COM1 Combination 0.000 -6.046 0.000 -0.0042 0.0000 

66 0.83900 COM1 Combination 0.000 -5.917 0.000 -0.0042 0.0000 

66 0.83900 COM1 Combination 0.000 -3.293 0.000 0.0938 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

66 0.91200 COM1 Combination 0.000 -3.270 0.000 0.0938 0.0000 

66 0.91200 COM1 Combination 0.000 1.273 0.000 -0.0080 0.0000 

66 1.25700 COM1 Combination 0.000 1.379 0.000 -0.0080 0.0000 

66 1.60200 COM1 Combination 0.000 1.485 0.000 -0.0080 0.0000 

66 1.60200 COM1 Combination 0.000 5.711 0.000 -5.782E-04 0.0000 

66 2.07700 COM1 Combination 0.000 5.856 0.000 -5.782E-04 0.0000 

66 2.07700 COM1 Combination 0.000 -2.346 0.000 0.0014 0.0000 

66 2.40775 COM1 Combination 0.000 -2.245 0.000 0.0014 0.0000 

66 2.73850 COM1 Combination 0.000 -2.143 0.000 0.0014 0.0000 

66 2.73850 COM1 Combination 0.000 3.328 0.000 0.0024 0.0000 

66 3.06925 COM1 Combination 0.000 3.430 0.000 0.0024 0.0000 

66 3.40000 COM1 Combination 0.000 3.531 0.000 0.0024 0.0000 

66 0.00000 COM2 Combination 0.000 -25.767 0.000 -0.0153 0.0000 

66 0.41950 COM2 Combination 0.000 -25.652 0.000 -0.0153 0.0000 

66 0.83900 COM2 Combination 0.000 -25.537 0.000 -0.0153 0.0000 

66 0.83900 COM2 Combination 0.000 -13.880 0.000 0.3396 0.0000 

66 0.91200 COM2 Combination 0.000 -13.860 0.000 0.3396 0.0000 

66 0.91200 COM2 Combination 0.000 5.459 0.000 -0.0288 0.0000 

66 1.25700 COM2 Combination 0.000 5.554 0.000 -0.0288 0.0000 

66 1.60200 COM2 Combination 0.000 5.648 0.000 -0.0288 0.0000 

66 1.60200 COM2 Combination 0.000 21.215 0.000 -0.0020 0.0000 

66 2.07700 COM2 Combination 0.000 21.345 0.000 -0.0020 0.0000 

66 2.07700 COM2 Combination 0.000 -9.111 0.000 0.0046 0.0000 

66 2.40775 COM2 Combination 0.000 -9.021 0.000 0.0046 0.0000 

66 2.73850 COM2 Combination 0.000 -8.930 0.000 0.0046 0.0000 

66 2.73850 COM2 Combination 0.000 13.659 0.000 0.0098 0.0000 

66 3.06925 COM2 Combination 0.000 13.750 0.000 0.0098 0.0000 

66 3.40000 COM2 Combination 0.000 13.840 0.000 0.0098 0.0000 

66 0.00000 COM3 Combination 0.000 -5.002 0.000 -0.0036 0.0000 

66 0.41950 COM3 Combination 0.000 -4.886 0.000 -0.0036 0.0000 

66 0.83900 COM3 Combination 0.000 -4.771 0.000 -0.0036 0.0000 

66 0.83900 COM3 Combination 0.000 -2.424 0.000 0.0788 0.0000 

66 0.91200 COM3 Combination 0.000 -2.404 0.000 0.0788 0.0000 

66 0.91200 COM3 Combination 0.000 1.656 0.000 -0.0070 0.0000 

66 1.25700 COM3 Combination 0.000 1.750 0.000 -0.0070 0.0000 

66 1.60200 COM3 Combination 0.000 1.845 0.000 -0.0070 0.0000 

66 1.60200 COM3 Combination 0.000 5.570 0.000 -6.162E-04 0.0000 

66 2.07700 COM3 Combination 0.000 5.700 0.000 -6.162E-04 0.0000 

66 2.07700 COM3 Combination 0.000 -2.185 0.000 0.0014 0.0000 

66 2.40775 COM3 Combination 0.000 -2.094 0.000 0.0014 0.0000 

66 2.73850 COM3 Combination 0.000 -2.003 0.000 0.0014 0.0000 

66 2.73850 COM3 Combination 0.000 2.901 0.000 0.0022 0.0000 

66 3.06925 COM3 Combination 0.000 2.991 0.000 0.0022 0.0000 

66 3.40000 COM3 Combination 0.000 3.082 0.000 0.0022 0.0000 

66 0.00000 LIFTLUG Combination 0.000 -17.913 0.000 -0.0107 0.0000 

66 0.41950 LIFTLUG Combination 0.000 -17.821 0.000 -0.0107 0.0000 

66 0.83900 LIFTLUG Combination 0.000 -17.729 0.000 -0.0107 0.0000 

66 0.83900 LIFTLUG Combination 0.000 -9.645 0.000 0.2376 0.0000 

66 0.91200 LIFTLUG Combination 0.000 -9.629 0.000 0.2376 0.0000 

66 0.91200 LIFTLUG Combination 0.000 3.791 0.000 -0.0202 0.0000 

66 1.25700 LIFTLUG Combination 0.000 3.867 0.000 -0.0202 0.0000 

66 1.60200 LIFTLUG Combination 0.000 3.942 0.000 -0.0202 0.0000 

66 1.60200 LIFTLUG Combination 0.000 14.823 0.000 -0.0014 0.0000 

66 2.07700 LIFTLUG Combination 0.000 14.927 0.000 -0.0014 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

66 2.07700 LIFTLUG Combination 0.000 -6.354 0.000 0.0032 0.0000 

66 2.40775 LIFTLUG Combination 0.000 -6.281 0.000 0.0032 0.0000 

66 2.73850 LIFTLUG Combination 0.000 -6.208 0.000 0.0032 0.0000 

66 2.73850 LIFTLUG Combination 0.000 9.502 0.000 0.0068 0.0000 

66 3.06925 LIFTLUG Combination 0.000 9.575 0.000 0.0068 0.0000 

66 3.40000 LIFTLUG Combination 0.000 9.647 0.000 0.0068 0.0000 

67 0.00000 COM1 Combination 0.000 -7.807 0.000 -0.0406 0.0000 

67 0.44033 COM1 Combination 0.000 -6.804 0.000 -0.0130 0.0000 

67 0.88067 COM1 Combination 0.000 -5.801 0.000 0.0146 0.0000 

67 1.32100 COM1 Combination 0.000 -4.798 0.000 0.0422 0.0000 

67 0.00000 COM2 Combination 0.000 -33.441 0.000 -0.2027 0.0000 

67 0.44033 COM2 Combination 0.000 -28.507 0.000 -0.0669 0.0000 

67 0.88067 COM2 Combination 0.000 -23.573 0.000 0.0688 0.0000 

67 1.32100 COM2 Combination 0.000 -18.639 0.000 0.2045 0.0000 

67 0.00000 COM3 Combination 0.000 -7.507 0.000 -0.0362 0.0000 

67 0.44033 COM3 Combination 0.000 -6.611 0.000 -0.0115 0.0000 

67 0.88067 COM3 Combination 0.000 -5.715 0.000 0.0131 0.0000 

67 1.32100 COM3 Combination 0.000 -4.820 0.000 0.0378 0.0000 

67 0.00000 LIFTLUG Combination 0.000 -23.223 0.000 -0.1399 0.0000 

67 0.44033 LIFTLUG Combination 0.000 -19.815 0.000 -0.0462 0.0000 

67 0.88067 LIFTLUG Combination 0.000 -16.406 0.000 0.0476 0.0000 

67 1.32100 LIFTLUG Combination 0.000 -12.997 0.000 0.1414 0.0000 

68 0.00000 COM1 Combination 0.000 0.956 0.000 -0.0674 0.0000 

68 0.42680 COM1 Combination 0.000 1.928 0.000 -0.0406 0.0000 

68 0.85360 COM1 Combination 0.000 2.900 0.000 -0.0139 0.0000 

68 1.28040 COM1 Combination 0.000 3.873 0.000 0.0129 0.0000 

68 1.70720 COM1 Combination 0.000 4.845 0.000 0.0396 0.0000 

68 2.13400 COM1 Combination 0.000 5.817 0.000 0.0664 0.0000 

68 0.00000 COM2 Combination 0.000 2.300 0.000 -0.3295 0.0000 

68 0.42680 COM2 Combination 0.000 7.083 0.000 -0.1979 0.0000 

68 0.85360 COM2 Combination 0.000 11.865 0.000 -0.0664 0.0000 

68 1.28040 COM2 Combination 0.000 16.647 0.000 0.0652 0.0000 

68 1.70720 COM2 Combination 0.000 21.430 0.000 0.1967 0.0000 

68 2.13400 COM2 Combination 0.000 26.212 0.000 0.3283 0.0000 

68 0.00000 COM3 Combination 0.000 1.105 0.000 -0.0602 0.0000 

68 0.42680 COM3 Combination 0.000 1.973 0.000 -0.0363 0.0000 

68 0.85360 COM3 Combination 0.000 2.841 0.000 -0.0124 0.0000 

68 1.28040 COM3 Combination 0.000 3.709 0.000 0.0115 0.0000 

68 1.70720 COM3 Combination 0.000 4.578 0.000 0.0353 0.0000 

68 2.13400 COM3 Combination 0.000 5.446 0.000 0.0592 0.0000 

68 0.00000 LIFTLUG Combination 0.000 1.647 0.000 -0.2277 0.0000 

68 0.42680 LIFTLUG Combination 0.000 4.951 0.000 -0.1368 0.0000 

68 0.85360 LIFTLUG Combination 0.000 8.255 0.000 -0.0459 0.0000 

68 1.28040 LIFTLUG Combination 0.000 11.559 0.000 0.0450 0.0000 

68 1.70720 LIFTLUG Combination 0.000 14.863 0.000 0.1359 0.0000 

68 2.13400 LIFTLUG Combination 0.000 18.167 0.000 0.2268 0.0000 

69 0.00000 COM1 Combination 0.000 -11.974 0.000 -0.0694 0.0000 

69 0.44033 COM1 Combination 0.000 -10.318 0.000 -0.0239 0.0000 

69 0.88067 COM1 Combination 0.000 -8.662 0.000 0.0217 0.0000 

69 1.32100 COM1 Combination 0.000 -7.007 0.000 0.0672 0.0000 

69 0.00000 COM2 Combination 0.000 -43.850 0.000 -0.2513 0.0000 

69 0.44033 COM2 Combination 0.000 -37.868 0.000 -0.0867 0.0000 

69 0.88067 COM2 Combination 0.000 -31.886 0.000 0.0778 0.0000 

69 1.32100 COM2 Combination 0.000 -25.903 0.000 0.2424 0.0000 
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Table 21:  Element Forces - Frames, Part 1 of 2 

Frame Station OutputCase CaseType P V2 V3 T M2 

 m   KN KN KN KN-m KN-m 

69 0.00000 COM3 Combination 0.000 -11.043 0.000 -0.0621 0.0000 

69 0.44033 COM3 Combination 0.000 -9.564 0.000 -0.0214 0.0000 

69 0.88067 COM3 Combination 0.000 -8.086 0.000 0.0193 0.0000 

69 1.32100 COM3 Combination 0.000 -6.607 0.000 0.0599 0.0000 

69 0.00000 LIFTLUG Combination 0.000 -30.659 0.000 -0.1758 0.0000 

69 0.44033 LIFTLUG Combination 0.000 -26.474 0.000 -0.0607 0.0000 

69 0.88067 LIFTLUG Combination 0.000 -22.288 0.000 0.0545 0.0000 

69 1.32100 LIFTLUG Combination 0.000 -18.103 0.000 0.1696 0.0000 

70 0.00000 COM1 Combination 0.000 1.196 0.000 -0.1097 0.0000 

70 0.42680 COM1 Combination 0.000 2.801 0.000 -0.0656 0.0000 

70 0.85360 COM1 Combination 0.000 4.406 0.000 -0.0214 0.0000 

70 1.28040 COM1 Combination 0.000 6.011 0.000 0.0227 0.0000 

70 1.70720 COM1 Combination 0.000 7.616 0.000 0.0669 0.0000 

70 2.13400 COM1 Combination 0.000 9.221 0.000 0.1110 0.0000 

70 0.00000 COM2 Combination 0.000 4.553 0.000 -0.3961 0.0000 

70 0.42680 COM2 Combination 0.000 10.351 0.000 -0.2366 0.0000 

70 0.85360 COM2 Combination 0.000 16.150 0.000 -0.0771 0.0000 

70 1.28040 COM2 Combination 0.000 21.948 0.000 0.0825 0.0000 

70 1.70720 COM2 Combination 0.000 27.747 0.000 0.2420 0.0000 

70 2.13400 COM2 Combination 0.000 33.545 0.000 0.4015 0.0000 

70 0.00000 COM3 Combination 0.000 1.278 0.000 -0.0979 0.0000 

70 0.42680 COM3 Combination 0.000 2.711 0.000 -0.0585 0.0000 

70 0.85360 COM3 Combination 0.000 4.144 0.000 -0.0191 0.0000 

70 1.28040 COM3 Combination 0.000 5.577 0.000 0.0203 0.0000 

70 1.70720 COM3 Combination 0.000 7.010 0.000 0.0598 0.0000 

70 2.13400 COM3 Combination 0.000 8.443 0.000 0.0992 0.0000 

70 0.00000 LIFTLUG Combination 0.000 3.178 0.000 -0.2771 0.0000 

70 0.42680 LIFTLUG Combination 0.000 7.234 0.000 -0.1655 0.0000 

70 0.85360 LIFTLUG Combination 0.000 11.291 0.000 -0.0539 0.0000 

70 1.28040 LIFTLUG Combination 0.000 15.348 0.000 0.0577 0.0000 

70 1.70720 LIFTLUG Combination 0.000 19.405 0.000 0.1693 0.0000 

70 2.13400 LIFTLUG Combination 0.000 23.461 0.000 0.2809 0.0000 

 
 

Table 21:  Element Forces - Frames, Part 2 of 2 

Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

1 0.00000 COM1 -3.4934 1-1 0.00000 

1 0.44033 COM1 -0.3433 1-1 0.44033 

1 0.88067 COM1 2.0561 1-1 0.88067 

1 1.32100 COM1 3.7046 1-1 1.32100 

1 1.32100 COM1 3.7058 1-2 0.00000 

1 1.74780 COM1 3.7162 1-2 0.42680 

1 2.17460 COM1 3.0211 1-2 0.85360 

1 2.60140 COM1 1.6207 1-2 1.28040 

1 3.02820 COM1 -0.4851 1-2 1.70720 

1 3.45500 COM1 -3.2963 1-2 2.13400 

1 0.00000 COM2 -13.4948 1-1 0.00000 

1 0.44033 COM2 -1.8093 1-1 0.44033 

1 0.88067 COM2 7.6527 1-1 0.88067 

1 1.32100 COM2 14.8912 1-1 1.32100 

1 1.32100 COM2 14.9002 1-2 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

1 1.74780 COM2 13.6985 1-2 0.42680 

1 2.17460 COM2 10.4079 1-2 0.85360 

1 2.60140 COM2 5.0284 1-2 1.28040 

1 3.02820 COM2 -2.4400 1-2 1.70720 

1 3.45500 COM2 -11.9973 1-2 2.13400 

1 0.00000 COM3 -7.5835 1-1 0.00000 

1 0.44033 COM3 -0.3730 1-1 0.44033 

1 0.88067 COM3 4.8584 1-1 0.88067 

1 1.32100 COM3 8.1105 1-1 1.32100 

1 1.32100 COM3 8.1111 1-2 0.00000 

1 1.74780 COM3 8.7088 1-2 0.42680 

1 2.17460 COM3 7.4472 1-2 0.85360 

1 2.60140 COM3 4.3263 1-2 1.28040 

1 3.02820 COM3 -0.6541 1-2 1.70720 

1 3.45500 COM3 -7.4938 1-2 2.13400 

1 0.00000 LIFTLUG -9.4124 1-1 0.00000 

1 0.44033 LIFTLUG -1.2471 1-1 0.44033 

1 0.88067 LIFTLUG 5.3466 1-1 0.88067 

1 1.32100 LIFTLUG 10.3685 1-1 1.32100 

1 1.32100 LIFTLUG 10.3746 1-2 0.00000 

1 1.74780 LIFTLUG 9.5747 1-2 0.42680 

1 2.17460 LIFTLUG 7.2982 1-2 0.85360 

1 2.60140 LIFTLUG 3.5452 1-2 1.28040 

1 3.02820 LIFTLUG -1.6844 1-2 1.70720 

1 3.45500 LIFTLUG -8.3906 1-2 2.13400 

2 0.00000 COM1 -0.0214 2-1 0.00000 

2 0.44033 COM1 3.5558 2-1 0.44033 

2 0.88067 COM1 6.5031 2-1 0.88067 

2 1.32100 COM1 8.8203 2-1 1.32100 

2 1.32100 COM1 8.8309 2-2 0.00000 

2 1.74780 COM1 6.9569 2-2 0.42680 

2 2.17460 COM1 4.4910 2-2 0.85360 

2 2.60140 COM1 1.4332 2-2 1.28040 

2 3.02820 COM1 -2.2166 2-2 1.70720 

2 3.45500 COM1 -6.4582 2-2 2.13400 

2 0.00000 COM2 -0.0446 2-1 0.00000 

2 0.44033 COM2 6.5835 2-1 0.44033 

2 0.88067 COM2 12.6491 2-1 0.88067 

2 1.32100 COM2 18.1522 2-1 1.32100 

2 1.32100 COM2 18.1801 2-2 0.00000 

2 1.74780 COM2 13.0342 2-2 0.42680 

2 2.17460 COM2 7.3598 2-2 0.85360 

2 2.60140 COM2 1.1569 2-2 1.28040 

2 3.02820 COM2 -5.5745 2-2 1.70720 

2 3.45500 COM2 -12.8344 2-2 2.13400 

2 0.00000 COM3 -0.0358 2-1 0.00000 

2 0.44033 COM3 6.3875 2-1 0.44033 

2 0.88067 COM3 10.9396 2-1 0.88067 

2 1.32100 COM3 13.6203 2-1 1.32100 

2 1.32100 COM3 13.6308 2-2 0.00000 

2 1.74780 COM3 12.1260 2-2 0.42680 

2 2.17460 COM3 8.8631 2-2 0.85360 

2 2.60140 COM3 3.8422 2-2 1.28040 

2 3.02820 COM3 -2.9368 2-2 1.70720 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

2 3.45500 COM3 -11.4738 2-2 2.13400 

2 0.00000 LIFTLUG -0.0323 2-1 0.00000 

2 0.44033 LIFTLUG 4.8123 2-1 0.44033 

2 0.88067 LIFTLUG 9.2069 2-1 0.88067 

2 1.32100 LIFTLUG 13.1515 2-1 1.32100 

2 1.32100 LIFTLUG 13.1714 2-2 0.00000 

2 1.74780 LIFTLUG 9.5177 2-2 0.42680 

2 2.17460 LIFTLUG 5.4412 2-2 0.85360 

2 2.60140 LIFTLUG 0.9419 2-2 1.28040 

2 3.02820 LIFTLUG -3.9802 2-2 1.70720 

2 3.45500 LIFTLUG -9.3251 2-2 2.13400 

3 0.00000 COM1 -5.1586 3-1 0.00000 

3 0.44500 COM1 -1.2270 3-1 0.44500 

3 0.89000 COM1 2.0612 3-1 0.89000 

3 0.89000 COM1 2.0589 3-2 0.00000 

3 1.28350 COM1 3.3173 3-2 0.39350 

3 1.67700 COM1 4.0726 3-2 0.78700 

3 1.67700 COM1 4.0741 3-3 0.00000 

3 2.04550 COM1 1.7317 3-3 0.36850 

3 2.41400 COM1 -1.0518 3-3 0.73700 

3 2.41400 COM1 -1.0423 3-4 0.00000 

3 2.70750 COM1 -4.4496 3-4 0.29350 

3 3.00100 COM1 -8.1368 3-4 0.58700 

3 0.00000 COM2 -19.6919 3-1 0.00000 

3 0.44500 COM2 -5.0737 3-1 0.44500 

3 0.89000 COM2 8.9699 3-1 0.89000 

3 0.89000 COM2 8.9470 3-2 0.00000 

3 1.28350 COM2 13.8834 3-2 0.39350 

3 1.67700 COM2 18.3705 3-2 0.78700 

3 1.67700 COM2 18.3757 3-3 0.00000 

3 2.04550 COM2 7.8344 3-3 0.36850 

3 2.41400 COM2 -3.1008 3-3 0.73700 

3 2.41400 COM2 -3.0700 3-4 0.00000 

3 2.70750 COM2 -16.7988 3-4 0.29350 

3 3.00100 COM2 -30.7776 3-4 0.58700 

3 0.00000 COM3 -9.0121 3-1 0.00000 

3 0.44500 COM3 -1.8086 3-1 0.44500 

3 0.89000 COM3 3.4838 3-1 0.89000 

3 0.89000 COM3 3.4839 3-2 0.00000 

3 1.28350 COM3 5.5416 3-2 0.39350 

3 1.67700 COM3 6.1048 3-2 0.78700 

3 1.67700 COM3 6.1058 3-3 0.00000 

3 2.04550 COM3 2.9878 3-3 0.36850 

3 2.41400 COM3 -1.4408 3-3 0.73700 

3 2.41400 COM3 -1.4319 3-4 0.00000 

3 2.70750 COM3 -6.6806 3-4 0.29350 

3 3.00100 COM3 -12.7607 3-4 0.58700 

3 0.00000 LIFTLUG -13.7420 3-1 0.00000 

3 0.44500 LIFTLUG -3.5285 3-1 0.44500 

3 0.89000 LIFTLUG 6.2253 3-1 0.89000 

3 0.89000 LIFTLUG 6.2098 3-2 0.00000 

3 1.28350 LIFTLUG 9.6505 3-2 0.39350 

3 1.67700 LIFTLUG 12.7318 3-2 0.78700 

3 1.67700 LIFTLUG 12.7355 3-3 0.00000 



338716-Shell.sdb  SAP2000 v16.1.1 - License #*1DJRQ6QTSMZATCZ 
9.  Frame results  26 May 2015 

 ENS CANADA INC.    Page 51 of 81 

Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

3 2.04550 LIFTLUG 5.4291 3-3 0.36850 

3 2.41400 LIFTLUG -2.1924 3-3 0.73700 

3 2.41400 LIFTLUG -2.1707 3-4 0.00000 

3 2.70750 LIFTLUG -11.7289 3-4 0.29350 

3 3.00100 LIFTLUG -21.4871 3-4 0.58700 

7 0.00000 COM1 -5.0827 7-1 0.00000 

7 0.44500 COM1 -1.3448 7-1 0.44500 

7 0.89000 COM1 1.7497 7-1 0.89000 

7 0.89000 COM1 1.7459 7-2 0.00000 

7 1.28350 COM1 3.2960 7-2 0.39350 

7 1.67700 COM1 4.3430 7-2 0.78700 

7 1.67700 COM1 4.3454 7-3 0.00000 

7 2.04550 COM1 1.8207 7-3 0.36850 

7 2.41400 COM1 -1.1453 7-3 0.73700 

7 2.41400 COM1 -1.1300 7-4 0.00000 

7 2.70750 COM1 -4.4415 7-4 0.29350 

7 3.00100 COM1 -8.0330 7-4 0.58700 

7 0.00000 COM2 -18.9125 7-1 0.00000 

7 0.44500 COM2 -5.8571 7-1 0.44500 

7 0.89000 COM2 6.6239 7-1 0.89000 

7 0.89000 COM2 6.5859 7-2 0.00000 

7 1.28350 COM2 13.1820 7-2 0.39350 

7 1.67700 COM2 19.3289 7-2 0.78700 

7 1.67700 COM2 19.3372 7-3 0.00000 

7 2.04550 COM2 7.9077 7-3 0.36850 

7 2.41400 COM2 -3.9158 7-3 0.73700 

7 2.41400 COM2 -3.8670 7-4 0.00000 

7 2.70750 COM2 -16.7957 7-4 0.29350 

7 3.00100 COM2 -29.9743 7-4 0.58700 

7 0.00000 COM3 -8.9594 7-1 0.00000 

7 0.44500 COM3 -1.9068 7-1 0.44500 

7 0.89000 COM3 3.2347 7-1 0.89000 

7 0.89000 COM3 3.2347 7-2 0.00000 

7 1.28350 COM3 5.5501 7-2 0.39350 

7 1.67700 COM3 6.3710 7-2 0.78700 

7 1.67700 COM3 6.3726 7-3 0.00000 

7 2.04550 COM3 3.1047 7-3 0.36850 

7 2.41400 COM3 -1.4738 7-3 0.73700 

7 2.41400 COM3 -1.4595 7-4 0.00000 

7 2.70750 COM3 -6.6142 7-4 0.29350 

7 3.00100 COM3 -12.6003 7-4 0.58700 

7 0.00000 LIFTLUG -13.2134 7-1 0.00000 

7 0.44500 LIFTLUG -4.0648 7-1 0.44500 

7 0.89000 LIFTLUG 4.6242 7-1 0.89000 

7 0.89000 LIFTLUG 4.5984 7-2 0.00000 

7 1.28350 LIFTLUG 9.1804 7-2 0.39350 

7 1.67700 LIFTLUG 13.4030 7-2 0.78700 

7 1.67700 LIFTLUG 13.4088 7-3 0.00000 

7 2.04550 LIFTLUG 5.4885 7-3 0.36850 

7 2.41400 LIFTLUG -2.7469 7-3 0.73700 

7 2.41400 LIFTLUG -2.7125 7-4 0.00000 

7 2.70750 LIFTLUG -11.7259 7-4 0.29350 

7 3.00100 LIFTLUG -20.9392 7-4 0.58700 

14 0.00000 COM1 -0.0045 14-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

14 0.44033 COM1 0.4575 14-1 0.44033 

14 0.88067 COM1 0.3884 14-1 0.88067 

14 1.32100 COM1 -0.2116 14-1 1.32100 

14 0.00000 COM2 -0.0322 14-1 0.00000 

14 0.44033 COM2 2.7008 14-1 0.44033 

14 0.88067 COM2 2.0331 14-1 0.88067 

14 1.32100 COM2 -2.0350 14-1 1.32100 

14 0.00000 COM3 -0.0041 14-1 0.00000 

14 0.44033 COM3 0.4737 14-1 0.44033 

14 0.88067 COM3 0.4774 14-1 0.88067 

14 1.32100 COM3 0.0070 14-1 1.32100 

14 0.00000 LIFTLUG -0.0220 14-1 0.00000 

14 0.44033 LIFTLUG 1.8550 14-1 0.44033 

14 0.88067 LIFTLUG 1.4017 14-1 0.88067 

14 1.32100 LIFTLUG -1.3819 14-1 1.32100 

15 0.00000 COM1 -0.2137 15-1 0.00000 

15 0.42680 COM1 0.8240 15-1 0.42680 

15 0.85360 COM1 1.3627 15-1 0.85360 

15 1.28040 COM1 1.4026 15-1 1.28040 

15 1.70720 COM1 0.9436 15-1 1.70720 

15 2.13400 COM1 -0.0143 15-1 2.13400 

15 0.00000 COM2 -2.0495 15-1 0.00000 

15 0.42680 COM2 4.7308 15-1 0.42680 

15 0.85360 COM2 8.3163 15-1 0.85360 

15 1.28040 COM2 8.7071 15-1 1.28040 

15 1.70720 COM2 5.9032 15-1 1.70720 

15 2.13400 COM2 -0.0955 15-1 2.13400 

15 0.00000 COM3 0.0055 15-1 0.00000 

15 0.42680 COM3 0.8928 15-1 0.42680 

15 0.85360 COM3 1.3347 15-1 0.85360 

15 1.28040 COM3 1.3311 15-1 1.28040 

15 1.70720 COM3 0.8821 15-1 1.70720 

15 2.13400 COM3 -0.0124 15-1 2.13400 

15 0.00000 LIFTLUG -1.3918 15-1 0.00000 

15 0.42680 LIFTLUG 3.2519 15-1 0.42680 

15 0.85360 LIFTLUG 5.7065 15-1 0.85360 

15 1.28040 LIFTLUG 5.9717 15-1 1.28040 

15 1.70720 LIFTLUG 4.0478 15-1 1.70720 

15 2.13400 LIFTLUG -0.0654 15-1 2.13400 

18 0.00000 COM1 -0.0239 18-1 0.00000 

18 0.44033 COM1 0.6850 18-1 0.44033 

18 0.88067 COM1 0.9107 18-1 0.88067 

18 1.32100 COM1 0.6534 18-1 1.32100 

18 0.00000 COM2 -0.1065 18-1 0.00000 

18 0.44033 COM2 3.3682 18-1 0.44033 

18 0.88067 COM2 4.1011 18-1 0.88067 

18 1.32100 COM2 2.0922 18-1 1.32100 

18 0.00000 COM3 -0.0225 18-1 0.00000 

18 0.44033 COM3 0.6177 18-1 0.44033 

18 0.88067 COM3 0.8266 18-1 0.88067 

18 1.32100 COM3 0.6041 18-1 1.32100 

18 0.00000 LIFTLUG -0.0738 18-1 0.00000 

18 0.44033 LIFTLUG 2.3270 18-1 0.44033 

18 0.88067 LIFTLUG 2.8425 18-1 0.88067 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

18 1.32100 LIFTLUG 1.4726 18-1 1.32100 

19 0.00000 COM1 0.6528 19-1 0.00000 

19 0.42680 COM1 1.4235 19-1 0.42680 

19 0.85360 COM1 1.7403 19-1 0.85360 

19 1.28040 COM1 1.6032 19-1 1.28040 

19 1.70720 COM1 1.0122 19-1 1.70720 

19 2.13400 COM1 -0.0326 19-1 2.13400 

19 0.00000 COM2 2.0863 19-1 0.00000 

19 0.42680 COM2 6.7886 19-1 0.42680 

19 0.85360 COM2 8.9151 19-1 0.85360 

19 1.28040 COM2 8.4657 19-1 1.28040 

19 1.70720 COM2 5.4405 19-1 1.70720 

19 2.13400 COM2 -0.1605 19-1 2.13400 

19 0.00000 COM3 0.6038 19-1 0.00000 

19 0.42680 COM3 1.2875 19-1 0.42680 

19 0.85360 COM3 1.5660 19-1 0.85360 

19 1.28040 COM3 1.4393 19-1 1.28040 

19 1.70720 COM3 0.9072 19-1 1.70720 

19 2.13400 COM3 -0.0300 19-1 2.13400 

19 0.00000 LIFTLUG 1.4686 19-1 0.00000 

19 0.42680 LIFTLUG 4.6952 19-1 0.42680 

19 0.85360 LIFTLUG 6.1506 19-1 0.85360 

19 1.28040 LIFTLUG 5.8347 19-1 1.28040 

19 1.70720 LIFTLUG 3.7475 19-1 1.70720 

19 2.13400 LIFTLUG -0.1109 19-1 2.13400 

20 0.00000 COM1 -0.0016 20-1 0.00000 

20 0.44033 COM1 0.8823 20-1 0.44033 

20 0.88067 COM1 1.0333 20-1 0.88067 

20 1.32100 COM1 0.4512 20-1 1.32100 

20 0.00000 COM2 -0.0033 20-1 0.00000 

20 0.44033 COM2 3.3727 20-1 0.44033 

20 0.88067 COM2 4.0612 20-1 0.88067 

20 1.32100 COM2 2.0623 20-1 1.32100 

20 0.00000 COM3 -8.101E-04 20-1 0.00000 

20 0.44033 COM3 0.7688 20-1 0.44033 

20 0.88067 COM3 0.8840 20-1 0.88067 

20 1.32100 COM3 0.3447 20-1 1.32100 

20 0.00000 LIFTLUG -0.0024 20-1 0.00000 

20 0.44033 LIFTLUG 2.3535 20-1 0.44033 

20 0.88067 LIFTLUG 2.8305 20-1 0.88067 

20 1.32100 LIFTLUG 1.4286 20-1 1.32100 

21 0.00000 COM1 0.4484 21-1 0.00000 

21 0.42680 COM1 1.7324 21-1 0.42680 

21 0.85360 COM1 2.3278 21-1 0.85360 

21 1.28040 COM1 2.2346 21-1 1.28040 

21 1.70720 COM1 1.4528 21-1 1.70720 

21 2.13400 COM1 -0.0177 21-1 2.13400 

21 0.00000 COM2 2.0520 21-1 0.00000 

21 0.42680 COM2 6.6784 21-1 0.42680 

21 0.85360 COM2 8.7800 21-1 0.85360 

21 1.28040 COM2 8.3569 21-1 1.28040 

21 1.70720 COM2 5.4089 21-1 1.70720 

21 2.13400 COM2 -0.0638 21-1 2.13400 

21 0.00000 COM3 0.3422 21-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

21 0.42680 COM3 1.5004 21-1 0.42680 

21 0.85360 COM3 2.0438 21-1 0.85360 

21 1.28040 COM3 1.9723 21-1 1.28040 

21 1.70720 COM3 1.2859 21-1 1.70720 

21 2.13400 COM3 -0.0152 21-1 2.13400 

21 0.00000 LIFTLUG 1.4214 21-1 0.00000 

21 0.42680 LIFTLUG 4.6585 21-1 0.42680 

21 0.85360 LIFTLUG 6.1305 21-1 0.85360 

21 1.28040 LIFTLUG 5.8373 21-1 1.28040 

21 1.70720 LIFTLUG 3.7789 21-1 1.70720 

21 2.13400 LIFTLUG -0.0446 21-1 2.13400 

22 0.00000 COM1 -0.0317 22-1 0.00000 

22 0.44033 COM1 1.7886 22-1 0.44033 

22 0.88067 COM1 2.8634 22-1 0.88067 

22 1.32100 COM1 3.1927 22-1 1.32100 

22 0.00000 COM2 -0.1274 22-1 0.00000 

22 0.44033 COM2 7.0059 22-1 0.44033 

22 0.88067 COM2 11.6343 22-1 0.88067 

22 1.32100 COM2 13.7577 22-1 1.32100 

22 0.00000 COM3 -0.0312 22-1 0.00000 

22 0.44033 COM3 1.6410 22-1 0.44033 

22 0.88067 COM3 2.6475 22-1 0.88067 

22 1.32100 COM3 2.9885 22-1 1.32100 

22 0.00000 LIFTLUG -0.0887 22-1 0.00000 

22 0.44033 LIFTLUG 4.8835 22-1 0.44033 

22 0.88067 LIFTLUG 8.0971 22-1 0.88067 

22 1.32100 LIFTLUG 9.5519 22-1 1.32100 

23 0.00000 COM1 3.1947 23-1 0.00000 

23 0.42680 COM1 3.9509 23-1 0.42680 

23 0.85360 COM1 4.0068 23-1 0.85360 

23 1.28040 COM1 3.3623 23-1 1.28040 

23 1.70720 COM1 2.0174 23-1 1.70720 

23 2.13400 COM1 -0.0278 23-1 2.13400 

23 0.00000 COM2 13.7677 23-1 0.00000 

23 0.42680 COM2 15.6992 23-1 0.42680 

23 0.85360 COM2 15.2773 23-1 0.85360 

23 1.28040 COM2 12.5021 23-1 1.28040 

23 1.70720 COM2 7.3737 23-1 1.70720 

23 2.13400 COM2 -0.1081 23-1 2.13400 

23 0.00000 COM3 2.9903 23-1 0.00000 

23 0.42680 COM3 3.6375 23-1 0.42680 

23 0.85360 COM3 3.6593 23-1 0.85360 

23 1.28040 COM3 3.0558 23-1 1.28040 

23 1.70720 COM3 1.8269 23-1 1.70720 

23 2.13400 COM3 -0.0273 23-1 2.13400 

23 0.00000 LIFTLUG 9.5588 23-1 0.00000 

23 0.42680 LIFTLUG 10.9365 23-1 0.42680 

23 0.85360 LIFTLUG 10.6619 23-1 0.85360 

23 1.28040 LIFTLUG 8.7350 23-1 1.28040 

23 1.70720 LIFTLUG 5.1560 23-1 1.70720 

23 2.13400 LIFTLUG -0.0754 23-1 2.13400 

26 0.00000 COM1 0.1019 26-1 0.00000 

26 0.33867 COM1 1.3980 26-1 0.33867 

26 0.67733 COM1 2.2091 26-1 0.67733 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

26 1.01600 COM1 2.5352 26-1 1.01600 

26 1.01600 COM1 2.5364 26-2 0.00000 

26 1.38867 COM1 2.2821 26-2 0.37267 

26 1.76133 COM1 1.4405 26-2 0.74533 

26 2.13400 COM1 0.0116 26-2 1.11800 

26 0.00000 COM2 0.3684 26-1 0.00000 

26 0.33867 COM2 5.8677 26-1 0.33867 

26 0.67733 COM2 9.2803 26-1 0.67733 

26 1.01600 COM2 10.6062 26-1 1.01600 

26 1.01600 COM2 10.6106 26-2 0.00000 

26 1.38867 COM2 9.6122 26-2 0.37267 

26 1.76133 COM2 6.0871 26-2 0.74533 

26 2.13400 COM2 0.0352 26-2 1.11800 

26 0.00000 COM3 0.0858 26-1 0.00000 

26 0.33867 COM3 1.2441 26-1 0.33867 

26 0.67733 COM3 1.9693 26-1 0.67733 

26 1.01600 COM3 2.2615 26-1 1.01600 

26 1.01600 COM3 2.2626 26-2 0.00000 

26 1.38867 COM3 2.0364 26-2 0.37267 

26 1.76133 COM3 1.2858 26-2 0.74533 

26 2.13400 COM3 0.0108 26-2 1.11800 

26 0.00000 LIFTLUG 0.2578 26-1 0.00000 

26 0.33867 LIFTLUG 4.0782 26-1 0.33867 

26 0.67733 LIFTLUG 6.4499 26-1 0.67733 

26 1.01600 LIFTLUG 7.3726 26-1 1.01600 

26 1.01600 LIFTLUG 7.3757 26-2 0.00000 

26 1.38867 LIFTLUG 6.6798 26-2 0.37267 

26 1.76133 LIFTLUG 4.2295 26-2 0.74533 

26 2.13400 LIFTLUG 0.0249 26-2 1.11800 

27 0.00000 COM1 -7.354E-04 27-1 0.00000 

27 0.44033 COM1 0.8245 27-1 0.44033 

27 0.88067 COM1 0.8574 27-1 0.88067 

27 1.32100 COM1 0.0980 27-1 1.32100 

27 0.00000 COM2 -0.0090 27-1 0.00000 

27 0.44033 COM2 3.6153 27-1 0.44033 

27 0.88067 COM2 3.7366 27-1 0.88067 

27 1.32100 COM2 0.3549 27-1 1.32100 

27 0.00000 COM3 1.778E-04 27-1 0.00000 

27 0.44033 COM3 0.7350 27-1 0.44033 

27 0.88067 COM3 0.7624 27-1 0.88067 

27 1.32100 COM3 0.0824 27-1 1.32100 

27 0.00000 LIFTLUG -0.0061 27-1 0.00000 

27 0.44033 LIFTLUG 2.5083 27-1 0.44033 

27 0.88067 LIFTLUG 2.5931 27-1 0.88067 

27 1.32100 LIFTLUG 0.2483 27-1 1.32100 

29 0.00000 COM1 0.0027 29-1 0.00000 

29 0.45600 COM1 0.0340 29-1 0.45600 

29 0.91200 COM1 0.0014 29-1 0.91200 

29 0.00000 COM2 0.0045 29-1 0.00000 

29 0.45600 COM2 0.0338 29-1 0.45600 

29 0.91200 COM2 0.0061 29-1 0.91200 

29 0.00000 COM3 0.0038 29-1 0.00000 

29 0.45600 COM3 0.0314 29-1 0.45600 

29 0.91200 COM3 0.0020 29-1 0.91200 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

29 0.00000 LIFTLUG 0.0033 29-1 0.00000 

29 0.45600 LIFTLUG 0.0266 29-1 0.45600 

29 0.91200 LIFTLUG 0.0042 29-1 0.91200 

30 0.00000 COM1 -2.4845 30-1 0.00000 

30 0.44033 COM1 -0.9381 30-1 0.44033 

30 0.88067 COM1 -0.0329 30-1 0.88067 

30 1.32100 COM1 0.2267 30-1 1.32100 

30 0.00000 COM2 -6.3678 30-1 0.00000 

30 0.44033 COM2 -2.6929 30-1 0.44033 

30 0.88067 COM2 -0.1880 30-1 0.88067 

30 1.32100 COM2 1.0865 30-1 1.32100 

30 0.00000 COM3 -3.1127 30-1 0.00000 

30 0.44033 COM3 -1.1941 30-1 0.44033 

30 0.88067 COM3 0.1520 30-1 0.88067 

30 1.32100 COM3 0.9217 30-1 1.32100 

30 0.00000 LIFTLUG -4.5410 30-1 0.00000 

30 0.44033 LIFTLUG -1.9070 30-1 0.44033 

30 0.88067 LIFTLUG -0.1293 30-1 0.88067 

30 1.32100 LIFTLUG 0.7513 30-1 1.32100 

31 0.00000 COM1 0.2134 31-1 0.00000 

31 0.42680 COM1 1.3980 31-1 0.42680 

31 0.85360 COM1 1.9679 31-1 0.85360 

31 1.28040 COM1 1.9192 31-1 1.28040 

31 1.70720 COM1 1.2479 31-1 1.70720 

31 2.13400 COM1 -0.0501 31-1 2.13400 

31 0.00000 COM2 1.0562 31-1 0.00000 

31 0.42680 COM2 3.4707 31-1 0.42680 

31 0.85360 COM2 4.6177 31-1 0.85360 

31 1.28040 COM2 4.4419 31-1 1.28040 

31 1.70720 COM2 2.8885 31-1 1.70720 

31 2.13400 COM2 -0.0976 31-1 2.13400 

31 0.00000 COM3 0.9071 31-1 0.00000 

31 0.42680 COM3 1.8196 31-1 0.42680 

31 0.85360 COM3 2.1833 31-1 0.85360 

31 1.28040 COM3 1.9947 31-1 1.28040 

31 1.70720 COM3 1.2501 31-1 1.70720 

31 2.13400 COM3 -0.0540 31-1 2.13400 

31 0.00000 LIFTLUG 0.7295 31-1 0.00000 

31 0.42680 LIFTLUG 2.4803 31-1 0.42680 

31 0.85360 LIFTLUG 3.3127 31-1 0.85360 

31 1.28040 LIFTLUG 3.1898 31-1 1.28040 

31 1.70720 LIFTLUG 2.0742 31-1 1.70720 

31 2.13400 LIFTLUG -0.0710 31-1 2.13400 

42 0.00000 COM1 -0.0499 42-1 0.00000 

42 0.44033 COM1 1.3278 42-1 0.44033 

42 0.88067 COM1 1.9625 42-1 0.88067 

42 1.32100 COM1 1.8543 42-1 1.32100 

42 0.00000 COM2 -0.1832 42-1 0.00000 

42 0.44033 COM2 5.0411 42-1 0.44033 

42 0.88067 COM2 7.4417 42-1 0.88067 

42 1.32100 COM2 7.0186 42-1 1.32100 

42 0.00000 COM3 -0.0460 42-1 0.00000 

42 0.44033 COM3 1.1970 42-1 0.44033 

42 0.88067 COM3 1.7767 42-1 0.88067 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

42 1.32100 COM3 1.6931 42-1 1.32100 

42 0.00000 LIFTLUG -0.1281 42-1 0.00000 

42 0.44033 LIFTLUG 3.5188 42-1 0.44033 

42 0.88067 LIFTLUG 5.1947 42-1 0.88067 

42 1.32100 LIFTLUG 4.8998 42-1 1.32100 

43 0.00000 COM1 1.8469 43-1 0.00000 

43 0.42680 COM1 2.8413 43-1 0.42680 

43 0.85360 COM1 3.1472 43-1 0.85360 

43 1.28040 COM1 2.7644 43-1 1.28040 

43 1.70720 COM1 1.6931 43-1 1.70720 

43 2.13400 COM1 -0.0670 43-1 2.13400 

43 0.00000 COM2 6.9918 43-1 0.00000 

43 0.42680 COM2 10.5945 43-1 0.42680 

43 0.85360 COM2 11.6725 43-1 0.85360 

43 1.28040 COM2 10.2257 43-1 1.28040 

43 1.70720 COM2 6.2542 43-1 1.70720 

43 2.13400 COM2 -0.2422 43-1 2.13400 

43 0.00000 COM3 1.6867 43-1 0.00000 

43 0.42680 COM3 2.5667 43-1 0.42680 

43 0.85360 COM3 2.8319 43-1 0.85360 

43 1.28040 COM3 2.4822 43-1 1.28040 

43 1.70720 COM3 1.5177 43-1 1.70720 

43 2.13400 COM3 -0.0616 43-1 2.13400 

43 0.00000 LIFTLUG 4.8811 43-1 0.00000 

43 0.42680 LIFTLUG 7.4013 43-1 0.42680 

43 0.85360 LIFTLUG 8.1563 43-1 0.85360 

43 1.28040 LIFTLUG 7.1462 43-1 1.28040 

43 1.70720 LIFTLUG 4.3710 43-1 1.70720 

43 2.13400 LIFTLUG -0.1694 43-1 2.13400 

44 0.00000 COM1 -14.5954 44-1 0.00000 

44 0.43200 COM1 -5.0017 44-1 0.43200 

44 0.43200 COM1 -5.0016 44-2 0.00000 

44 0.74300 COM1 -0.2159 44-2 0.31100 

44 1.05400 COM1 4.2554 44-2 0.62200 

44 1.05400 COM1 4.2613 44-3 0.00000 

44 1.32550 COM1 6.7534 44-3 0.27150 

44 1.59700 COM1 9.0060 44-3 0.54300 

44 1.59700 COM1 9.0063 44-4 0.00000 

44 2.05300 COM1 6.8176 44-4 0.45600 

44 2.50900 COM1 3.9534 44-4 0.91200 

44 2.50900 COM1 3.9553 44-5 0.00000 

44 2.85400 COM1 -0.2554 44-5 0.34500 

44 3.19900 COM1 -4.8528 44-5 0.69000 

44 3.19900 COM1 -4.8281 44-6 0.00000 

44 3.67400 COM1 -14.1326 44-6 0.47500 

44 0.00000 COM2 -46.7483 44-1 0.00000 

44 0.43200 COM2 -16.7575 44-1 0.43200 

44 0.43200 COM2 -16.7581 44-2 0.00000 

44 0.74300 COM2 -1.8119 44-2 0.31100 

44 1.05400 COM2 12.8537 44-2 0.62200 

44 1.05400 COM2 12.8804 44-3 0.00000 

44 1.32550 COM2 21.1696 44-3 0.27150 

44 1.59700 COM2 29.2449 44-3 0.54300 

44 1.59700 COM2 29.2486 44-4 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

44 2.05300 COM2 21.2299 44-4 0.45600 

44 2.50900 COM2 12.6078 44-4 0.91200 

44 2.50900 COM2 12.6151 44-5 0.00000 

44 2.85400 COM2 -1.0812 44-5 0.34500 

44 3.19900 COM2 -15.1228 44-5 0.69000 

44 3.19900 COM2 -15.0298 44-6 0.00000 

44 3.67400 COM2 -43.5624 44-6 0.47500 

44 0.00000 COM3 -20.3231 44-1 0.00000 

44 0.43200 COM3 -7.1338 44-1 0.43200 

44 0.43200 COM3 -7.1338 44-2 0.00000 

44 0.74300 COM3 -0.3328 44-2 0.31100 

44 1.05400 COM3 5.5348 44-2 0.62200 

44 1.05400 COM3 5.5392 44-3 0.00000 

44 1.32550 COM3 8.8750 44-3 0.27150 

44 1.59700 COM3 11.4995 44-3 0.54300 

44 1.59700 COM3 11.4988 44-4 0.00000 

44 2.05300 COM3 9.6690 44-4 0.45600 

44 2.50900 COM3 5.8324 44-4 0.91200 

44 2.50900 COM3 5.8346 44-5 0.00000 

44 2.85400 COM3 0.1754 44-5 0.34500 

44 3.19900 COM3 -6.6326 44-5 0.69000 

44 3.19900 COM3 -6.6099 44-6 0.00000 

44 3.67400 COM3 -19.9626 44-6 0.47500 

44 0.00000 LIFTLUG -32.9031 44-1 0.00000 

44 0.43200 LIFTLUG -11.7671 44-1 0.43200 

44 0.43200 LIFTLUG -11.7675 44-2 0.00000 

44 0.74300 LIFTLUG -1.2336 44-2 0.31100 

44 1.05400 LIFTLUG 9.0758 44-2 0.62200 

44 1.05400 LIFTLUG 9.0943 44-3 0.00000 

44 1.32550 LIFTLUG 14.9170 44-3 0.27150 

44 1.59700 LIFTLUG 20.5687 44-3 0.54300 

44 1.59700 LIFTLUG 20.5713 44-4 0.00000 

44 2.05300 LIFTLUG 14.9649 44-4 0.45600 

44 2.50900 LIFTLUG 8.8758 44-4 0.91200 

44 2.50900 LIFTLUG 8.8809 44-5 0.00000 

44 2.85400 LIFTLUG -0.7512 44-5 0.34500 

44 3.19900 LIFTLUG -10.6596 44-5 0.69000 

44 3.19900 LIFTLUG -10.5947 44-6 0.00000 

44 3.67400 LIFTLUG -30.7241 44-6 0.47500 

45 0.00000 COM1 -11.4118 45-1 0.00000 

45 0.33075 COM1 -5.5211 45-1 0.33075 

45 0.66150 COM1 0.0141 45-1 0.66150 

45 0.66150 COM1 0.0263 45-2 0.00000 

45 0.99225 COM1 3.6734 45-2 0.33075 

45 1.32300 COM1 6.9650 45-2 0.66150 

45 1.32300 COM1 6.9633 45-3 0.00000 

45 1.57500 COM1 6.3373 45-3 0.25200 

45 1.82700 COM1 5.5050 45-3 0.50400 

45 1.82700 COM1 5.5091 45-4 0.00000 

45 2.13150 COM1 2.9637 45-4 0.30450 

45 2.43600 COM1 0.1170 45-4 0.60900 

45 2.43600 COM1 0.1179 45-5 0.00000 

45 2.74600 COM1 -4.3025 45-5 0.31000 

45 2.74600 COM1 -4.3052 45-6 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

45 3.00000 COM1 -9.1195 45-6 0.25400 

45 0.00000 COM2 -33.6984 45-1 0.00000 

45 0.33075 COM2 -16.5178 45-1 0.33075 

45 0.66150 COM2 0.3454 45-1 0.66150 

45 0.66150 COM2 0.3838 45-2 0.00000 

45 0.99225 COM2 10.9926 45-2 0.33075 

45 1.32300 COM2 21.2841 45-2 0.66150 

45 1.32300 COM2 21.2754 45-3 0.00000 

45 1.57500 COM2 18.8012 45-3 0.25200 

45 1.82700 COM2 16.1427 45-3 0.50400 

45 1.82700 COM2 16.1480 45-4 0.00000 

45 2.13150 COM2 8.2709 45-4 0.30450 

45 2.43600 COM2 0.1249 45-4 0.60900 

45 2.43600 COM2 0.1183 45-5 0.00000 

45 2.74600 COM2 -12.2213 45-5 0.31000 

45 2.74600 COM2 -12.2319 45-6 0.00000 

45 3.00000 COM2 -24.7646 45-6 0.25400 

45 0.00000 COM3 -15.5519 45-1 0.00000 

45 0.33075 COM3 -7.2442 45-1 0.33075 

45 0.66150 COM3 0.0077 45-1 0.66150 

45 0.66150 COM3 0.0183 45-2 0.00000 

45 0.99225 COM3 4.8483 45-2 0.33075 

45 1.32300 COM3 8.6225 45-2 0.66150 

45 1.32300 COM3 8.6214 45-3 0.00000 

45 1.57500 COM3 8.2365 45-3 0.25200 

45 1.82700 COM3 7.2388 45-3 0.50400 

45 1.82700 COM3 7.2441 45-4 0.00000 

45 2.13150 COM3 4.0782 45-4 0.30450 

45 2.43600 COM3 0.0174 45-4 0.60900 

45 2.43600 COM3 0.0243 45-5 0.00000 

45 2.74600 COM3 -6.1737 45-5 0.31000 

45 2.74600 COM3 -6.1748 45-6 0.00000 

45 3.00000 COM3 -12.8877 45-6 0.25400 

45 0.00000 LIFTLUG -23.8241 45-1 0.00000 

45 0.33075 LIFTLUG -11.6691 45-1 0.33075 

45 0.66150 LIFTLUG 0.2320 45-1 0.66150 

45 0.66150 LIFTLUG 0.2590 45-2 0.00000 

45 0.99225 LIFTLUG 7.7657 45-2 0.33075 

45 1.32300 LIFTLUG 15.0186 45-2 0.66150 

45 1.32300 LIFTLUG 15.0126 45-3 0.00000 

45 1.57500 LIFTLUG 13.2886 45-3 0.25200 

45 1.82700 LIFTLUG 11.4172 45-3 0.50400 

45 1.82700 LIFTLUG 11.4212 45-4 0.00000 

45 2.13150 LIFTLUG 5.8668 45-4 0.30450 

45 2.43600 LIFTLUG 0.0972 45-4 0.60900 

45 2.43600 LIFTLUG 0.0929 45-5 0.00000 

45 2.74600 LIFTLUG -8.6597 45-5 0.31000 

45 2.74600 LIFTLUG -8.6671 45-6 0.00000 

45 3.00000 LIFTLUG -17.5954 45-6 0.25400 

46 0.00000 COM1 -14.4121 46-1 0.00000 

46 0.43200 COM1 -5.1084 46-1 0.43200 

46 0.43200 COM1 -5.1081 46-2 0.00000 

46 0.74300 COM1 -0.3347 46-2 0.31100 

46 1.05400 COM1 4.1245 46-2 0.62200 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

46 1.05400 COM1 4.1338 46-3 0.00000 

46 1.32550 COM1 6.9987 46-3 0.27150 

46 1.59700 COM1 9.6240 46-3 0.54300 

46 1.59700 COM1 9.6266 46-4 0.00000 

46 2.01650 COM1 7.0996 46-4 0.41950 

46 2.43600 COM1 4.0008 46-4 0.83900 

46 2.43600 COM1 4.0045 46-5 0.00000 

46 2.81750 COM1 -0.3682 46-5 0.38150 

46 3.19900 COM1 -5.2139 46-5 0.76300 

46 3.19900 COM1 -5.1743 46-6 0.00000 

46 3.67400 COM1 -13.7553 46-6 0.47500 

46 0.00000 COM2 -46.2512 46-1 0.00000 

46 0.43200 COM2 -16.8301 46-1 0.43200 

46 0.43200 COM2 -16.8311 46-2 0.00000 

46 0.74300 COM2 -1.9085 46-2 0.31100 

46 1.05400 COM2 12.7334 46-2 0.62200 

46 1.05400 COM2 12.7755 46-3 0.00000 

46 1.32550 COM2 22.4183 46-3 0.27150 

46 1.59700 COM2 31.8473 46-3 0.54300 

46 1.59700 COM2 31.8571 46-4 0.00000 

46 2.01650 COM2 22.4203 46-4 0.41950 

46 2.43600 COM2 12.4729 46-4 0.83900 

46 2.43600 COM2 12.4862 46-5 0.00000 

46 2.81750 COM2 -1.6609 46-5 0.38150 

46 3.19900 COM2 -16.2302 46-5 0.76300 

46 3.19900 COM2 -16.0809 46-6 0.00000 

46 3.67400 COM2 -41.9697 46-6 0.47500 

46 0.00000 COM3 -20.0002 46-1 0.00000 

46 0.43200 COM3 -7.1521 46-1 0.43200 

46 0.43200 COM3 -7.1521 46-2 0.00000 

46 0.74300 COM3 -0.4339 46-2 0.31100 

46 1.05400 COM3 5.3509 46-2 0.62200 

46 1.05400 COM3 5.3578 46-3 0.00000 

46 1.32550 COM3 8.9684 46-3 0.27150 

46 1.59700 COM3 11.8676 46-3 0.54300 

46 1.59700 COM3 11.8695 46-4 0.00000 

46 2.01650 COM3 9.8104 46-4 0.41950 

46 2.43600 COM3 6.0528 46-4 0.83900 

46 2.43600 COM3 6.0561 46-5 0.00000 

46 2.81750 COM3 0.2212 46-5 0.38150 

46 3.19900 COM3 -7.0184 46-5 0.76300 

46 3.19900 COM3 -6.9820 46-6 0.00000 

46 3.67400 COM3 -19.6577 46-6 0.47500 

46 0.00000 LIFTLUG -32.5498 46-1 0.00000 

46 0.43200 LIFTLUG -11.8282 46-1 0.43200 

46 0.43200 LIFTLUG -11.8289 46-2 0.00000 

46 0.74300 LIFTLUG -1.3122 46-2 0.31100 

46 1.05400 LIFTLUG 8.9800 46-2 0.62200 

46 1.05400 LIFTLUG 9.0091 46-3 0.00000 

46 1.32550 LIFTLUG 15.7787 46-3 0.27150 

46 1.59700 LIFTLUG 22.3772 46-3 0.54300 

46 1.59700 LIFTLUG 22.3841 46-4 0.00000 

46 2.01650 LIFTLUG 15.7920 46-4 0.41950 

46 2.43600 LIFTLUG 8.7915 46-4 0.83900 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

46 2.43600 LIFTLUG 8.8009 46-5 0.00000 

46 2.81750 LIFTLUG -1.1511 46-5 0.38150 

46 3.19900 LIFTLUG -11.4408 46-5 0.76300 

46 3.19900 LIFTLUG -11.3366 46-6 0.00000 

46 3.67400 LIFTLUG -29.6173 46-6 0.47500 

47 0.00000 COM1 -10.4621 47-1 0.00000 

47 0.33075 COM1 -4.9406 47-1 0.33075 

47 0.66150 COM1 0.2254 47-1 0.66150 

47 0.66150 COM1 0.2449 47-2 0.00000 

47 0.99225 COM1 3.9514 47-2 0.33075 

47 1.32300 COM1 7.3024 47-2 0.66150 

47 1.32300 COM1 7.2998 47-3 0.00000 

47 1.57500 COM1 6.0235 47-3 0.25200 

47 1.82700 COM1 4.5409 47-3 0.50400 

47 1.82700 COM1 4.5474 47-4 0.00000 

47 2.13150 COM1 1.6520 47-4 0.30450 

47 2.43600 COM1 -1.5446 47-4 0.60900 

47 2.43600 COM1 -1.5427 47-5 0.00000 

47 2.74600 COM1 -5.8832 47-5 0.31000 

47 2.74600 COM1 3.9629 47-6 0.00000 

47 3.00000 COM1 0.0077 47-6 0.25400 

47 0.00000 COM2 -30.5957 47-1 0.00000 

47 0.33075 COM2 -14.8115 47-1 0.33075 

47 0.66150 COM2 0.6553 47-1 0.66150 

47 0.66150 COM2 0.7162 47-2 0.00000 

47 0.99225 COM2 11.6972 47-2 0.33075 

47 1.32300 COM2 22.3609 47-2 0.66150 

47 1.32300 COM2 22.3474 47-3 0.00000 

47 1.57500 COM2 17.7114 47-3 0.25200 

47 1.82700 COM2 12.8912 47-3 0.50400 

47 1.82700 COM2 12.8991 47-4 0.00000 

47 2.13150 COM2 4.0230 47-4 0.30450 

47 2.43600 COM2 -5.1220 47-4 0.60900 

47 2.43600 COM2 -5.1317 47-5 0.00000 

47 2.74600 COM2 -17.0356 47-5 0.31000 

47 2.74600 COM2 9.7042 47-6 0.00000 

47 3.00000 COM2 0.0298 47-6 0.25400 

47 0.00000 COM3 -14.3510 47-1 0.00000 

47 0.33075 COM3 -6.4735 47-1 0.33075 

47 0.66150 COM3 0.3481 47-1 0.66150 

47 0.66150 COM3 0.3651 47-2 0.00000 

47 0.99225 COM3 5.1491 47-2 0.33075 

47 1.32300 COM3 8.8773 47-2 0.66150 

47 1.32300 COM3 8.8756 47-3 0.00000 

47 1.57500 COM3 7.8554 47-3 0.25200 

47 1.82700 COM3 6.2223 47-3 0.50400 

47 1.82700 COM3 6.2307 47-4 0.00000 

47 2.13150 COM3 2.6778 47-4 0.30450 

47 2.43600 COM3 -1.7700 47-4 0.60900 

47 2.43600 COM3 -1.7583 47-5 0.00000 

47 2.74600 COM3 -8.0012 47-5 0.31000 

47 2.74600 COM3 5.9327 47-6 0.00000 

47 3.00000 COM3 0.0034 47-6 0.25400 

47 0.00000 LIFTLUG -21.6426 47-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

47 0.33075 LIFTLUG -10.4625 47-1 0.33075 

47 0.66150 LIFTLUG 0.4637 47-1 0.66150 

47 0.66150 LIFTLUG 0.5066 47-2 0.00000 

47 0.99225 LIFTLUG 8.2685 47-2 0.33075 

47 1.32300 LIFTLUG 15.7766 47-2 0.66150 

47 1.32300 LIFTLUG 15.7673 47-3 0.00000 

47 1.57500 LIFTLUG 12.5247 47-3 0.25200 

47 1.82700 LIFTLUG 9.1347 47-3 0.50400 

47 1.82700 LIFTLUG 9.1407 47-4 0.00000 

47 2.13150 LIFTLUG 2.8787 47-4 0.30450 

47 2.43600 LIFTLUG -3.5986 47-4 0.60900 

47 2.43600 LIFTLUG -3.6048 47-5 0.00000 

47 2.74600 LIFTLUG -12.0575 47-5 0.31000 

47 2.74600 LIFTLUG 6.9413 47-6 0.00000 

47 3.00000 LIFTLUG 0.0208 47-6 0.25400 

52 0.00000 COM1 -0.0040 52-1 0.00000 

52 0.44033 COM1 0.8312 52-1 0.44033 

52 0.88067 COM1 0.9404 52-1 0.88067 

52 1.32100 COM1 0.3237 52-1 1.32100 

52 0.00000 COM2 -0.0142 52-1 0.00000 

52 0.44033 COM2 2.7480 52-1 0.44033 

52 0.88067 COM2 2.9199 52-1 0.88067 

52 1.32100 COM2 0.5014 52-1 1.32100 

52 0.00000 COM3 -0.0018 52-1 0.00000 

52 0.44033 COM3 0.7758 52-1 0.44033 

52 0.88067 COM3 0.9053 52-1 0.88067 

52 1.32100 COM3 0.3866 52-1 1.32100 

52 0.00000 LIFTLUG -0.0100 52-1 0.00000 

52 0.44033 LIFTLUG 1.9310 52-1 0.44033 

52 0.88067 LIFTLUG 2.0585 52-1 0.88067 

52 1.32100 LIFTLUG 0.3728 52-1 1.32100 

53 0.00000 COM1 0.3213 53-1 0.00000 

53 0.42680 COM1 1.6181 53-1 0.42680 

53 0.85360 COM1 2.2329 53-1 0.85360 

53 1.28040 COM1 2.1657 53-1 1.28040 

53 1.70720 COM1 1.4165 53-1 1.70720 

53 2.13400 COM1 -0.0147 53-1 2.13400 

53 0.00000 COM2 0.4920 53-1 0.00000 

53 0.42680 COM2 5.2495 53-1 0.42680 

53 0.85360 COM2 7.5733 53-1 0.85360 

53 1.28040 COM2 7.4636 53-1 1.28040 

53 1.70720 COM2 4.9202 53-1 1.70720 

53 2.13400 COM2 -0.0568 53-1 2.13400 

53 0.00000 COM3 0.3846 53-1 0.00000 

53 0.42680 COM3 1.5233 53-1 0.42680 

53 0.85360 COM3 2.0530 53-1 0.85360 

53 1.28040 COM3 1.9737 53-1 1.28040 

53 1.70720 COM3 1.2856 53-1 1.70720 

53 2.13400 COM3 -0.0115 53-1 2.13400 

53 0.00000 LIFTLUG 0.3663 53-1 0.00000 

53 0.42680 LIFTLUG 3.6923 53-1 0.42680 

53 0.85360 LIFTLUG 5.3147 53-1 0.85360 

53 1.28040 LIFTLUG 5.2335 53-1 1.28040 

53 1.70720 LIFTLUG 3.4488 53-1 1.70720 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

53 2.13400 LIFTLUG -0.0396 53-1 2.13400 

54 0.00000 COM1 -0.0301 54-1 0.00000 

54 0.44033 COM1 0.7234 54-1 0.44033 

54 0.88067 COM1 0.7772 54-1 0.88067 

54 1.32100 COM1 0.1315 54-1 1.32100 

54 0.00000 COM2 -0.0817 54-1 0.00000 

54 0.44033 COM2 2.0958 54-1 0.44033 

54 0.88067 COM2 2.0450 54-1 0.88067 

54 1.32100 COM2 -0.2342 54-1 1.32100 

54 0.00000 COM3 -0.0356 54-1 0.00000 

54 0.44033 COM3 0.7820 54-1 0.44033 

54 0.88067 COM3 0.9750 54-1 0.88067 

54 1.32100 COM3 0.5433 54-1 1.32100 

54 0.00000 LIFTLUG -0.0580 54-1 0.00000 

54 0.44033 LIFTLUG 1.4833 54-1 0.44033 

54 0.88067 LIFTLUG 1.4559 54-1 0.88067 

54 1.32100 LIFTLUG -0.1405 54-1 1.32100 

55 0.00000 COM1 0.1345 55-1 0.00000 

55 0.42680 COM1 1.4224 55-1 0.42680 

55 0.85360 COM1 2.0531 55-1 0.85360 

55 1.28040 COM1 2.0265 55-1 1.28040 

55 1.70720 COM1 1.3426 55-1 1.70720 

55 2.13400 COM1 0.0015 55-1 2.13400 

55 0.00000 COM2 -0.2289 55-1 0.00000 

55 0.42680 COM2 4.0013 55-1 0.42680 

55 0.85360 COM2 6.1379 55-1 0.85360 

55 1.28040 COM2 6.1811 55-1 1.28040 

55 1.70720 COM2 4.1308 55-1 1.70720 

55 2.13400 COM2 -0.0129 55-1 2.13400 

55 0.00000 COM3 0.5473 55-1 0.00000 

55 0.42680 COM3 1.6121 55-1 0.42680 

55 0.85360 COM3 2.0901 55-1 0.85360 

55 1.28040 COM3 1.9813 55-1 1.28040 

55 1.70720 COM3 1.2857 55-1 1.70720 

55 2.13400 COM3 0.0032 55-1 2.13400 

55 0.00000 LIFTLUG -0.1366 55-1 0.00000 

55 0.42680 LIFTLUG 2.8368 55-1 0.42680 

55 0.85360 LIFTLUG 4.3364 55-1 0.85360 

55 1.28040 LIFTLUG 4.3620 55-1 1.28040 

55 1.70720 LIFTLUG 2.9137 55-1 1.70720 

55 2.13400 LIFTLUG -0.0084 55-1 2.13400 

58 0.00000 COM1 -0.0311 58-1 0.00000 

58 0.44033 COM1 1.0617 58-1 0.44033 

58 0.88067 COM1 1.3999 58-1 0.88067 

58 1.32100 COM1 0.9838 58-1 1.32100 

58 0.00000 COM2 -0.1167 58-1 0.00000 

58 0.44033 COM2 3.9416 58-1 0.44033 

58 0.88067 COM2 5.0176 58-1 0.88067 

58 1.32100 COM2 3.1113 58-1 1.32100 

58 0.00000 COM3 -0.0276 58-1 0.00000 

58 0.44033 COM3 0.9427 58-1 0.44033 

58 0.88067 COM3 1.2394 58-1 0.88067 

58 1.32100 COM3 0.8626 58-1 1.32100 

58 0.00000 LIFTLUG -0.0815 58-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

58 0.44033 LIFTLUG 2.7541 58-1 0.44033 

58 0.88067 LIFTLUG 3.5117 58-1 0.88067 

58 1.32100 LIFTLUG 2.1913 58-1 1.32100 

59 0.00000 COM1 0.9827 59-1 0.00000 

59 0.42680 COM1 2.1945 59-1 0.42680 

59 0.85360 COM1 2.6975 59-1 0.85360 

59 1.28040 COM1 2.4917 59-1 1.28040 

59 1.70720 COM1 1.5772 59-1 1.70720 

59 2.13400 COM1 -0.0462 59-1 2.13400 

59 0.00000 COM2 3.1061 59-1 0.00000 

59 0.42680 COM2 8.0531 59-1 0.42680 

59 0.85360 COM2 10.1984 59-1 0.85360 

59 1.28040 COM2 9.5418 59-1 1.28040 

59 1.70720 COM2 6.0835 59-1 1.70720 

59 2.13400 COM2 -0.1766 59-1 2.13400 

59 0.00000 COM3 0.8618 59-1 0.00000 

59 0.42680 COM3 1.9467 59-1 0.42680 

59 0.85360 COM3 2.3989 59-1 0.85360 

59 1.28040 COM3 2.2182 59-1 1.28040 

59 1.70720 COM3 1.4047 59-1 1.70720 

59 2.13400 COM3 -0.0417 59-1 2.13400 

59 0.00000 LIFTLUG 2.1877 59-1 0.00000 

59 0.42680 LIFTLUG 5.6300 59-1 0.42680 

59 0.85360 LIFTLUG 7.1201 59-1 0.85360 

59 1.28040 LIFTLUG 6.6579 59-1 1.28040 

59 1.70720 LIFTLUG 4.2434 59-1 1.70720 

59 2.13400 LIFTLUG -0.1233 59-1 2.13400 

60 0.00000 COM1 0.0052 60-1 0.00000 

60 0.44033 COM1 3.3658 60-1 0.44033 

60 0.88067 COM1 6.1611 60-1 0.88067 

60 1.32100 COM1 8.3909 60-1 1.32100 

60 1.32100 COM1 8.3933 60-2 0.00000 

60 1.74780 COM1 7.7800 60-2 0.42680 

60 2.17460 COM1 6.6355 60-2 0.85360 

60 2.60140 COM1 4.9598 60-2 1.28040 

60 3.02820 COM1 2.7529 60-2 1.70720 

60 3.45500 COM1 0.0148 60-2 2.13400 

60 0.00000 COM2 0.0187 60-1 0.00000 

60 0.44033 COM2 18.4858 60-1 0.44033 

60 0.88067 COM2 33.7887 60-1 0.88067 

60 1.32100 COM2 45.9273 60-1 1.32100 

60 1.32100 COM2 45.9402 60-2 0.00000 

60 1.74780 COM2 42.7136 60-2 0.42680 

60 2.17460 COM2 36.5142 60-2 0.85360 

60 2.60140 COM2 27.3421 60-2 1.28040 

60 3.02820 COM2 15.1972 60-2 1.70720 

60 3.45500 COM2 0.0795 60-2 2.13400 

60 0.00000 COM3 0.0067 60-1 0.00000 

60 0.44033 COM3 2.9587 60-1 0.44033 

60 0.88067 COM3 5.4058 60-1 0.88067 

60 1.32100 COM3 7.3481 60-1 1.32100 

60 1.32100 COM3 7.3505 60-2 0.00000 

60 1.74780 COM3 6.8320 60-2 0.42680 

60 2.17460 COM3 5.8392 60-2 0.85360 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

60 2.60140 COM3 4.3721 60-2 1.28040 

60 3.02820 COM3 2.4307 60-2 1.70720 

60 3.45500 COM3 0.0150 60-2 2.13400 

60 0.00000 LIFTLUG 0.0131 60-1 0.00000 

60 0.44033 LIFTLUG 12.7246 60-1 0.44033 

60 0.88067 LIFTLUG 23.2593 60-1 0.88067 

60 1.32100 LIFTLUG 31.6171 60-1 1.32100 

60 1.32100 LIFTLUG 31.6260 60-2 0.00000 

60 1.74780 LIFTLUG 29.4019 60-2 0.42680 

60 2.17460 LIFTLUG 25.1327 60-2 0.85360 

60 2.60140 LIFTLUG 18.8185 60-2 1.28040 

60 3.02820 LIFTLUG 10.4592 60-2 1.70720 

60 3.45500 LIFTLUG 0.0547 60-2 2.13400 

61 0.00000 COM1 0.0088 61-1 0.00000 

61 0.44033 COM1 5.8891 61-1 0.44033 

61 0.88067 COM1 10.9812 61-1 0.88067 

61 1.32100 COM1 15.2851 61-1 1.32100 

61 1.32100 COM1 15.2895 61-2 0.00000 

61 1.74780 COM1 13.7182 61-2 0.42680 

61 2.17460 COM1 11.4064 61-2 0.85360 

61 2.60140 COM1 8.3540 61-2 1.28040 

61 3.02820 COM1 4.5612 61-2 1.70720 

61 3.45500 COM1 0.0278 61-2 2.13400 

61 0.00000 COM2 0.0283 61-1 0.00000 

61 0.44033 COM2 20.5847 61-1 0.44033 

61 0.88067 COM2 38.4034 61-1 0.88067 

61 1.32100 COM2 53.4846 61-1 1.32100 

61 1.32100 COM2 53.5008 61-2 0.00000 

61 1.74780 COM2 47.9647 61-2 0.42680 

61 2.17460 COM2 39.8565 61-2 0.85360 

61 2.60140 COM2 29.1765 61-2 1.28040 

61 3.02820 COM2 15.9246 61-2 1.70720 

61 3.45500 COM2 0.1007 61-2 2.13400 

61 0.00000 COM3 0.0097 61-1 0.00000 

61 0.44033 COM3 5.1656 61-1 0.44033 

61 0.88067 COM3 9.6178 61-1 0.88067 

61 1.32100 COM3 13.3663 61-1 1.32100 

61 1.32100 COM3 13.3705 61-2 0.00000 

61 1.74780 COM3 12.0240 61-2 0.42680 

61 2.17460 COM3 10.0164 61-2 0.85360 

61 2.60140 COM3 7.3475 61-2 1.28040 

61 3.02820 COM3 4.0176 61-2 1.70720 

61 3.45500 COM3 0.0264 61-2 2.13400 

61 0.00000 LIFTLUG 0.0199 61-1 0.00000 

61 0.44033 LIFTLUG 14.4242 61-1 0.44033 

61 0.88067 LIFTLUG 26.9096 61-1 0.88067 

61 1.32100 LIFTLUG 37.4760 61-1 1.32100 

61 1.32100 LIFTLUG 37.4874 61-2 0.00000 

61 1.74780 LIFTLUG 33.6096 61-2 0.42680 

61 2.17460 LIFTLUG 27.9289 61-2 0.85360 

61 2.60140 LIFTLUG 20.4455 61-2 1.28040 

61 3.02820 LIFTLUG 11.1594 61-2 1.70720 

61 3.45500 LIFTLUG 0.0704 61-2 2.13400 

62 0.00000 COM1 -0.0069 62-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

62 0.44500 COM1 0.8708 62-1 0.44500 

62 0.89000 COM1 1.6876 62-1 0.89000 

62 0.89000 COM1 1.6937 62-2 0.00000 

62 1.28350 COM1 0.4051 62-2 0.39350 

62 1.67700 COM1 -0.9310 62-2 0.78700 

62 0.00000 COM2 -0.0455 62-1 0.00000 

62 0.44500 COM2 6.2830 62-1 0.44500 

62 0.89000 COM2 12.5572 62-1 0.89000 

62 0.89000 COM2 12.6181 62-2 0.00000 

62 1.28350 COM2 5.2420 62-2 0.39350 

62 1.67700 COM2 -2.1766 62-2 0.78700 

62 0.00000 COM3 -0.0030 62-1 0.00000 

62 0.44500 COM3 0.6638 62-1 0.44500 

62 0.89000 COM3 1.2764 62-1 0.89000 

62 0.89000 COM3 1.2762 62-2 0.00000 

62 1.28350 COM3 0.1170 62-2 0.39350 

62 1.67700 COM3 -1.0847 62-2 0.78700 

62 0.00000 LIFTLUG -0.0312 62-1 0.00000 

62 0.44500 LIFTLUG 4.2923 62-1 0.44500 

62 0.89000 LIFTLUG 8.5724 62-1 0.89000 

62 0.89000 LIFTLUG 8.6137 62-2 0.00000 

62 1.28350 LIFTLUG 3.5429 62-2 0.39350 

62 1.67700 LIFTLUG -1.5619 62-2 0.78700 

63 0.00000 COM1 -1.7938 63-1 0.00000 

63 0.25200 COM1 0.2533 63-1 0.25200 

63 0.50400 COM1 2.2809 63-1 0.50400 

63 0.50400 COM1 2.2703 63-2 0.00000 

63 0.80850 COM1 2.8483 63-2 0.30450 

63 1.11300 COM1 3.3979 63-2 0.60900 

63 1.11300 COM1 3.3951 63-3 0.00000 

63 1.42300 COM1 2.0503 63-3 0.31000 

63 1.42300 COM1 2.0577 63-4 0.00000 

63 1.67700 COM1 -0.0128 63-4 0.25400 

63 0.00000 COM2 -6.0373 63-1 0.00000 

63 0.25200 COM2 0.8233 63-1 0.25200 

63 0.50400 COM2 7.6664 63-1 0.50400 

63 0.50400 COM2 7.6532 63-2 0.00000 

63 0.80850 COM2 9.0683 63-2 0.30450 

63 1.11300 COM2 10.4580 63-2 0.60900 

63 1.11300 COM2 10.4742 63-3 0.00000 

63 1.42300 COM2 5.6411 63-3 0.31000 

63 1.42300 COM2 5.6704 63-4 0.00000 

63 1.67700 COM2 -0.0491 63-4 0.25400 

63 0.00000 COM3 -1.9427 63-1 0.00000 

63 0.25200 COM3 -0.1845 63-1 0.25200 

63 0.50400 COM3 1.5564 63-1 0.50400 

63 0.50400 COM3 1.5428 63-2 0.00000 

63 0.80850 COM3 2.0107 63-2 0.30450 

63 1.11300 COM3 2.4531 63-2 0.60900 

63 1.11300 COM3 2.4345 63-3 0.00000 

63 1.42300 COM3 1.3485 63-3 0.31000 

63 1.42300 COM3 1.3518 63-4 0.00000 

63 1.67700 COM3 -0.0061 63-4 0.25400 

63 0.00000 LIFTLUG -4.2384 63-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

63 0.25200 LIFTLUG 0.5790 63-1 0.25200 

63 0.50400 LIFTLUG 5.3824 63-1 0.50400 

63 0.50400 LIFTLUG 5.3724 63-2 0.00000 

63 0.80850 LIFTLUG 6.3846 63-2 0.30450 

63 1.11300 LIFTLUG 7.3765 63-2 0.60900 

63 1.11300 LIFTLUG 7.3870 63-3 0.00000 

63 1.42300 LIFTLUG 4.0048 63-3 0.31000 

63 1.42300 LIFTLUG 4.0252 63-4 0.00000 

63 1.67700 LIFTLUG -0.0343 63-4 0.25400 

64 0.00000 COM1 0.0089 64-1 0.00000 

64 0.44033 COM1 6.0162 64-1 0.44033 

64 0.88067 COM1 11.2058 64-1 0.88067 

64 1.32100 COM1 15.5779 64-1 1.32100 

64 1.32100 COM1 15.5841 64-2 0.00000 

64 1.65967 COM1 14.4357 64-2 0.33867 

64 1.99833 COM1 12.7979 64-2 0.67733 

64 2.33700 COM1 10.6705 64-2 1.01600 

64 2.33700 COM1 10.6693 64-3 0.00000 

64 2.70967 COM1 7.7110 64-3 0.37267 

64 3.08233 COM1 4.1600 64-3 0.74533 

64 3.45500 COM1 0.0162 64-3 1.11800 

64 0.00000 COM2 0.0357 64-1 0.00000 

64 0.44033 COM2 23.2214 64-1 0.44033 

64 0.88067 COM2 43.2655 64-1 0.88067 

64 1.32100 COM2 60.1679 64-1 1.32100 

64 1.32100 COM2 60.1905 64-2 0.00000 

64 1.65967 COM2 55.8107 64-2 0.33867 

64 1.99833 COM2 49.4920 64-2 0.67733 

64 2.33700 COM2 41.2342 64-2 1.01600 

64 2.33700 COM2 41.2298 64-3 0.00000 

64 2.70967 COM2 29.8551 64-3 0.37267 

64 3.08233 COM2 16.1325 64-3 0.74533 

64 3.45500 COM2 0.0620 64-3 1.11800 

64 0.00000 COM3 0.0087 64-1 0.00000 

64 0.44033 COM3 5.0389 64-1 0.44033 

64 0.88067 COM3 9.3391 64-1 0.88067 

64 1.32100 COM3 12.9093 64-1 1.32100 

64 1.32100 COM3 12.9147 64-2 0.00000 

64 1.65967 COM3 12.0480 64-2 0.33867 

64 1.99833 COM3 10.7443 64-2 0.67733 

64 2.33700 COM3 9.0035 64-2 1.01600 

64 2.33700 COM3 9.0024 64-3 0.00000 

64 2.70967 COM3 6.5360 64-3 0.37267 

64 3.08233 COM3 3.5403 64-3 0.74533 

64 3.45500 COM3 0.0154 64-3 1.11800 

64 0.00000 LIFTLUG 0.0249 64-1 0.00000 

64 0.44033 LIFTLUG 16.1972 64-1 0.44033 

64 0.88067 LIFTLUG 30.1777 64-1 0.88067 

64 1.32100 LIFTLUG 41.9664 64-1 1.32100 

64 1.32100 LIFTLUG 41.9822 64-2 0.00000 

64 1.65967 LIFTLUG 38.9257 64-2 0.33867 

64 1.99833 LIFTLUG 34.5182 64-2 0.67733 

64 2.33700 LIFTLUG 28.7598 64-2 1.01600 

64 2.33700 LIFTLUG 28.7567 64-3 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

64 2.70967 LIFTLUG 20.8214 64-3 0.37267 

64 3.08233 LIFTLUG 11.2502 64-3 0.74533 

64 3.45500 LIFTLUG 0.0433 64-3 1.11800 

65 0.00000 COM1 -0.9349 65-1 0.00000 

65 0.36850 COM1 -0.2996 65-1 0.36850 

65 0.73700 COM1 0.2940 65-1 0.73700 

65 0.73700 COM1 0.2692 65-2 0.00000 

65 1.03050 COM1 -0.3064 65-2 0.29350 

65 1.32400 COM1 -0.9085 65-2 0.58700 

65 1.32400 COM1 -1.1763 65-3 0.00000 

65 1.75600 COM1 0.3749 65-3 0.43200 

65 1.75600 COM1 0.3745 65-4 0.00000 

65 2.06700 COM1 0.6188 65-4 0.31100 

65 2.37800 COM1 0.8333 65-4 0.62200 

65 2.37800 COM1 0.8181 65-5 0.00000 

65 2.64950 COM1 -0.6395 65-5 0.27150 

65 2.92100 COM1 -2.1198 65-5 0.54300 

65 0.00000 COM2 -2.1901 65-1 0.00000 

65 0.36850 COM2 1.1610 65-1 0.36850 

65 0.73700 COM2 4.4748 65-1 0.73700 

65 0.73700 COM2 4.3952 65-2 0.00000 

65 1.03050 COM2 0.6358 65-2 0.29350 

65 1.32400 COM2 -3.1472 65-2 0.58700 

65 1.32400 COM2 -4.2572 65-3 0.00000 

65 1.75600 COM2 -0.8224 65-3 0.43200 

65 1.75600 COM2 -0.8208 65-4 0.00000 

65 2.06700 COM2 -0.0294 65-4 0.31100 

65 2.37800 COM2 0.7355 65-4 0.62200 

65 2.37800 COM2 0.6667 65-5 0.00000 

65 2.64950 COM2 -4.4942 65-5 0.27150 

65 2.92100 COM2 -9.6753 65-5 0.54300 

65 0.00000 COM3 -1.0873 65-1 0.00000 

65 0.36850 COM3 -0.5940 65-1 0.36850 

65 0.73700 COM3 -0.1380 65-1 0.73700 

65 0.73700 COM3 -0.1612 65-2 0.00000 

65 1.03050 COM3 -0.7261 65-2 0.29350 

65 1.32400 COM3 -1.3148 65-2 0.58700 

65 1.32400 COM3 -1.5757 65-3 0.00000 

65 1.75600 COM3 0.0744 65-3 0.43200 

65 1.75600 COM3 0.0745 65-4 0.00000 

65 2.06700 COM3 0.5371 65-4 0.31100 

65 2.37800 COM3 0.9731 65-4 0.62200 

65 2.37800 COM3 0.9619 65-5 0.00000 

65 2.64950 COM3 -0.1457 65-5 0.27150 

65 2.92100 COM3 -1.2735 65-5 0.54300 

65 0.00000 LIFTLUG -1.5714 65-1 0.00000 

65 0.36850 LIFTLUG 0.7383 65-1 0.36850 

65 0.73700 LIFTLUG 3.0182 65-1 0.73700 

65 0.73700 LIFTLUG 2.9622 65-2 0.00000 

65 1.03050 LIFTLUG 0.3874 65-2 0.29350 

65 1.32400 LIFTLUG -2.2063 65-2 0.58700 

65 1.32400 LIFTLUG -2.9782 65-3 0.00000 

65 1.75600 LIFTLUG -0.5037 65-3 0.43200 

65 1.75600 LIFTLUG -0.5026 65-4 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

65 2.06700 LIFTLUG 0.0541 65-4 0.31100 

65 2.37800 LIFTLUG 0.5896 65-4 0.62200 

65 2.37800 LIFTLUG 0.5419 65-5 0.00000 

65 2.64950 LIFTLUG -3.0723 65-5 0.27150 

65 2.92100 LIFTLUG -6.7026 65-5 0.54300 

66 0.00000 COM1 -2.1253 66-1 0.00000 

66 0.41950 COM1 0.4380 66-1 0.41950 

66 0.83900 COM1 2.9473 66-1 0.83900 

66 0.83900 COM1 2.9436 66-2 0.00000 

66 0.91200 COM1 3.1832 66-2 0.07300 

66 0.91200 COM1 3.1826 66-3 0.00000 

66 1.25700 COM1 2.7253 66-3 0.34500 

66 1.60200 COM1 2.2314 66-3 0.69000 

66 1.60200 COM1 2.1671 66-4 0.00000 

66 2.07700 COM1 -0.5801 66-4 0.47500 

66 2.07700 COM1 -0.9827 66-5 0.00000 

66 2.40775 COM1 -0.2234 66-5 0.33075 

66 2.73850 COM1 0.5023 66-5 0.66150 

66 2.73850 COM1 0.4705 66-6 0.00000 

66 3.06925 COM1 -0.6470 66-6 0.33075 

66 3.40000 COM1 -1.7982 66-6 0.66150 

66 0.00000 COM2 -9.6935 66-1 0.00000 

66 0.41950 COM2 1.0917 66-1 0.41950 

66 0.83900 COM2 11.8286 66-1 0.83900 

66 0.83900 COM2 11.8152 66-2 0.00000 

66 0.91200 COM2 12.8277 66-2 0.07300 

66 0.91200 COM2 12.8265 66-3 0.00000 

66 1.25700 COM2 10.9268 66-3 0.34500 

66 1.60200 COM2 8.9944 66-3 0.69000 

66 1.60200 COM2 8.7522 66-4 0.00000 

66 2.07700 COM2 -1.3557 66-4 0.47500 

66 2.07700 COM2 -2.8320 66-5 0.00000 

66 2.40775 COM2 0.1666 66-5 0.33075 

66 2.73850 COM2 3.1352 66-5 0.66150 

66 2.73850 COM2 3.0359 66-6 0.00000 

66 3.06925 COM2 -1.4968 66-6 0.33075 

66 3.40000 COM2 -6.0595 66-6 0.66150 

66 0.00000 COM3 -1.2786 66-1 0.00000 

66 0.41950 COM3 0.7954 66-1 0.41950 

66 0.83900 COM3 2.8211 66-1 0.83900 

66 0.83900 COM3 2.8178 66-2 0.00000 

66 0.91200 COM3 2.9940 66-2 0.07300 

66 0.91200 COM3 2.9938 66-3 0.00000 

66 1.25700 COM3 2.4063 66-3 0.34500 

66 1.60200 COM3 1.7862 66-3 0.69000 

66 1.60200 COM3 1.7271 66-4 0.00000 

66 2.07700 COM3 -0.9496 66-4 0.47500 

66 2.07700 COM3 -1.3243 66-5 0.00000 

66 2.40775 COM3 -0.6167 66-5 0.33075 

66 2.73850 COM3 0.0610 66-5 0.66150 

66 2.73850 COM3 0.0333 66-6 0.00000 

66 3.06925 COM3 -0.9411 66-6 0.33075 

66 3.40000 COM3 -1.9455 66-6 0.66150 

66 0.00000 LIFTLUG -6.7153 66-1 0.00000 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

66 0.41950 LIFTLUG 0.7799 66-1 0.41950 

66 0.83900 LIFTLUG 8.2366 66-1 0.83900 

66 0.83900 LIFTLUG 8.2273 66-2 0.00000 

66 0.91200 LIFTLUG 8.9308 66-2 0.07300 

66 0.91200 LIFTLUG 8.9299 66-3 0.00000 

66 1.25700 LIFTLUG 7.6090 66-3 0.34500 

66 1.60200 LIFTLUG 6.2619 66-3 0.69000 

66 1.60200 LIFTLUG 6.0928 66-4 0.00000 

66 2.07700 LIFTLUG -0.9729 66-4 0.47500 

66 2.07700 LIFTLUG -2.0050 66-5 0.00000 

66 2.40775 LIFTLUG 0.0845 66-5 0.33075 

66 2.73850 LIFTLUG 2.1499 66-5 0.66150 

66 2.73850 LIFTLUG 2.0800 66-6 0.00000 

66 3.06925 LIFTLUG -1.0749 66-6 0.33075 

66 3.40000 LIFTLUG -4.2537 66-6 0.66150 

67 0.00000 COM1 -5.1031 67-1 0.00000 

67 0.44033 COM1 -1.8861 67-1 0.44033 

67 0.88067 COM1 0.8892 67-1 0.88067 

67 1.32100 COM1 3.2228 67-1 1.32100 

67 0.00000 COM2 -21.3932 67-1 0.00000 

67 0.44033 COM2 -7.7543 67-1 0.44033 

67 0.88067 COM2 3.7120 67-1 0.88067 

67 1.32100 COM2 13.0057 67-1 1.32100 

67 0.00000 COM3 -4.9879 67-1 0.00000 

67 0.44033 COM3 -1.8797 67-1 0.44033 

67 0.88067 COM3 0.8342 67-1 0.88067 

67 1.32100 COM3 3.1536 67-1 1.32100 

67 0.00000 LIFTLUG -14.8696 67-1 0.00000 

67 0.44033 LIFTLUG -5.3941 67-1 0.44033 

67 0.88067 LIFTLUG 2.5805 67-1 0.88067 

67 1.32100 LIFTLUG 9.0541 67-1 1.32100 

68 0.00000 COM1 3.2207 68-1 0.00000 

68 0.42680 COM1 2.6054 68-1 0.42680 

68 0.85360 COM1 1.5751 68-1 0.85360 

68 1.28040 COM1 0.1297 68-1 1.28040 

68 1.70720 COM1 -1.7305 68-1 1.70720 

68 2.13400 COM1 -4.0058 68-1 2.13400 

68 0.00000 COM2 12.9972 68-1 0.00000 

68 0.42680 COM2 10.9948 68-1 0.42680 

68 0.85360 COM2 6.9513 68-1 0.85360 

68 1.28040 COM2 0.8667 68-1 1.28040 

68 1.70720 COM2 -7.2589 68-1 1.70720 

68 2.13400 COM2 -17.4257 68-1 2.13400 

68 0.00000 COM3 3.1512 68-1 0.00000 

68 0.42680 COM3 2.4944 68-1 0.42680 

68 0.85360 COM3 1.4669 68-1 0.85360 

68 1.28040 COM3 0.0690 68-1 1.28040 

68 1.70720 COM3 -1.6995 68-1 1.70720 

68 2.13400 COM3 -3.8385 68-1 2.13400 

68 0.00000 LIFTLUG 9.0482 68-1 0.00000 

68 0.42680 LIFTLUG 7.6401 68-1 0.42680 

68 0.85360 LIFTLUG 4.8217 68-1 0.85360 

68 1.28040 LIFTLUG 0.5933 68-1 1.28040 

68 1.70720 LIFTLUG -5.0453 68-1 1.70720 
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Table 21:  Element Forces - Frames, Part 2 of 2 

Frame Station OutputCase M3 FrameElem ElemStation 

 m  KN-m  m 

68 2.13400 LIFTLUG -12.0940 68-1 2.13400 

69 0.00000 COM1 -7.6569 69-1 0.00000 

69 0.44033 COM1 -2.7489 69-1 0.44033 

69 0.88067 COM1 1.4300 69-1 0.88067 

69 1.32100 COM1 4.8798 69-1 1.32100 

69 0.00000 COM2 -28.1012 69-1 0.00000 

69 0.44033 COM2 -10.1095 69-1 0.44033 

69 0.88067 COM2 5.2480 69-1 0.88067 

69 1.32100 COM2 17.9712 69-1 1.32100 

69 0.00000 COM3 -7.0856 69-1 0.00000 

69 0.44033 COM3 -2.5486 69-1 0.44033 

69 0.88067 COM3 1.3374 69-1 0.88067 

69 1.32100 COM3 4.5724 69-1 1.32100 

69 0.00000 LIFTLUG -19.6457 69-1 0.00000 

69 0.44033 LIFTLUG -7.0669 69-1 0.44033 

69 0.88067 LIFTLUG 3.6689 69-1 0.88067 

69 1.32100 LIFTLUG 12.5617 69-1 1.32100 

70 0.00000 COM1 4.8778 70-1 0.00000 

70 0.42680 COM1 4.0247 70-1 0.42680 

70 0.85360 COM1 2.4866 70-1 0.85360 

70 1.28040 COM1 0.2634 70-1 1.28040 

70 1.70720 COM1 -2.6447 70-1 1.70720 

70 2.13400 COM1 -6.2378 70-1 2.13400 

70 0.00000 COM2 17.9645 70-1 0.00000 

70 0.42680 COM2 14.7840 70-1 0.42680 

70 0.85360 COM2 9.1286 70-1 0.85360 

70 1.28040 COM2 0.9985 70-1 1.28040 

70 1.70720 COM2 -9.6065 70-1 1.70720 

70 2.13400 COM2 -22.6863 70-1 2.13400 

70 0.00000 COM3 4.5704 70-1 0.00000 

70 0.42680 COM3 3.7193 70-1 0.42680 

70 0.85360 COM3 2.2566 70-1 0.85360 

70 1.28040 COM3 0.1823 70-1 1.28040 

70 1.70720 COM3 -2.5036 70-1 1.70720 

70 2.13400 COM3 -5.8011 70-1 2.13400 

70 0.00000 LIFTLUG 12.5571 70-1 0.00000 

70 0.42680 LIFTLUG 10.3351 70-1 0.42680 

70 0.85360 LIFTLUG 6.3818 70-1 0.85360 

70 1.28040 LIFTLUG 0.6970 70-1 1.28040 

70 1.70720 LIFTLUG -6.7192 70-1 1.70720 

70 2.13400 LIFTLUG -15.8668 70-1 2.13400 

 
 
 

10.  Area results 
This section provides area results, including items such as forces and stresses. 
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Table 22:  Element Forces - Area Shells, Part 1 of 4 

Table 22:  Element Forces - Area Shells, Part 1 of 4 

Area AreaElem ShellType Joint OutputCase CaseType F11 F22 F12 

      KN/m KN/m KN/m 

1 1 Shell-Thin 2 COM1 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 5 COM1 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 7 COM1 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 1 COM1 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 2 COM2 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 5 COM2 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 7 COM2 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 1 COM2 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 2 COM3 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 5 COM3 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 7 COM3 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 1 COM3 Combination 0.00 0.00 0.00 

1 1 Shell-Thin 2 LIFTLUG Combination 0.00 0.00 0.00 

1 1 Shell-Thin 5 LIFTLUG Combination 0.00 0.00 0.00 

1 1 Shell-Thin 7 LIFTLUG Combination 0.00 0.00 0.00 

1 1 Shell-Thin 1 LIFTLUG Combination 0.00 0.00 0.00 

2 2 Shell-Thin 7 COM1 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 5 COM1 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 12 COM1 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 11 COM1 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 7 COM2 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 5 COM2 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 12 COM2 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 11 COM2 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 7 COM3 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 5 COM3 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 12 COM3 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 11 COM3 Combination 0.00 0.00 0.00 

2 2 Shell-Thin 7 LIFTLUG Combination 0.00 0.00 0.00 

2 2 Shell-Thin 5 LIFTLUG Combination 0.00 0.00 0.00 

2 2 Shell-Thin 12 LIFTLUG Combination 0.00 0.00 0.00 

2 2 Shell-Thin 11 LIFTLUG Combination 0.00 0.00 0.00 

3 3 Shell-Thin 11 COM1 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 12 COM1 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 4 COM1 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 39 COM1 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 11 COM2 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 12 COM2 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 4 COM2 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 39 COM2 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 11 COM3 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 12 COM3 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 4 COM3 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 39 COM3 Combination 0.00 0.00 0.00 

3 3 Shell-Thin 11 LIFTLUG Combination 0.00 0.00 0.00 

3 3 Shell-Thin 12 LIFTLUG Combination 0.00 0.00 0.00 

3 3 Shell-Thin 4 LIFTLUG Combination 0.00 0.00 0.00 

3 3 Shell-Thin 39 LIFTLUG Combination 0.00 0.00 0.00 
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Table 22:  Element Forces - Area Shells, Part 2 of 4 

Table 22:  Element Forces - Area Shells, Part 2 of 4 

Area AreaElem Joint OutputCase FMax FMin FAngle FVM M11 

    KN/m KN/m Degrees KN/m KN-m/m 

1 1 2 COM1 0.00 0.00 0.000 0.00 -3.0264 

1 1 5 COM1 0.00 0.00 0.000 0.00 2.0960 

1 1 7 COM1 0.00 0.00 0.000 0.00 1.9985 

1 1 1 COM1 0.00 0.00 0.000 0.00 -2.9060 

1 1 2 COM2 0.00 0.00 0.000 0.00 -11.7555 

1 1 5 COM2 0.00 0.00 0.000 0.00 5.4499 

1 1 7 COM2 0.00 0.00 0.000 0.00 5.2568 

1 1 1 COM2 0.00 0.00 0.000 0.00 -10.6179 

1 1 2 COM3 0.00 0.00 0.000 0.00 -5.2513 

1 1 5 COM3 0.00 0.00 0.000 0.00 2.8749 

1 1 7 COM3 0.00 0.00 0.000 0.00 2.7700 

1 1 1 COM3 0.00 0.00 0.000 0.00 -5.1537 

1 1 2 LIFTLUG 0.00 0.00 0.000 0.00 -8.1973 

1 1 5 LIFTLUG 0.00 0.00 0.000 0.00 3.8828 

1 1 7 LIFTLUG 0.00 0.00 0.000 0.00 3.7425 

1 1 1 LIFTLUG 0.00 0.00 0.000 0.00 -7.4245 

2 2 7 COM1 0.00 0.00 0.000 0.00 -1.8191 

2 2 5 COM1 0.00 0.00 0.000 0.00 -1.6728 

2 2 12 COM1 0.00 0.00 0.000 0.00 0.2594 

2 2 11 COM1 0.00 0.00 0.000 0.00 0.0783 

2 2 7 COM2 0.00 0.00 0.000 0.00 -4.8703 

2 2 5 COM2 0.00 0.00 0.000 0.00 -3.7327 

2 2 12 COM2 0.00 0.00 0.000 0.00 -0.9100 

2 2 11 COM2 0.00 0.00 0.000 0.00 -1.1765 

2 2 7 COM3 0.00 0.00 0.000 0.00 -1.6164 

2 2 5 COM3 0.00 0.00 0.000 0.00 -1.5509 

2 2 12 COM3 0.00 0.00 0.000 0.00 0.4004 

2 2 11 COM3 0.00 0.00 0.000 0.00 0.0625 

2 2 7 LIFTLUG 0.00 0.00 0.000 0.00 -3.4634 

2 2 5 LIFTLUG 0.00 0.00 0.000 0.00 -2.6876 

2 2 12 LIFTLUG 0.00 0.00 0.000 0.00 -0.5758 

2 2 11 LIFTLUG 0.00 0.00 0.000 0.00 -0.7750 

3 3 11 COM1 0.00 0.00 0.000 0.00 2.2336 

3 3 12 COM1 0.00 0.00 0.000 0.00 1.3456 

3 3 4 COM1 0.00 0.00 0.000 0.00 -4.8919 

3 3 39 COM1 0.00 0.00 0.000 0.00 -5.9121 

3 3 11 COM2 0.00 0.00 0.000 0.00 5.7619 

3 3 12 COM2 0.00 0.00 0.000 0.00 3.5750 

3 3 4 COM2 0.00 0.00 0.000 0.00 -13.2454 

3 3 39 COM2 0.00 0.00 0.000 0.00 -16.2950 

3 3 11 COM3 0.00 0.00 0.000 0.00 3.6738 

3 3 12 COM3 0.00 0.00 0.000 0.00 2.1864 

3 3 4 COM3 0.00 0.00 0.000 0.00 -6.9109 

3 3 39 COM3 0.00 0.00 0.000 0.00 -8.2427 

3 3 11 LIFTLUG 0.00 0.00 0.000 0.00 4.1072 

3 3 12 LIFTLUG 0.00 0.00 0.000 0.00 2.5435 

3 3 4 LIFTLUG 0.00 0.00 0.000 0.00 -9.4126 

3 3 39 LIFTLUG 0.00 0.00 0.000 0.00 -11.5671 
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Table 22:  Element Forces - Area Shells, Part 3 of 4 

Table 22:  Element Forces - Area Shells, Part 3 of 4 

Area AreaElem Joint OutputCase M22 M12 MMax MMin MAngle 

    KN-m/m KN-m/m KN-m/m KN-m/m Degrees 

1 1 2 COM1 -2.9541 -0.2893 -2.6986 -3.2818 -48.562 

1 1 5 COM1 -0.3740 -0.2796 2.1272 -0.4053 -6.378 

1 1 7 COM1 -0.2241 0.2893 2.0356 -0.2611 7.296 

1 1 1 COM1 -3.2217 0.2796 -2.7428 -3.3849 30.274 

1 1 2 COM2 -10.2223 -0.8487 -9.8452 -12.1326 -66.044 

1 1 5 COM2 -2.8207 -0.6224 5.4965 -2.8672 -4.279 

1 1 7 COM2 -2.6227 0.8487 5.3472 -2.7131 6.079 

1 1 1 COM2 -11.7897 0.6224 -10.3490 -12.0586 23.364 

1 1 2 COM3 -6.9442 -1.1297 -4.6861 -7.5094 -26.579 

1 1 5 COM3 0.1979 -1.1382 3.2934 -0.2206 -20.187 

1 1 7 COM3 0.6567 1.1297 3.2602 0.1665 23.457 

1 1 1 COM3 -7.2596 1.1382 -4.6561 -7.7571 23.613 

1 1 2 LIFTLUG -7.1665 -0.6003 -6.8907 -8.4730 -65.324 

1 1 5 LIFTLUG -1.9250 -0.4482 3.9172 -1.9594 -4.387 

1 1 7 LIFTLUG -1.7752 0.6003 3.8070 -1.8397 6.138 

1 1 1 LIFTLUG -8.2434 0.4482 -7.2269 -8.4410 23.794 

2 2 7 COM1 -1.3694 -0.2535 -1.2553 -1.9331 -65.787 

2 2 5 COM1 -1.5047 0.2013 -1.3706 -1.8069 56.336 

2 2 12 COM1 -1.0807 0.2535 0.3057 -1.1271 10.362 

2 2 11 COM1 -3.1591 -0.2013 0.0908 -3.1716 -3.544 

2 2 7 COM2 -5.6609 -0.7717 -4.3986 -6.1326 -31.438 

2 2 5 COM2 -5.5755 0.7285 -3.4795 -5.8287 19.166 

2 2 12 COM2 -6.1390 0.7717 -0.7985 -6.2505 8.222 

2 2 11 COM2 -11.4376 -0.7285 -1.1250 -11.4891 -4.041 

2 2 7 COM3 -0.6592 -0.2878 -0.5793 -1.6963 -74.488 

2 2 5 COM3 -1.1299 0.1966 -1.0523 -1.6285 68.476 

2 2 12 COM3 -0.0386 0.2878 0.5429 -0.1811 26.337 

2 2 11 COM3 -3.3404 -0.1966 0.0738 -3.3518 -3.296 

2 2 7 LIFTLUG -3.9369 -0.5446 -3.1063 -4.2940 -33.252 

2 2 5 LIFTLUG -3.8961 0.5096 -2.5014 -4.0823 20.072 

2 2 12 LIFTLUG -4.2213 0.5446 -0.4962 -4.3009 8.318 

2 2 11 LIFTLUG -8.0012 -0.5096 -0.7392 -8.0369 -4.014 

3 3 11 COM1 -2.5126 0.1924 2.2414 -2.5203 2.318 

3 3 12 COM1 -0.7549 0.2094 1.3663 -0.7755 5.638 

3 3 4 COM1 -6.4154 0.0485 -4.8904 -6.4169 1.820 

3 3 39 COM1 -1.3212 -0.1935 -1.3131 -5.9202 -87.591 

3 3 11 COM2 -9.3561 1.8067 5.9748 -9.5690 6.721 

3 3 12 COM2 -4.7935 -0.8088 3.6525 -4.8709 -5.470 

3 3 4 COM2 -12.1930 -1.2391 -11.3730 -14.0654 -56.504 

3 3 39 COM2 -2.5043 0.9219 -2.4429 -16.3563 86.192 

3 3 11 COM3 -2.2571 -0.3100 3.6900 -2.2732 -2.984 

3 3 12 COM3 0.4972 0.9389 2.6047 0.0789 24.013 

3 3 4 COM3 -11.7709 0.7062 -6.8103 -11.8714 8.102 

3 3 39 COM3 -1.8286 -0.9641 -1.6869 -8.3845 -81.634 

3 3 11 LIFTLUG -6.5365 1.2273 4.2469 -6.6762 6.493 

3 3 12 LIFTLUG -3.2855 -0.5143 2.5886 -3.3305 -5.003 

3 3 4 LIFTLUG -8.8924 -0.8203 -8.2919 -10.0131 -53.796 

3 3 39 LIFTLUG -1.8268 0.5916 -1.7910 -11.6029 86.537 
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Table 22:  Element Forces - Area Shells, Part 4 of 4 

Table 22:  Element Forces - Area Shells, Part 4 of 4 

Area AreaElem Joint OutputCase V13 V23 VMax VAngle 

    KN/m KN/m KN/m Degrees 

1 1 2 COM1 1.87 -7.422E-02 1.87 -2.271 

1 1 5 COM1 1.87 4.666E-02 1.87 1.428 

1 1 7 COM1 1.80 4.666E-02 1.80 1.486 

1 1 1 COM1 1.80 -7.422E-02 1.80 -2.363 

1 1 2 COM2 6.16 -0.38 6.17 -3.514 

1 1 5 COM2 6.16 0.13 6.16 1.235 

1 1 7 COM2 5.72 0.13 5.72 1.330 

1 1 1 COM2 5.72 -0.38 5.73 -3.786 

1 1 2 COM3 3.36 -9.408E-02 3.37 -1.602 

1 1 5 COM3 3.36 0.13 3.37 2.213 

1 1 7 COM3 3.30 0.13 3.30 2.258 

1 1 1 COM3 3.30 -9.408E-02 3.30 -1.635 

1 1 2 LIFTLUG 4.33 -0.26 4.34 -3.450 

1 1 5 LIFTLUG 4.33 9.404E-02 4.33 1.245 

1 1 7 LIFTLUG 4.02 9.404E-02 4.03 1.339 

1 1 1 LIFTLUG 4.02 -0.26 4.03 -3.710 

2 2 7 COM1 0.38 5.340E-02 0.39 7.900 

2 2 5 COM1 0.39 5.340E-02 0.40 7.712 

2 2 12 COM1 0.39 -0.59 0.71 -56.126 

2 2 11 COM1 0.38 -0.59 0.70 -56.768 

2 2 7 COM2 0.57 -1.296E-02 0.57 -1.300 

2 2 5 COM2 0.33 -1.296E-02 0.33 -2.222 

2 2 12 COM2 0.33 -1.52 1.56 -77.618 

2 2 11 COM2 0.57 -1.52 1.63 -69.427 

2 2 7 COM3 0.32 0.16 0.36 26.950 

2 2 5 COM3 0.39 0.16 0.42 22.392 

2 2 12 COM3 0.39 -0.93 1.01 -67.222 

2 2 11 COM3 0.32 -0.93 0.98 -71.208 

2 2 7 LIFTLUG 0.43 -2.284E-03 0.43 -0.307 

2 2 5 LIFTLUG 0.27 -2.284E-03 0.27 -0.485 

2 2 12 LIFTLUG 0.27 -1.08 1.12 -76.036 

2 2 11 LIFTLUG 0.43 -1.08 1.17 -68.527 

3 3 11 COM1 -2.96 -0.65 3.03 -167.643 

3 3 12 COM1 -2.07 -0.56 2.15 -164.843 

3 3 4 COM1 -2.14 1.28 2.49 149.104 

3 3 39 COM1 -3.03 1.36 3.33 155.777 

3 3 11 COM2 -7.24 -1.64 7.42 -167.233 

3 3 12 COM2 -4.82 -1.46 5.03 -163.117 

3 3 4 COM2 -4.96 2.48 5.54 153.452 

3 3 39 COM2 -7.39 2.66 7.86 160.193 

3 3 11 COM3 -4.68 -1.03 4.79 -167.557 

3 3 12 COM3 -3.38 -0.87 3.49 -165.507 

3 3 4 COM3 -3.50 2.50 4.30 144.515 

3 3 39 COM3 -4.82 2.65 5.50 151.212 

3 3 11 LIFTLUG -5.18 -1.17 5.31 -167.261 

3 3 12 LIFTLUG -3.46 -1.04 3.61 -163.239 

3 3 4 LIFTLUG -3.56 1.80 3.99 153.129 

3 3 39 LIFTLUG -5.29 1.94 5.63 159.883 
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Table 23:  Element Stresses - Area Shells, Part 1 of 4 

Table 23:  Element Stresses - Area Shells, Part 1 of 4 

Area AreaEle
m 

ShellTy
pe 

Joint OutputC
ase 

CaseTy
pe 

S11Top S22Top S12Top SMaxTop 

      KN/m2 KN/m2 KN/m2 KN/m2 

1 1 Shell-Thi
n 

2 COM1 Combina
tion 

1815.83 1772.44 173.60 1969.08 

1 1 Shell-Thi
n 

5 COM1 Combina
tion 

-1257.59 224.43 167.75 243.18 

1 1 Shell-Thi
n 

7 COM1 Combina
tion 

-1199.13 134.44 -173.60 156.66 

1 1 Shell-Thi
n 

1 COM1 Combina
tion 

1743.57 1933.03 -167.75 2030.95 

1 1 Shell-Thi
n 

2 COM2 Combina
tion 

7053.27 6133.36 509.25 7279.53 

1 1 Shell-Thi
n 

5 COM2 Combina
tion 

-3269.96 1692.41 373.42 1720.35 

1 1 Shell-Thi
n 

7 COM2 Combina
tion 

-3154.08 1573.64 -509.25 1627.87 

1 1 Shell-Thi
n 

1 COM2 Combina
tion 

6370.72 7073.83 -373.42 7235.14 

1 1 Shell-Thi
n 

2 COM3 Combina
tion 

3150.76 4166.51 677.84 4505.64 

1 1 Shell-Thi
n 

5 COM3 Combina
tion 

-1724.97 -118.74 682.89 132.34 

1 1 Shell-Thi
n 

7 COM3 Combina
tion 

-1662.00 -394.02 -677.84 -99.89 

1 1 Shell-Thi
n 

1 COM3 Combina
tion 

3092.20 4355.73 -682.89 4654.27 

1 1 Shell-Thi
n 

2 LIFTLUG Combina
tion 

4918.35 4299.91 360.17 5083.83 

1 1 Shell-Thi
n 

5 LIFTLUG Combina
tion 

-2329.69 1154.99 268.91 1175.62 

1 1 Shell-Thi
n 

7 LIFTLUG Combina
tion 

-2245.47 1065.10 -360.17 1103.83 

1 1 Shell-Thi
n 

1 LIFTLUG Combina
tion 

4454.71 4946.01 -268.91 5064.58 

2 2 Shell-Thi
n 

7 COM1 Combina
tion 

1091.46 821.61 152.11 1159.87 

2 2 Shell-Thi
n 

5 COM1 Combina
tion 

1003.70 902.81 -120.75 1084.12 

2 2 Shell-Thi
n 

12 COM1 Combina
tion 

-155.62 648.45 -152.11 676.26 

2 2 Shell-Thi
n 

11 COM1 Combina
tion 

-46.99 1895.48 120.75 1902.96 

2 2 Shell-Thi
n 

7 COM2 Combina
tion 

2922.17 3396.52 463.00 3679.56 

2 2 Shell-Thi
n 

5 COM2 Combina
tion 

2239.63 3345.28 -437.09 3497.20 

2 2 Shell-Thi
n 

12 COM2 Combina
tion 

546.00 3683.39 -463.00 3750.29 

2 2 Shell-Thi
n 

11 COM2 Combina
tion 

705.88 6862.57 437.09 6893.44 

2 2 Shell-Thi
n 

7 COM3 Combina
tion 

969.85 395.53 172.71 1017.78 

2 2 Shell-Thi
n 

5 COM3 Combina
tion 

930.54 677.92 -117.98 977.07 

2 2 Shell-Thi
n 

12 COM3 Combina
tion 

-240.22 23.16 -172.71 108.66 

2 2 Shell-Thi
n 

11 COM3 Combina
tion 

-37.50 2004.27 117.98 2011.06 
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Table 23:  Element Stresses - Area Shells, Part 1 of 4 

Area AreaEle
m 

ShellTy
pe 

Joint OutputC
ase 

CaseTy
pe 

S11Top S22Top S12Top SMaxTop 

      KN/m2 KN/m2 KN/m2 KN/m2 

2 2 Shell-Thi
n 

7 LIFTLUG Combina
tion 

2078.05 2362.16 326.77 2576.42 

2 2 Shell-Thi
n 

5 LIFTLUG Combina
tion 

1612.58 2337.67 -305.77 2449.39 

2 2 Shell-Thi
n 

12 LIFTLUG Combina
tion 

345.48 2532.79 -326.77 2580.56 

2 2 Shell-Thi
n 

11 LIFTLUG Combina
tion 

464.99 4800.70 305.77 4822.15 

3 3 Shell-Thi
n 

11 COM1 Combina
tion 

-1340.15 1507.53 -115.45 1512.21 

3 3 Shell-Thi
n 

12 COM1 Combina
tion 

-807.38 452.92 -125.64 465.32 

3 3 Shell-Thi
n 

4 COM1 Combina
tion 

2935.14 3849.23 -29.08 3850.16 

3 3 Shell-Thi
n 

39 COM1 Combina
tion 

3547.26 792.72 116.08 3552.14 

3 3 Shell-Thi
n 

11 COM2 Combina
tion 

-3457.14 5613.66 -1083.99 5741.40 

3 3 Shell-Thi
n 

12 COM2 Combina
tion 

-2145.00 2876.09 485.27 2922.56 

3 3 Shell-Thi
n 

4 COM2 Combina
tion 

7947.23 7315.82 743.49 8439.26 

3 3 Shell-Thi
n 

39 COM2 Combina
tion 

9776.98 1502.57 -553.16 9813.80 

3 3 Shell-Thi
n 

11 COM3 Combina
tion 

-2204.28 1354.23 186.02 1363.93 

3 3 Shell-Thi
n 

12 COM3 Combina
tion 

-1311.85 -298.33 -563.34 -47.36 

3 3 Shell-Thi
n 

4 COM3 Combina
tion 

4146.52 7062.53 -423.70 7122.85 

3 3 Shell-Thi
n 

39 COM3 Combina
tion 

4945.64 1097.19 578.47 5030.71 

3 3 Shell-Thi
n 

11 LIFTLUG Combina
tion 

-2464.30 3921.91 -736.40 4005.72 

3 3 Shell-Thi
n 

12 LIFTLUG Combina
tion 

-1526.12 1971.31 308.56 1998.32 

3 3 Shell-Thi
n 

4 LIFTLUG Combina
tion 

5647.57 5335.46 492.20 6007.86 

3 3 Shell-Thi
n 

39 LIFTLUG Combina
tion 

6940.28 1096.08 -354.96 6961.76 

 
 

Table 23:  Element Stresses - Area Shells, Part 2 of 4 

Table 23:  Element Stresses - Area Shells, Part 2 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMinTop SAngleTop SVMTop S11Bot S22Bot S12Bot 

    KN/m2 Degrees KN/m2 KN/m2 KN/m2 KN/m2 

1 1 2 COM1 1619.19 41.438 1819.54 -1815.83 -1772.44 -173.60 

1 1 5 COM1 -1276.34 83.622 1413.70 1257.59 -224.43 -167.75 

1 1 7 COM1 -1221.36 -82.704 1306.75 1199.13 -134.44 173.60 

1 1 1 COM1 1645.65 -59.726 1868.34 -1743.57 -1933.03 167.75 

1 1 2 COM2 5907.10 23.956 6699.59 -7053.27 -6133.36 -509.25 

1 1 5 COM2 -3297.90 85.721 4416.93 3269.96 -1692.41 -373.42 

1 1 7 COM2 -3208.31 -83.921 4262.15 3154.08 -1573.64 509.25 

1 1 1 COM2 6209.41 -66.636 6780.71 -6370.72 -7073.83 373.42 

1 1 2 COM3 2811.64 63.421 3941.81 -3150.76 -4166.51 -677.84 
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Table 23:  Element Stresses - Area Shells, Part 2 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMinTop SAngleTop SVMTop S11Bot S22Bot S12Bot 

    KN/m2 Degrees KN/m2 KN/m2 KN/m2 KN/m2 

1 1 5 COM3 -1976.05 69.813 2045.44 1724.97 118.74 -682.89 

1 1 7 COM3 -1956.14 -66.543 1908.15 1662.00 394.02 677.84 

1 1 1 COM3 2793.66 -66.387 4057.63 -3092.20 -4355.73 682.89 

1 1 2 LIFTLUG 4134.43 24.676 4681.89 -4918.35 -4299.91 -360.17 

1 1 5 LIFTLUG -2350.32 85.613 3109.53 2329.69 -1154.99 -268.91 

1 1 7 LIFTLUG -2284.20 -83.862 2992.89 2245.47 -1065.10 360.17 

1 1 1 LIFTLUG 4336.14 -66.206 4742.51 -4454.71 -4946.01 268.91 

2 2 7 COM1 753.21 24.213 1019.31 -1091.46 -821.61 -152.11 

2 2 5 COM1 822.39 -33.664 979.83 -1003.70 -902.81 120.75 

2 2 12 COM1 -183.43 -79.638 784.24 155.62 -648.45 152.11 

2 2 11 COM1 -54.46 86.456 1930.77 46.99 -1895.48 -120.75 

2 2 7 COM2 2639.13 58.562 3285.32 -2922.17 -3396.52 -463.00 

2 2 5 COM2 2087.71 -70.834 3047.59 -2239.63 -3345.28 437.09 

2 2 12 COM2 479.10 -81.778 3535.17 -546.00 -3683.39 463.00 

2 2 11 COM2 675.00 85.959 6581.95 -705.88 -6862.57 -437.09 

2 2 7 COM3 347.60 15.512 896.06 -969.85 -395.53 -172.71 

2 2 5 COM3 631.38 -21.524 858.14 -930.54 -677.92 117.98 

2 2 12 COM3 -325.71 -63.663 391.52 240.22 -23.16 172.71 

2 2 11 COM3 -44.30 86.704 2033.57 37.50 -2004.27 -117.98 

2 2 7 LIFTLUG 1863.79 56.748 2304.29 -2078.05 -2362.16 -326.77 

2 2 5 LIFTLUG 1500.85 -69.928 2139.14 -1612.58 -2337.67 305.77 

2 2 12 LIFTLUG 297.70 -81.682 2445.34 -345.48 -2532.79 326.77 

2 2 11 LIFTLUG 443.54 85.986 4616.39 -464.99 -4800.70 -305.77 

3 3 11 COM1 -1344.82 -87.682 2475.67 1340.15 -1507.53 115.45 

3 3 12 COM1 -819.79 -84.362 1126.96 807.38 -452.92 125.64 

3 3 4 COM1 2934.22 -88.180 3483.70 -2935.14 -3849.23 29.08 

3 3 39 COM1 787.84 2.409 3231.08 -3547.26 -792.72 -116.08 

3 3 11 COM2 -3584.88 -83.279 8148.45 3457.14 -5613.66 1083.99 

3 3 12 COM2 -2191.47 84.530 4443.94 2145.00 -2876.09 -485.27 

3 3 4 COM2 6823.79 33.496 7758.70 -7947.23 -7315.82 -743.49 

3 3 39 COM2 1465.75 -3.808 9169.21 -9776.98 -1502.57 553.16 

3 3 11 COM3 -2213.98 87.016 3127.57 2204.28 -1354.23 -186.02 

3 3 12 COM3 -1562.83 -65.987 1539.69 1311.85 298.33 563.34 

3 3 4 COM3 4086.20 -81.898 6190.85 -4146.52 -7062.53 423.70 

3 3 39 COM3 1012.12 8.366 4608.77 -4945.64 -1097.19 -578.47 

3 3 11 LIFTLUG -2548.12 -83.507 5722.39 2464.30 -3921.91 736.40 

3 3 12 LIFTLUG -1553.13 84.997 3083.70 1526.12 -1971.31 -308.56 

3 3 4 LIFTLUG 4975.17 36.204 5563.86 -5647.57 -5335.46 -492.20 

3 3 39 LIFTLUG 1074.60 -3.463 6491.51 -6940.28 -1096.08 354.96 

 
 

Table 23:  Element Stresses - Area Shells, Part 3 of 4 

Table 23:  Element Stresses - Area Shells, Part 3 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMaxBot SMinBot SAngleBot SVMBot S13Avg S23Avg 

    KN/m2 KN/m2 Degrees KN/m2 KN/m2 KN/m2 

1 1 2 COM1 -1619.19 -1969.08 -48.562 1819.54 18.72 -0.74 

1 1 5 COM1 1276.34 -243.18 -6.378 1413.70 18.72 0.47 

1 1 7 COM1 1221.36 -156.66 7.296 1306.75 17.99 0.47 

1 1 1 COM1 -1645.65 -2030.95 30.274 1868.34 17.99 -0.74 

1 1 2 COM2 -5907.10 -7279.53 -66.044 6699.59 61.59 -3.78 

1 1 5 COM2 3297.90 -1720.35 -4.279 4416.93 61.59 1.33 

1 1 7 COM2 3208.31 -1627.87 6.079 4262.15 57.16 1.33 
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Table 23:  Element Stresses - Area Shells, Part 3 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMaxBot SMinBot SAngleBot SVMBot S13Avg S23Avg 

    KN/m2 KN/m2 Degrees KN/m2 KN/m2 KN/m2 

1 1 1 COM2 -6209.41 -7235.14 23.364 6780.71 57.16 -3.78 

1 1 2 COM3 -2811.64 -4505.64 -26.579 3941.81 33.64 -0.94 

1 1 5 COM3 1976.05 -132.34 -20.187 2045.44 33.64 1.30 

1 1 7 COM3 1956.14 99.89 23.457 1908.15 32.97 1.30 

1 1 1 COM3 -2793.66 -4654.27 23.613 4057.63 32.97 -0.94 

1 1 2 LIFTLUG -4134.43 -5083.83 -65.324 4681.89 43.29 -2.61 

1 1 5 LIFTLUG 2350.32 -1175.62 -4.387 3109.53 43.29 0.94 

1 1 7 LIFTLUG 2284.20 -1103.83 6.138 2992.89 40.25 0.94 

1 1 1 LIFTLUG -4336.14 -5064.58 23.794 4742.51 40.25 -2.61 

2 2 7 COM1 -753.21 -1159.87 -65.787 1019.31 3.85 0.53 

2 2 5 COM1 -822.39 -1084.12 56.336 979.83 3.94 0.53 

2 2 12 COM1 183.43 -676.26 10.362 784.24 3.94 -5.87 

2 2 11 COM1 54.46 -1902.96 -3.544 1930.77 3.85 -5.87 

2 2 7 COM2 -2639.13 -3679.56 -31.438 3285.32 5.71 -0.13 

2 2 5 COM2 -2087.71 -3497.20 19.166 3047.59 3.34 -0.13 

2 2 12 COM2 -479.10 -3750.29 8.222 3535.17 3.34 -15.22 

2 2 11 COM2 -675.00 -6893.44 -4.041 6581.95 5.71 -15.22 

2 2 7 COM3 -347.60 -1017.78 -74.488 896.06 3.17 1.61 

2 2 5 COM3 -631.38 -977.07 68.476 858.14 3.91 1.61 

2 2 12 COM3 325.71 -108.66 26.337 391.52 3.91 -9.31 

2 2 11 COM3 44.30 -2011.06 -3.296 2033.57 3.17 -9.31 

2 2 7 LIFTLUG -1863.79 -2576.42 -33.252 2304.29 4.27 -2.284E-02 

2 2 5 LIFTLUG -1500.85 -2449.39 20.072 2139.14 2.70 -2.284E-02 

2 2 12 LIFTLUG -297.70 -2580.56 8.318 2445.34 2.70 -10.84 

2 2 11 LIFTLUG -443.54 -4822.15 -4.014 4616.39 4.27 -10.84 

3 3 11 COM1 1344.82 -1512.21 2.318 2475.67 -29.58 -6.48 

3 3 12 COM1 819.79 -465.32 5.638 1126.96 -20.72 -5.61 

3 3 4 COM1 -2934.22 -3850.16 1.820 3483.70 -21.41 12.81 

3 3 39 COM1 -787.84 -3552.14 -87.591 3231.08 -30.33 13.65 

3 3 11 COM2 3584.88 -5741.40 6.721 8148.45 -72.38 -16.40 

3 3 12 COM2 2191.47 -2922.56 -5.470 4443.94 -48.16 -14.62 

3 3 4 COM2 -6823.79 -8439.26 -56.504 7758.70 -49.57 24.77 

3 3 39 COM2 -1465.75 -9813.80 86.192 9169.21 -73.93 26.63 

3 3 11 COM3 2213.98 -1363.93 -2.984 3127.57 -46.81 -10.33 

3 3 12 COM3 1562.83 47.36 24.013 1539.69 -33.75 -8.72 

3 3 4 COM3 -4086.20 -7122.85 8.102 6190.85 -35.03 24.97 

3 3 39 COM3 -1012.12 -5030.71 -81.634 4608.77 -48.20 26.49 

3 3 11 LIFTLUG 2548.12 -4005.72 6.493 5722.39 -51.77 -11.70 

3 3 12 LIFTLUG 1553.13 -1998.32 -5.003 3083.70 -34.57 -10.41 

3 3 4 LIFTLUG -4975.17 -6007.86 -53.796 5563.86 -35.60 18.04 

3 3 39 LIFTLUG -1074.60 -6961.76 86.537 6491.51 -52.90 19.38 

 
 

Table 23:  Element Stresses - Area Shells, Part 4 of 4 

Table 23:  Element Stresses - Area Shells, Part 4 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMaxAvg SAngleAvg 

    KN/m2 Degrees 

1 1 2 COM1 18.73 -2.271 

1 1 5 COM1 18.72 1.428 

1 1 7 COM1 18.00 1.486 

1 1 1 COM1 18.00 -2.363 

1 1 2 COM2 61.71 -3.514 
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Table 23:  Element Stresses - Area Shells, Part 4 of 4 

Area AreaEle
m 

Joint OutputC
ase 

SMaxAvg SAngleAvg 

    KN/m2 Degrees 

1 1 5 COM2 61.60 1.235 

1 1 7 COM2 57.17 1.330 

1 1 1 COM2 57.28 -3.786 

1 1 2 COM3 33.66 -1.602 

1 1 5 COM3 33.67 2.213 

1 1 7 COM3 32.99 2.258 

1 1 1 COM3 32.98 -1.635 

1 1 2 LIFTLUG 43.37 -3.450 

1 1 5 LIFTLUG 43.30 1.245 

1 1 7 LIFTLUG 40.26 1.339 

1 1 1 LIFTLUG 40.33 -3.710 

2 2 7 COM1 3.89 7.900 

2 2 5 COM1 3.98 7.712 

2 2 12 COM1 7.07 -56.126 

2 2 11 COM1 7.02 -56.768 

2 2 7 COM2 5.71 -1.300 

2 2 5 COM2 3.34 -2.222 

2 2 12 COM2 15.58 -77.618 

2 2 11 COM2 16.26 -69.427 

2 2 7 COM3 3.55 26.950 

2 2 5 COM3 4.23 22.392 

2 2 12 COM3 10.10 -67.222 

2 2 11 COM3 9.83 -71.208 

2 2 7 LIFTLUG 4.27 -0.307 

2 2 5 LIFTLUG 2.70 -0.485 

2 2 12 LIFTLUG 11.18 -76.036 

2 2 11 LIFTLUG 11.65 -68.527 

3 3 11 COM1 30.28 -167.643 

3 3 12 COM1 21.46 -164.843 

3 3 4 COM1 24.95 149.104 

3 3 39 COM1 33.26 155.777 

3 3 11 COM2 74.21 -167.233 

3 3 12 COM2 50.33 -163.117 

3 3 4 COM2 55.42 153.452 

3 3 39 COM2 78.58 160.193 

3 3 11 COM3 47.94 -167.557 

3 3 12 COM3 34.86 -165.507 

3 3 4 COM3 43.02 144.515 

3 3 39 COM3 55.00 151.212 

3 3 11 LIFTLUG 53.08 -167.261 

3 3 12 LIFTLUG 36.10 -163.239 

3 3 4 LIFTLUG 39.91 153.129 

3 3 39 LIFTLUG 56.33 159.883 

 
 
 

11.  Material take-off 
This section provides a material take-off. 
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Table 24:  Material List 2 - By Section Property 

Table 24:  Material List 2 - By Section Property 

Section ObjectType NumPieces TotalLength TotalWeight 

   m KN 

W250X33 Frame 11 36.62500 11.756 

W150X22 Frame 8 16.17600 3.549 

W100X19 Frame 2 3.45500 0.660 

C150X12 Frame 19 32.41600 3.818 

Floor Area   0.000 

 
 
 

12.  Design preferences 
This section provides the design preferences for each type of design, which typically include material reduction factors, 
framing type, stress ratio limit, deflection limits, and other code specific items. 
 

12.1.  Steel design 

 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, Part 1 of 3 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, Part 1 of 3 

THDesign FrameType PatLLF SRatioLimit MaxIter AccRat DuctFact OverFact PhiB 

         

Envelopes Type LD 
MRF 

0.750000 0.950000 1 0.350000 5.000000 1.500000 0.900000 

 
 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, Part 2 of 3 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, Part 2 of 3 

PhiC PhiT PhiV SlenderMod SeisCode SeisLoad PlugWeld CheckDefl DLRat 

         

0.900000 0.900000 0.900000 Modify 
Geometry 

Yes Yes Yes No 120.000000 

 
 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, Part 3 of 3 

Table 25:  Preferences - Steel Design - CAN-CSA-S16-01, 
Part 3 of 3 

SDLAndLLR
at 

LLRat TotalRat NetRat 

    

120.000000 360.000000 240.000000 240.000000 
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CAESAR II 2014  Ver.7.00.01.1600,  (Build 141003)   Date: SEP 28, 2015   Time: 22:53

Job Name: 338716-FINAL

Licensed To: ENS CANADA STRUCTURAL ENGNG & PROJECT MGMT INC

 CAESAR II  LOAD CASE REPORT                                 

CASE 1 (HYD) WW+HP

HYDRO TEST CASE

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Elastic Modulus:     EC

     Friction Mult.:      1.0000

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 2 (OPE) W+T1+P1

OPERATING CASE CONDITION 1

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Elastic Modulus:     EC

     Friction Mult.:      1.0000

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 3 (OPE) W+T2+P1

OPERATING CASE CONDITION 2

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Elastic Modulus:     EC

     Friction Mult.:      1.0000

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 4 (SUS) W+P1

SUSTAINED CASE CONDITION 1

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Elastic Modulus:     EC

     Friction Mult.:      1.0000

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 5 (EXP) L5=L2-L4

EXPANSION CASE CONDITION 1

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Combination Method:  ALG



     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 6 (EXP) L6=L3-L4

EXPANSION CASE CONDITION 2

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Combination Method:  ALG

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 

CASE 7 (EXP) L7=L2-L3

EXPANSION CASE CONDITION 1-2

     Keep/Discard:        Keep

     Display:             Disp/Force/Stress

     Combination Method:  ALG

     SUS/OCC case SH:     SH_MIN

     Flg Analysis Temp:   None

 



CAESAR II 2014  Ver.7.00.01.1600,  (Build 141003)   Date: SEP 28, 2015   Time: 22:53

Job Name: 338716-FINAL

Licensed To: ENS CANADA STRUCTURAL ENGNG & PROJECT MGMT INC

Miscellaneous REPORT, Miscellaneous Data Items

 

 

------------------------------------------------------------------------------

 CAESAR II  ALLOWABLES REPORT

 FROM    TO       SC                SH1 through SH8

           (lb./sq.in.)-------------------------------->

------------------------------------------------------------------------------

   23    30 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

   60    70 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

   80   230 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  100   110 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  110   120 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  120   140 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  150   160 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  170   190 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  190   210 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  210   220 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  230   235 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  250   260 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  100   290 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  290   310 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  320   330 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  350   360 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  370   400 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  400   410 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  420   430 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  430   435 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  450   460 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  480   510 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  510   515 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  540   550 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  550   560 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  570   590 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  590   600 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  600   610 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  620   630 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  640   660 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  670   680 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  690   695 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  710   720 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  730   750 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0



  780   810 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  810   820 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  830   840 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  840   860 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  860   880 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  880   900 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  900   910 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  930   940 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  940   980 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  980   990 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1010  1020 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1020  1040 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1040  1050 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

   20  1060 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1060  1090 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1090  1100 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1100  1120 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1120  1130 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1130  1140 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1140  1150 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1150  1170 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1170  1180 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1180  1190 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1190  1195 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1195  1210 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1210  1230 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1230  1250 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1250  1260 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1260  1270 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1270  1300 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1300  1310 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5240  1330 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1330  1350 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1350  1360 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1360  1370 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1370  5830 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  510  1390 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1390  1400 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1430  1440 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1450  1460 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1480  1510 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1510  1540 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1560  1580 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1580  1590 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

   40  1600 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1600  1610 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1630  1640 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0



 1640  1645 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1645  1660 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1660  1670 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1680  1700 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1700  1705 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1720  1730 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1730  1760 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1760  1770 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1770  1775 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1780  1790 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1800  1810 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1810  1820 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1830  1835 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1840  1850 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1870  1880 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1890  1900 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1900  1910 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1920  1930 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1930  1940 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

   50  1970 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1970  1980 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2020  2030 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2030  2050 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2050  2070 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2070  2080 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2080  2100 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2100  2110 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2110  2120 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2120  2125 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2125  2150 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2150  2170 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2170  2180 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2180  2210 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2210  2220 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2220  2240 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2240  2250 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2260  2280 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2300  2310 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2310  2340 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2340  2350 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2350  2390 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2390  2400 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2410  2415 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2440  2490 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2540  2545 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2570  2580 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2580  2610 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0



 2610  2620 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2640  2650 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2690  2700 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2710  2730 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1350  2820 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2820  2830 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2830  2840 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2840  2845 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2860  2870 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2880  2900 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2900  2920 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2920   340 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2930  2940 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2940  2950 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2960  2970 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2970  2980 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3000  3010 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3010  3020 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3030  3040 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3040  3050 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1980  3060 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3060  3090 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3090  3100 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3100  3110 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3110  3120 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3120  3140 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3140  3145 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3145  3160 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3160  3170 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3170   660 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  900  3200 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3200  3210 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3210  3220 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3220  3050 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3050  3250 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3250  3270 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3270  3280 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3280  3290 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3290  3300 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3300  3310 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3310  1910 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2540  3390 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3400  3420 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3430  3470 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3520  3550 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3550  3560 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3560  3590 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0



 3630  3640 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3640  3670 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3670  3680 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  310  3720 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3720  3730 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3760  3770 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3770  3820 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3830  3840 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3890  3900 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3900  3910 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3910  3940 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3940  3950 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 3950  3970 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3990  4000 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4000  4030 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4030  4040 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4070  4080 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4110  4120 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4120  4140 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4140  4150 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4150  4190 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4190  4200 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4200  4220 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4220  4230 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4230  4260 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4260  4270 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4270  4300 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4300  4310 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4310  4330 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4350  4360 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4360  4400 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 3470  4580 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4590  4610 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4610  4620 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4620  4650 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4650  4660 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4660  4690 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4690  4700 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4710  4740 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4780  4790 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4790  4820 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4820  4830 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4850  4857 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4860  4870 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4870  4890 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 4890  4900 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4920  4400 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0



 4980  4990 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 4990  5020 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5020  5030 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5050  5060 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5060  5070 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5070  5080 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5080  5090 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5090  5110 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5110  5120 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5120  5140 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5140  5150 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5150  5155 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5160  5170 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5170  5190 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5190  5200 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5200  5220 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5250  5260 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5260  5290 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5290  5300 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1010  5320 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5320  5340 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5340  5350 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1640  5410 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5410  5420 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5440  5450 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5450  5470 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5470  5480 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5500  5510 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5510  5520 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 8000  1590 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5530  5550 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5550  5560 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5570  5600 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5600  5610 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5610  5640 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5640  5650 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5650  7490 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5720  5740 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5740  5750 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1310  5860 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 5830   830 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2020  5860 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1540  6190 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6200  6210 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2070  6420 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 6420  6430 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6430  6460 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0



 1760  6520 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 8510  5750 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1700  6540 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6540  6550 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 6550  6560 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1940  6670 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6670  6680 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6690  6710 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1360  6720 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6720  6730 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2150  6750 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

  990  6920 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 6940  6960 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  880  7000 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7020  7040 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1100  7080 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 7080  7090 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7100  7120 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

  330  7140 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7140  7150 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 1790  7160 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7160  7170 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2210  7180 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7180  7190 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5480  7230 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 2300  7440 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 7440  7450 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7450  7480 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 1170  7530 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7530  7540 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 7600  5500 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7930  7600 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7630  7640 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 7150  7700 23300.0 23300.0 22780.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 5860  7710 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 2490  7970 23300.0 23300.0 22000.0 23300.0 23300.0 23300.0 23300.0 23300.0 23300.0

 7980  5230 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0 20000.0

 

 

------------------------------------------------------------------------------

 CAESAR II  C.G. REPORT

                               Total Wght     X cg      Y cg      Z cg

------------------------------------------------------------------------------

                                  (KN.)      (ft.)     (ft.)     (ft.)

  Pipe                  :           25.5      39.0       5.0      -0.7

  Insulation            :            0.0       0.0       0.0       0.0

  Refractory            :            0.0       0.0       0.0       0.0



  Fluid                 :            0.0       0.0       0.0       0.0

  Pipe+Insl+Refrty      :           25.5      39.0       5.0      -0.7

  Pipe+Fluid            :           25.5      39.0       5.0      -0.7

  Pipe+Insl+Refrty+Fluid:           25.5      39.0       5.0      -0.7



CAESAR II 2014  Ver.7.00.01.1600,  (Build 141003)   Date: SEP 28, 2015   Time: 22:53

Job Name: 338716-FINAL

Licensed To: ENS CANADA STRUCTURAL ENGNG & PROJECT MGMT INC

Input Echo

 

 PIPE DATA

 -----------------------------------------------------------------------------

 -----------------------------------------------------------------------------

 From  23  To  30 DY= 2.073 ft.

    Dia= 8.625 in.   Wall= .322 in.

 GENERAL

    T1= -49 F   T2= 200 F   P1= 1,360.0000 lb./sq.in.

    PHyd= 2,220.0000 lb./sq.in.   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  30   Unreinforced Tee

 -----------------------------------------------------------------------------

 From  30  To  31 DY= 1.250 ft.

 GENERAL

    T1= -49 F

 -----------------------------------------------------------------------------

 From  31  To  40 DY= .583 ft.

 GENERAL

    T1= -49 F

 SIF's & TEE's

    Node  40   Unreinforced Tee

 -----------------------------------------------------------------------------

 From  40  To  50 DY= 3.667 ft.

 GENERAL

    T1= -49 F

 SIF's & TEE's

    Node  50   Unreinforced Tee

 -----------------------------------------------------------------------------

 From  50  To  60 DY= .417 ft.

 -----------------------------------------------------------------------------

 From  60  To  70 DY= .672 ft.

 GENERAL

    T1= -49 F   Mat= (103)A105   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.



    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 256.00 lb.

 -----------------------------------------------------------------------------

 From  80  To  230 DY= .815 ft.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  80  ANC

 -----------------------------------------------------------------------------

 From  100  To  110  DX= -.677 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  110  To  120  DX= -.208 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  120  To  140  DX= -.200 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  140  To  150  DX= -.200 ft.

 -----------------------------------------------------------------------------

 From  150  To  160  DX= -.219 ft.

 GENERAL



    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  160  To  170  DX= -.802 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  170  To  190  DX= -.260 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 189

 -----------------------------------------------------------------------------

 From  190  To  210 DZ= -2.024 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  190  +Y

 -----------------------------------------------------------------------------

 From  210  To  220 DZ= -.208 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 RESTRAINTS

    Node  220  ANC

 -----------------------------------------------------------------------------

 From  230  To  235 DY= 1.000 ft.

    Dia= 8.625 in.   Wall= .322 in.



 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  235  To  23 DY= .177 ft.

 -----------------------------------------------------------------------------

 From  30  To  250  DX= -.542 ft.

    Dia= 3.500 in.   Wall= .216 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  250  To  260  DX= -.292 ft.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 23.00 lb.

 -----------------------------------------------------------------------------

 From  260  To  270  DX= -.052 ft.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 3.50 lb.

 -----------------------------------------------------------------------------

 From  100  To  290  DX= .219 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  290  To  310  DX= .219 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  310  To  320  DX= .177 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 -----------------------------------------------------------------------------

 From  320  To  330  DX= .208 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  330  To  340  DX= .427 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 -----------------------------------------------------------------------------

 From  340  To  350  DX= .219 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 -----------------------------------------------------------------------------

 From  350  To  360  DX= .802 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 49.91 lb.

 -----------------------------------------------------------------------------

 From  360  To  370  DX= .219 ft.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  370  To  400  DX= .557 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.



    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T1= -49 F   T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  400  To  410  DX= .031 ft.

    Dia= .840 in.   Wall= .147 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 2.00 lb.

 -----------------------------------------------------------------------------

 From  420  To  430 DZ= .260 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 12.00 lb.

 RESTRAINTS

    Node  420  ANC

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  430  To  435 DZ= 2.000 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL



    T1= -49 F   T2= 200 F   P1= 1,360.0000 lb./sq.in.

    PHyd= 2,220.0000 lb./sq.in.   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

    Insul Thk= .000 in.

 RESTRAINTS

    Node  435  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  435  To  450 DZ= 1.339 ft.

 -----------------------------------------------------------------------------

 From  450  To  460 DZ= 1.302 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  460  To  470 DZ= 2.000 ft.

 RIGID  Weight= 150.00 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  470  To  480 DZ= .271 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  480  To  510 DZ= .812 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  510  To  515 DZ= 2.000 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  515  Guide   Gap= 3.000 in.

    Node  515  +Y

 -----------------------------------------------------------------------------

 From  515  To  540 DZ= 1.260 ft.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 541

    Angle/Node @2= .00 538

 -----------------------------------------------------------------------------

 From  540  To  550 DY= .260 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  550  To  560 DY= 1.229 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  560  To  570 DY= .271 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  570  To  590 DY= 3.688 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  590  To  600 DY= .250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.



    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 599

 -----------------------------------------------------------------------------

 From  600  To  610  DX= .833 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  610  Guide   Gap= 3.000 in.

    Node  610  Y

 -----------------------------------------------------------------------------

 From  610  To  615  DX= 3.000 ft.

 RESTRAINTS

    Node  615  Guide   Gap= 3.000 in.

    Node  615  Y

 -----------------------------------------------------------------------------

 From  615  To  620  DX= 3.604 ft.

 -----------------------------------------------------------------------------

 From  620  To  630  DX= .260 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  630  To  640  DX= .271 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  640  To  660  DX= .219 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------



 From  660  To  670  DX= .219 ft.

 -----------------------------------------------------------------------------

 From  670  To  680  DX= .271 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  680  To  690  DX= .260 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  690  To  695  DX= 5.873 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  695  Guide   Gap= 3.000 in.

    Node  695  Y

 -----------------------------------------------------------------------------

 From  695  To  710  DX= .833 ft.

 -----------------------------------------------------------------------------

 From  710  To  720  DX= .271 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  720  To  730  DX= .260 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  730  To  750  DX= .250 ft.  DZ= -.000 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 89.999   Angle/Node @1= 45.00 749

 -----------------------------------------------------------------------------

 From  750  To  770  DX= -.000 ft.  DZ= -.594 ft.

 -----------------------------------------------------------------------------

 From  770  To  780 DZ= -.250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 779

 -----------------------------------------------------------------------------

 From  780  To  810 DY= -2.859 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  810  To  820 DY= -.365 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 25.00 lb.

 RESTRAINTS

    Node  820  ANC

 -----------------------------------------------------------------------------

 From  830  To  840  DX= .219 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.



 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  840  To  860  DX= .260 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 859

 RESTRAINTS

    Node  860  +Y

 -----------------------------------------------------------------------------

 From  860  To  880 DZ= .551 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  880  To  900 DZ= .727 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  900  To  910 DZ= .219 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------



 From  910  To  930 DZ= .547 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  930  To  940 DZ= .630 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 23.00 lb.

 -----------------------------------------------------------------------------

 From  940  To  950 DZ= .026 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 2.00 lb.

 -----------------------------------------------------------------------------

 From  940  To  980 DZ= .547 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  980  To  990 DZ= .260 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  990  To  1010 DZ= .505 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.



 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  1010  To  1020 DZ= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1020  To  1040 DZ= .542 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1040  To  1050 DZ= .057 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 3.00 lb.



 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  20  To  1060 DZ= .703 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

 RIGID  Weight= 150.00 lb.

 SIF's & TEE's

    Node  1060   Socket (As welded)

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1060  To  1090 DZ= .557 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1090  To  1100 DZ= .323 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RESTRAINTS



    Node  1090  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1100  To  1120 DZ= .642 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

 SIF's & TEE's

    Node  1120   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1120  To  1130 DZ= .187 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1130  To  1140 DZ= .229 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (103)A105   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 9.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------



 From  1140  To  1150 DZ= .240 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F

 RIGID  Weight= 9.00 lb.

 ALLOWABLE STRESSES

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  1150  To  1170 DZ= .396 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1170  To  1180 DZ= .729 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1180  To  1190  DX= .000 ft.  DZ= .250 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (321)A234   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.



    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.002   Angle/Node @1= 45.00 1189

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1190  To  1195  DX= -2.104 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1195  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1195  To  1210  DX= -1.667 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1210  To  1230  DX= -.510 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (321)A234   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.



    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 1219

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1230  To  1250 DZ= -.542 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1250  To  1260 DZ= -.078 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 200 F   Mat= (103)A105   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

    Insul Thk= .000 in.

 RIGID  Weight= 4.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1260  To  1270 DZ= -.766 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F

 RIGID  Weight= 150.00 lb.

 SIF's & TEE's

    Node  1270   Socket (As welded)

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------



 From  1270  To  1300 DZ= -.557 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   Mat= (321)A234   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1300  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1300  To  1310 DZ= -.365 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 

 PIPE DATA

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   Mat= (103)A105   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 28,800,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

    Insul Thk= .000 in.

 RIGID  Weight= 25.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  5240  To  1330  DX= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 6.00 lb.

 ALLOWABLE STRESSES



 -----------------------------------------------------------------------------

 From  1330  To  1350  DX= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1350  To  1360  DX= .427 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1360  To  1370  DX= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1370  To  5830  DX= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  510  To  1390  DX= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  510   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1390  To  1400  DX= .271 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  1400  To  1410  DX= 1.031 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  1410  To  1420  DX= .333 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  1420  To  1430  DX= .010 ft.

 -----------------------------------------------------------------------------

 From  1430  To  1440  DX= .250 ft.  DY= .000 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 1439

 -----------------------------------------------------------------------------

 From  1440  To  1450  DX= -.000 ft.  DY= .260 ft.

 -----------------------------------------------------------------------------

 From  1450  To  1460 DY= 1.229 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 56.00 lb.

 -----------------------------------------------------------------------------

 From  1460  To  1470 DY= .042 ft.

 RIGID  Weight= 2.00 lb.

 -----------------------------------------------------------------------------

 From  1470  To  1480 DY= .271 ft.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  1480  To  1510 DY= .378 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  1510  To  1540 DY= 4.417 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1540  To  1560 DY= 3.000 ft.

 GENERAL



    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1560  To  1580 DY= .547 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  1580  To  1590 DY= .078 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  40  To  1600 DZ= .542 ft.

    Dia= 3.500 in.   Wall= .216 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  1600  To  1610 DZ= .292 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 23.00 lb.



 -----------------------------------------------------------------------------

 From  1610  To  1620 DZ= .135 ft.

 RIGID  Weight= 20.00 lb.

 -----------------------------------------------------------------------------

 From  1630  To  1640  DX= .344 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1640  To  1645  DX= 1.250 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 140 F   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 29,160,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1645  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1645  To  1660  DX= 8.146 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 140 F

 ALLOWABLE STRESSES



 -----------------------------------------------------------------------------

 From  1660  To  1670  DX= .219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  1670  To  1680  DX= .208 ft.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  1680  To  1700  DX= .219 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1700  To  1705  DX= 2.500 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1705  +Y

 -----------------------------------------------------------------------------

 From  1705  To  1720  DX= .533 ft.

 -----------------------------------------------------------------------------

 From  1720  To  1730  DX= .250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 1729

 



 PIPE DATA

 -----------------------------------------------------------------------------

 From  1730  To  1760 DZ= -1.562 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1760  To  1770 DZ= -.219 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1770  To  1775 DZ= -.750 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1775  +Y

 -----------------------------------------------------------------------------

 From  1775  To  1780 DZ= -.750 ft.

 -----------------------------------------------------------------------------

 From  1780  To  1790 DZ= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1790  To  1800 DZ= -.219 ft.

 -----------------------------------------------------------------------------

 From  1800  To  1810 DZ= -.667 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1810  To  1820 DZ= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1820  To  1830 DZ= -.219 ft.

 -----------------------------------------------------------------------------

 From  1830  To  1835 DZ= -.500 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  1835  +Y

 -----------------------------------------------------------------------------

 From  1835  To  1840 DZ= -.724 ft.

 -----------------------------------------------------------------------------

 From  1840  To  1850 DZ= -.219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  1850  To  1860 DZ= -.208 ft.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  1860  To  1870 DZ= -.010 ft.

 -----------------------------------------------------------------------------

 From  1870  To  1880 DZ= -.208 ft.

 GENERAL



    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1880  To  1890 DZ= -.219 ft.

 -----------------------------------------------------------------------------

 From  1890  To  1900 DZ= -.219 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1900  To  1910 DZ= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1910  To  1920 DZ= -.219 ft.

 -----------------------------------------------------------------------------

 From  1920  To  1930 DZ= -.383 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1930  To  1940 DZ= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------



 From  1940  To  1950  DX= -.000 ft.  DZ= -.469 ft.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.001   Angle/Node @1= 45.00 1949

    Angle/Node @2= .00 1948

 -----------------------------------------------------------------------------

 From  1950  To  4850  DX= -.260 ft.  DZ= .000 ft.

 -----------------------------------------------------------------------------

 From  50  To  1970  DX= .542 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

 

 PIPE DATA

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

    Dia= 3.500 in.   Wall= .216 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  1970  To  1980  DX= .292 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 23.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2020  To  2030 DZ= -.365 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.



    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 25.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2030  To  2050 DZ= -.260 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2049

 RESTRAINTS

    Node  2050  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2050  To  2070 DY= 1.315 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2070  To  2080 DY= 2.899 ft.



    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2080  To  2100 DY= .510 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2089

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2100  To  2110 DZ= .365 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 25.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2110  To  2120 DZ= .354 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.



    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

 RIGID  Weight= 25.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2120  To  2125 DZ= 1.500 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 

 PIPE DATA

 RESTRAINTS

    Node  2125  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2125  To  2150 DZ= 1.458 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2150  To  2170 DZ= .729 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2170  To  2180 DZ= .250 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2179

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2180  To  2210  DX= .951 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2210  To  2220  DX= .469 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2219

    Angle/Node @2= .00 2218

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2220  To  2240 DY= -1.625 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2240  To  2250 DY= -.365 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 25.00 lb.

 RESTRAINTS

    Node  2250  ANC

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  270  To  2260  DX= -.302 ft.

    Dia= 3.500 in.   Wall= .216 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.



 RIGID  Weight= 23.00 lb.

 -----------------------------------------------------------------------------

 From  2260  To  2280  DX= -.302 ft.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.   Mat= (321)A234

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2280  To  1510  DX= -.219 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  1510   Welding Tee

 -----------------------------------------------------------------------------

 From  2300  To  2310 DY= -.073 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 2309

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  2310  To  2340  DX= -1.112 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2340  To  2350  DX= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 2349

 -----------------------------------------------------------------------------

 From  2350  To  2390 DZ= .417 ft.

    Dia= 1.315 in.   Wall= .358 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  2390  To  2400 DZ= .068 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  2400  To  2410 DZ= .078 ft.

 RIGID  Weight= 4.00 lb.

 SIF's & TEE's

    Node  2410   Socket (As welded)

 -----------------------------------------------------------------------------

 From  2410  To  2415 DZ= .833 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  2415  +Y

 -----------------------------------------------------------------------------

 From  2415  To  2440 DZ= .806 ft.

 -----------------------------------------------------------------------------

 From  2440  To  2490 DZ= .490 ft.



 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2490  To  2540 DZ= .490 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  2540  To  2545 DZ= 1.000 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  2545  +Y

 -----------------------------------------------------------------------------

 From  2545  To  2570 DZ= .297 ft.

 -----------------------------------------------------------------------------

 From  2570  To  2580 DZ= .073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 2579

 -----------------------------------------------------------------------------

 From  2580  To  2610  DX= .385 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.



    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2610  To  2620  DX= .078 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  2620  To  2640  DX= .999 ft.

 RIGID  Weight= 49.91 lb.

 -----------------------------------------------------------------------------

 From  2640  To  2650  DX= .833 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2650  To  2660  DX= .278 ft.

 RIGID  Weight= 8.29 lb.

 -----------------------------------------------------------------------------

 From  2660  To  2690  DX= .510 ft.

    Dia= 1.315 in.   Wall= .358 in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  2690  To  2700  DX= .078 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 4.00 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  2700  To  2710  DX= .068 ft.



 RIGID  Weight= 4.00 lb.

 SIF's & TEE's

    Node  2710   Socket (As welded)

 -----------------------------------------------------------------------------

 From  2710  To  2730  DX= .958 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  2730   Socket (As welded)

 -----------------------------------------------------------------------------

 From  1350  To  2820 DY= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  1350   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2820  To  2830 DY= 1.032 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 29,160,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2830  To  2840 DY= .250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2839

 -----------------------------------------------------------------------------

 From  2840  To  2845  DX= -2.000 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   Mat= (106)A106 B   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 29,160,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  2845  +Y

 -----------------------------------------------------------------------------

 From  2845  To  2860  DX= -1.701 ft.

 -----------------------------------------------------------------------------

 From  2860  To  2870  DX= -.219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  2870  To  2880  DX= -.802 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  2880  To  2900  DX= -.260 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2899

 -----------------------------------------------------------------------------

 From  2900  To  2920 DY= -1.292 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2920  To  340 DY= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  340   Welding Tee

 -----------------------------------------------------------------------------

 From  1880  To  2930  DX= .219 ft.

 SIF's & TEE's

    Node  1880   Welding Tee

 -----------------------------------------------------------------------------

 From  2930  To  2940  DX= .530 ft.  DZ= .000 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2940  To  2950  DX= .250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 2949

 -----------------------------------------------------------------------------

 From  2950  To  2960 DY= -.260 ft.

 -----------------------------------------------------------------------------

 From  2960  To  2970 DY= -1.938 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  2970  To  2980 DY= -.219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

 

 PIPE DATA

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  2980  To  2990 DY= -1.479 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  2990  To  3000 DY= -.010 ft.

 -----------------------------------------------------------------------------

 From  3000  To  3010 DY= -.677 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3010  To  3020 DY= -.250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 3019

 -----------------------------------------------------------------------------

 From  3020  To  3030 DZ= -.260 ft.

 -----------------------------------------------------------------------------

 From  3030  To  3040 DY= -.000 ft.  DZ= -.177 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3040  To  3050 DZ= -.208 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  3050   Welding Tee

 -----------------------------------------------------------------------------

 From  1980  To  3060  DX= .344 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 3.500 in.   Wall= .216 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 26.50 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3060  To  3090  DX= .312 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3090  To  3100  DX= 1.302 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 150.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3100  To  3110  DX= 1.031 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 150.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3110  To  3120  DX= .271 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 12.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3120  To  3140  DX= .260 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.



    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 3139

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3140  To  3145 DZ= .667 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

 

 PIPE DATA

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  3145  Guide   Gap= 3.000 in.

    Node  3145  +Y

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3145  To  3160 DZ= 2.333 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3160  To  3170 DZ= .267 ft.



    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 3169

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3170  To  660 DY= -1.982 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  660   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  900  To  3200 DY= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  900   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3200  To  3210 DY= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3210  To  3220 DY= .208 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 6.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3220  To  3050 DY= .219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292



    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3050  To  3250 DY= 3.917 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3250  To  3270 DY= .547 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 23,300 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Eff= .0000   Sy= 40,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

 

 PIPE DATA

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3270  To  3280 DY= .026 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.



 RIGID  Weight= 2.00 lb.

 -----------------------------------------------------------------------------

 From  3280  To  3290 DY= .344 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 9.57 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3290  To  3300  DX= -.375 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 10.43 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3300  To  3310  DX= -.219 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 6.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  3310  To  1910  DX= -.405 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,780 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.



    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  1910   Welding Tee

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2540  To  3390  DX= .417 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  2540   Welding Tee

 -----------------------------------------------------------------------------

 From  3390  To  3400  DX= .120 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 1.31 lb.

 -----------------------------------------------------------------------------

 From  3400  To  3420  DX= .797 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3420  To  3430  DX= .277 ft.

 RIGID  Weight= 6.05 lb.

 -----------------------------------------------------------------------------

 From  3430  To  3470  DX= .417 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL



    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  3470  To  3475  DX= .250 ft.

 SIF's & TEE's

    Node  3470   Unreinforced Tee

 -----------------------------------------------------------------------------

 From  3475  To  3500  DX= .250 ft.

 RESTRAINTS

    Node  3475  +Y

 -----------------------------------------------------------------------------

 From  3500  To  3510  DX= .078 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  3510  To  3520  DX= .999 ft.

 RIGID  Weight= 49.91 lb.

 -----------------------------------------------------------------------------

 From  3520  To  3550  DX= .344 ft.

    Dia= 1.315 in.   Wall= .358 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  3550  To  3560  DX= .073 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 3559

 -----------------------------------------------------------------------------

 From  3560  To  3590 DY= .384 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3590  To  3600 DY= .277 ft.

 RIGID  Weight= 8.29 lb.

 -----------------------------------------------------------------------------

 From  3600  To  3630 DY= .266 ft.

    Dia= 1.315 in.   Wall= .358 in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  3630  To  3640 DY= .073 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 3639

 -----------------------------------------------------------------------------

 From  3640  To  3670 DZ= .432 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  3670   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3670  To  3680 DZ= .078 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  3680  To  8030 DZ= .068 ft.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  310  To  3720 DY= .412 ft.

    Dia= .840 in.   Wall= .147 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  310   Welding Tee

 -----------------------------------------------------------------------------

 From  3720  To  3730 DY= .179 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= .50 lb.

 SIF's & TEE's

    Node  3730   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3730  To  3760 DY= .302 ft.

 -----------------------------------------------------------------------------

 From  3760  To  3770 DY= .120 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  3770   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3770  To  3820 DY= 1.159 ft.

 GENERAL



    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 1.500 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 3819

    Angle/Node @2= .00 3818

 -----------------------------------------------------------------------------

 From  3820  To  3827  DX= 4.000 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  3827  +Y

 -----------------------------------------------------------------------------

 From  3827  To  3830  DX= 1.160 ft.

 -----------------------------------------------------------------------------

 From  3830  To  3840  DX= .120 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  3840   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3840  To  3890  DX= .417 ft.

 BEND at "TO" end

    Radius= 1.500 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 3871

    Angle/Node @2= .00 3868

 -----------------------------------------------------------------------------

 From  3890  To  3900 DZ= -2.097 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292



    Pipe Den= .2830000 lb./cu.in.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  3900  To  3910 DZ= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 3909

 -----------------------------------------------------------------------------

 From  3910  To  3940 DY= -.615 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3940  To  3950 DY= -.120 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  3950   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3950  To  3970 DY= -.344 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3970  To  3980 DY= -.233 ft.

 RIGID  Weight= 1.40 lb.



 SIF's & TEE's

    Node  3980   Socket (As welded)

 -----------------------------------------------------------------------------

 From  3980  To  3990 DY= -.344 ft.

 -----------------------------------------------------------------------------

 From  3990  To  4000 DY= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 3999

 -----------------------------------------------------------------------------

 From  4000  To  4030  DX= -.417 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4030  To  4040  DX= -.057 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 3.00 lb.

 RESTRAINTS

    Node  4040  ANC

 -----------------------------------------------------------------------------

 From  140  To  4070 DY= .412 ft.

    Dia= .840 in.   Wall= .147 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  140   Welding Tee

 -----------------------------------------------------------------------------

 From  4070  To  4080 DY= .179 ft.

 GENERAL



    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= .50 lb.

 SIF's & TEE's

    Node  4080   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4080  To  4110 DY= .302 ft.

 -----------------------------------------------------------------------------

 From  4110  To  4120 DY= .120 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  4120   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4120  To  4140 DY= 1.336 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4140  To  4150 DY= .073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4149

 -----------------------------------------------------------------------------

 From  4150  To  4190  DX= 3.833 ft.

 GENERAL



    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4190  To  4200  DX= .120 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

 

 PIPE DATA

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  4200   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4200  To  4220  DX= .344 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4220  To  4230  DX= .073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4229

 -----------------------------------------------------------------------------

 From  4230  To  4260 DZ= -1.685 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4260  To  4270 DZ= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4269

 -----------------------------------------------------------------------------

 From  4270  To  4300 DY= -.453 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4300  To  4310 DY= -.120 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  4310   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4310  To  4330 DY= -.344 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4330  To  4340 DY= -.233 ft.

 RIGID  Weight= 1.40 lb.

 SIF's & TEE's



    Node  4340   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4340  To  4350 DY= -.344 ft.

 -----------------------------------------------------------------------------

 From  4350  To  4360 DY= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4359

 -----------------------------------------------------------------------------

 From  4360  To  4400 DZ= -.490 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  3470  To  4580 DY= .417 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  4580  To  4590 DY= .120 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 1.31 lb.

 -----------------------------------------------------------------------------

 From  4590  To  4610 DY= .594 ft.



 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4610  To  4620 DY= .073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4619

 -----------------------------------------------------------------------------

 From  4620  To  4650  DX= 1.921 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

 

 PIPE DATA

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4650  To  4660  DX= .073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4659

 -----------------------------------------------------------------------------

 From  4660  To  4690 DY= 1.177 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4690  To  4700 DY= .078 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  4700  To  4710 DY= .999 ft.

 RIGID  Weight= 49.91 lb.

 -----------------------------------------------------------------------------

 From  4710  To  4740 DY= .344 ft.

    Dia= 1.315 in.   Wall= .358 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  4740  To  4750 DY= .278 ft.

    Dia= 1.315 in.   Wall= .179 in.

    Insul Thk= .000 in.

 RIGID  Weight= 8.29 lb.

 -----------------------------------------------------------------------------

 From  4750  To  4780 DY= .349 ft.

    Dia= 1.315 in.   Wall= .358 in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  4780  To  4790 DY= .073 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4789

 -----------------------------------------------------------------------------



 From  4790  To  4820 DZ= .432 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  4820   Socket (As welded)

 -----------------------------------------------------------------------------

 From  4820  To  4830 DZ= .078 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  4830  To  4840 DZ= .068 ft.

 RIGID  Weight= 4.00 lb.

 -----------------------------------------------------------------------------

 From  4850  To  4857  DX= -2.794 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RESTRAINTS

    Node  4850  +Y

    Node  4857  +Y

 -----------------------------------------------------------------------------

 From  4857  To  4860  DX= -.833 ft.

 -----------------------------------------------------------------------------

 From  4860  To  4870  DX= -.250 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292



    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 4869

 -----------------------------------------------------------------------------

 From  4870  To  4890 DZ= -1.654 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4890  To  4900 DZ= -.219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  4900  To  4910 DZ= -.375 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 10.43 lb.

 -----------------------------------------------------------------------------

 From  4910  To  4920 DY= -.344 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 9.57 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  4920  To  4400 DY= -4.500 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  4400  To  4980 DY= -.417 ft.

 GENERAL



    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  4980  To  4990 DY= -.073 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 4989

 -----------------------------------------------------------------------------

 From  4990  To  5020  DX= .373 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  5020  To  5030  DX= .057 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 3.00 lb.

 RESTRAINTS

    Node  5030  ANC

 -----------------------------------------------------------------------------

 From  5040  To  5050 DZ= -.014 ft.

    Dia= 3.500 in.   Wall= .216 in.

    Insul Thk= .000 in.

 RIGID  Weight= 8.00 lb.

 RESTRAINTS

    Node  5040  ANC

 -----------------------------------------------------------------------------

 From  5050  To  5060 DZ= -.667 ft.



    Dia= 3.500 in.   Wall= .300 in.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  5060   Threaded Joint

 -----------------------------------------------------------------------------

 From  5060  To  5070 DZ= -.093 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  5070   Threaded Joint

 -----------------------------------------------------------------------------

 From  5070  To  5080 DZ= -.782 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5080   Threaded Joint

 -----------------------------------------------------------------------------

 From  5080  To  5090 DZ= -.091 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= 1.089 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5089

 -----------------------------------------------------------------------------

 From  5090  To  5110  DX= -1.161 ft.



 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5110   Threaded Joint

 -----------------------------------------------------------------------------

 From  5110  To  5120  DX= -.091 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= 1.089 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5119

 -----------------------------------------------------------------------------

 From  5120  To  5140 DZ= -.591 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5140   Threaded Joint

 -----------------------------------------------------------------------------

 From  5140  To  5150 DZ= -.093 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  5150   Threaded Joint

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  5150  To  5155 DZ= -2.000 ft.



 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RESTRAINTS

    Node  5155  +Y

 -----------------------------------------------------------------------------

 From  5155  To  5157 DZ= -3.333 ft.

 RESTRAINTS

    Node  5157  +Y

 -----------------------------------------------------------------------------

 From  5157  To  5160 DZ= -2.855 ft.

 SIF's & TEE's

    Node  5160   Threaded Joint

 -----------------------------------------------------------------------------

 From  5160  To  5170 DZ= -.091 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= 1.089 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5169

 -----------------------------------------------------------------------------

 From  5170  To  5190 DY= .265 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5190   Threaded Joint

 -----------------------------------------------------------------------------

 From  5190  To  5200 DY= .091 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292



    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= 1.089 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5199

 -----------------------------------------------------------------------------

 From  5200  To  5220  DX= 1.144 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5220   Threaded Joint

 -----------------------------------------------------------------------------

 From  5220  To  5230  DX= .182 ft.

 RIGID  Weight= 1.40 lb.

 SIF's & TEE's

    Node  5230   Threaded Joint

 -----------------------------------------------------------------------------

 From  5240  To  5250  DX= -.594 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  5250  To  5260  DX= -.208 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  5260  To  5290  DX= -.557 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------



 From  5290  To  5300  DX= -.031 ft.

    Dia= .840 in.   Wall= .147 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 2.00 lb.

 -----------------------------------------------------------------------------

 From  5300  To  410  DX= -1.326 ft.

 RIGID  Weight= 134.89 lb.

 -----------------------------------------------------------------------------

 From  1010  To  5320 DY= 4.782 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  1010   Welding Tee

 -----------------------------------------------------------------------------

 From  5320  To  5340 DY= .547 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  5340  To  5350 DY= .026 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 2.00 lb.



 -----------------------------------------------------------------------------

 From  5350  To  5360 DY= .344 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 9.57 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  5360  To  5370  DX= -.375 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 10.43 lb.

 -----------------------------------------------------------------------------

 From  5370  To  5380  DX= -.219 ft.

    Dia= 2.375 in.   Wall= .218 in.

    Insul Thk= .000 in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  5380  To  1820  DX= -.405 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  1820   Welding Tee

 -----------------------------------------------------------------------------

 From  1640  To  5410 DY= .219 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (321)A234

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  1640   Welding Tee

 -----------------------------------------------------------------------------

 From  5410  To  5420 DY= .208 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (103)A105

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------



 From  5420  To  5440 DY= .219 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  5440  To  5450 DY= 3.689 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (106)A106 B

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  5450  To  5470 DY= .250 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (321)A234

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 5459

 -----------------------------------------------------------------------------

 From  5470  To  5480 DZ= -1.037 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (106)A106 B

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  5480  To  5485 DZ= -.500 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RESTRAINTS

    Node  5485  +Y

 -----------------------------------------------------------------------------

 From  5485  To  5500 DZ= -.495 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 -----------------------------------------------------------------------------



 From  5500  To  5510 DZ= -.219 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (321)A234

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  5510  To  5520 DZ= -.219 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.   Mat= (103)A105

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  5520  To  8000 DZ= -.375 ft.

 GENERAL

    P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 50.00 lb.

 -----------------------------------------------------------------------------

 From  8000  To  1590 DY= -.417 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 23,300 lb./sq.in.   Sh1= 23,300 lb./sq.in.   Sh2= 22,000 lb./sq.in.

    Sh3= 23,300 lb./sq.in.   Sh4= 23,300 lb./sq.in.   Sh5= 23,300 lb./sq.in.

    Sh6= 23,300 lb./sq.in.   Sh7= 23,300 lb./sq.in.   Sh8= 23,300 lb./sq.in.

    Sh9= 23,300 lb./sq.in.   Sy= 36,000 lb./sq.in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 50.00 lb.

 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  5530  To  5550 DY= .260 ft.

    Dia= 2.375 in.   Wall= .436 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.



 RESTRAINTS

    Node  5530  ANC

 -----------------------------------------------------------------------------

 From  5550  To  5560 DY= .260 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  5560  To  5570 DY= .271 ft.

 RIGID  Weight= 12.00 lb.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  5570  To  5600 DY= .557 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  5600  To  5610 DY= .073 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5609

 -----------------------------------------------------------------------------

 From  5610  To  5640  DX= -1.282 ft.  DZ= .657 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  5640  To  5650  DX= -.066 ft.  DZ= .032 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .875 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 5649

 -----------------------------------------------------------------------------

 From  5650  To  7490 DY= -1.100 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1120  To  5720 DY= 4.750 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  5720  To  5740 DY= .547 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  5740  To  5750 DY= .057 ft.

    Dia= 1.315 in.   Wall= .179 in.



 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 3.00 lb.

 -----------------------------------------------------------------------------

 From  5760  To  5770 DZ= -.115 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 10.00 lb.

 -----------------------------------------------------------------------------

 From  5770  To  5780 DZ= -.260 ft.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  5780  To  23 DZ= -.682 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  1310  To  5860 DZ= -1.281 ft.

 GENERAL

    P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.   Mat= (106)A106 B

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 125.00 lb.

 -----------------------------------------------------------------------------

 From  5830  To  830  DX= .844 ft.

    B31.3 (2012)        Cycle Max Switch = ---    App.P Sy/St Switch = ON

    Sc= 20,000 lb./sq.in.   Sh1= 20,000 lb./sq.in.   Sh2= 20,000 lb./sq.in.

    Sh3= 20,000 lb./sq.in.   Sh4= 20,000 lb./sq.in.   Sh5= 20,000 lb./sq.in.

    Sh6= 20,000 lb./sq.in.   Sh7= 20,000 lb./sq.in.   Sh8= 20,000 lb./sq.in.

    Sh9= 20,000 lb./sq.in.   Sy= 35,000 lb./sq.in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

 RIGID  Weight= 150.00 lb.



 ALLOWABLE STRESSES

 -----------------------------------------------------------------------------

 From  2020  To  5860 DZ= 1.281 ft.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

 RIGID  Weight= 125.00 lb.

 -----------------------------------------------------------------------------

 From  1540  To  6190 DZ= .812 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.   Mat= (321)A234

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 BEND at "TO" end

    Radius= 3.000 in. (LONG)   Bend Angle= 90.000   Angle/Node @1= 45.00 6189

    Angle/Node @2= .00 6188

 SIF's & TEE's

    Node  1540   Welding Tee

 -----------------------------------------------------------------------------

 From  6190  To  6200 DY= .260 ft.

 GENERAL

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

 

 PIPE DATA

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  6200  To  6210 DY= .271 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  2070  To  6420 DZ= .490 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL



    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  2070   Welding Tee

 -----------------------------------------------------------------------------

 From  6420  To  6430 DZ= .062 ft.

    Dia= 1.050 in.   Wall= .154 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 DOUBLE FLANGED BEND at "TO" end

    Radius= .750 in. (user)   Bend Angle= 90.000   Angle/Node @1= 45.00 6429

 -----------------------------------------------------------------------------

 From  6430  To  6460 DY= .406 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  6460  To  6470 DY= .099 ft.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  6470  To  6480 DY= .109 ft.

 RIGID  Weight= 6.00 lb.

 SIF's & TEE's

    Node  6480   Socket (As welded)

 -----------------------------------------------------------------------------

 From  6480  To  6490 DY= .260 ft.

 -----------------------------------------------------------------------------

 From  6490  To  6500 DY= .198 ft.

 RIGID  Weight= 4.90 lb.

 SIF's & TEE's

    Node  6500   Socket (As welded)

 -----------------------------------------------------------------------------



 From  1760  To  6520  DX= .405 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  6520  To  8500  DX= .219 ft.

 RIGID  Weight= 15.00 lb.

 -----------------------------------------------------------------------------

 From  8500  To  8510  DX= .375 ft.

 RIGID  Weight= 25.00 lb.

 -----------------------------------------------------------------------------

 From  8510  To  5750 DY= -.344 ft.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

 RIGID  Weight= 15.00 lb.

 -----------------------------------------------------------------------------

 From  1700  To  6540 DZ= -.219 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  1700   Welding Tee

 -----------------------------------------------------------------------------

 From  6540  To  6550 DZ= -.406 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  6550  To  6560 DZ= -.240 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.



    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 9.00 lb.

 -----------------------------------------------------------------------------

 From  6560  To  6780 DZ= -.484 ft.

 RIGID  Weight= 15.00 lb.

 -----------------------------------------------------------------------------

 From  1940  To  6670 DY= .219 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  1940   Welding Tee

 -----------------------------------------------------------------------------

 From  6670  To  6680 DY= .219 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  6680  To  6690 DY= .208 ft.

 RIGID  Weight= 6.00 lb.

 -----------------------------------------------------------------------------

 From  6690  To  6710 DY= 6.085 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

 

 PIPE DATA

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  1360  To  6720 DY= .203 ft.



    Dia= 1.900 in.   Wall= .200 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  1360   Welding Tee

 -----------------------------------------------------------------------------

 From  6720  To  6730 DY= .234 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 8.00 lb.

 -----------------------------------------------------------------------------

 From  6730  To  6740 DY= .028 ft.

    Dia= 2.375 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 2.27 lb.

 -----------------------------------------------------------------------------

 From  2150  To  6750 DY= .219 ft.

    Dia= 2.375 in.   Wall= .218 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  2150   Welding Tee

 -----------------------------------------------------------------------------

 From  6750  To  6770 DY= .630 ft.

    Dia= 2.375 in.   Wall= .436 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  6770  To  6780 DY= .125 ft.



    Dia= 1.900 in.   Wall= .400 in.

    Insul Thk= .000 in.

 RIGID  Weight= 7.00 lb.

 -----------------------------------------------------------------------------

 From  990  To  6920 DY= .490 ft.

    Dia= 1.050 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  990   Welding Tee

 -----------------------------------------------------------------------------

 From  6920  To  6930 DY= .047 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 3.00 lb.

 -----------------------------------------------------------------------------

 From  6930  To  6940 DY= .057 ft.

 RIGID  Weight= 3.00 lb.

 SIF's & TEE's

    Node  6940   Socket (As welded)

 -----------------------------------------------------------------------------

 From  6940  To  6960 DY= .308 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  6960  To  6970 DY= .198 ft.

 RIGID  Weight= 4.90 lb.

 -----------------------------------------------------------------------------

 From  880  To  7000 DY= .490 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  880   Welding Tee

 -----------------------------------------------------------------------------

 From  7000  To  7010 DY= .047 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 3.00 lb.

 -----------------------------------------------------------------------------

 From  7010  To  7020 DY= .057 ft.

 RIGID  Weight= 3.00 lb.

 SIF's & TEE's

    Node  7020   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7020  To  7040 DY= .260 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  7040  To  7050 DY= .198 ft.

 RIGID  Weight= 4.90 lb.

 -----------------------------------------------------------------------------

 From  1100  To  7080 DY= .490 ft.

 GENERAL

    T2= 200 F   P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  1100   Welding Tee

 



 PIPE DATA

 -----------------------------------------------------------------------------

 From  7080  To  7090 DY= .068 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 3.00 lb.

 -----------------------------------------------------------------------------

 From  7090  To  7100 DY= .078 ft.

 RIGID  Weight= 3.00 lb.

 SIF's & TEE's

    Node  7100   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7100  To  7120 DY= .260 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 -----------------------------------------------------------------------------

 From  7120  To  7130 DY= .198 ft.

 RIGID  Weight= 4.90 lb.

 -----------------------------------------------------------------------------

 From  330  To  7140 DY= .203 ft.

    Dia= 1.900 in.   Wall= .200 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  330   Welding Tee

 -----------------------------------------------------------------------------

 From  7140  To  7150 DY= .234 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.



    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 8.00 lb.

 -----------------------------------------------------------------------------

 From  1790  To  7160 DY= .219 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   Mat= (321)A234   E= 29,500,000 lb./sq.in.

    EH1= 29,896,666 lb./sq.in.   EH2= 29,160,000 lb./sq.in.

    EH3= 29,500,000 lb./sq.in.   EH4= 29,500,000 lb./sq.in.

    EH5= 29,500,000 lb./sq.in.   EH6= 29,500,000 lb./sq.in.

    EH7= 29,500,000 lb./sq.in.   EH8= 29,500,000 lb./sq.in.

    EH9= 29,500,000 lb./sq.in.   v = .292   Pipe Den= .2830000 lb./cu.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  1790   Welding Tee

 -----------------------------------------------------------------------------

 From  7160  To  7170 DY= .427 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  2210  To  7180 DZ= -.203 ft.

    Dia= 1.900 in.   Wall= .400 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  2210   Welding Tee

 -----------------------------------------------------------------------------

 From  7180  To  7190 DZ= -.302 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.



    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 14.00 lb.

 -----------------------------------------------------------------------------

 From  7190  To  7200 DZ= -.125 ft.

 RIGID  Weight= 14.00 lb.

 -----------------------------------------------------------------------------

 From  5480  To  7230 DY= .510 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  5480   Welding Tee

 -----------------------------------------------------------------------------

 From  7230  To  7240 DY= .500 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.50 lb.

 -----------------------------------------------------------------------------

 From  2300  To  7440 DY= 2.091 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  7440  To  7450 DY= .120 ft.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 1.31 lb.

 SIF's & TEE's

    Node  7450   Socket (As welded)



 -----------------------------------------------------------------------------

 From  7450  To  7480 DY= .344 ft.

    Dia= 1.315 in.   Wall= .358 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  7480  To  7490 DY= .278 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 8.29 lb.

 SIF's & TEE's

    Node  7490   Socket (As welded)

 -----------------------------------------------------------------------------

 From  1170  To  7530 DY= -.490 ft.

    Dia= 1.050 in.   Wall= .154 in.

 GENERAL

    P1= 680.0000 lb./sq.in.   PHyd= 1,110.0000 lb./sq.in.   Mat= (103)A105

    E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  1170   Welding Tee

 -----------------------------------------------------------------------------

 From  7530  To  7540 DY= -.198 ft.

    Dia= 1.050 in.   Wall= .154 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 4.90 lb.

 SIF's & TEE's



    Node  7540   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7870  To  7580 DY= .073 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 15.00 lb.

 -----------------------------------------------------------------------------

 From  7580  To  7590 DY= .073 ft.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

 RIGID  Weight= 15.00 lb.

 -----------------------------------------------------------------------------

 From  7600  To  5500 DY= .219 ft.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (321)A234   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  5500   Welding Tee

 -----------------------------------------------------------------------------

 From  7930  To  7600 DY= .271 ft.

 GENERAL

    T2= 200 F   P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 RIGID  Weight= 12.00 lb.

 -----------------------------------------------------------------------------

 From  2440  To  7620 DY= -.073 ft.

    Dia= 1.050 in.   Wall= .154 in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  7620  To  7630 DY= -.005 ft.

 -----------------------------------------------------------------------------

 From  7630  To  7640 DY= -.250 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.



    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  7640  To  7650 DY= -.005 ft.

    Dia= 1.050 in.   Wall= .154 in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  7650   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7650  To  7660 DY= -.198 ft.

 RIGID  Weight= 4.90 lb.

 SIF's & TEE's

    Node  7660   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7150  To  7700 DY= .028 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RIGID  Weight= 2.27 lb.

 -----------------------------------------------------------------------------

 From  5860  To  7710 DY= -.594 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL

    T2= 200 F   P1= 2,035.0000 lb./sq.in.   PHyd= 3,330.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 SIF's & TEE's

    Node  7710   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7710  To  7720 DY= -.281 ft.

 RIGID  Weight= 15.20 lb.

 SIF's & TEE's

    Node  7720   Socket (As welded)

 -----------------------------------------------------------------------------



 From  1410  To  7750 DY= -.422 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  7750  To  7760 DY= -.005 ft.

    Dia= 1.050 in.   Wall= .154 in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  7760   Socket (As welded)

 -----------------------------------------------------------------------------

 From  7760  To  7770 DY= -.198 ft.

 RIGID  Weight= 4.90 lb.

 SIF's & TEE's

    Node  7770   Socket (As welded)

 -----------------------------------------------------------------------------

 From  460  To  7790 DY= -.422 ft.

    Dia= 1.050 in.   Wall= .308 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 SIF's & TEE's

    Node  460   Welding Tee

 

 PIPE DATA

 -----------------------------------------------------------------------------

 From  7790  To  7800 DY= -.198 ft.

    Dia= 1.050 in.   Wall= .154 in.

    Insul Thk= .000 in.

 RIGID  Weight= 4.90 lb.

 SIF's & TEE's

    Node  7800   Socket (As welded)

 -----------------------------------------------------------------------------

 From  6210  To  7870 DY= .958 ft.

    Dia= 2.375 in.   Wall= .154 in.

 GENERAL

    P1= 1,360.0000 lb./sq.in.   PHyd= 2,220.0000 lb./sq.in.

    Insul Thk= .000 in.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  7590  To  7900 DY= .958 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------

 From  7900  To  7930 DY= .958 ft.

 RIGID  Weight= 150.00 lb.

 -----------------------------------------------------------------------------



 From  2490  To  7970 DY= .083 ft.

    Dia= .840 in.   Wall= .147 in.

 GENERAL

    Mat= (103)A105   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 28,800,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 -----------------------------------------------------------------------------

 From  7980  To  5230  DX= -.333 ft.

    Dia= 1.315 in.   Wall= .179 in.

 GENERAL

    T2= 140 F   P1= 260.0000 lb./sq.in.   PHyd= 413.0000 lb./sq.in.

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.   Insul Thk= .000 in.

 RESTRAINTS

    Node  7980  ANC

 -----------------------------------------------------------------------------

 From  235  To  8030 DZ= -.791 ft.

 GENERAL

    Mat= (106)A106 B   E= 29,500,000 lb./sq.in.   EH1= 29,896,666 lb./sq.in.

    EH2= 29,160,000 lb./sq.in.   EH3= 29,500,000 lb./sq.in.

    EH4= 29,500,000 lb./sq.in.   EH5= 29,500,000 lb./sq.in.

    EH6= 29,500,000 lb./sq.in.   EH7= 29,500,000 lb./sq.in.

    EH8= 29,500,000 lb./sq.in.   EH9= 29,500,000 lb./sq.in.   v = .292

    Pipe Den= .2830000 lb./cu.in.

 SIF's & TEE's

    Node  235   Welding Tee

 -----------------------------------------------------------------------------

 From  31  To  8050 DZ= -.786 ft.

 

 RESTRAINTS                               Len        MU

                                          GAP      YIELD           Dir

    NODE  TYPE    CNODE      STIF1      STIF2      FORCE         Vectors

 -------+-------+------+----------+----------+----------+---------------------

      80   ANC                                              .000   .000   .000

     190   +Y                                               .000  1.000   .000

     220   ANC                                              .000   .000   .000

     420   ANC                                              .000   .000   .000

     435   +Y                                               .000  1.000   .000

     515   Guide                         3.00               .000   .000   .000

     515   +Y                                               .000  1.000   .000



     610   Guide                         3.00               .000   .000   .000

     610   Y                                                .000  1.000   .000

     615   Guide                         3.00               .000   .000   .000

     615   Y                                                .000  1.000   .000

     695   Guide                         3.00               .000   .000   .000

     695   Y                                                .000  1.000   .000

     820   ANC                                              .000   .000   .000

     860   +Y                                               .000  1.000   .000

    1090   +Y                                               .000  1.000   .000

    1195   +Y                                               .000  1.000   .000

    1300   +Y                                               .000  1.000   .000

    1645   +Y                                               .000  1.000   .000

    1705   +Y                                               .000  1.000   .000

    1775   +Y                                               .000  1.000   .000

    1835   +Y                                               .000  1.000   .000

    2050   +Y                                               .000  1.000   .000

    2125   +Y                                               .000  1.000   .000

    2250   ANC                                              .000   .000   .000

    2415   +Y                                               .000  1.000   .000

    2545   +Y                                               .000  1.000   .000

    2845   +Y                                               .000  1.000   .000

    3145   Guide                         3.00               .000   .000   .000

    3145   +Y                                               .000  1.000   .000

    3475   +Y                                               .000  1.000   .000

    3827   +Y                                               .000  1.000   .000

    4040   ANC                                              .000   .000   .000

    4850   +Y                                               .000  1.000   .000

    4857   +Y                                               .000  1.000   .000

    5030   ANC                                              .000   .000   .000

    5040   ANC                                              .000   .000   .000

    5155   +Y                                               .000  1.000   .000

    5157   +Y                                               .000  1.000   .000

    5485   +Y                                               .000  1.000   .000

    5530   ANC                           3.00               .000   .000   .000

    7980   ANC                                              .000   .000   .000

 

 INPUT UNITS USED...

 

 UNITS= ENGLISH  NOM/SCH INPUT= ON

       LENGTH             inches        x      1.000   =   in.

       FORCE              pounds        x      1.000   =   lb.

       MASS(dynamics)     pounds        x      1.000   =   lbm

       MOMENTS(INPUT)     inch-pounds   x      1.000   =   in.lb.

       MOMENTS(OUTPUT)    inch-pounds   x      0.083   =   ft.lb.

       STRESS             lbs./sq.in.   x      1.000   =   lb./sq.in.

       TEMP. SCALE        degrees F.    x      1.000   =   F

       PRESSURE           psig          x      1.000   =   lb./sq.in.



       ELASTIC MODULUS    lbs./sq.in.   x      1.000   =   lb./sq.in.

       PIPE DENSITY       lbs./cu.in.   x      1.000   =   lb./cu.in.

       INSULATION DENS.   lbs./cu.in.   x      1.000   =   lb./cu.in.

       FLUID DENSITY      lbs./cu.in.   x      1.000   =   lb./cu.in.

       TRANSL. STIF       lbs./in.      x      1.000   =   lb./in.

       ROTATIONAL STIF    in.lb./deg.   x      1.000   =   in.lb./deg

       UNIFORM LOAD       lb./in.       x      1.000   =   lb./in.

       G LOAD             g's           x      1.000   =   g's

       WIND LOAD          lbs./sq.in.   x    144.000   =   lb./sq.ft.

       ELEVATION          inches        x      0.083   =   ft.

       COMPOUND LENGTH    inches        x      0.083   =   ft.

       DIAMETER           inches        x      1.000   =   in.

       WALL THICKNESS     inches        x      1.000   =   in.

 

 

 

 EXECUTION CONTROL PARAMETERS

 

    Rigid/ExpJt Print Flag .....    1.000

    Bourdon Option .............     .000

    Loop Closure Flag ..........    2.000

    Thermal Bowing Delta Temp ..     .000 F

    Liberal Allowable Flag .....    1.000

    Uniform Load Option ........     .000

 

    Ambient Temperature ........   70.000 F

    Plastic (FRP) Alpha ........   12.000

    Plastic (FRP) GMOD/EMODa ...     .250

    Plastic (FRP) Laminate Type.    3.000

    Eqn Optimizer ..............     .000

    Node Selection .............     .000

    Eqn Ordering ...............     .000

    Collins ....................     .000

    Degree Determination .......     .000

    User Eqn Control ...........     .000
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STRESS SUMMARY REPORT: Highest Stresses Mini Statement

Various Load Cases

LOAD CASE DEFINITION KEY

CASE 1 (HYD) WW+HP

CASE 2 (OPE) W+T1+P1

CASE 3 (OPE) W+T2+P1

CASE 4 (SUS) W+P1

CASE 5 (EXP) L5=L2-L4

CASE 6 (EXP) L6=L3-L4

CASE 7 (EXP) L7=L2-L3

 

Piping Code: B31.3      = B31.3 -2012, Jan 10, 2013                       

 CODE STRESS CHECK PASSED      : LOADCASE 1 (HYD) WW+HP

Highest Stresses: (lb./sq.in.) LOADCASE 1 (HYD) WW+HP

Ratio (%):                     63.0       @Node   3470

Code Stress:                22666.3       Allowable Stress:      36000.0  

Axial Stress:               13190.4       @Node     60  

Bending Stress:             20301.6       @Node   3470  

Torsion Stress:              4267.3       @Node   2545  

Hoop Stress:                27512.1       @Node     30  

Max Stress Intensity:       30885.2       @Node     30  

 NO CODE STRESS CHECK PROCESSED: LOADCASE 2 (OPE) W+T1+P1

Highest Stresses: (lb./sq.in.) LOADCASE 2 (OPE) W+T1+P1

Ratio (%):                      0.0       @Node   3470

OPE Stress:                 21353.2       Allowable Stress:          0.0  

Axial Stress:                8069.8       @Node     60  

Bending Stress:             19953.6       @Node   3470  

Torsion Stress:              4175.4       @Node   2545  

Hoop Stress:                16854.3       @Node     30  

Max Stress Intensity:       21353.2       @Node   3470  

 NO CODE STRESS CHECK PROCESSED: LOADCASE 3 (OPE) W+T2+P1

Highest Stresses: (lb./sq.in.) LOADCASE 3 (OPE) W+T2+P1

Ratio (%):                      0.0       @Node     30

OPE Stress:                 26067.8       Allowable Stress:          0.0  



Axial Stress:                8069.8       @Node     60  

Bending Stress:             21520.6       @Node     30  

Torsion Stress:              4175.4       @Node   2545  

Hoop Stress:                16854.3       @Node     30  

Max Stress Intensity:       26046.8       @Node     30  

 CODE STRESS CHECK PASSED      : LOADCASE 4 (SUS) W+P1

Highest Stresses: (lb./sq.in.) LOADCASE 4 (SUS) W+P1

Ratio (%):                     97.1       @Node   3470

Code Stress:                21353.2       Allowable Stress:      22000.0  

Axial Stress:                8069.8       @Node     60  

Bending Stress:             19953.6       @Node   3470  

Torsion Stress:              4175.4       @Node   2545  

Hoop Stress:                16854.3       @Node     30  

Max Stress Intensity:       21353.2       @Node   3470  

 CODE STRESS CHECK PASSED      : LOADCASE 5 (EXP) L5=L2-L4

Highest Stresses: (lb./sq.in.) LOADCASE 5 (EXP) L5=L2-L4

Ratio (%):                     34.2       @Node     50

Code Stress:                14387.9       Allowable Stress:      42097.5  

Axial Stress:                 232.3       @Node    540  

Bending Stress:             14281.1       @Node     50  

Torsion Stress:              1224.1       @Node   1439  

Hoop Stress:                    0.0       @Node     30  

Max Stress Intensity:       14304.1       @Node     50  

 CODE STRESS CHECK PASSED      : LOADCASE 6 (EXP) L6=L3-L4

Highest Stresses: (lb./sq.in.) LOADCASE 6 (EXP) L6=L3-L4

Ratio (%):                     38.0       @Node     50

Code Stress:                15976.6       Allowable Stress:      42097.5  

Axial Stress:                 302.0       @Node   1540  

Bending Stress:             15850.7       @Node     50  

Torsion Stress:              1583.9       @Node   2280  

Hoop Stress:                    0.0       @Node     30  

Max Stress Intensity:       15878.1       @Node     50  

 CODE STRESS CHECK PASSED      : LOADCASE 7 (EXP) L7=L2-L3

Highest Stresses: (lb./sq.in.) LOADCASE 7 (EXP) L7=L2-L3

Ratio (%):                     72.1       @Node     50

Code Stress:                30362.8       Allowable Stress:      42097.5  

Axial Stress:                 514.4       @Node    540  

Bending Stress:             30130.0       @Node     50  

Torsion Stress:              2702.2       @Node   1439  



Hoop Stress:                    0.0       @Node     30  

Max Stress Intensity:       30180.4       @Node     50  
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RESTRAINT SUMMARY EXTENDED REPORT: Loads On Restraints

Various Load Cases

Node Load Case FX lb. FY lb. FZ lb. MX ft.lb. MY ft.lb. MZ ft.lb. DX in. DY in. DZ in.

 

LOAD CASE DEFINITION KEY

CASE 1 (HYD) WW+HP

CASE 2 (OPE) W+T1+P1

CASE 3 (OPE) W+T2+P1

CASE 4 (SUS) W+P1

CASE 5 (EXP) L5=L2-L4

CASE 6 (EXP) L6=L3-L4

CASE 7 (EXP) L7=L2-L3

 

80 Rigid ANC

  1(HYD) 1 -1612 -21 -90.6 -58.8 491.4 0 0 0

  2(OPE) 53 -1014 -202 -906.5 -249.8 507.7 0 0 0

  3(OPE) -58 -1811 189 799.5 161.8 576.5 0 0 0

  4(SUS) 1 -1350 -20 -100.6 -55.7 466 0 0 0

  5(EXP) 52 336 -181 -805.9 -194.1 41.7 0 0 0

  6(EXP) -59 -460 209 900.1 217.5 110.5 0 0 0

  7(EXP) 111 797 -390 -1706 -411.6 -68.7 0 0 0

    MAX       111/L7     -1811/L3     -390/L7   -1706.0/L7   -411.6/L7    576.5/L3    0.0000/L7  -0.0000/L3  -0.0000/L7

190 Rigid +Y

  1(HYD) 0 -385 0 0 0 0 -0.0009 0 0

  2(OPE) 0 -331 0 0 0 0 -0.0016 0 -0.0164

  3(OPE) 0 -401 0 0 0 0 0 0 0.0104

  4(SUS) 0 -374 0 0 0 0 -0.0008 0 0

  5(EXP) 0 43 0 0 0 0 -0.0008 0 -0.0164

  6(EXP) 0 -27 0 0 0 0 0.0008 0 0.0104

  7(EXP) 0 70 0 0 0 0 -0.0016 0 -0.0268

    MAX      -401/L3   -0.0016/L7  -0.0000/L3  -0.0268/L7

220 Rigid ANC

  1(HYD) -10 56 -2 -48.4 -14.7 -132.7 0 0 0

  2(OPE) 6 32 -1 -29.6 -6.7 -118.9 0 0 0

  3(OPE) -19 69 -2 -58.1 -14.7 -136.2 0 0 0

  4(SUS) -9 55 -1 -47.1 -13 -129.5 0 0 0

  5(EXP) 15 -23 1 17.6 6.3 10.7 0 0 0

  6(EXP) -10 14 -1 -10.9 -1.7 -6.7 0 0 0

  7(EXP) 25 -37 1 28.5 7.9 17.3 0 0 0

    MAX        25/L7        69/L3        -2/L3     -58.1/L3     -14.7/L1    -136.2/L3   0.0000/L7   0.0000/L3  -0.0000/L3

420 Rigid ANC

  1(HYD) 7 84 25 -87 22.5 13.8 0 0 0

  2(OPE) 42 102 206 -102.3 101.7 19 0 0 0

  3(OPE) -32 64 -184 -68.2 -68.9 6.1 0 0 0

  4(SUS) 7 84 24 -86 21.9 13.7 0 0 0

  5(EXP) 35 18 182 -16.3 79.8 5.3 0 0 0

  6(EXP) -40 -20 -208 17.8 -90.8 -7.7 0 0 0



  7(EXP) 74 38 389 -34.1 170.6 12.9 0 0 0

    MAX        74/L7       102/L2       389/L7    -102.3/L2    170.6/L7      19.0/L2    0.0000/L7   0.0000/L2   0.0000/L7

435 Rigid +Y

  1(HYD) 0 -321 0 0 0 0 0.0028 0 0

  2(OPE) 0 -335 0 0 0 0 0.0112 0 -0.0186

  3(OPE) 0 -288 0 0 0 0 -0.007 0 0.0224

  4(SUS) 0 -312 0 0 0 0 0.0027 0 0

  5(EXP) 0 -24 0 0 0 0 0.0085 0 -0.0186

  6(EXP) 0 24 0 0 0 0 -0.0097 0 0.0223

  7(EXP) 0 -48 0 0 0 0 0.0182 0 -0.0409

    MAX      -335/L2    0.0182/L7  -0.0000/L2  -0.0409/L7

515 Rigid GUI w/gap; Rigid +Y

  1(HYD) 0 -407 0 0 0 0 0.0161 0 0

  2(OPE) 0 -82 0 0 0 0 0.0285 0 -0.0824

  3(OPE) 0 -767 0 0 0 0 -0.0016 0 0.0991

  4(SUS) 0 -390 0 0 0 0 0.0155 0 0

  5(EXP) 0 308 0 0 0 0 0.013 0 -0.0824

  6(EXP) 0 -377 0 0 0 0 -0.0171 0 0.099

  7(EXP) 0 685 0 0 0 0 0.03 0 -0.1814

    MAX      -767/L3    0.0300/L7  -0.0000/L3  -0.1814/L7

610 Rigid GUI w/gap; Rigid Y

  1(HYD) 0 3 0 0 0 0 -0.0042 0 0.0207

  2(OPE) 0 -290 0 0 0 0 0.0967 0 -0.1651

  3(OPE) 0 360 0 0 0 0 -0.1247 0 0.2389

  4(SUS) 0 5 0 0 0 0 -0.0035 0 0.0193

  5(EXP) 0 -295 0 0 0 0 0.1002 0 -0.1844

  6(EXP) 0 356 0 0 0 0 -0.1211 0 0.2196

  7(EXP) 0 -650 0 0 0 0 0.2213 0 -0.404

    MAX      -650/L7    0.2213/L7  -0.0000/L7  -0.4040/L7

615 Rigid GUI w/gap; Rigid Y

  1(HYD) 0 -58 0 0 0 0 -0.0042 0 0.0029

  2(OPE) 0 6 0 0 0 0 0.0718 0 -0.1128

  3(OPE) 0 -102 0 0 0 0 -0.0948 0 0.14

  4(SUS) 0 -46 0 0 0 0 -0.0035 0 0.0033

  5(EXP) 0 52 0 0 0 0 0.0754 0 -0.1161

  6(EXP) 0 -56 0 0 0 0 -0.0913 0 0.1367

  7(EXP) 0 108 0 0 0 0 0.1667 0 -0.2528

    MAX       108/L7    0.1667/L7   0.0000/L7  -0.2528/L7

695 Rigid GUI w/gap; Rigid Y

  1(HYD) 0 -77 0 0 0 0 -0.0042 0 -0.008

  2(OPE) 0 -109 0 0 0 0 -0.0189 0 -0.0354

  3(OPE) 0 0 0 0 0 0 0.0142 0 0.0277

  4(SUS) 0 -62 0 0 0 0 -0.0035 0 -0.0065

  5(EXP) 0 -47 0 0 0 0 -0.0153 0 -0.0289

  6(EXP) 0 62 0 0 0 0 0.0177 0 0.0342

  7(EXP) 0 -109 0 0 0 0 -0.033 0 -0.0631

    MAX      -109/L7   -0.0330/L7  -0.0000/L7  -0.0631/L7

820 Rigid ANC

  1(HYD) -5 -27 -3 -11.4 -7.2 12.2 0 0 0

  2(OPE) -80 31 2 -26.5 -43 163.8 0 0 0



  3(OPE) 84 -100 -9 14.6 35.7 -172.1 0 0 0

  4(SUS) -5 -27 -2 -8.4 -6.4 10.2 0 0 0

  5(EXP) -75 58 5 -18.1 -36.6 153.5 0 0 0

  6(EXP) 89 -73 -6 23 42.1 -182.3 0 0 0

  7(EXP) -164 131 11 -41.1 -78.7 335.8 0 0 0

    MAX      -164/L7       131/L7        11/L7     -41.1/L7     -78.7/L7     335.8/L7   -0.0000/L7   0.0000/L7   0.0000/L7

860 Rigid +Y

  1(HYD) 0 -255 0 0 0 0 -0.0021 0 0.0043

  2(OPE) 0 -110 0 0 0 0 -0.0969 0 0.0872

  3(OPE) 0 -332 0 0 0 0 0.0591 0 -0.0648

  4(SUS) 0 -238 0 0 0 0 -0.0018 0 0.0027

  5(EXP) 0 128 0 0 0 0 -0.0951 0 0.0845

  6(EXP) 0 -94 0 0 0 0 0.0609 0 -0.0675

  7(EXP) 0 222 0 0 0 0 -0.156 0 0.152

    MAX      -332/L3   -0.1560/L7  -0.0000/L3   0.1520/L7

1090 Rigid +Y

  1(HYD) 0 -295 0 0 0 0 0.012 0 0.0373

  2(OPE) 0 -191 0 0 0 0 -0.0601 0 0.0765

  3(OPE) 0 -342 0 0 0 0 0.0718 0 0.0038

  4(SUS) 0 -286 0 0 0 0 0.0161 0 0.0351

  5(EXP) 0 96 0 0 0 0 -0.0762 0 0.0414

  6(EXP) 0 -56 0 0 0 0 0.0557 0 -0.0313

  7(EXP) 0 152 0 0 0 0 -0.1319 0 0.0727

    MAX      -342/L3   -0.1319/L7  -0.0000/L3   0.0765/L2

1195 Rigid +Y

  1(HYD) 0 -45 0 0 0 0 -0.0124 0 0.0176

  2(OPE) 0 0 0 0 0 0 -0.0544 0.0139 0.0389

  3(OPE) 0 -62 0 0 0 0 0.0221 0 0.0122

  4(SUS) 0 -33 0 0 0 0 -0.0073 0 0.0163

  5(EXP) 0 33 0 0 0 0 -0.0471 0.0139 0.0226

  6(EXP) 0 -29 0 0 0 0 0.0294 0 -0.0041

  7(EXP) 0 62 0 0 0 0 -0.0765 0.0139 0.0267

    MAX       -62/L3   -0.0765/L7   0.0139/L2   0.0389/L2

1300 Rigid +Y

  1(HYD) 0 -354 0 0 0 0 0.0069 0 -0.004

  2(OPE) 0 -343 0 0 0 0 -0.0121 0 0.0365

  3(OPE) 0 -348 0 0 0 0 0.0073 0 -0.0257

  4(SUS) 0 -353 0 0 0 0 0.0101 0 -0.0039

  5(EXP) 0 11 0 0 0 0 -0.0222 0 0.0404

  6(EXP) 0 5 0 0 0 0 -0.0028 0 -0.0218

  7(EXP) 0 5 0 0 0 0 -0.0194 0 0.0622

    MAX      -354/L1   -0.0222/L5  -0.0000/L1   0.0622/L7

1645 Rigid +Y

  1(HYD) 0 -21 0 0 0 0 -0.0159 0 -0.0405

  2(OPE) 0 0 0 0 0 0 0.0898 0.1374 -0.1895

  3(OPE) 0 -175 0 0 0 0 -0.0679 0 0.1403

  4(SUS) 0 -5 0 0 0 0 -0.0141 0 -0.0381

  5(EXP) 0 5 0 0 0 0 0.1039 0.1374 -0.1514

  6(EXP) 0 -170 0 0 0 0 -0.0538 0 0.1784

  7(EXP) 0 175 0 0 0 0 0.1577 0.1374 -0.3298

    MAX      -175/L3    0.1577/L7   0.1374/L2  -0.3298/L7



1705 Rigid +Y

  1(HYD) 0 -25 0 0 0 0 -0.0159 0 0.0204

  2(OPE) 0 -69 0 0 0 0 -0.0037 0 0.0053

  3(OPE) 0 0 0 0 0 0 -0.0088 0.0355 0.0078

  4(SUS) 0 -17 0 0 0 0 -0.0141 0 0.0178

  5(EXP) 0 -52 0 0 0 0 0.0104 0 -0.0125

  6(EXP) 0 17 0 0 0 0 0.0053 0.0355 -0.01

  7(EXP) 0 -69 0 0 0 0 0.0051 -0.0355 -0.0025

    MAX       -69/L2   -0.0159/L1   0.0355/L3   0.0204/L1

1775 Rigid +Y

  1(HYD) 0 -18 0 0 0 0 0.0021 0 0.0259

  2(OPE) 0 -138 0 0 0 0 0.0024 0 0.0306

  3(OPE) 0 0 0 0 0 0 0.0042 0.0236 -0.0039

  4(SUS) 0 -9 0 0 0 0 0.0014 0 0.0226

  5(EXP) 0 -128 0 0 0 0 0.0009 0 0.008

  6(EXP) 0 9 0 0 0 0 0.0027 0.0236 -0.0266

  7(EXP) 0 -138 0 0 0 0 -0.0018 -0.0236 0.0345

    MAX      -138/L2    0.0042/L3   0.0236/L3   0.0345/L7

1835 Rigid +Y

  1(HYD) 0 -238 0 0 0 0 0.0165 0 0.0259

  2(OPE) 0 -238 0 0 0 0 0.0154 0 0.0535

  3(OPE) 0 -116 0 0 0 0 0.009 0 -0.0184

  4(SUS) 0 -215 0 0 0 0 0.0136 0 0.0226

  5(EXP) 0 -23 0 0 0 0 0.0017 0 0.0309

  6(EXP) 0 99 0 0 0 0 -0.0046 0 -0.041

  7(EXP) 0 -122 0 0 0 0 0.0064 0 0.0719

    MAX      -238/L1    0.0165/L1  -0.0000/L1   0.0719/L7

2050 Rigid +Y

  1(HYD) 0 -176 0 0 0 0 0.0399 0 -0.0038

  2(OPE) 0 -101 0 0 0 0 0.0364 0 0.0659

  3(OPE) 0 -223 0 0 0 0 0.0107 0 -0.0608

  4(SUS) 0 -169 0 0 0 0 0.0391 0 -0.0037

  5(EXP) 0 69 0 0 0 0 -0.0028 0 0.0696

  6(EXP) 0 -53 0 0 0 0 -0.0285 0 -0.0571

  7(EXP) 0 122 0 0 0 0 0.0257 0 0.1267

    MAX      -223/L3    0.0399/L1  -0.0000/L3   0.1267/L7

2125 Rigid +Y

  1(HYD) 0 -114 0 0 0 0 0.0047 0 -0.0019

  2(OPE) 0 -262 0 0 0 0 0.0373 0 0.0103

  3(OPE) 0 0 0 0 0 0 -0.026 0.0228 -0.0167

  4(SUS) 0 -102 0 0 0 0 0.0047 0 -0.0019

  5(EXP) 0 -160 0 0 0 0 0.0326 0 0.0122

  6(EXP) 0 102 0 0 0 0 -0.0307 0.0228 -0.0147

  7(EXP) 0 -262 0 0 0 0 0.0634 -0.0228 0.027

    MAX      -262/L2    0.0634/L7   0.0228/L3   0.0270/L7

2250 Rigid ANC

  1(HYD) -2 -97 2 12 -9.8 52.5 0 0 0

  2(OPE) -20 44 -22 -27.7 -35.2 -45.9 0 0 0

  3(OPE) 12 -111 22 43 21.3 36.2 0 0 0

  4(SUS) -2 -89 2 9.8 -9.2 46.9 0 0 0



  5(EXP) -18 133 -24 -37.5 -25.9 -92.8 0 0 0

  6(EXP) 15 -23 20 33.3 30.5 -10.7 0 0 0

  7(EXP) -32 156 -44 -70.7 -56.5 -82.1 0 0 0

    MAX       -32/L7       156/L7       -44/L7     -70.7/L7     -56.5/L7     -92.8/L5   -0.0000/L7   0.0000/L7  -0.0000/L7

2415 Rigid +Y

  1(HYD) 0 0 0 0 0 0 -0.0249 0.0504 0.0322

  2(OPE) 0 0 0 0 0 0 0.0104 0.0642 0.0363

  3(OPE) 0 0 0 0 0 0 -0.0696 0.0363 0.0324

  4(SUS) 0 0 0 0 0 0 -0.0262 0.0515 0.0337

  5(EXP) 0 0 0 0 0 0 0.0365 0.0127 0.0026

  6(EXP) 0 0 0 0 0 0 -0.0434 -0.0152 -0.0013

  7(EXP) 0 0 0 0 0 0 0.0799 0.0279 0.0039

   0.0799/L7   0.0642/L2   0.0363/L2

2545 Rigid +Y

  1(HYD) 0 -28 0 0 0 0 -0.0009 0 0.0322

  2(OPE) 0 -25 0 0 0 0 0.0288 0 0.0133

  3(OPE) 0 -28 0 0 0 0 -0.0358 0 0.0601

  4(SUS) 0 -27 0 0 0 0 -0.0004 0 0.0337

  5(EXP) 0 1 0 0 0 0 0.0292 0 -0.0204

  6(EXP) 0 -1 0 0 0 0 -0.0354 0 0.0264

  7(EXP) 0 2 0 0 0 0 0.0646 0 -0.0469

    MAX       -28/L3    0.0646/L7  -0.0000/L3   0.0601/L3

2845 Rigid +Y

  1(HYD) 0 -677 0 0 0 0 -0.0139 0 0.0147

  2(OPE) 0 -687 0 0 0 0 -0.0697 0 0.0364

  3(OPE) 0 -644 0 0 0 0 0.0228 0 -0.0095

  4(SUS) 0 -659 0 0 0 0 -0.0133 0 0.013

  5(EXP) 0 -27 0 0 0 0 -0.0563 0 0.0234

  6(EXP) 0 16 0 0 0 0 0.0361 0 -0.0226

  7(EXP) 0 -43 0 0 0 0 -0.0925 0 0.046

    MAX      -687/L2   -0.0925/L7  -0.0000/L2   0.0460/L7

3145 Rigid GUI w/gap; Rigid +Y

  1(HYD) 0 -230 0 0 0 0 -0.0088 0 0.0013

  2(OPE) 0 -419 0 0 0 0 -0.0458 0 -0.0328

  3(OPE) 0 0 0 0 0 0 0.0321 0.0092 0.0402

  4(SUS) 0 -218 0 0 0 0 -0.0082 0 0.0008

  5(EXP) 0 -202 0 0 0 0 -0.0375 0 -0.0337

  6(EXP) 0 218 0 0 0 0 0.0403 0.0092 0.0394

  7(EXP) 0 -419 0 0 0 0 -0.0779 -0.0092 -0.0731

    MAX      -419/L2   -0.0779/L7   0.0092/L6  -0.0731/L7

3475 Rigid +Y

  1(HYD) 0 -194 0 0 0 0 -0.0089 0 0.0175

  2(OPE) 0 -191 0 0 0 0 0.005 0 0.0168

  3(OPE) 0 -187 0 0 0 0 -0.0258 0 0.0221

  4(SUS) 0 -189 0 0 0 0 -0.009 0 0.0179

  5(EXP) 0 -2 0 0 0 0 0.014 0 -0.0011

  6(EXP) 0 2 0 0 0 0 -0.0168 0 0.0042

  7(EXP) 0 -4 0 0 0 0 0.0308 0 -0.0053

    MAX      -194/L1    0.0308/L7  -0.0000/L1   0.0221/L3

3827 Rigid +Y



  1(HYD) 0 -27 0 0 0 0 -0.0047 0 -0.0045

  2(OPE) 0 -33 0 0 0 0 -0.0451 0 -0.0391

  3(OPE) 0 -21 0 0 0 0 0.0211 0 0.0165

  4(SUS) 0 -25 0 0 0 0 -0.0046 0 -0.0047

  5(EXP) 0 -7 0 0 0 0 -0.0405 0 -0.0345

  6(EXP) 0 5 0 0 0 0 0.0257 0 0.0211

  7(EXP) 0 -12 0 0 0 0 -0.0662 0 -0.0556

    MAX       -33/L2   -0.0662/L7  -0.0000/L2  -0.0556/L7

4040 Rigid ANC

  1(HYD) -1 -8 0 -6.3 -0.3 2.8 0 0 0

  2(OPE) -12 -4 3 -9.6 -12.9 20.9 0 0 0

  3(OPE) 6 -9 -1 -4.4 7.7 -8.3 0 0 0

  4(SUS) -1 -7 0 -6.3 -0.3 3.2 0 0 0

  5(EXP) -11 4 3 -3.3 -12.6 17.7 0 0 0

  6(EXP) 7 -2 -2 2 8 -11.4 0 0 0

  7(EXP) -19 6 5 -5.2 -20.7 29.2 0 0 0

    MAX       -19/L7        -9/L3         5/L7      -9.6/L2     -20.7/L7      29.2/L7   -0.0000/L7  -0.0000/L3   0.0000/L7

4850 Rigid +Y

  1(HYD) 0 -81 0 0 0 0 0.0276 0 0.0254

  2(OPE) 0 -187 0 0 0 0 0.0381 0 0.0784

  3(OPE) 0 -7 0 0 0 0 0.0048 0 -0.0342

  4(SUS) 0 -68 0 0 0 0 0.0231 0 0.0222

  5(EXP) 0 -119 0 0 0 0 0.015 0 0.0562

  6(EXP) 0 61 0 0 0 0 -0.0183 0 -0.0565

  7(EXP) 0 -180 0 0 0 0 0.0333 0 0.1127

    MAX      -187/L2    0.0381/L2  -0.0000/L2   0.1127/L7

4857 Rigid +Y

  1(HYD) 0 -4 0 0 0 0 0.0276 0 0.0248

  2(OPE) 0 -4 0 0 0 0 0.0612 0 0.0485

  3(OPE) 0 0 0 0 0 0 -0.0098 0 -0.0095

  4(SUS) 0 -1 0 0 0 0 0.0231 0 0.0219

  5(EXP) 0 -3 0 0 0 0 0.0381 0 0.0266

  6(EXP) 0 1 0 0 0 0 -0.0329 0 -0.0315

  7(EXP) 0 -4 0 0 0 0 0.0711 0 0.0581

    MAX        -4/L1    0.0711/L7  -0.0000/L1   0.0581/L7

5030 Rigid ANC

  1(HYD) 8 -62 -2 16.4 5.2 12.9 0 0 0

  2(OPE) 9 -25 12 37.1 0.4 -10.1 0 0 0

  3(OPE) 6 -78 -12 -3 7.8 29.3 0 0 0

  4(SUS) 7 -57 -2 14.8 5 12.2 0 0 0

  5(EXP) 1 32 13 22.4 -4.6 -22.2 0 0 0

  6(EXP) -2 -21 -10 -17.7 2.9 17.1 0 0 0

  7(EXP) 3 53 24 40.1 -7.4 -39.4 0 0 0

    MAX         9/L2       -78/L3        24/L7      40.1/L7       7.8/L3     -39.4/L7    0.0000/L2  -0.0000/L3   0.0000/L7

5040 Rigid ANC

  1(HYD) 0 -21 0 -10.8 0 3.9 0 0 0

  2(OPE) -2 -19 -56 -8.9 -45.6 3.6 0 0 0

  3(OPE) 1 -19 35 -9.9 28.8 3.5 0 0 0

  4(SUS) 0 -19 0 -9.6 0 3.5 0 0 0

  5(EXP) -2 0 -56 0.6 -45.6 0.1 0 0 0

  6(EXP) 1 0 35 -0.4 28.8 0 0 0 0



  7(EXP) -3 1 -91 1 -74.4 0.1 0 0 0

    MAX        -3/L7       -21/L1       -91/L7     -10.8/L1     -74.4/L7       3.9/L1   -0.0000/L7  -0.0000/L1  -0.0000/L7

5155 Rigid +Y

  1(HYD) 0 -11 0 0 0 0 0.0002 0 0

  2(OPE) 0 -11 0 0 0 0 0.0917 0 -0.014

  3(OPE) 0 -8 0 0 0 0 -0.0576 0 0.0089

  4(SUS) 0 -9 0 0 0 0 0.0002 0 0

  5(EXP) 0 -1 0 0 0 0 0.0915 0 -0.014

  6(EXP) 0 1 0 0 0 0 -0.0578 0 0.0089

  7(EXP) 0 -2 0 0 0 0 0.1493 0 -0.0229

    MAX       -11/L2    0.1493/L7  -0.0000/L2  -0.0229/L7

5157 Rigid +Y

  1(HYD) 0 -8 0 0 0 0 0.0007 0 0

  2(OPE) 0 -1 0 0 0 0 0.0827 0 0.0135

  3(OPE) 0 -11 0 0 0 0 -0.0512 0 -0.0085

  4(SUS) 0 -7 0 0 0 0 0.0006 0 0

  5(EXP) 0 6 0 0 0 0 0.0821 0 0.0135

  6(EXP) 0 -4 0 0 0 0 -0.0519 0 -0.0085

  7(EXP) 0 10 0 0 0 0 0.1339 0 0.022

    MAX       -11/L3    0.1339/L7  -0.0000/L3   0.0220/L7

5485 Rigid +Y

  1(HYD) 0 -482 0 0 0 0 0.0085 0 -0.0633

  2(OPE) 0 -684 0 0 0 0 0.1796 0 -0.531

  3(OPE) 0 0 0 0 0 0 -0.2142 0.0413 0.2949

  4(SUS) 0 -471 0 0 0 0 0.0096 0 -0.0605

  5(EXP) 0 -213 0 0 0 0 0.1699 0 -0.4705

  6(EXP) 0 471 0 0 0 0 -0.2238 0.0413 0.3554

  7(EXP) 0 -684 0 0 0 0 0.3937 -0.0413 -0.8259

    MAX      -684/L2    0.3937/L7   0.0413/L3  -0.8259/L7

5530 Rigid ANC

  1(HYD) 1 -46 0 4.4 2.8 7.4 0 0 0

  2(OPE) 2 -44 2 3.7 5.8 7.7 0 0 0

  3(OPE) 1 -41 -2 3 -0.1 2.6 0 0 0

  4(SUS) 2 -42 0 3.4 3 5.3 0 0 0

  5(EXP) 0 -1 2 0.3 2.7 2.3 0 0 0

  6(EXP) -1 1 -2 -0.4 -3.1 -2.7 0 0 0

  7(EXP) 1 -3 4 0.7 5.9 5.1 0 0 0

    MAX         2/L2       -46/L1         4/L7       4.4/L1       5.9/L7       7.7/L2    0.0000/L2  -0.0000/L1   0.0000/L7

7980 Rigid ANC

  1(HYD) 0 -8 0 -0.3 -0.2 9.3 0 0 0

  2(OPE) 2 -13 56 -7.5 86.5 17.1 0 0 0

  3(OPE) -1 -4 -35 4.4 -55 2.6 0 0 0

  4(SUS) 0 -7 0 -0.2 -0.2 8.2 0 0 0

  5(EXP) 2 -5 56 -7.3 86.7 8.9 0 0 0

  6(EXP) -1 3 -35 4.6 -54.8 -5.6 0 0 0

  7(EXP) 3 -9 91 -11.9 141.5 14.5 0 0 0

    MAX         3/L7       -13/L2        91/L7     -11.9/L7     141.5/L7      17.1/L2    0.0000/L7  -0.0000/L2   0.0000/L7
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CASE 7 (EXP) L7=L2-L3

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 -0.1389 -0.0281 0.0957 -0.1066 0.0266 -0.0038

23 0 -0.0363 -0.0025 -0.0101 -0.0041 0.0003

30 -0.0004 -0.074 -0.0083 -0.0145 -0.0083 0.0025

31 -0.0018 -0.0968 -0.0123 -0.0162 -0.0061 0.0083

40 -0.003 -0.1074 -0.0143 -0.0169 -0.0051 0.0112

50 -0.0193 -0.1742 -0.0287 -0.02 0.0013 0.0323

60 -0.0221 -0.1818 -0.0304 -0.02 0.0013 0.0323

70 -0.0267 -0.1941 -0.0332 -0.02 0.0013 0.0323

80 0 0 0 0 0 0

100 -0.0377 0.0157 -0.0029 -0.0388 -0.0569 0.0255

110 -0.0285 0.0121 -0.011 -0.0386 -0.0567 0.0257

120 -0.0257 0.011 -0.0135 -0.0385 -0.0566 0.0257

140 -0.023 0.0098 -0.0157 -0.0347 -0.0525 0.0269

150 -0.0203 0.0087 -0.0179 -0.0307 -0.0486 0.0293

160 -0.0173 0.0073 -0.0201 -0.0306 -0.0485 0.0293

170 -0.0065 0.0024 -0.0282 -0.0303 -0.0482 0.0293

189 -0.0034 0.0009 -0.0288 -0.0234 -0.0308 0.0225

190 -0.0016 0 -0.0268 -0.0089 -0.0147 0.0167

210 0 0 -0.0028 0 0 0

220 0 0 0 0 0 0

230 0 -0.0148 -0.0005 -0.0049 -0.0017 -0.0001

235 0.0001 -0.033 -0.0021 -0.0095 -0.0037 0.0002

250 0.0094 -0.0722 -0.0114 0.0009 -0.0415 -0.0294

260 0.0148 -0.0703 -0.0139 0.0011 -0.0418 -0.0297

270 0.0157 -0.07 -0.0144 0.0011 -0.0418 -0.0297

290 -0.0406 0.0169 -0.0003 -0.0389 -0.057 0.0254

310 -0.0436 0.018 0.0024 -0.043 -0.0609 0.0204

320 -0.046 0.0187 0.0047 -0.0455 -0.0643 0.0173

330 -0.0488 0.0193 0.0076 -0.0483 -0.0682 0.0134

340 -0.0546 0.0201 0.0141 -0.0542 -0.0757 0.0037

350 -0.0575 0.0203 0.0176 -0.0559 -0.0789 0.0043

360 -0.0684 0.0211 0.0309 -0.056 -0.0791 0.0043

370 -0.0713 0.0213 0.0345 -0.056 -0.0791 0.0043

400 -0.0789 0.0217 0.0444 -0.0745 -0.0985 -0.0005

410 -0.0793 0.0217 0.045 -0.0745 -0.0985 -0.0005

420 0 0 0 0 0 0

430 0 0 -0.0047 0 0.0002 0



435 0.0182 0 -0.0409 0.0113 0.0646 0.014

450 0.0341 -0.0069 -0.0651 0.0364 0.0378 0.0234

460 0.0442 -0.0168 -0.0889 0.0367 0.0363 0.0236

470 0.0586 -0.0323 -0.1253 0.0369 0.0318 0.0239

480 0.0604 -0.0344 -0.1303 0.0369 0.031 0.0239

510 0.0546 -0.0407 -0.145 0.0362 -0.1035 0.0296

515 0.03 0 -0.1814 -0.27 -0.0339 -0.1102

538 0.0227 0.0722 -0.1998 -0.3625 -0.0414 -0.1809

540 0.031 0.0854 -0.2205 -0.2601 -0.0497 -0.2263

541 0.0239 0.0839 -0.2083 -0.3233 -0.0491 -0.1954

550 0.0315 0.0852 -0.221 -0.2593 -0.0501 -0.2268

560 0.09 0.0628 -0.2875 -0.2575 -0.051 -0.2275

570 0.1029 0.0578 -0.3021 -0.2572 -0.0512 -0.2276

590 0.2367 -0.0086 -0.4368 -0.1217 -0.1876 -0.0542

599 0.236 -0.0118 -0.4381 -0.1081 -0.1997 0.0254

600 0.232 -0.0108 -0.4319 -0.0996 -0.2208 0.0826

610 0.2213 0 -0.404 -0.0926 -0.2334 0.071

615 0.1667 0 -0.2528 -0.0562 -0.2279 -0.0076

620 0.1011 0.0353 -0.1311 -0.0124 -0.0658 0.0915

630 0.0963 0.0403 -0.1275 -0.0124 -0.0654 0.0916

640 0.0914 0.0455 -0.1238 -0.0123 -0.065 0.0917

660 0.0874 0.0498 -0.1212 -0.0096 -0.0482 0.0954

670 0.0834 0.0538 -0.1191 -0.0136 -0.0452 0.0804

680 0.0785 0.0583 -0.1165 -0.0137 -0.0452 0.08

690 0.0737 0.0627 -0.114 -0.0138 -0.0451 0.0797

695 -0.033 0 -0.0631 -0.1194 -0.0652 -0.1276

710 -0.0482 -0.0219 -0.0504 -0.1344 -0.0814 -0.115

720 -0.0531 -0.0285 -0.0457 -0.1345 -0.0815 -0.1148

730 -0.0579 -0.0347 -0.0413 -0.1346 -0.0816 -0.1145

749 -0.0596 -0.0401 -0.0366 -0.1253 -0.1005 -0.0642

750 -0.0569 -0.0453 -0.0317 -0.1143 -0.1123 -0.0369

770 -0.0487 -0.0536 -0.0255 -0.1111 -0.1109 -0.0009

779 -0.0445 -0.056 -0.0207 -0.0913 -0.1095 0.0231

780 -0.041 -0.0541 -0.0165 -0.0659 -0.1117 0.0683

810 0 -0.0066 0 -0.0001 -0.0001 0.0004

820 0 0 0 0 0 0

830 -0.1451 0 0.146 -0.1049 -0.0969 -0.0473

840 -0.148 -0.0022 0.1505 -0.1049 -0.0969 -0.0473

859 -0.152 -0.0028 0.1531 -0.1039 -0.0875 -0.0658

860 -0.156 0 0.152 -0.1077 -0.0775 -0.073

880 -0.1608 0.007 0.1479 -0.1076 -0.0737 -0.0831

900 -0.1713 0.0217 0.1381 -0.0751 -0.0636 -0.1074

910 -0.1741 0.025 0.1352 -0.0678 -0.0622 -0.1096

930 -0.181 0.0314 0.1278 -0.0332 -0.0542 -0.1234

940 -0.1881 0.0357 0.1192 -0.0329 -0.0541 -0.1236

950 -0.1884 0.0359 0.1189 -0.0329 -0.0541 -0.1236

980 -0.1938 0.0385 0.1118 -0.0217 -0.048 -0.1375



990 -0.1964 0.0396 0.1083 -0.0218 -0.0471 -0.1402

1010 -0.2013 0.042 0.1015 -0.0255 -0.0455 -0.1453

1020 -0.2034 0.0432 0.0985 -0.0255 -0.0455 -0.1453

1040 -0.2085 0.0461 0.0912 -0.0255 -0.0455 -0.1453

1050 -0.2091 0.0464 0.0904 -0.0255 -0.0455 -0.1453

1060 -0.135 -0.0124 0.0829 -0.1066 0.0266 -0.0038

1090 -0.1319 0 0.0727 -0.1066 0.0266 -0.0038

1100 -0.1301 0.0072 0.0668 -0.1033 0.0266 -0.0038

1120 -0.1265 0.0198 0.0551 -0.077 0.0266 -0.0038

1130 -0.1255 0.0226 0.0517 -0.068 0.0273 0.0021

1140 -0.1241 0.0259 0.0475 -0.0678 0.0273 0.0022

1150 -0.1228 0.0293 0.0432 -0.0676 0.0273 0.0024

1170 -0.1205 0.0343 0.0359 -0.0554 0.0278 0.0148

1180 -0.1162 0.0415 0.0226 -0.0421 0.0274 0.0376

1189 -0.1139 0.0422 0.0198 -0.0316 0.0257 0.0476

1190 -0.1103 0.0406 0.0194 -0.0257 0.0233 0.0638

1195 -0.0765 0.0139 0.0267 -0.0149 0.0125 0.0599

1210 -0.0461 -0.001 0.0281 -0.0052 -0.0057 0.0269

1219 -0.0378 -0.0029 0.0285 0.0008 -0.0213 0.0104

1230 -0.0355 -0.0029 0.0313 0.0066 -0.0334 0.0043

1250 -0.0332 -0.0024 0.0367 0.0086 -0.0432 -0.0098

1260 -0.0325 -0.0023 0.0381 0.0087 -0.0432 -0.0098

1270 -0.0256 -0.0009 0.0521 0.0087 -0.0435 -0.0103

1300 -0.0194 0 0.0622 0.007 -0.0573 -0.0372

1310 -0.015 0.0005 0.0689 0.0069 -0.0574 -0.0373

1330 -0.119 0.016 0.1065 -0.0941 -0.101 -0.0185

1350 -0.122 0.0151 0.1111 -0.0957 -0.0997 -0.021

1360 -0.1278 0.0124 0.12 -0.1016 -0.0982 -0.0383

1370 -0.1307 0.0104 0.1244 -0.1046 -0.0971 -0.0466

1390 0.0506 -0.039 -0.1389 0.063 -0.1526 0.0414

1400 0.0457 -0.0366 -0.1302 0.0637 -0.1536 0.0416

1410 0.0269 -0.0276 -0.0968 0.0662 -0.1554 0.0418

1420 0.0208 -0.0247 -0.0859 0.067 -0.1554 0.0416

1430 0.0206 -0.0246 -0.0856 0.0683 -0.155 0.0412

1439 0.0171 -0.0249 -0.0789 0.0901 -0.1331 0.0068

1440 0.0162 -0.0282 -0.0727 0.1279 -0.1208 -0.0328

1450 0.0163 -0.0284 -0.0725 0.1285 -0.1198 -0.0333

1460 0.025 -0.0508 -0.0394 0.1276 -0.1173 -0.0344

1470 0.0253 -0.0516 -0.0382 0.1275 -0.1172 -0.0345

1480 0.0273 -0.0565 -0.031 0.1266 -0.1167 -0.0347

1510 0.0307 -0.0634 -0.0237 0.0491 -0.0789 -0.051

1540 0.1823 -0.1431 -0.2699 -0.6016 -0.0395 -0.2452

1560 0.3449 -0.1977 -0.6672 -0.6481 -0.0335 -0.2649

1580 0.3752 -0.2077 -0.7414 -0.6448 -0.0307 -0.2612

1590 0.3794 -0.2091 -0.7519 -0.6447 -0.0307 -0.2612

1600 -0.0036 -0.1055 -0.0242 -0.0169 -0.0051 0.0112

1610 -0.0039 -0.1044 -0.0295 -0.0169 -0.0051 0.0112



1620 -0.004 -0.104 -0.032 -0.0169 -0.0051 0.0112

1630 0.1792 0.2167 -0.3881 -0.4502 -0.1659 -0.2361

1640 0.1745 0.1997 -0.3762 -0.4502 -0.1659 -0.2361

1645 0.1577 0.1374 -0.3298 -0.3997 -0.1865 -0.2198

1660 0.0476 -0.0058 -0.0379 -0.0708 -0.0883 -0.0337

1670 0.0446 -0.0074 -0.0339 -0.0706 -0.0881 -0.0338

1680 0.0418 -0.0088 -0.03 -0.0704 -0.088 -0.0338

1700 0.0389 -0.0104 -0.0262 -0.0616 -0.0792 -0.0366

1705 0.0051 -0.0355 -0.0025 0.0025 -0.0216 -0.0813

1720 -0.0021 -0.0458 -0.0004 0.0162 -0.017 -0.1033

1729 -0.0043 -0.0499 0.0011 0.0162 -0.0126 -0.128

1730 -0.0049 -0.0512 0.0037 0.0249 -0.0093 -0.1374

1760 -0.0029 -0.0398 0.0214 0.0609 -0.0055 -0.1999

1770 -0.0026 -0.0367 0.0244 0.0724 -0.0053 -0.198

1775 -0.0018 -0.0236 0.0345 0.0834 -0.0062 -0.1913

1780 -0.0006 -0.0116 0.0446 0.067 -0.0093 -0.1846

1790 -0.0002 -0.0088 0.0475 0.0605 -0.0105 -0.1828

1800 0.0003 -0.0061 0.0504 0.0528 -0.012 -0.1809

1810 0.0024 -0.0007 0.0594 0.0233 -0.0178 -0.1749

1820 0.0032 0.0001 0.0622 0.0122 -0.02 -0.1731

1830 0.0041 0.0005 0.0652 0.0043 -0.0206 -0.176

1835 0.0064 0 0.0719 -0.0143 -0.0226 -0.1827

1840 0.0101 -0.0038 0.0817 -0.0288 -0.0266 -0.1924

1850 0.0113 -0.0051 0.0847 -0.0288 -0.0266 -0.1925

1860 0.0124 -0.0063 0.0875 -0.0287 -0.0266 -0.1925

1870 0.0125 -0.0064 0.0876 -0.0285 -0.0267 -0.1927

1880 0.0137 -0.0076 0.0904 -0.0235 -0.0283 -0.1955

1890 0.015 -0.0086 0.0934 -0.0171 -0.0302 -0.1979

1900 0.0165 -0.0092 0.0963 -0.009 -0.0321 -0.2003

1910 0.0179 -0.0094 0.0992 0.0004 -0.034 -0.2026

1920 0.0195 -0.0091 0.1021 0.0096 -0.0365 -0.1883

1930 0.0226 -0.0078 0.1073 0.0195 -0.0417 -0.1631

1940 0.0245 -0.0069 0.1101 0.0215 -0.0449 -0.1493

1948 0.0266 -0.0058 0.1131 0.0211 -0.0487 -0.1349

1949 0.0297 -0.0034 0.1145 0.0014 -0.0643 -0.1131

1950 0.0332 -0.0001 0.1128 -0.017 -0.0798 -0.0645

1970 -0.0292 -0.1658 -0.0298 -0.0294 0.0183 0.1111

1980 -0.0345 -0.159 -0.0309 -0.0295 0.0185 0.1119

2020 0.0159 0.0041 0.1156 0.0063 -0.0576 -0.0383

2030 0.0203 0.0046 0.1223 0.0062 -0.0575 -0.0384

2049 0.0231 0.0033 0.1257 -0.0038 -0.0579 -0.0419

2050 0.0257 0 0.1267 -0.014 -0.0584 -0.0473

2070 0.0374 -0.0194 0.1213 -0.035 -0.0557 -0.0574

2080 0.0775 -0.0721 0.0798 -0.1048 -0.0484 -0.0711

2089 0.0833 -0.0782 0.0681 -0.1271 -0.0471 -0.0717

2100 0.0827 -0.0746 0.0629 -0.1392 -0.0463 -0.0718

2110 0.0816 -0.0712 0.0608 -0.1392 -0.0463 -0.0718



2120 0.0781 -0.0609 0.0543 -0.1392 -0.0463 -0.0718

2125 0.0634 -0.0228 0.027 -0.0851 -0.0487 -0.0718

2150 0.0475 -0.0081 0.0004 -0.0274 -0.0563 -0.0717

2170 0.0392 -0.0058 -0.0129 -0.0088 -0.053 -0.0943

2179 0.0359 -0.0071 -0.0153 -0.0053 -0.053 -0.1014

2180 0.0319 -0.011 -0.0147 -0.0048 -0.0527 -0.1091

2210 0.0191 -0.0271 -0.0072 -0.0097 -0.048 -0.1048

2218 0.0151 -0.0319 -0.005 -0.0112 -0.0452 -0.0985

2219 0.0106 -0.0338 -0.0033 -0.0111 -0.0376 -0.0765

2220 0.0069 -0.0317 -0.0023 -0.0109 -0.0324 -0.0516

2240 0 -0.0066 0 -0.0001 -0.0001 -0.0001

2250 0 0 0 0 0 0

2260 0.0212 -0.0681 -0.017 0.0013 -0.0421 -0.0299

2280 0.0267 -0.0657 -0.0203 0.0209 -0.0601 -0.0419

2300 0.0567 0.0428 0.0248 -0.0223 0.0203 0.0378

2309 0.0575 0.0436 0.0252 -0.0192 0.0198 0.0374

2310 0.0586 0.0436 0.0254 -0.0172 0.0192 0.0369

2340 0.0775 0.0362 0.0292 0.0137 0.0132 0.0297

2349 0.0785 0.0358 0.0289 0.0154 0.0115 0.0288

2350 0.079 0.0355 0.028 0.0183 0.0097 0.0284

2390 0.0796 0.034 0.0218 0.0238 0.0066 0.0247

2400 0.0797 0.0337 0.0205 0.0238 0.0066 0.0247

2410 0.0798 0.0333 0.0191 0.0238 0.0066 0.0247

2415 0.0799 0.0279 0.0039 0.0372 -0.0053 0.0128

2440 0.078 0.0208 -0.0108 0.0456 -0.0185 0.0013

2490 0.0756 0.0159 -0.0197 0.0485 -0.0273 -0.0057

2540 0.0723 0.0109 -0.0286 0.0498 -0.0368 -0.0126

2545 0.0646 0 -0.0469 0.053 -0.0368 -0.0126

2570 0.0623 -0.0033 -0.0523 0.053 -0.0368 -0.0126

2579 0.0616 -0.0039 -0.0531 0.053 -0.0368 -0.0126

2580 0.0604 -0.0043 -0.0531 0.053 -0.0368 -0.0126

2610 0.0547 -0.0051 -0.0507 0.053 -0.0368 -0.0126

2620 0.0533 -0.0053 -0.0501 0.053 -0.0368 -0.0126

2640 0.0351 -0.008 -0.0424 0.053 -0.0368 -0.0126

2650 0.0199 -0.0102 -0.0359 0.053 -0.0368 -0.0126

2660 0.0148 -0.0109 -0.0338 0.053 -0.0368 -0.0126

2690 0.0055 -0.0123 -0.0299 0.053 -0.0368 -0.0126

2700 0.0041 -0.0125 -0.0293 0.053 -0.0368 -0.0126

2710 0.0029 -0.0127 -0.0287 0.053 -0.0368 -0.0126

2730 -0.0146 -0.0152 -0.0214 0.053 -0.0368 -0.0126

2820 -0.1212 0.0121 0.1067 -0.0947 -0.0987 -0.0151

2830 -0.1198 -0.0018 0.0868 -0.0899 -0.0942 -0.0036

2839 -0.1186 -0.0041 0.0821 -0.086 -0.0921 -0.0073

2840 -0.1161 -0.0048 0.0775 -0.0837 -0.0887 -0.0128

2845 -0.0925 0 0.046 -0.0739 -0.0834 -0.0074

2860 -0.0695 0.0002 0.017 -0.0643 -0.0791 0.0023

2870 -0.0666 0.0001 0.0134 -0.0643 -0.0791 0.0023



2880 -0.0557 -0.0003 0.0001 -0.0642 -0.0791 0.0022

2899 -0.0533 0.0007 -0.002 -0.0629 -0.0785 -0.0055

2900 -0.0526 0.0033 -0.0009 -0.06 -0.0787 -0.011

2920 -0.0546 0.0173 0.0117 -0.0552 -0.0762 -0.0015

2930 0.0107 -0.0166 0.0917 -0.0224 -0.0284 -0.1956

2940 0.0036 -0.0382 0.0949 -0.0198 -0.0295 -0.1932

2949 -0.0017 -0.0442 0.0964 -0.0191 -0.0314 -0.1853

2950 -0.0094 -0.0447 0.0975 -0.0175 -0.0323 -0.1759

2960 -0.0098 -0.0445 0.0976 -0.0175 -0.0323 -0.1758

2970 -0.0764 -0.0183 0.1046 -0.02 -0.0427 -0.1523

2980 -0.0834 -0.0154 0.1055 -0.02 -0.0427 -0.1522

2990 -0.1305 0.0046 0.1117 -0.0203 -0.0429 -0.1518

3000 -0.1308 0.0047 0.1118 -0.0204 -0.0429 -0.1517

3010 -0.1516 0.0139 0.1153 -0.0297 -0.0466 -0.1419

3019 -0.1559 0.0157 0.1176 -0.0428 -0.051 -0.13

3020 -0.1559 0.0148 0.1207 -0.0548 -0.057 -0.1238

3030 -0.1557 0.0147 0.1209 -0.055 -0.0571 -0.1236

3040 -0.1536 0.0126 0.1233 -0.057 -0.0578 -0.1202

3050 -0.1511 0.0101 0.1261 -0.059 -0.0588 -0.1162

3060 -0.0408 -0.1509 -0.0323 -0.0296 0.0187 0.1127

3090 -0.0465 -0.1415 -0.034 -0.042 0.038 0.1884

3100 -0.0702 -0.0887 -0.0448 -0.0441 0.0408 0.1976

3110 -0.089 -0.0455 -0.0538 -0.0457 0.0426 0.201

3120 -0.0939 -0.0341 -0.0562 -0.0461 0.0431 0.2013

3139 -0.0961 -0.0246 -0.0604 -0.07 0.103 0.2274

3140 -0.0925 -0.0178 -0.0655 -0.0951 0.1558 0.2346

3145 -0.0779 -0.0092 -0.0731 -0.0893 0.1769 0.2319

3160 0.0149 0.0132 -0.1157 -0.0156 0.1638 0.2165

3169 0.024 0.015 -0.1191 -0.0039 0.1199 0.2033

3170 0.0328 0.0182 -0.1205 0.004 0.0954 0.1832

3200 -0.1663 0.0188 0.1349 -0.0665 -0.0612 -0.1114

3210 -0.1612 0.0158 0.1318 -0.0664 -0.0612 -0.1115

3220 -0.1563 0.013 0.1289 -0.0662 -0.0611 -0.1116

3250 -0.0346 -0.0425 0.1063 -0.0026 -0.0403 -0.1806

3270 -0.0126 -0.0499 0.1062 0.0006 -0.0338 -0.219

3280 -0.0114 -0.0502 0.1062 0.0006 -0.0338 -0.2191

3290 0.0044 -0.0549 0.1062 0.0006 -0.0338 -0.2193

3300 0.0095 -0.0376 0.1036 0.0006 -0.0338 -0.2194

3310 0.0124 -0.0276 0.102 0.0006 -0.0338 -0.2194

3390 0.0647 0.0096 -0.0251 0.0466 -0.0443 -0.0172

3400 0.0626 0.0092 -0.024 0.0466 -0.0443 -0.0172

3420 0.048 0.0056 -0.0158 0.0407 -0.0527 -0.0257

3430 0.043 0.0041 -0.0127 0.0407 -0.0527 -0.0257

3470 0.0354 0.0016 -0.0081 0.0376 -0.0534 -0.03

3475 0.0308 0 -0.0053 0.0357 -0.053 -0.0325

3500 0.0262 -0.0018 -0.0025 0.0338 -0.052 -0.0347

3510 0.0248 -0.0023 -0.0017 0.0338 -0.052 -0.0347



3520 0.0066 -0.0096 0.0092 0.0338 -0.0519 -0.0347

3550 0.0003 -0.012 0.0128 0.0319 -0.0473 -0.0325

3559 -0.0005 -0.0128 0.0134 0.0308 -0.0444 -0.0309

3560 -0.0005 -0.0138 0.0139 0.0295 -0.0424 -0.0291

3590 0.0012 -0.0195 0.0158 0.027 -0.0342 -0.0254

3600 0.0027 -0.0246 0.0173 0.0269 -0.0342 -0.0254

3630 0.004 -0.0294 0.0188 0.0242 -0.0289 -0.0227

3639 0.0042 -0.0305 0.0186 0.0218 -0.0274 -0.0213

3640 0.004 -0.0311 0.0178 0.0194 -0.025 -0.0206

3670 0.0024 -0.0323 0.0112 0.0126 -0.0179 -0.0141

3680 0.0021 -0.0325 0.0098 0.0125 -0.0179 -0.0141

3720 -0.041 0.0124 -0.0035 -0.0914 -0.0182 -0.0723

3730 -0.0383 0.01 -0.0069 -0.0915 -0.0182 -0.0723

3760 -0.0331 0.0059 -0.0132 -0.1036 -0.0033 -0.0864

3770 -0.0309 0.0043 -0.0158 -0.1036 -0.0033 -0.0864

3818 -0.0136 -0.0097 -0.0392 -0.1092 0.0171 -0.0635

3819 -0.013 -0.0113 -0.0413 -0.1092 0.0191 -0.0539

3820 -0.0138 -0.0127 -0.0425 -0.1091 0.0217 -0.0438

3827 -0.0662 0 -0.0556 -0.095 -0.0216 0.0345

3830 -0.0818 0.0076 -0.0446 -0.0908 -0.072 0.0319

3840 -0.0835 0.0084 -0.0428 -0.0908 -0.072 0.0319

3868 -0.0874 0.0105 -0.0379 -0.0897 -0.0879 0.035

3871 -0.0879 0.0105 -0.0357 -0.089 -0.0988 0.0375

3890 -0.0864 0.0091 -0.0337 -0.0879 -0.1092 0.0396

3900 -0.0333 -0.0212 -0.0071 -0.0489 -0.1156 0.0772

3909 -0.0318 -0.0214 -0.0062 -0.0436 -0.1096 0.0773

3910 -0.0304 -0.0209 -0.0055 -0.0382 -0.1056 0.0778

3940 -0.0215 -0.0136 -0.0021 -0.0211 -0.0716 0.0767

3950 -0.0196 -0.012 -0.0016 -0.0211 -0.0715 0.0767

3970 -0.0144 -0.0073 -0.0004 -0.0127 -0.0499 0.0665

3980 -0.0111 -0.0042 0.0002 -0.0127 -0.0498 0.0664

3990 -0.007 0.0005 0.0009 -0.0069 -0.0282 0.0465

3999 -0.0063 0.001 0.0009 -0.0061 -0.0243 0.0361

4000 -0.0054 0.0009 0.0007 -0.0061 -0.0178 0.0254

4030 -0.0008 0 0 0 0 0

4040 0 0 0 0 0 0

4070 -0.0204 0.0043 -0.019 -0.0401 -0.0408 -0.0821

4080 -0.0173 0.0019 -0.0205 -0.0401 -0.0408 -0.0822

4110 -0.011 -0.0022 -0.023 -0.0387 -0.0367 -0.107

4120 -0.0083 -0.0038 -0.024 -0.0387 -0.0367 -0.107

4140 0.0228 -0.0219 -0.0332 -0.0243 -0.0295 -0.1043

4149 0.0236 -0.0231 -0.0333 -0.022 -0.0295 -0.1002

4150 0.0233 -0.0244 -0.0331 -0.0206 -0.0294 -0.0959

4190 -0.0275 -0.0668 0.0015 0.0639 -0.0796 -0.0225

4200 -0.0291 -0.0674 0.0035 0.0639 -0.0796 -0.0225

4220 -0.0337 -0.0689 0.0096 0.0716 -0.0909 -0.0191

4229 -0.034 -0.0688 0.0109 0.0734 -0.0961 -0.0175



4230 -0.0332 -0.068 0.012 0.076 -0.1012 -0.0163

4260 0.0047 -0.0384 0.0338 0.0976 -0.1074 0.0017

4269 0.0058 -0.037 0.0341 0.0991 -0.104 0.0018

4270 0.0063 -0.0359 0.0333 0.1005 -0.1018 0.0021

4300 0.0065 -0.0308 0.0251 0.1032 -0.0884 0.0018

4310 0.0066 -0.0291 0.0226 0.1032 -0.0884 0.0018

4330 0.0065 -0.0245 0.0151 0.1042 -0.0762 -0.0043

4340 0.0063 -0.0213 0.01 0.1042 -0.0762 -0.0043

4350 0.0056 -0.0167 0.0025 0.1033 -0.064 -0.0175

4359 0.0056 -0.0155 0.0017 0.1027 -0.0604 -0.0245

4360 0.0061 -0.0141 0.0019 0.102 -0.0552 -0.0293

4400 0.0103 -0.0053 0.0076 0.0995 -0.0397 -0.0546

4580 0.038 -0.006 -0.0048 0.0376 -0.0534 -0.03

4590 0.0387 -0.0081 -0.0039 0.0376 -0.0534 -0.03

4610 0.0425 -0.019 0.0008 0.0376 -0.0534 -0.03

4619 0.0424 -0.0201 0.0015 0.0376 -0.0534 -0.03

4620 0.0416 -0.0208 0.0022 0.0376 -0.0534 -0.03

4650 0.0079 -0.0324 0.0229 0.0376 -0.0534 -0.03

4659 0.0071 -0.0331 0.0236 0.0376 -0.0534 -0.03

4660 0.007 -0.0342 0.0243 0.0376 -0.0534 -0.03

4690 0.0139 -0.0543 0.033 0.0376 -0.0534 -0.03

4700 0.0144 -0.0557 0.0336 0.0376 -0.0534 -0.03

4710 0.0207 -0.0739 0.0414 0.0376 -0.0534 -0.03

4740 0.0229 -0.0802 0.0441 0.0376 -0.0534 -0.03

4750 0.0246 -0.0853 0.0463 0.0376 -0.0534 -0.03

4780 0.0268 -0.0916 0.0491 0.0376 -0.0534 -0.03

4789 0.0269 -0.0928 0.0491 0.0376 -0.0534 -0.03

4790 0.0265 -0.0935 0.0483 0.0376 -0.0534 -0.03

4820 0.0224 -0.0964 0.0417 0.0376 -0.0534 -0.03

4830 0.0216 -0.097 0.0403 0.0376 -0.0534 -0.03

4840 0.0208 -0.0975 0.0391 0.0376 -0.0534 -0.03

4850 0.0333 0 0.1127 -0.0173 -0.08 -0.0638

4857 0.0711 0 0.0581 -0.0949 -0.0952 0.0353

4860 0.0823 -0.0062 0.0421 -0.118 -0.0869 0.0321

4869 0.0859 -0.0091 0.04 -0.1225 -0.0749 0.0246

4870 0.0894 -0.0142 0.0413 -0.1323 -0.0626 0.0215

4890 0.1056 -0.0543 0.0603 -0.1318 -0.0498 -0.0131

4900 0.1079 -0.0603 0.0633 -0.1317 -0.0498 -0.0132

4910 0.1118 -0.0707 0.0683 -0.1315 -0.0498 -0.0134

4920 0.1108 -0.066 0.0778 -0.1313 -0.0498 -0.0135

4980 0.0063 0.0003 0.0004 0.0626 -0.0146 -0.0371

4989 0.0057 0.0008 -0.0002 0.0494 -0.0132 -0.0303

4990 0.0048 0.0008 -0.0003 0.0412 -0.0098 -0.0226

5020 0.0008 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 0.0002 0 0 0



5060 0.001 0 0.0092 0.0003 -0.0329 0.0001

5070 0.0016 0 0.0104 0.0003 -0.033 0.0001

5080 0.0201 0.0001 0.021 0.0011 -0.1938 0.0003

5089 0.0233 0.0002 0.0206 0.0011 -0.2278 0.0003

5090 0.0255 0.0002 0.0177 0.0011 -0.2599 0.0004

5110 0.04 0 -0.0531 0.0015 -0.3219 0.0016

5119 0.0426 -0.0001 -0.057 0.0015 -0.3089 0.0019

5120 0.047 0 -0.0578 0.0015 -0.2939 0.0021

5140 0.0754 0.0001 -0.0511 0.0014 -0.2485 0.0035

5150 0.0802 0.0001 -0.0498 0.0014 -0.2484 0.0035

5155 0.1493 0 -0.0229 -0.003 -0.0866 0.0089

5157 0.1339 0 0.022 0.0121 0.1167 0.0178

5160 0.0288 -0.0004 0.0604 -0.0445 0.2248 0.0255

5169 0.0256 -0.0014 0.061 -0.0528 0.229 0.0263

5170 0.0239 -0.0025 0.0606 -0.0595 0.2318 0.0272

5190 0.023 -0.0049 0.0583 -0.0614 0.2378 0.0273

5199 0.0222 -0.0056 0.0561 -0.0593 0.2398 0.0272

5200 0.0212 -0.0056 0.0526 -0.0566 0.2411 0.0269

5220 0.007 -0.0009 0.0084 -0.0136 0.1117 0.0115

5230 0.0045 -0.0004 0.0041 -0.0136 0.1115 0.0115

5240 -0.1161 0.0168 0.1019 -0.094 -0.101 -0.0184

5250 -0.108 0.0191 0.0893 -0.094 -0.101 -0.0183

5260 -0.1052 0.0199 0.0849 -0.0939 -0.101 -0.0183

5290 -0.0977 0.0215 0.0731 -0.0754 -0.0991 -0.001

5300 -0.0972 0.0215 0.0725 -0.0754 -0.0991 -0.001

5320 -0.0424 -0.0227 0.0683 -0.02 -0.028 -0.1667

5340 -0.0233 -0.0301 0.0668 0.002 -0.0229 -0.1675

5350 -0.0224 -0.0304 0.0668 0.002 -0.0229 -0.1675

5360 -0.0103 -0.0351 0.0669 0.0021 -0.0229 -0.1675

5370 -0.0052 -0.0219 0.0651 0.0023 -0.0229 -0.1675

5380 -0.0023 -0.0143 0.0641 0.0023 -0.0229 -0.1675

5410 0.1852 0.1967 -0.397 -0.4569 -0.1601 -0.2302

5420 0.1953 0.1939 -0.4169 -0.457 -0.16 -0.2301

5440 0.2058 0.191 -0.4379 -0.4571 -0.1599 -0.23

5450 0.3689 0.1413 -0.8194 -0.5166 -0.0633 -0.2143

5459 0.3779 0.131 -0.8376 -0.5218 -0.0589 -0.2211

5470 0.3833 0.1105 -0.8433 -0.5337 -0.0478 -0.2231

5480 0.3902 0.0204 -0.8326 -0.5697 -0.0367 -0.2391

5485 0.3937 -0.0413 -0.8259 -0.6138 -0.0327 -0.2493

5500 0.397 -0.1071 -0.8192 -0.6384 -0.0311 -0.2594

5510 0.3984 -0.1365 -0.8162 -0.6445 -0.0307 -0.2611

5520 0.3998 -0.1661 -0.8133 -0.6446 -0.0307 -0.2611

5530 0 0 0 0 0 0

5550 0 -0.0047 0 0 0.0004 0.0003

5560 0 -0.0095 0 0 0.0004 0.0003

5570 0 -0.0144 0 0 0.0005 0.0003

5600 -0.0002 -0.0246 -0.0001 -0.0022 0.0049 0.004



5609 0.0001 -0.0256 -0.0003 -0.0034 0.0058 0.0062

5610 0.0009 -0.026 -0.0006 -0.0039 0.0074 0.0081

5640 0.025 -0.0287 -0.0083 -0.031 0.0183 0.0285

5649 0.0261 -0.0284 -0.0084 -0.0325 0.0188 0.0292

5650 0.0268 -0.0276 -0.0081 -0.0348 0.0193 0.0302

5720 -0.0537 -0.0664 0.0162 0.0097 0.0023 -0.1545

5740 -0.0341 -0.0764 0.0186 0.0457 -0.0048 -0.21

5750 -0.0315 -0.0774 0.0192 0.0457 -0.0048 -0.2101

5760 -0.0009 -0.034 -0.0218 -0.0101 -0.0041 0.0003

5770 -0.0008 -0.0343 -0.0197 -0.0101 -0.0041 0.0003

5780 -0.0005 -0.0348 -0.015 -0.0101 -0.0041 0.0003

5830 -0.1337 0.0083 0.1289 -0.1047 -0.0971 -0.0467

5860 0.0004 0.0024 0.0922 0.0067 -0.0575 -0.0378

6188 0.1778 -0.0686 -0.2802 -0.6444 -0.0372 -0.2516

6189 0.1803 -0.0458 -0.2934 -0.6474 -0.0339 -0.2551

6190 0.1894 -0.0391 -0.3184 -0.6308 -0.0318 -0.2613

6200 0.19 -0.0393 -0.3198 -0.6305 -0.0317 -0.2614

6210 0.2048 -0.0442 -0.3556 -0.6304 -0.0317 -0.2615

6420 0.0317 -0.0158 0.1123 -0.035 -0.0557 -0.0574

6429 0.0314 -0.0158 0.1114 -0.035 -0.0557 -0.0574

6430 0.0317 -0.0165 0.1107 -0.035 -0.0557 -0.0574

6460 0.0359 -0.0227 0.1082 -0.035 -0.0557 -0.0574

6470 0.0371 -0.0246 0.1075 -0.035 -0.0557 -0.0574

6480 0.0384 -0.0265 0.1067 -0.035 -0.0557 -0.0574

6490 0.0415 -0.0313 0.1048 -0.035 -0.0557 -0.0574

6500 0.0439 -0.0349 0.1033 -0.035 -0.0557 -0.0574

6520 -0.0084 -0.0575 0.0219 0.0464 -0.0048 -0.2106

6540 0.0425 -0.0132 -0.0232 -0.0588 -0.0777 -0.0426

6550 0.0489 -0.018 -0.0178 -0.052 -0.0736 -0.0537

6560 0.0526 -0.0206 -0.0145 -0.0519 -0.0735 -0.0538

6670 0.0314 -0.0098 0.1111 0.0215 -0.0449 -0.1493

6680 0.0382 -0.0128 0.1121 0.0215 -0.0449 -0.1493

6690 0.0447 -0.0156 0.113 0.0215 -0.0449 -0.1493

6710 0.235 -0.0979 0.1404 0.0215 -0.0449 -0.1493

6720 -0.1261 0.0096 0.1156 -0.1016 -0.0982 -0.0383

6730 -0.1243 0.0065 0.1106 -0.1016 -0.0982 -0.0383

6740 -0.124 0.0061 0.11 -0.1016 -0.0982 -0.0383

6750 0.0506 -0.012 -0.001 -0.0344 -0.0606 -0.0666

6770 0.0587 -0.0235 -0.0066 -0.0516 -0.0733 -0.0541

6780 0.0601 -0.0258 -0.008 -0.0516 -0.0733 -0.0541

6920 -0.182 0.033 0.1061 -0.0218 -0.0471 -0.1402

6930 -0.1807 0.0324 0.1059 -0.0218 -0.0471 -0.1402

6940 -0.179 0.0316 0.1056 -0.0218 -0.0471 -0.1402

6960 -0.17 0.0274 0.1042 -0.0218 -0.0471 -0.1402

6970 -0.1641 0.0247 0.1033 -0.0218 -0.0471 -0.1402

7000 -0.1523 0.0003 0.1369 -0.1076 -0.0737 -0.0831

7010 -0.1514 -0.0003 0.1358 -0.1076 -0.0737 -0.0831



7020 -0.1505 -0.0011 0.1346 -0.1076 -0.0737 -0.0831

7040 -0.1459 -0.0046 0.1287 -0.1076 -0.0737 -0.0831

7050 -0.1425 -0.0073 0.1242 -0.1076 -0.0737 -0.0831

7080 -0.1297 -0.0017 0.0562 -0.1033 0.0266 -0.0038

7090 -0.1296 -0.0029 0.0548 -0.1033 0.0266 -0.0038

7100 -0.1296 -0.0044 0.0531 -0.1033 0.0266 -0.0038

7120 -0.1294 -0.0091 0.0474 -0.1033 0.0266 -0.0038

7130 -0.1292 -0.0127 0.0432 -0.1033 0.0266 -0.0038

7140 -0.0494 0.0166 0.0055 -0.0483 -0.0682 0.0134

7150 -0.05 0.0134 0.0032 -0.0483 -0.0682 0.0134

7160 0.0082 -0.0117 0.0502 0.0605 -0.0105 -0.1828

7170 0.0245 -0.0175 0.0556 0.0605 -0.0105 -0.1828

7180 0.0212 -0.0276 -0.0034 -0.0097 -0.048 -0.1048

7190 0.0242 -0.0282 0.0021 -0.0097 -0.048 -0.1048

7200 0.0255 -0.0284 0.0043 -0.0097 -0.048 -0.1048

7230 0.4157 0.0135 -0.8935 -0.5697 -0.0367 -0.2391

7240 0.4408 0.0068 -0.9532 -0.5697 -0.0367 -0.2391

7440 0.0398 0.0047 0.008 -0.0469 0.0197 0.0375

7450 0.0388 0.0025 0.0069 -0.0469 0.0197 0.0375

7480 0.0361 -0.0038 0.0035 -0.0465 0.0196 0.0365

7490 0.034 -0.0088 0.0008 -0.0465 0.0196 0.0365

7530 -0.119 0.0433 0.0416 -0.0554 0.0278 0.0148

7540 -0.1184 0.0469 0.0439 -0.0554 0.0278 0.0148

7580 0.2613 -0.063 -0.4917 -0.6302 -0.0317 -0.2615

7590 0.2653 -0.0643 -0.5013 -0.6302 -0.0317 -0.2615

7600 0.3851 -0.1042 -0.7901 -0.6309 -0.0316 -0.2614

7620 0.078 0.0221 -0.0115 0.0456 -0.0185 0.0013

7630 0.078 0.0222 -0.0115 0.0456 -0.0185 0.0013

7640 0.0781 0.0268 -0.0139 0.0456 -0.0185 0.0013

7650 0.0781 0.0269 -0.014 0.0456 -0.0185 0.0013

7660 0.0781 0.0305 -0.0159 0.0456 -0.0185 0.0013

7700 -0.0501 0.013 0.0029 -0.0483 -0.0682 0.0134

7710 -0.0043 0.0132 0.0914 0.0067 -0.0575 -0.0378

7720 -0.0065 0.0183 0.091 0.0067 -0.0575 -0.0378

7750 0.0306 -0.0199 -0.1026 0.0662 -0.1554 0.0418

7760 0.0306 -0.0198 -0.1027 0.0662 -0.1554 0.0418

7770 0.0323 -0.0162 -0.1054 0.0662 -0.1554 0.0418

7790 0.0463 -0.0092 -0.0921 0.0367 0.0363 0.0236

7800 0.0473 -0.0055 -0.0936 0.0367 0.0363 0.0236

7870 0.2573 -0.0617 -0.4821 -0.6302 -0.0317 -0.2615

7900 0.3178 -0.0818 -0.6278 -0.6303 -0.0316 -0.2615

7930 0.3702 -0.0993 -0.7543 -0.6307 -0.0316 -0.2614

7970 0.0757 0.0144 -0.0189 0.0485 -0.0273 -0.0057

7980 0 0 0 0 0 0

8000 0.4022 -0.2167 -0.8082 -0.6447 -0.0307 -0.2612

8030 0.0018 -0.0327 0.0086 0.0125 -0.0179 -0.0141

8050 -0.0008 -0.0994 -0.0017 -0.0162 -0.0061 0.0083



8500 -0.0113 -0.0671 0.0221 0.0462 -0.0048 -0.2106

8510 -0.0164 -0.0837 0.0225 0.0459 -0.0048 -0.2104
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DISPLACEMENTS REPORT: Nodal Movements

CASE 6 (EXP) L6=L3-L4

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 0.0578 0.0074 -0.0438 0.0282 -0.0081 0.0032

23 -0.0001 0.0198 0.0013 0.0053 0.0022 0.0004

30 -0.0003 0.0404 0.0043 0.0075 0.0044 -0.0002

31 0.0002 0.0528 0.0065 0.0085 0.0032 -0.0032

40 0.0006 0.0586 0.0075 0.0089 0.0026 -0.0047

50 0.0083 0.0951 0.0151 0.0106 -0.0009 -0.0157

60 0.0096 0.0992 0.016 0.0106 -0.0009 -0.0157

70 0.0119 0.1059 0.0175 0.0106 -0.0009 -0.0157

80 0 0 0 0 0 0

100 0.0149 -0.006 -0.0002 0.0149 0.0248 -0.0098

110 0.0113 -0.0046 0.0033 0.0148 0.0247 -0.0099

120 0.0102 -0.0042 0.0044 0.0148 0.0246 -0.0099

140 0.0092 -0.0038 0.0054 0.0133 0.0229 -0.0103

150 0.0082 -0.0033 0.0063 0.0118 0.0212 -0.0112

160 0.007 -0.0028 0.0073 0.0118 0.0212 -0.0113

170 0.0028 -0.0009 0.0108 0.0116 0.0211 -0.0113

189 0.0016 -0.0004 0.0111 0.009 0.0137 -0.0087

190 0.0008 0 0.0104 0.0034 0.0069 -0.0064

210 0 0 0.0011 0 0 0

220 0 0 0 0 0 0

230 0 0.0081 0.0003 0.0026 0.0009 0.0003

235 -0.0001 0.018 0.0011 0.005 0.002 0.0004

250 -0.0056 0.0391 0.006 -0.0021 0.0222 0.0192

260 -0.0086 0.0379 0.0074 -0.0022 0.0224 0.0194

270 -0.0091 0.0377 0.0076 -0.0022 0.0224 0.0194

290 0.016 -0.0065 -0.0014 0.0149 0.0248 -0.0098

310 0.0172 -0.0069 -0.0025 0.0165 0.0264 -0.0079

320 0.0181 -0.0072 -0.0035 0.0175 0.0279 -0.0067

330 0.0192 -0.0074 -0.0048 0.0185 0.0296 -0.0052

340 0.0214 -0.0078 -0.0076 0.0208 0.0327 -0.0016

350 0.0226 -0.0078 -0.0091 0.0214 0.034 -0.0019

360 0.0268 -0.0082 -0.0148 0.0214 0.0341 -0.0019

370 0.0279 -0.0082 -0.0164 0.0215 0.0341 -0.0019

400 0.0308 -0.0084 -0.0207 0.0285 0.0424 -0.0002

410 0.031 -0.0084 -0.0209 0.0285 0.0424 -0.0002

420 0 0 0 0 0 0

430 0 0 0.0026 0 -0.0001 0



435 -0.0097 0 0.0223 -0.0059 -0.0346 -0.0083

450 -0.0183 0.0036 0.0356 -0.0193 -0.0206 -0.0139

460 -0.0238 0.0089 0.0485 -0.0195 -0.0197 -0.014

470 -0.0316 0.0171 0.0684 -0.0197 -0.0174 -0.0142

480 -0.0326 0.0182 0.0711 -0.0197 -0.0169 -0.0142

510 -0.0296 0.0217 0.0791 -0.0207 0.0542 -0.0175

515 -0.0171 0 0.099 0.1464 0.0165 0.0592

538 -0.0135 -0.0392 0.1091 0.1972 0.0209 0.098

540 -0.018 -0.0464 0.1203 0.1411 0.0257 0.1229

541 -0.0142 -0.0456 0.1137 0.1758 0.0253 0.1059

550 -0.0183 -0.0463 0.1206 0.1407 0.0259 0.1231

560 -0.05 -0.0341 0.1567 0.1397 0.0264 0.1235

570 -0.0571 -0.0314 0.1646 0.1395 0.0265 0.1236

590 -0.1296 0.0049 0.2376 0.066 0.1024 0.0287

599 -0.1291 0.0066 0.2382 0.0588 0.1091 -0.0149

600 -0.1269 0.006 0.2348 0.0542 0.1207 -0.0462

610 -0.1211 0 0.2196 0.0505 0.1277 -0.0397

615 -0.0913 0 0.1367 0.0317 0.1251 0.0057

620 -0.0555 -0.0173 0.0699 0.0092 0.0361 -0.0479

630 -0.0529 -0.0199 0.0679 0.0091 0.0359 -0.0479

640 -0.0502 -0.0226 0.0659 0.0091 0.0357 -0.048

660 -0.048 -0.0249 0.0644 0.0077 0.0265 -0.0504

670 -0.0458 -0.027 0.0633 0.0099 0.0247 -0.0427

680 -0.0432 -0.0294 0.0619 0.0099 0.0247 -0.0425

690 -0.0406 -0.0318 0.0605 0.01 0.0246 -0.0424

695 0.0177 0 0.0342 0.0671 0.0339 0.068

710 0.026 0.0118 0.0275 0.0752 0.0427 0.062

720 0.0287 0.0153 0.0251 0.0753 0.0428 0.0619

730 0.0312 0.0187 0.0228 0.0753 0.0428 0.0617

749 0.0322 0.0216 0.0203 0.0704 0.0532 0.0346

750 0.0308 0.0245 0.0176 0.0643 0.0598 0.0198

770 0.0264 0.0291 0.0142 0.0625 0.0591 0.0003

779 0.0242 0.0306 0.0116 0.0512 0.0585 -0.0127

780 0.0223 0.0295 0.0092 0.037 0.0598 -0.0372

810 0 0.0036 0 0 0.0001 -0.0002

820 0 0 0 0 0 0

830 0.0565 -0.0001 -0.0647 0.0401 0.0423 0.0186

840 0.0576 0.0008 -0.0666 0.0401 0.0423 0.0186

859 0.0592 0.001 -0.0679 0.0394 0.0386 0.0266

860 0.0609 0 -0.0675 0.0406 0.0347 0.0299

880 0.0631 -0.0026 -0.0659 0.0403 0.0332 0.0342

900 0.0678 -0.008 -0.0621 0.0257 0.0292 0.0447

910 0.0692 -0.0091 -0.061 0.0223 0.0286 0.0457

930 0.0723 -0.011 -0.0581 0.0069 0.0256 0.0515

940 0.0757 -0.0119 -0.0548 0.0068 0.0255 0.0516

950 0.0758 -0.012 -0.0547 0.0068 0.0255 0.0516

980 0.0784 -0.0124 -0.052 0.0031 0.0234 0.0575



990 0.0797 -0.0125 -0.0506 0.0035 0.0231 0.0586

1010 0.0821 -0.013 -0.0479 0.0061 0.0226 0.0607

1020 0.0832 -0.0133 -0.0468 0.0061 0.0226 0.0607

1040 0.0857 -0.014 -0.044 0.0061 0.0226 0.0607

1050 0.086 -0.014 -0.0437 0.0061 0.0226 0.0607

1060 0.0566 0.0033 -0.0368 0.0282 -0.0081 0.0032

1090 0.0557 0 -0.0313 0.0282 -0.0081 0.0032

1100 0.0551 -0.0019 -0.0281 0.0269 -0.0081 0.0032

1120 0.054 -0.0051 -0.0217 0.0172 -0.0081 0.0032

1130 0.0537 -0.0057 -0.0198 0.0138 -0.0085 0.0012

1140 0.0533 -0.0063 -0.0176 0.0137 -0.0085 0.0011

1150 0.0529 -0.007 -0.0152 0.0136 -0.0085 0.0011

1170 0.0521 -0.0079 -0.0112 0.009 -0.0089 -0.0032

1180 0.0508 -0.0088 -0.004 0.0042 -0.009 -0.0112

1189 0.0497 -0.0087 -0.0024 0.0008 -0.0085 -0.0145

1190 0.0478 -0.0081 -0.0019 -0.0011 -0.0076 -0.02

1195 0.0294 0 -0.0041 -0.0039 -0.0026 -0.0161

1210 0.0128 0.0031 -0.0035 -0.0063 0.0066 -0.0032

1219 0.0082 0.0031 -0.0034 -0.0079 0.0147 0.0013

1230 0.0068 0.0028 -0.0049 -0.0091 0.0209 0.0028

1250 0.0054 0.0022 -0.0078 -0.0089 0.026 0.0063

1260 0.005 0.0021 -0.0086 -0.0089 0.026 0.0063

1270 0.0008 0.0007 -0.0162 -0.0088 0.0262 0.0064

1300 -0.0028 0 -0.0218 -0.0037 0.0334 0.013

1310 -0.0054 -0.0003 -0.0254 -0.0037 0.0334 0.013

1330 0.0464 -0.0064 -0.0475 0.036 0.0438 0.0071

1350 0.0475 -0.006 -0.0495 0.0366 0.0433 0.0081

1360 0.0498 -0.005 -0.0533 0.0388 0.0428 0.015

1370 0.0509 -0.0042 -0.0553 0.04 0.0424 0.0183

1390 -0.0274 0.0207 0.0759 -0.0356 0.0805 -0.0241

1400 -0.0247 0.0193 0.0714 -0.036 0.081 -0.0242

1410 -0.0145 0.0141 0.0537 -0.0374 0.082 -0.0242

1420 -0.0112 0.0124 0.048 -0.0378 0.0819 -0.0241

1430 -0.011 0.0124 0.0478 -0.0386 0.0817 -0.0239

1439 -0.0091 0.0125 0.0442 -0.0511 0.0707 -0.0038

1440 -0.0087 0.0143 0.0408 -0.0731 0.0647 0.0194

1450 -0.0087 0.0144 0.0406 -0.0734 0.0642 0.0197

1460 -0.0139 0.0267 0.0217 -0.073 0.0629 0.0204

1470 -0.0141 0.0271 0.0211 -0.0729 0.0628 0.0204

1480 -0.0152 0.0298 0.0169 -0.0725 0.0626 0.0206

1510 -0.0173 0.0335 0.0126 -0.0322 0.0426 0.0305

1540 -0.103 0.0769 0.1138 0.2609 0.0294 0.1406

1560 -0.1972 0.1067 0.2867 0.2834 0.0265 0.1547

1580 -0.2149 0.1121 0.3192 0.2835 0.0252 0.1532

1590 -0.2174 0.1129 0.3238 0.2835 0.0252 0.1532

1600 0.0009 0.0576 0.0129 0.0089 0.0026 -0.0047

1610 0.0011 0.0571 0.0158 0.0089 0.0026 -0.0047



1620 0.0012 0.0568 0.0172 0.0089 0.0026 -0.0047

1630 -0.0621 -0.059 0.2114 0.1527 0.0945 0.1794

1640 -0.0603 -0.046 0.2046 0.1527 0.0945 0.1794

1645 -0.0538 0 0.1784 0.1334 0.1046 0.1534

1660 -0.0112 0.0289 0.0148 0.0077 0.0534 -0.0133

1670 -0.01 0.0283 0.0124 0.0076 0.0533 -0.0132

1680 -0.0089 0.0277 0.01 0.0075 0.0533 -0.0132

1700 -0.0078 0.0272 0.0077 0.0041 0.0488 -0.008

1705 0.0053 0.0355 -0.01 -0.0157 0.0228 0.039

1720 0.0081 0.0404 -0.0124 -0.0199 0.0203 0.0477

1729 0.0087 0.042 -0.0134 -0.0196 0.0173 0.0566

1730 0.0085 0.0421 -0.0146 -0.0227 0.0148 0.0598

1760 0.0049 0.0339 -0.0215 -0.0396 0.0114 0.0808

1770 0.0044 0.0319 -0.0226 -0.0456 0.011 0.0801

1775 0.0027 0.0236 -0.0266 -0.0572 0.0106 0.0777

1780 0.001 0.0145 -0.0305 -0.0558 0.0112 0.0753

1790 0.0005 0.0121 -0.0316 -0.0534 0.0116 0.0746

1800 0 0.0097 -0.0327 -0.0498 0.012 0.0739

1810 -0.0018 0.0038 -0.0362 -0.0327 0.014 0.0718

1820 -0.0024 0.0025 -0.0373 -0.0255 0.0148 0.0711

1830 -0.0031 0.0014 -0.0384 -0.0201 0.0147 0.0727

1835 -0.0046 0 -0.041 -0.0057 0.0146 0.0764

1840 -0.0069 0.0006 -0.0448 0.0097 0.0151 0.0818

1850 -0.0076 0.001 -0.046 0.0097 0.0151 0.0818

1860 -0.0082 0.0015 -0.0471 0.0097 0.0151 0.0818

1870 -0.0083 0.0015 -0.0471 0.0097 0.0151 0.0819

1880 -0.0089 0.0019 -0.0482 0.0087 0.0155 0.0835

1890 -0.0097 0.0023 -0.0493 0.0071 0.016 0.0838

1900 -0.0104 0.0026 -0.0505 0.0046 0.0166 0.0842

1910 -0.0111 0.0028 -0.0516 0.0015 0.0172 0.0845

1920 -0.0119 0.0027 -0.0527 -0.0012 0.0183 0.0782

1930 -0.0135 0.0025 -0.0547 -0.0038 0.0205 0.0673

1940 -0.0144 0.0023 -0.0558 -0.0042 0.0219 0.0614

1948 -0.0155 0.0021 -0.057 -0.0038 0.0235 0.0551

1949 -0.0168 0.0013 -0.0574 0.0042 0.0303 0.0458

1950 -0.0182 0.0001 -0.0566 0.0115 0.037 0.0259

1970 0.0136 0.0908 0.0157 0.0158 -0.0101 -0.0571

1980 0.0166 0.0873 0.0163 0.0158 -0.0102 -0.0575

2020 -0.0233 -0.0022 -0.0509 -0.0034 0.0335 0.0133

2030 -0.0259 -0.0024 -0.0545 -0.0033 0.0335 0.0133

2049 -0.0274 -0.0018 -0.0564 0 0.0334 0.0141

2050 -0.0285 0 -0.0571 0.0035 0.0334 0.0154

2070 -0.0322 0.0106 -0.0555 0.0108 0.0323 0.0173

2080 -0.0427 0.0394 -0.0413 0.0377 0.0291 0.0156

2089 -0.0436 0.043 -0.0368 0.0469 0.0288 0.0136

2100 -0.0427 0.0419 -0.0343 0.0519 0.0288 0.0128

2110 -0.0421 0.0407 -0.0332 0.0519 0.0288 0.0128



2120 -0.0399 0.0368 -0.0297 0.0519 0.0288 0.0128

2125 -0.0307 0.0228 -0.0147 0.0301 0.0302 0.007

2150 -0.021 0.0183 -0.0002 0.0054 0.0342 0.0014

2170 -0.016 0.0177 0.007 0.0036 0.0315 0.0055

2179 -0.0141 0.0176 0.0083 0.0036 0.0306 0.0067

2180 -0.0119 0.0179 0.0079 0.0039 0.0296 0.0082

2210 -0.0049 0.0191 0.0038 0.0057 0.0263 0.0082

2218 -0.0028 0.0195 0.0026 0.0063 0.0247 0.0075

2219 -0.0009 0.019 0.0016 0.0059 0.0204 0.0049

2220 -0.0001 0.0173 0.0011 0.0055 0.0175 0.0021

2240 0 0.0036 0 0 0.0001 0

2250 0 0 0 0 0 0

2260 -0.0121 0.0365 0.009 -0.0023 0.0225 0.0195

2280 -0.0151 0.035 0.0108 -0.0146 0.0323 0.0262

2300 -0.0306 -0.0234 -0.0127 0.0113 -0.011 -0.0203

2309 -0.0311 -0.0238 -0.0129 0.0097 -0.0107 -0.02

2310 -0.0317 -0.0238 -0.013 0.0086 -0.0104 -0.0198

2340 -0.042 -0.0198 -0.0151 -0.0079 -0.0073 -0.0159

2349 -0.0425 -0.0196 -0.0149 -0.0088 -0.0064 -0.0154

2350 -0.0428 -0.0194 -0.0144 -0.0103 -0.0055 -0.0152

2390 -0.0432 -0.0186 -0.011 -0.0133 -0.0038 -0.0132

2400 -0.0432 -0.0184 -0.0104 -0.0133 -0.0038 -0.0132

2410 -0.0433 -0.0182 -0.0096 -0.0133 -0.0038 -0.0132

2415 -0.0434 -0.0152 -0.0013 -0.0205 0.0025 -0.0068

2440 -0.0424 -0.0113 0.0067 -0.0249 0.0095 -0.0006

2490 -0.0412 -0.0087 0.0116 -0.0265 0.0142 0.0032

2540 -0.0395 -0.0059 0.0165 -0.0271 0.0193 0.0069

2545 -0.0354 0 0.0264 -0.0289 0.0193 0.0069

2570 -0.0342 0.0018 0.0294 -0.0289 0.0193 0.0069

2579 -0.0338 0.0021 0.0298 -0.0289 0.0193 0.0069

2580 -0.0332 0.0023 0.0298 -0.0289 0.0193 0.0069

2610 -0.0301 0.0028 0.0286 -0.0289 0.0193 0.0069

2620 -0.0293 0.0029 0.0282 -0.0289 0.0193 0.0069

2640 -0.0194 0.0044 0.0242 -0.0289 0.0193 0.0069

2650 -0.0111 0.0056 0.0208 -0.0289 0.0193 0.0069

2660 -0.0083 0.006 0.0197 -0.0289 0.0193 0.0069

2690 -0.0032 0.0067 0.0177 -0.0289 0.0193 0.0069

2700 -0.0025 0.0068 0.0173 -0.0289 0.0193 0.0069

2710 -0.0018 0.0069 0.0171 -0.0289 0.0193 0.0069

2730 0.0077 0.0083 0.0132 -0.0289 0.0193 0.0069

2820 0.0472 -0.0049 -0.0478 0.0362 0.0429 0.0058

2830 0.0467 0.0005 -0.0402 0.0344 0.041 0.0012

2839 0.0463 0.0014 -0.0383 0.0329 0.0402 0.0025

2840 0.0453 0.0017 -0.0364 0.032 0.0388 0.0045

2845 0.0361 0 -0.0226 0.0282 0.0366 0.0025

2860 0.0273 0 -0.0099 0.0246 0.0346 -0.0009

2870 0.0261 0 -0.0083 0.0245 0.0346 -0.0009



2880 0.0219 0.0002 -0.0025 0.0245 0.0346 -0.0008

2899 0.021 -0.0003 -0.0015 0.0241 0.0342 0.0021

2900 0.0207 -0.0012 -0.0019 0.023 0.0342 0.0042

2920 0.0214 -0.0067 -0.0067 0.0212 0.033 0.0004

2930 -0.0078 0.0058 -0.0489 0.0078 0.0154 0.0842

2940 -0.005 0.0152 -0.0506 0.0057 0.0158 0.0839

2949 -0.0028 0.0178 -0.0513 0.0049 0.0162 0.0801

2950 0.0004 0.0181 -0.0517 0.0032 0.0163 0.0752

2960 0.0006 0.0181 -0.0517 0.0032 0.0163 0.0751

2970 0.0287 0.0079 -0.0526 0.0025 0.0207 0.0634

2980 0.0316 0.0068 -0.0527 0.0025 0.0207 0.0634

2990 0.0512 -0.001 -0.0535 0.0027 0.0208 0.0632

3000 0.0514 -0.001 -0.0535 0.0027 0.0208 0.0632

3010 0.06 -0.0045 -0.0542 0.007 0.0223 0.0591

3019 0.0618 -0.0053 -0.0549 0.0129 0.0241 0.0542

3020 0.0616 -0.0051 -0.0561 0.018 0.0266 0.0517

3030 0.0616 -0.0051 -0.0561 0.018 0.0266 0.0516

3040 0.0606 -0.0044 -0.057 0.0187 0.0269 0.0502

3050 0.0594 -0.0035 -0.0581 0.0191 0.0273 0.0486

3060 0.02 0.0831 0.0171 0.0159 -0.0104 -0.0579

3090 0.0231 0.0783 0.018 0.0227 -0.0209 -0.0977

3100 0.036 0.0509 0.0239 0.0239 -0.0224 -0.1025

3110 0.0463 0.0285 0.0289 0.0248 -0.0234 -0.1042

3120 0.049 0.0226 0.0302 0.025 -0.0236 -0.1044

3139 0.0502 0.0176 0.0325 0.0382 -0.0558 -0.1186

3140 0.0482 0.014 0.0353 0.0526 -0.0841 -0.1228

3145 0.0403 0.0092 0.0394 0.0503 -0.0954 -0.1216

3160 -0.0096 -0.0047 0.0627 0.0127 -0.088 -0.1145

3169 -0.0144 -0.0059 0.0645 0.006 -0.0643 -0.1075

3170 -0.0191 -0.0077 0.0651 0.0011 -0.0512 -0.0969

3200 0.0657 -0.0069 -0.061 0.0221 0.0283 0.0465

3210 0.0636 -0.0057 -0.06 0.022 0.0282 0.0466

3220 0.0616 -0.0047 -0.0591 0.022 0.0282 0.0466

3250 0.0103 0.0169 -0.0548 -0.0028 0.0195 0.0757

3270 0.0011 0.0197 -0.0551 -0.0004 0.0168 0.0909

3280 0.0006 0.0198 -0.0551 -0.0004 0.0168 0.0909

3290 -0.0059 0.0216 -0.0551 -0.0004 0.0168 0.091

3300 -0.0079 0.0145 -0.0538 -0.0004 0.0168 0.091

3310 -0.009 0.0103 -0.053 -0.0004 0.0168 0.091

3390 -0.0353 -0.0052 0.0146 -0.0254 0.0233 0.0094

3400 -0.0341 -0.005 0.014 -0.0254 0.0233 0.0094

3420 -0.0262 -0.003 0.0097 -0.0221 0.0278 0.014

3430 -0.0234 -0.0022 0.0081 -0.0221 0.0278 0.014

3470 -0.0193 -0.0009 0.0057 -0.0204 0.0282 0.0163

3475 -0.0168 0 0.0042 -0.0194 0.028 0.0177

3500 -0.0143 0.001 0.0027 -0.0183 0.0274 0.0189

3510 -0.0135 0.0013 0.0023 -0.0183 0.0274 0.0189



3520 -0.0036 0.0052 -0.0035 -0.0183 0.0274 0.0189

3550 -0.0002 0.0065 -0.0053 -0.0173 0.0249 0.0177

3559 0.0003 0.0069 -0.0057 -0.0167 0.0234 0.0169

3560 0.0003 0.0075 -0.006 -0.016 0.0224 0.016

3590 -0.0007 0.0106 -0.007 -0.0146 0.018 0.014

3600 -0.0015 0.0134 -0.0078 -0.0146 0.018 0.014

3630 -0.0022 0.016 -0.0086 -0.0131 0.0152 0.0126

3639 -0.0023 0.0166 -0.0085 -0.0118 0.0145 0.0118

3640 -0.0022 0.0169 -0.008 -0.0105 0.0132 0.0114

3670 -0.0013 0.0176 -0.0045 -0.0069 0.0094 0.008

3680 -0.0012 0.0177 -0.0037 -0.0068 0.0094 0.008

3720 0.0161 -0.0047 -0.0002 0.036 0.0082 0.0285

3730 0.0151 -0.0038 0.0011 0.036 0.0082 0.0285

3760 0.013 -0.0022 0.0036 0.0409 0.0018 0.034

3770 0.0122 -0.0016 0.0046 0.0409 0.0018 0.034

3818 0.0054 0.0038 0.0138 0.0431 -0.0069 0.025

3819 0.0051 0.0044 0.0147 0.0431 -0.0078 0.0212

3820 0.0054 0.005 0.0152 0.0431 -0.0089 0.0173

3827 0.0257 0 0.0211 0.0372 0.0072 -0.0136

3830 0.0318 -0.003 0.0171 0.0355 0.027 -0.0126

3840 0.0324 -0.0033 0.0165 0.0355 0.0271 -0.0126

3868 0.0339 -0.0041 0.0146 0.035 0.0333 -0.0138

3871 0.0341 -0.0041 0.0138 0.0347 0.0377 -0.0148

3890 0.0336 -0.0036 0.013 0.0343 0.0418 -0.0156

3900 0.013 0.0082 0.0027 0.0189 0.0448 -0.0303

3909 0.0124 0.0083 0.0024 0.0168 0.0425 -0.0304

3910 0.0119 0.0081 0.0021 0.0147 0.041 -0.0306

3940 0.0084 0.0053 0.0008 0.008 0.0278 -0.0301

3950 0.0077 0.0046 0.0006 0.008 0.0277 -0.0301

3970 0.0056 0.0028 0.0001 0.0048 0.0194 -0.0261

3980 0.0043 0.0016 -0.0001 0.0048 0.0193 -0.0261

3990 0.0027 -0.0002 -0.0004 0.0026 0.011 -0.0183

3999 0.0024 -0.0004 -0.0003 0.0023 0.0094 -0.0142

4000 0.0021 -0.0004 -0.0003 0.0023 0.0069 -0.01

4030 0.0003 0 0 0 0 0

4040 0 0 0 0 0 0

4070 0.0081 -0.0016 0.0066 0.0149 0.0177 0.0336

4080 0.0068 -0.0007 0.0072 0.0149 0.0177 0.0336

4110 0.0043 0.0009 0.0081 0.0142 0.0159 0.0436

4120 0.0032 0.0015 0.0084 0.0142 0.0159 0.0436

4140 -0.0095 0.0085 0.0117 0.008 0.0127 0.0428

4149 -0.0099 0.009 0.0117 0.0071 0.0127 0.0413

4150 -0.0098 0.0095 0.0116 0.0065 0.0126 0.0396

4190 0.0099 0.0278 -0.0026 -0.0288 0.0322 0.0113

4200 0.0105 0.0281 -0.0034 -0.0288 0.0322 0.0113

4220 0.0123 0.0289 -0.0059 -0.032 0.0366 0.01

4229 0.0124 0.0288 -0.0064 -0.0327 0.0387 0.0094



4230 0.0121 0.0285 -0.0069 -0.0338 0.0408 0.0089

4260 -0.0032 0.0154 -0.0153 -0.0429 0.0432 0.0024

4269 -0.0036 0.0149 -0.0154 -0.0435 0.0418 0.0024

4270 -0.0038 0.0144 -0.015 -0.0441 0.0409 0.0023

4300 -0.0036 0.0124 -0.0115 -0.0453 0.0355 0.0026

4310 -0.0035 0.0118 -0.0103 -0.0453 0.0355 0.0026

4330 -0.0033 0.01 -0.007 -0.0458 0.0307 0.0051

4340 -0.003 0.0088 -0.0048 -0.0458 0.0307 0.0051

4350 -0.0025 0.007 -0.0015 -0.0456 0.0258 0.0105

4359 -0.0025 0.0065 -0.0011 -0.0453 0.0244 0.0133

4360 -0.0026 0.0059 -0.0012 -0.0451 0.0223 0.0152

4400 -0.0043 0.002 -0.0034 -0.0442 0.0161 0.0255

4580 -0.0207 0.0033 0.0039 -0.0204 0.0282 0.0163

4590 -0.0211 0.0044 0.0034 -0.0204 0.0282 0.0163

4610 -0.0232 0.0104 0.0008 -0.0204 0.0282 0.0163

4619 -0.0231 0.0109 0.0005 -0.0204 0.0282 0.0163

4620 -0.0227 0.0113 0.0001 -0.0204 0.0282 0.0163

4650 -0.0043 0.0177 -0.0108 -0.0204 0.0282 0.0163

4659 -0.0038 0.018 -0.0112 -0.0204 0.0282 0.0163

4660 -0.0038 0.0186 -0.0116 -0.0204 0.0282 0.0163

4690 -0.0076 0.0296 -0.0163 -0.0204 0.0282 0.0163

4700 -0.0078 0.0304 -0.0166 -0.0204 0.0282 0.0163

4710 -0.0113 0.0403 -0.0209 -0.0204 0.0282 0.0163

4740 -0.0124 0.0438 -0.0223 -0.0204 0.0282 0.0163

4750 -0.0134 0.0465 -0.0235 -0.0204 0.0282 0.0163

4780 -0.0146 0.05 -0.025 -0.0204 0.0282 0.0163

4789 -0.0146 0.0506 -0.025 -0.0204 0.0282 0.0163

4790 -0.0144 0.051 -0.0246 -0.0204 0.0282 0.0163

4820 -0.0123 0.0526 -0.021 -0.0204 0.0282 0.0163

4830 -0.0118 0.0529 -0.0203 -0.0204 0.0282 0.0163

4840 -0.0114 0.0532 -0.0196 -0.0204 0.0282 0.0163

4850 -0.0183 0 -0.0565 0.0116 0.037 0.0256

4857 -0.0329 0 -0.0315 0.0393 0.0435 -0.0137

4860 -0.0373 0.0024 -0.0242 0.0475 0.0398 -0.0119

4869 -0.0388 0.0035 -0.0232 0.0488 0.0345 -0.0082

4870 -0.0403 0.0055 -0.0236 0.0519 0.0291 -0.0065

4890 -0.0479 0.021 -0.0309 0.0504 0.0234 0.0085

4900 -0.0489 0.0233 -0.0321 0.0504 0.0234 0.0085

4910 -0.0508 0.0273 -0.034 0.0503 0.0234 0.0086

4920 -0.0502 0.0255 -0.0376 0.0502 0.0234 0.0086

4980 -0.0025 -0.0002 -0.0002 -0.0278 0.0058 0.0171

4989 -0.0022 -0.0004 0.0001 -0.0219 0.0052 0.0138

4990 -0.0019 -0.0004 0.0001 -0.0182 0.0039 0.0102

5020 -0.0003 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 -0.0001 0 0 0



5060 -0.0004 0 -0.0036 -0.0001 0.0127 0

5070 -0.0006 0 -0.004 -0.0001 0.0128 0

5080 -0.0078 -0.0001 -0.0081 -0.0004 0.075 -0.0001

5089 -0.009 -0.0001 -0.008 -0.0004 0.0882 -0.0001

5090 -0.0099 -0.0001 -0.0068 -0.0004 0.1006 -0.0001

5110 -0.0155 0 0.0205 -0.0006 0.1246 -0.0006

5119 -0.0165 0 0.0221 -0.0006 0.1196 -0.0007

5120 -0.0182 0 0.0224 -0.0006 0.1138 -0.0008

5140 -0.0292 0 0.0198 -0.0005 0.0962 -0.0014

5150 -0.031 -0.0001 0.0193 -0.0005 0.0962 -0.0014

5155 -0.0578 0 0.0089 0.0012 0.0335 -0.0034

5157 -0.0519 0 -0.0085 -0.0047 -0.0452 -0.0069

5160 -0.0111 0.0001 -0.0234 0.0172 -0.087 -0.0099

5169 -0.0099 0.0005 -0.0236 0.0204 -0.0886 -0.0102

5170 -0.0093 0.001 -0.0234 0.023 -0.0897 -0.0105

5190 -0.0089 0.0019 -0.0226 0.0238 -0.092 -0.0106

5199 -0.0086 0.0022 -0.0217 0.023 -0.0928 -0.0105

5200 -0.0082 0.0022 -0.0203 0.0219 -0.0933 -0.0104

5220 -0.0027 0.0003 -0.0032 0.0053 -0.0432 -0.0045

5230 -0.0017 0.0002 -0.0016 0.0053 -0.0431 -0.0045

5240 0.0452 -0.0067 -0.0455 0.036 0.0438 0.007

5250 0.0421 -0.0076 -0.04 0.0359 0.0438 0.007

5260 0.041 -0.0079 -0.0381 0.0359 0.0438 0.007

5290 0.0381 -0.0085 -0.033 0.0289 0.0426 0

5300 0.0379 -0.0085 -0.0327 0.0289 0.0426 0

5320 0.016 0.0121 -0.0385 -0.0016 0.0177 0.0688

5340 0.0081 0.0149 -0.0392 -0.0179 0.0163 0.0685

5350 0.0077 0.0151 -0.0393 -0.0179 0.0163 0.0685

5360 0.0028 0.0169 -0.0406 -0.018 0.0163 0.0685

5370 0.0008 0.0115 -0.0394 -0.0181 0.0163 0.0685

5380 -0.0003 0.0084 -0.0386 -0.0182 0.0163 0.0685

5410 -0.0684 -0.0449 0.2117 0.1552 0.0917 0.1757

5420 -0.0761 -0.0438 0.2184 0.1552 0.0917 0.1756

5440 -0.0842 -0.0427 0.2255 0.1553 0.0916 0.1755

5450 -0.2059 -0.0236 0.3544 0.1714 0.0443 0.1497

5459 -0.2121 -0.02 0.3604 0.1714 0.041 0.1487

5470 -0.2158 -0.0133 0.3621 0.178 0.0344 0.1476

5480 -0.2209 0.0178 0.358 0.2076 0.0288 0.1497

5485 -0.2238 0.0413 0.3554 0.2463 0.0266 0.151

5500 -0.2265 0.0689 0.3528 0.2756 0.0255 0.1522

5510 -0.2276 0.0818 0.3516 0.2833 0.0252 0.1531

5520 -0.2288 0.0947 0.3505 0.2834 0.0252 0.1531

5530 0 0 0 0 0 0

5550 0 0.0026 0 0 -0.0002 -0.0002

5560 0 0.0052 0 0 -0.0002 -0.0002

5570 0 0.0079 0 0 -0.0002 -0.0002

5600 0.0001 0.0134 0 0.0011 -0.0026 -0.0021



5609 -0.0001 0.0139 0.0001 0.0018 -0.0031 -0.0034

5610 -0.0005 0.0142 0.0003 0.002 -0.004 -0.0043

5640 -0.0136 0.0157 0.0046 0.0162 -0.0098 -0.0153

5649 -0.0142 0.0155 0.0046 0.017 -0.0101 -0.0157

5650 -0.0146 0.015 0.0045 0.0182 -0.0103 -0.0162

5720 0.025 0.0421 -0.0185 -0.0169 0.0066 0.0612

5740 0.0172 0.0475 -0.021 -0.0328 0.0109 0.084

5750 0.0162 0.0481 -0.0214 -0.0328 0.0109 0.084

5760 0.0003 0.0186 0.0118 0.0053 0.0022 0.0004

5770 0.0003 0.0187 0.0107 0.0053 0.0022 0.0004

5780 0.0002 0.019 0.0081 0.0053 0.0022 0.0004

5830 0.052 -0.0034 -0.0572 0.04 0.0424 0.0184

5860 -0.0143 -0.0013 -0.0382 -0.0035 0.0335 0.0131

6188 -0.0995 0.0445 0.1193 0.2803 0.0287 0.145

6189 -0.1008 0.0348 0.1254 0.281 0.027 0.1473

6190 -0.1059 0.0322 0.1364 0.2726 0.0257 0.1516

6200 -0.1062 0.0323 0.137 0.2725 0.0257 0.1517

6210 -0.1148 0.035 0.1525 0.2724 0.0257 0.1517

6420 -0.0288 0.0095 -0.0507 0.0108 0.0323 0.0173

6429 -0.0286 0.0096 -0.0502 0.0108 0.0323 0.0173

6430 -0.0286 0.01 -0.0499 0.0108 0.0323 0.0173

6460 -0.0299 0.0134 -0.0491 0.0108 0.0323 0.0173

6470 -0.0303 0.0144 -0.0489 0.0108 0.0323 0.0173

6480 -0.0306 0.0155 -0.0486 0.0108 0.0323 0.0173

6490 -0.0316 0.018 -0.0481 0.0108 0.0323 0.0173

6500 -0.0323 0.02 -0.0476 0.0108 0.0323 0.0173

6520 0.007 0.041 -0.0224 -0.0331 0.0109 0.0842

6540 -0.01 0.0274 0.0066 0.0031 0.0475 -0.0065

6550 -0.0139 0.0276 0.0044 0.0025 0.0444 -0.0038

6560 -0.0162 0.0277 0.0032 0.0025 0.0444 -0.0037

6670 -0.0172 0.0034 -0.056 -0.0042 0.0219 0.0614

6680 -0.02 0.0046 -0.0562 -0.0042 0.0219 0.0614

6690 -0.0227 0.0057 -0.0564 -0.0042 0.0219 0.0614

6710 -0.1009 0.0375 -0.0617 -0.0042 0.0219 0.0614

6720 0.0491 -0.0039 -0.0517 0.0388 0.0428 0.015

6730 0.0484 -0.0027 -0.0498 0.0388 0.0428 0.015

6740 0.0483 -0.0025 -0.0495 0.0388 0.0428 0.015

6750 -0.021 0.0204 0 0.0051 0.0367 -0.0002

6770 -0.0208 0.0267 0.0006 0.0025 0.0443 -0.0037

6780 -0.0207 0.028 0.0006 0.0025 0.0443 -0.0037

6920 0.0737 -0.01 -0.0502 0.0035 0.0231 0.0586

6930 0.0731 -0.0097 -0.0502 0.0035 0.0231 0.0586

6940 0.0724 -0.0094 -0.0502 0.0035 0.0231 0.0586

6960 0.0687 -0.0078 -0.0499 0.0035 0.0231 0.0586

6970 0.0662 -0.0068 -0.0498 0.0035 0.0231 0.0586

7000 0.0596 -0.0001 -0.0618 0.0403 0.0332 0.0342

7010 0.0592 0.0002 -0.0614 0.0403 0.0332 0.0342



7020 0.0588 0.0005 -0.0609 0.0403 0.0332 0.0342

7040 0.0569 0.0018 -0.0587 0.0403 0.0332 0.0342

7050 0.0555 0.0029 -0.057 0.0403 0.0332 0.0342

7080 0.0548 0.003 -0.0253 0.0269 -0.0081 0.0032

7090 0.0547 0.0036 -0.0249 0.0269 -0.0081 0.0032

7100 0.0547 0.0044 -0.0245 0.0269 -0.0081 0.0032

7120 0.0545 0.007 -0.023 0.0269 -0.0081 0.0032

7130 0.0544 0.009 -0.0219 0.0269 -0.0081 0.0032

7140 0.0194 -0.0064 -0.004 0.0185 0.0296 -0.0052

7150 0.0197 -0.0052 -0.0031 0.0185 0.0296 -0.0052

7160 -0.0029 0.0132 -0.034 -0.0534 0.0116 0.0746

7170 -0.0096 0.0155 -0.0388 -0.0534 0.0116 0.0746

7180 -0.0061 0.0194 0.0017 0.0057 0.0263 0.0082

7190 -0.0077 0.0197 -0.0013 0.0057 0.0263 0.0082

7200 -0.0084 0.0199 -0.0025 0.0057 0.0263 0.0082

7230 -0.2369 0.0204 0.3802 0.2076 0.0288 0.1497

7240 -0.2526 0.023 0.4019 0.2076 0.0288 0.1497

7440 -0.0216 -0.0026 -0.004 0.0246 -0.0106 -0.0201

7450 -0.0211 -0.0014 -0.0034 0.0246 -0.0106 -0.0201

7480 -0.0196 0.0021 -0.0016 0.0243 -0.0105 -0.0196

7490 -0.0185 0.0048 -0.0002 0.0243 -0.0105 -0.0196

7530 0.0518 -0.0128 -0.0122 0.009 -0.0089 -0.0032

7540 0.0517 -0.0148 -0.0125 0.009 -0.0089 -0.0032

7580 -0.1476 0.0453 0.2113 0.2723 0.0257 0.1518

7590 -0.1499 0.046 0.2155 0.2723 0.0257 0.1518

7600 -0.2195 0.0678 0.3402 0.2725 0.0256 0.152

7620 -0.0424 -0.0121 0.0071 -0.0249 0.0095 -0.0006

7630 -0.0424 -0.0121 0.0071 -0.0249 0.0095 -0.0006

7640 -0.0424 -0.0146 0.0085 -0.0249 0.0095 -0.0006

7650 -0.0424 -0.0146 0.0085 -0.0249 0.0095 -0.0006

7660 -0.0425 -0.0166 0.0095 -0.0249 0.0095 -0.0006

7700 0.0197 -0.005 -0.003 0.0185 0.0296 -0.0052

7710 -0.0127 -0.0072 -0.0377 -0.0035 0.0335 0.0131

7720 -0.0119 -0.01 -0.0375 -0.0035 0.0335 0.0131

7750 -0.0166 0.0099 0.057 -0.0374 0.082 -0.0242

7760 -0.0166 0.0098 0.0571 -0.0374 0.082 -0.0242

7770 -0.0176 0.0079 0.0586 -0.0374 0.082 -0.0242

7790 -0.025 0.0047 0.0502 -0.0195 -0.0197 -0.014

7800 -0.0256 0.0028 0.051 -0.0195 -0.0197 -0.014

7870 -0.1453 0.0446 0.2071 0.2723 0.0257 0.1518

7900 -0.1804 0.0556 0.2701 0.2723 0.0257 0.1519

7930 -0.2109 0.0651 0.3248 0.2725 0.0256 0.1519

7970 -0.0412 -0.0079 0.0111 -0.0265 0.0142 0.0032

7980 0 0 0 0 0 0

8000 -0.2308 0.117 0.3485 0.2835 0.0252 0.1532

8030 -0.0011 0.0178 -0.003 -0.0068 0.0094 0.008

8050 -0.0004 0.0542 0.0023 0.0085 0.0032 -0.0032



8500 0.0082 0.0449 -0.0229 -0.033 0.0109 0.0842

8510 0.0101 0.0515 -0.0238 -0.0329 0.0109 0.0841



CAESAR II 2014  Ver.7.00.01.1600,  (Build 141003)   Date: SEP 28, 2015   Time: 22:53

Job Name: 338716-FINAL

Licensed To: ENS CANADA STRUCTURAL ENGNG & PROJECT MGMT INC

DISPLACEMENTS REPORT: Nodal Movements

CASE 5 (EXP) L5=L2-L4

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 -0.0811 -0.0207 0.0519 -0.0784 0.0185 -0.0006

23 -0.0001 -0.0165 -0.0012 -0.0048 -0.0019 0.0007

30 -0.0007 -0.0336 -0.0039 -0.0069 -0.0039 0.0023

31 -0.0017 -0.044 -0.0059 -0.0077 -0.0029 0.0051

40 -0.0024 -0.0488 -0.0068 -0.008 -0.0024 0.0065

50 -0.011 -0.0791 -0.0136 -0.0094 0.0004 0.0166

60 -0.0125 -0.0826 -0.0144 -0.0094 0.0004 0.0166

70 -0.0148 -0.0882 -0.0157 -0.0094 0.0004 0.0166

80 0 0 0 0 0 0

100 -0.0228 0.0097 -0.0031 -0.0239 -0.0322 0.0157

110 -0.0172 0.0074 -0.0077 -0.0237 -0.032 0.0158

120 -0.0155 0.0068 -0.0091 -0.0237 -0.032 0.0158

140 -0.0138 0.0061 -0.0104 -0.0214 -0.0296 0.0165

150 -0.0121 0.0053 -0.0116 -0.0189 -0.0273 0.018

160 -0.0103 0.0045 -0.0128 -0.0189 -0.0273 0.018

170 -0.0037 0.0015 -0.0174 -0.0187 -0.0271 0.0181

189 -0.0018 0.0006 -0.0177 -0.0144 -0.0171 0.0139

190 -0.0008 0 -0.0164 -0.0055 -0.0078 0.0103

210 0 0 -0.0017 0 0 0

220 0 0 0 0 0 0

230 0 -0.0067 -0.0002 -0.0023 -0.0008 0.0002

235 -0.0001 -0.015 -0.001 -0.0045 -0.0018 0.0006

250 0.0038 -0.0331 -0.0054 -0.0012 -0.0193 -0.0102

260 0.0062 -0.0324 -0.0066 -0.0011 -0.0194 -0.0103

270 0.0066 -0.0323 -0.0068 -0.0011 -0.0194 -0.0103

290 -0.0246 0.0104 -0.0017 -0.024 -0.0322 0.0156

310 -0.0264 0.0111 -0.0001 -0.0265 -0.0344 0.0125

320 -0.0279 0.0115 0.0012 -0.028 -0.0364 0.0106

330 -0.0296 0.0119 0.0028 -0.0298 -0.0387 0.0081

340 -0.0332 0.0124 0.0065 -0.0334 -0.043 0.0021

350 -0.035 0.0125 0.0085 -0.0345 -0.0449 0.0024

360 -0.0416 0.0129 0.016 -0.0345 -0.045 0.0025

370 -0.0434 0.013 0.0181 -0.0346 -0.045 0.0024

400 -0.0481 0.0132 0.0237 -0.046 -0.0561 -0.0006

410 -0.0483 0.0132 0.0241 -0.046 -0.0561 -0.0007

420 0 0 0 0 0 0

430 0 0 -0.0022 0 0.0001 0



435 0.0085 0 -0.0186 0.0054 0.0301 0.0057

450 0.0158 -0.0033 -0.0296 0.0171 0.0173 0.0095

460 0.0205 -0.0079 -0.0404 0.0172 0.0165 0.0096

470 0.027 -0.0152 -0.0569 0.0173 0.0144 0.0097

480 0.0278 -0.0161 -0.0592 0.0173 0.014 0.0097

510 0.025 -0.019 -0.0659 0.0156 -0.0492 0.012

515 0.013 0 -0.0824 -0.1236 -0.0173 -0.051

538 0.0093 0.033 -0.0908 -0.1653 -0.0205 -0.0829

540 0.013 0.039 -0.1002 -0.119 -0.024 -0.1035

541 0.0098 0.0383 -0.0946 -0.1476 -0.0238 -0.0895

550 0.0132 0.0389 -0.1005 -0.1186 -0.0242 -0.1037

560 0.0399 0.0287 -0.1309 -0.1178 -0.0246 -0.104

570 0.0458 0.0265 -0.1375 -0.1176 -0.0247 -0.104

590 0.1072 -0.0037 -0.1992 -0.0557 -0.0852 -0.0255

599 0.1068 -0.0052 -0.1998 -0.0493 -0.0907 0.0105

600 0.105 -0.0048 -0.197 -0.0455 -0.1001 0.0364

610 0.1002 0 -0.1844 -0.042 -0.1057 0.0312

615 0.0754 0 -0.1161 -0.0244 -0.1028 -0.0019

620 0.0456 0.018 -0.0612 -0.0033 -0.0297 0.0436

630 0.0434 0.0204 -0.0596 -0.0032 -0.0295 0.0437

640 0.0412 0.0228 -0.0579 -0.0032 -0.0293 0.0437

660 0.0394 0.0249 -0.0567 -0.0019 -0.0218 0.045

670 0.0376 0.0268 -0.0558 -0.0037 -0.0205 0.0377

680 0.0353 0.0289 -0.0546 -0.0038 -0.0205 0.0375

690 0.0332 0.0309 -0.0535 -0.0038 -0.0205 0.0373

695 -0.0153 0 -0.0289 -0.0523 -0.0314 -0.0596

710 -0.0222 -0.0102 -0.0228 -0.0591 -0.0387 -0.053

720 -0.0245 -0.0132 -0.0206 -0.0592 -0.0388 -0.0529

730 -0.0266 -0.0161 -0.0185 -0.0592 -0.0388 -0.0528

749 -0.0274 -0.0185 -0.0163 -0.055 -0.0473 -0.0296

750 -0.0261 -0.0208 -0.0141 -0.05 -0.0525 -0.0171

770 -0.0223 -0.0244 -0.0113 -0.0487 -0.0518 -0.0006

779 -0.0203 -0.0255 -0.0091 -0.04 -0.051 0.0104

780 -0.0187 -0.0246 -0.0072 -0.0289 -0.0519 0.0311

810 0 -0.003 0 0 -0.0001 0.0002

820 0 0 0 0 0 0

830 -0.0886 -0.0001 0.0813 -0.0648 -0.0546 -0.0287

840 -0.0904 -0.0014 0.0838 -0.0648 -0.0546 -0.0287

859 -0.0928 -0.0018 0.0852 -0.0644 -0.0489 -0.0391

860 -0.0951 0 0.0845 -0.0671 -0.0428 -0.0431

880 -0.0977 0.0043 0.082 -0.0673 -0.0405 -0.0488

900 -0.1034 0.0137 0.076 -0.0494 -0.0344 -0.0626

910 -0.105 0.0159 0.0742 -0.0455 -0.0335 -0.0639

930 -0.1086 0.0203 0.0696 -0.0263 -0.0286 -0.0719

940 -0.1124 0.0238 0.0644 -0.0261 -0.0286 -0.072

950 -0.1126 0.0239 0.0642 -0.0261 -0.0286 -0.072

980 -0.1154 0.0261 0.0599 -0.0186 -0.0246 -0.0801



990 -0.1167 0.0271 0.0577 -0.0183 -0.024 -0.0816

1010 -0.1192 0.0291 0.0535 -0.0194 -0.0229 -0.0845

1020 -0.1202 0.0299 0.0517 -0.0194 -0.0229 -0.0845

1040 -0.1228 0.0321 0.0472 -0.0194 -0.0229 -0.0845

1050 -0.1231 0.0324 0.0468 -0.0194 -0.0229 -0.0845

1060 -0.0784 -0.0092 0.046 -0.0784 0.0185 -0.0006

1090 -0.0762 0 0.0414 -0.0784 0.0185 -0.0006

1100 -0.075 0.0053 0.0387 -0.0763 0.0185 -0.0006

1120 -0.0725 0.0148 0.0334 -0.0597 0.0185 -0.0006

1130 -0.0717 0.017 0.0319 -0.0542 0.0187 0.0033

1140 -0.0708 0.0196 0.03 -0.0541 0.0187 0.0034

1150 -0.0699 0.0223 0.028 -0.054 0.0187 0.0035

1170 -0.0683 0.0264 0.0247 -0.0464 0.0188 0.0116

1180 -0.0655 0.0327 0.0187 -0.0379 0.0184 0.0265

1189 -0.0642 0.0335 0.0175 -0.0308 0.0172 0.033

1190 -0.0625 0.0325 0.0175 -0.0268 0.0157 0.0438

1195 -0.0471 0.0139 0.0226 -0.0188 0.0099 0.0438

1210 -0.0333 0.0021 0.0246 -0.0115 0.0009 0.0238

1219 -0.0296 0.0002 0.0251 -0.007 -0.0067 0.0118

1230 -0.0287 -0.0001 0.0264 -0.0025 -0.0125 0.0071

1250 -0.0278 -0.0002 0.0288 -0.0002 -0.0172 -0.0035

1260 -0.0275 -0.0002 0.0295 -0.0002 -0.0172 -0.0035

1270 -0.0247 -0.0003 0.0358 -0.0002 -0.0174 -0.0039

1300 -0.0222 0 0.0404 0.0032 -0.0239 -0.0242

1310 -0.0204 0.0002 0.0435 0.0032 -0.024 -0.0243

1330 -0.0727 0.0096 0.059 -0.0581 -0.0572 -0.0114

1350 -0.0745 0.009 0.0616 -0.0591 -0.0564 -0.0129

1360 -0.078 0.0074 0.0666 -0.0628 -0.0554 -0.0233

1370 -0.0798 0.0062 0.0691 -0.0646 -0.0547 -0.0283

1390 0.0232 -0.0183 -0.063 0.0274 -0.0721 0.0173

1400 0.021 -0.0173 -0.0589 0.0277 -0.0726 0.0174

1410 0.0124 -0.0135 -0.0431 0.0288 -0.0735 0.0175

1420 0.0096 -0.0123 -0.0379 0.0291 -0.0734 0.0174

1430 0.0096 -0.0122 -0.0378 0.0297 -0.0732 0.0173

1439 0.008 -0.0124 -0.0347 0.039 -0.0624 0.0031

1440 0.0076 -0.0139 -0.0319 0.0548 -0.0561 -0.0134

1450 0.0076 -0.014 -0.0318 0.0551 -0.0556 -0.0136

1460 0.0112 -0.0242 -0.0176 0.0546 -0.0544 -0.0141

1470 0.0113 -0.0245 -0.0172 0.0545 -0.0544 -0.0141

1480 0.0121 -0.0268 -0.0141 0.0541 -0.0541 -0.0142

1510 0.0135 -0.0299 -0.0111 0.0169 -0.0364 -0.0204

1540 0.0793 -0.0661 -0.1562 -0.3406 -0.0101 -0.1046

1560 0.1477 -0.0911 -0.3805 -0.3648 -0.007 -0.1103

1580 0.1603 -0.0956 -0.4222 -0.3613 -0.0056 -0.108

1590 0.162 -0.0962 -0.4281 -0.3613 -0.0056 -0.108

1600 -0.0026 -0.0479 -0.0113 -0.008 -0.0024 0.0065

1610 -0.0028 -0.0474 -0.0137 -0.008 -0.0024 0.0065



1620 -0.0029 -0.0472 -0.0149 -0.008 -0.0024 0.0065

1630 0.1171 0.1577 -0.1767 -0.2975 -0.0714 -0.0567

1640 0.1142 0.1536 -0.1716 -0.2975 -0.0714 -0.0567

1645 0.1039 0.1374 -0.1514 -0.2663 -0.0819 -0.0664

1660 0.0364 0.0231 -0.0231 -0.0631 -0.0349 -0.047

1670 0.0346 0.0209 -0.0215 -0.063 -0.0348 -0.047

1680 0.0329 0.0189 -0.02 -0.0629 -0.0347 -0.047

1700 0.0311 0.0168 -0.0185 -0.0574 -0.0304 -0.0446

1705 0.0104 0 -0.0125 -0.0132 0.0012 -0.0423

1720 0.0059 -0.0055 -0.0128 -0.0037 0.0032 -0.0556

1729 0.0044 -0.0079 -0.0123 -0.0035 0.0047 -0.0714

1730 0.0036 -0.0091 -0.0109 0.0022 0.0055 -0.0776

1760 0.002 -0.0059 -0.0001 0.0213 0.0059 -0.1191

1770 0.0018 -0.0047 0.0017 0.0267 0.0057 -0.1178

1775 0.0009 0 0.008 0.0262 0.0045 -0.1136

1780 0.0004 0.0029 0.0142 0.0112 0.002 -0.1093

1790 0.0003 0.0033 0.0159 0.0072 0.0011 -0.1082

1800 0.0003 0.0036 0.0177 0.003 0 -0.1069

1810 0.0006 0.0031 0.0232 -0.0095 -0.0038 -0.1031

1820 0.0008 0.0026 0.0249 -0.0132 -0.0052 -0.102

1830 0.001 0.0019 0.0268 -0.0158 -0.006 -0.1033

1835 0.0017 0 0.0309 -0.02 -0.008 -0.1063

1840 0.0032 -0.0032 0.0369 -0.0191 -0.0115 -0.1107

1850 0.0037 -0.004 0.0387 -0.019 -0.0115 -0.1107

1860 0.0042 -0.0049 0.0404 -0.019 -0.0115 -0.1107

1870 0.0042 -0.0049 0.0405 -0.0188 -0.0116 -0.1108

1880 0.0048 -0.0057 0.0422 -0.0148 -0.0129 -0.112

1890 0.0054 -0.0063 0.0441 -0.01 -0.0141 -0.1141

1900 0.0061 -0.0066 0.0459 -0.0043 -0.0155 -0.1162

1910 0.0068 -0.0067 0.0476 0.0018 -0.0168 -0.1182

1920 0.0076 -0.0064 0.0494 0.0084 -0.0182 -0.11

1930 0.0091 -0.0053 0.0526 0.0157 -0.0212 -0.0957

1940 0.0101 -0.0046 0.0543 0.0173 -0.023 -0.088

1948 0.0112 -0.0037 0.0561 0.0172 -0.0251 -0.0798

1949 0.0129 -0.0021 0.0571 0.0057 -0.034 -0.0672

1950 0.0149 -0.0001 0.0563 -0.0055 -0.0428 -0.0386

1970 -0.0155 -0.075 -0.0141 -0.0136 0.0082 0.054

1980 -0.0179 -0.0717 -0.0146 -0.0137 0.0082 0.0544

2020 -0.0075 0.0019 0.0647 0.0029 -0.024 -0.025

2030 -0.0056 0.0022 0.0677 0.0028 -0.024 -0.0251

2049 -0.0043 0.0016 0.0692 -0.0037 -0.0244 -0.0278

2050 -0.0028 0 0.0696 -0.0105 -0.0249 -0.0319

2070 0.0053 -0.0088 0.0657 -0.0242 -0.0234 -0.0401

2080 0.0348 -0.0328 0.0385 -0.067 -0.0193 -0.0555

2089 0.0397 -0.0352 0.0313 -0.0803 -0.0183 -0.058

2100 0.0399 -0.0326 0.0286 -0.0873 -0.0176 -0.0591

2110 0.0395 -0.0306 0.0276 -0.0874 -0.0176 -0.0591



2120 0.0382 -0.0241 0.0247 -0.0874 -0.0176 -0.0591

2125 0.0326 0 0.0122 -0.055 -0.0185 -0.0648

2150 0.0265 0.0102 0.0002 -0.022 -0.0221 -0.0704

2170 0.0232 0.0119 -0.0059 -0.0052 -0.0215 -0.0888

2179 0.0218 0.0105 -0.007 -0.0016 -0.0224 -0.0947

2180 0.02 0.0069 -0.0068 -0.0009 -0.0231 -0.1009

2210 0.0142 -0.008 -0.0034 -0.004 -0.0217 -0.0966

2218 0.0124 -0.0124 -0.0024 -0.0049 -0.0205 -0.091

2219 0.0097 -0.0148 -0.0016 -0.0052 -0.0172 -0.0716

2220 0.0069 -0.0144 -0.0012 -0.0054 -0.0149 -0.0495

2240 0 -0.003 0 0 0 -0.0001

2250 0 0 0 0 0 0

2260 0.0091 -0.0317 -0.008 -0.001 -0.0195 -0.0104

2280 0.0116 -0.0308 -0.0095 0.0064 -0.0278 -0.0158

2300 0.026 0.0195 0.0121 -0.011 0.0093 0.0175

2309 0.0264 0.0198 0.0123 -0.0095 0.0091 0.0173

2310 0.0269 0.0198 0.0124 -0.0086 0.0088 0.0171

2340 0.0355 0.0164 0.0141 0.0058 0.0059 0.0138

2349 0.036 0.0162 0.014 0.0066 0.0051 0.0134

2350 0.0362 0.0161 0.0136 0.0079 0.0043 0.0132

2390 0.0364 0.0154 0.0107 0.0105 0.0028 0.0115

2400 0.0365 0.0152 0.0102 0.0105 0.0028 0.0115

2410 0.0365 0.0151 0.0095 0.0105 0.0028 0.0115

2415 0.0365 0.0127 0.0026 0.0168 -0.0028 0.006

2440 0.0356 0.0095 -0.004 0.0207 -0.009 0.0007

2490 0.0344 0.0073 -0.0081 0.0221 -0.0131 -0.0025

2540 0.0329 0.005 -0.0122 0.0227 -0.0175 -0.0057

2545 0.0292 0 -0.0204 0.0242 -0.0175 -0.0057

2570 0.0281 -0.0015 -0.0229 0.0242 -0.0175 -0.0057

2579 0.0277 -0.0018 -0.0233 0.0242 -0.0175 -0.0057

2580 0.0272 -0.002 -0.0232 0.0242 -0.0175 -0.0057

2610 0.0246 -0.0023 -0.0221 0.0242 -0.0175 -0.0057

2620 0.024 -0.0024 -0.0218 0.0242 -0.0175 -0.0057

2640 0.0157 -0.0036 -0.0181 0.0242 -0.0175 -0.0057

2650 0.0088 -0.0046 -0.0151 0.0242 -0.0175 -0.0057

2660 0.0065 -0.005 -0.0141 0.0242 -0.0175 -0.0057

2690 0.0023 -0.0056 -0.0122 0.0242 -0.0175 -0.0057

2700 0.0016 -0.0057 -0.0119 0.0242 -0.0175 -0.0057

2710 0.0011 -0.0057 -0.0117 0.0242 -0.0175 -0.0057

2730 -0.0069 -0.0069 -0.0081 0.0242 -0.0175 -0.0057

2820 -0.074 0.0072 0.0589 -0.0585 -0.0558 -0.0093

2830 -0.0731 -0.0013 0.0466 -0.0555 -0.0531 -0.0024

2839 -0.0724 -0.0027 0.0438 -0.0531 -0.0519 -0.0049

2840 -0.0708 -0.0031 0.0411 -0.0517 -0.0499 -0.0083

2845 -0.0563 0 0.0234 -0.0457 -0.0468 -0.0048

2860 -0.0423 0.0002 0.0072 -0.0398 -0.0445 0.0014

2870 -0.0405 0.0001 0.0051 -0.0398 -0.0445 0.0014



2880 -0.0338 -0.0001 -0.0024 -0.0397 -0.0445 0.0014

2899 -0.0323 0.0005 -0.0035 -0.0389 -0.0443 -0.0034

2900 -0.0319 0.002 -0.0028 -0.037 -0.0445 -0.0069

2920 -0.0332 0.0107 0.005 -0.0341 -0.0433 -0.0011

2930 0.003 -0.0108 0.0428 -0.0146 -0.013 -0.1114

2940 -0.0014 -0.023 0.0443 -0.0141 -0.0137 -0.1093

2949 -0.0045 -0.0264 0.0451 -0.0142 -0.0152 -0.1052

2950 -0.0089 -0.0265 0.0458 -0.0143 -0.0159 -0.1007

2960 -0.0092 -0.0265 0.0459 -0.0143 -0.016 -0.1007

2970 -0.0477 -0.0104 0.052 -0.0174 -0.022 -0.0888

2980 -0.0518 -0.0086 0.0528 -0.0174 -0.022 -0.0888

2990 -0.0793 0.0037 0.0583 -0.0176 -0.0221 -0.0886

3000 -0.0795 0.0037 0.0583 -0.0177 -0.0221 -0.0885

3010 -0.0916 0.0094 0.0611 -0.0227 -0.0243 -0.0828

3019 -0.0942 0.0104 0.0627 -0.0298 -0.0268 -0.0758

3020 -0.0942 0.0098 0.0647 -0.0369 -0.0304 -0.0721

3030 -0.0942 0.0097 0.0648 -0.037 -0.0304 -0.072

3040 -0.093 0.0083 0.0662 -0.0383 -0.0309 -0.07

3050 -0.0917 0.0066 0.0679 -0.0399 -0.0315 -0.0676

3060 -0.0208 -0.0677 -0.0152 -0.0137 0.0083 0.0548

3090 -0.0234 -0.0632 -0.016 -0.0193 0.0171 0.0908

3100 -0.0342 -0.0378 -0.0208 -0.0202 0.0184 0.0951

3110 -0.0427 -0.017 -0.0249 -0.0209 0.0193 0.0967

3120 -0.045 -0.0115 -0.026 -0.0211 0.0194 0.0969

3139 -0.0459 -0.007 -0.0279 -0.0318 0.0472 0.1088

3140 -0.0443 -0.0038 -0.0302 -0.0425 0.0717 0.1118

3145 -0.0375 0 -0.0337 -0.0391 0.0815 0.1103

3160 0.0053 0.0085 -0.053 -0.0029 0.0758 0.102

3169 0.0095 0.0091 -0.0546 0.002 0.0556 0.0958

3170 0.0137 0.0105 -0.0554 0.0051 0.0442 0.0863

3200 -0.1005 0.0119 0.0738 -0.0444 -0.033 -0.0649

3210 -0.0975 0.0101 0.0718 -0.0444 -0.033 -0.0649

3220 -0.0947 0.0084 0.0699 -0.0443 -0.0329 -0.065

3250 -0.0243 -0.0257 0.0515 -0.0054 -0.0208 -0.1049

3270 -0.0114 -0.0302 0.0511 0.0002 -0.017 -0.1281

3280 -0.0107 -0.0304 0.0511 0.0002 -0.017 -0.1281

3290 -0.0015 -0.0333 0.0511 0.0002 -0.017 -0.1283

3300 0.0016 -0.0232 0.0498 0.0002 -0.017 -0.1283

3310 0.0034 -0.0173 0.049 0.0002 -0.017 -0.1283

3390 0.0294 0.0044 -0.0105 0.0213 -0.021 -0.0078

3400 0.0284 0.0042 -0.0099 0.0213 -0.021 -0.0078

3420 0.0218 0.0025 -0.0061 0.0186 -0.0249 -0.0117

3430 0.0195 0.0019 -0.0046 0.0186 -0.0249 -0.0117

3470 0.0161 0.0007 -0.0024 0.0172 -0.0252 -0.0137

3475 0.014 0 -0.0011 0.0163 -0.025 -0.0148

3500 0.0119 -0.0008 0.0002 0.0155 -0.0245 -0.0158

3510 0.0113 -0.0011 0.0006 0.0155 -0.0245 -0.0158



3520 0.003 -0.0044 0.0057 0.0155 -0.0245 -0.0158

3550 0.0002 -0.0055 0.0074 0.0146 -0.0223 -0.0148

3559 -0.0002 -0.0058 0.0077 0.0141 -0.0209 -0.014

3560 -0.0002 -0.0063 0.008 0.0135 -0.02 -0.0132

3590 0.0006 -0.0089 0.0088 0.0124 -0.0162 -0.0114

3600 0.0012 -0.0112 0.0095 0.0124 -0.0161 -0.0114

3630 0.0018 -0.0134 0.0102 0.0111 -0.0137 -0.0101

3639 0.0019 -0.0139 0.0101 0.01 -0.013 -0.0095

3640 0.0018 -0.0141 0.0097 0.0088 -0.0118 -0.0091

3670 0.001 -0.0147 0.0068 0.0057 -0.0085 -0.0061

3680 0.0009 -0.0148 0.0061 0.0057 -0.0085 -0.0061

3720 -0.0249 0.0076 -0.0037 -0.0554 -0.01 -0.0438

3730 -0.0232 0.0062 -0.0058 -0.0555 -0.01 -0.0438

3760 -0.02 0.0037 -0.0096 -0.0627 -0.0015 -0.0524

3770 -0.0187 0.0027 -0.0112 -0.0627 -0.0015 -0.0524

3818 -0.0083 -0.0059 -0.0253 -0.0661 0.0102 -0.0385

3819 -0.0079 -0.0069 -0.0266 -0.0661 0.0113 -0.0327

3820 -0.0084 -0.0078 -0.0274 -0.0661 0.0128 -0.0266

3827 -0.0405 0 -0.0345 -0.0578 -0.0145 0.0209

3830 -0.0501 0.0046 -0.0275 -0.0553 -0.045 0.0193

3840 -0.0511 0.0051 -0.0263 -0.0553 -0.045 0.0193

3868 -0.0535 0.0063 -0.0233 -0.0547 -0.0545 0.0212

3871 -0.0538 0.0063 -0.0219 -0.0542 -0.0611 0.0227

3890 -0.0529 0.0055 -0.0207 -0.0536 -0.0674 0.024

3900 -0.0203 -0.013 -0.0044 -0.03 -0.0708 0.0469

3909 -0.0193 -0.0132 -0.0038 -0.0267 -0.0671 0.0469

3910 -0.0185 -0.0128 -0.0034 -0.0235 -0.0647 0.0472

3940 -0.0131 -0.0084 -0.0013 -0.0131 -0.0438 0.0466

3950 -0.0119 -0.0074 -0.001 -0.0131 -0.0438 0.0466

3970 -0.0088 -0.0045 -0.0003 -0.0079 -0.0306 0.0404

3980 -0.0068 -0.0026 0.0001 -0.0079 -0.0305 0.0403

3990 -0.0043 0.0003 0.0006 -0.0043 -0.0173 0.0282

3999 -0.0038 0.0006 0.0005 -0.0038 -0.0149 0.0219

4000 -0.0033 0.0006 0.0004 -0.0038 -0.0109 0.0154

4030 -0.0005 0 0 0 0 0

4040 0 0 0 0 0 0

4070 -0.0123 0.0027 -0.0124 -0.0252 -0.0231 -0.0485

4080 -0.0104 0.0012 -0.0134 -0.0252 -0.0231 -0.0486

4110 -0.0067 -0.0013 -0.0149 -0.0245 -0.0208 -0.0633

4120 -0.0051 -0.0023 -0.0156 -0.0245 -0.0208 -0.0633

4140 0.0132 -0.0134 -0.0215 -0.0163 -0.0168 -0.0614

4149 0.0137 -0.0141 -0.0216 -0.0149 -0.0169 -0.059

4150 0.0136 -0.0149 -0.0215 -0.0141 -0.0168 -0.0564

4190 -0.0176 -0.039 -0.0012 0.0351 -0.0474 -0.0112

4200 -0.0186 -0.0393 0 0.0351 -0.0474 -0.0112

4220 -0.0214 -0.04 0.0037 0.0396 -0.0542 -0.0091

4229 -0.0216 -0.0399 0.0044 0.0407 -0.0574 -0.0081



4230 -0.0211 -0.0395 0.0051 0.0422 -0.0605 -0.0073

4260 0.0015 -0.0229 0.0185 0.0547 -0.0642 0.0041

4269 0.0022 -0.0222 0.0187 0.0556 -0.0622 0.0042

4270 0.0025 -0.0215 0.0182 0.0563 -0.0609 0.0044

4300 0.0029 -0.0183 0.0137 0.0579 -0.0528 0.0044

4310 0.003 -0.0174 0.0122 0.0579 -0.0528 0.0044

4330 0.0032 -0.0145 0.008 0.0584 -0.0455 0.0008

4340 0.0033 -0.0126 0.0052 0.0584 -0.0455 0.0008

4350 0.0031 -0.0097 0.001 0.0578 -0.0382 -0.007

4359 0.0032 -0.009 0.0006 0.0574 -0.036 -0.0112

4360 0.0035 -0.0082 0.0007 0.0569 -0.0329 -0.014

4400 0.006 -0.0033 0.0042 0.0553 -0.0236 -0.0291

4580 0.0173 -0.0027 -0.0009 0.0172 -0.0252 -0.0137

4590 0.0176 -0.0037 -0.0005 0.0172 -0.0252 -0.0137

4610 0.0193 -0.0086 0.0016 0.0172 -0.0252 -0.0137

4619 0.0193 -0.0091 0.0019 0.0172 -0.0252 -0.0137

4620 0.0189 -0.0094 0.0023 0.0172 -0.0252 -0.0137

4650 0.0036 -0.0147 0.0121 0.0172 -0.0252 -0.0137

4659 0.0032 -0.0151 0.0124 0.0172 -0.0252 -0.0137

4660 0.0032 -0.0155 0.0127 0.0172 -0.0252 -0.0137

4690 0.0064 -0.0247 0.0167 0.0172 -0.0252 -0.0137

4700 0.0066 -0.0253 0.017 0.0172 -0.0252 -0.0137

4710 0.0095 -0.0336 0.0205 0.0172 -0.0252 -0.0137

4740 0.0104 -0.0365 0.0218 0.0172 -0.0252 -0.0137

4750 0.0112 -0.0388 0.0228 0.0172 -0.0252 -0.0137

4780 0.0122 -0.0417 0.024 0.0172 -0.0252 -0.0137

4789 0.0123 -0.0422 0.024 0.0172 -0.0252 -0.0137

4790 0.0121 -0.0425 0.0237 0.0172 -0.0252 -0.0137

4820 0.0102 -0.0438 0.0207 0.0172 -0.0252 -0.0137

4830 0.0097 -0.0441 0.0201 0.0172 -0.0252 -0.0137

4840 0.0094 -0.0443 0.0195 0.0172 -0.0252 -0.0137

4850 0.015 0 0.0562 -0.0057 -0.0429 -0.0382

4857 0.0381 0 0.0266 -0.0556 -0.0517 0.0216

4860 0.045 -0.0038 0.0179 -0.0705 -0.0471 0.0203

4869 0.0472 -0.0056 0.0169 -0.0737 -0.0403 0.0164

4870 0.0491 -0.0087 0.0178 -0.0804 -0.0335 0.0149

4890 0.0577 -0.0333 0.0294 -0.0813 -0.0264 -0.0047

4900 0.0589 -0.037 0.0312 -0.0813 -0.0264 -0.0047

4910 0.061 -0.0434 0.0343 -0.0812 -0.0264 -0.0048

4920 0.0607 -0.0405 0.0402 -0.0811 -0.0264 -0.0049

4980 0.0038 0.0001 0.0002 0.0348 -0.0089 -0.02

4989 0.0035 0.0004 -0.0001 0.0275 -0.0079 -0.0165

4990 0.003 0.0005 -0.0002 0.023 -0.0058 -0.0124

5020 0.0005 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 0.0001 0 0 0



5060 0.0006 0 0.0056 0.0002 -0.0201 0

5070 0.001 0 0.0064 0.0002 -0.0202 0

5080 0.0123 0.0001 0.0128 0.0007 -0.1188 0.0002

5089 0.0143 0.0001 0.0126 0.0007 -0.1396 0.0002

5090 0.0156 0.0001 0.0108 0.0007 -0.1593 0.0002

5110 0.0245 0 -0.0325 0.0009 -0.1973 0.001

5119 0.0261 0 -0.0349 0.0009 -0.1893 0.0012

5120 0.0288 0 -0.0354 0.0009 -0.1801 0.0013

5140 0.0462 0.0001 -0.0313 0.0008 -0.1523 0.0021

5150 0.0492 0.0001 -0.0305 0.0008 -0.1522 0.0021

5155 0.0915 0 -0.014 -0.0018 -0.0531 0.0054

5157 0.0821 0 0.0135 0.0074 0.0715 0.0109

5160 0.0176 -0.0002 0.037 -0.0272 0.1378 0.0156

5169 0.0157 -0.0008 0.0374 -0.0324 0.1403 0.0161

5170 0.0147 -0.0016 0.0371 -0.0364 0.1421 0.0167

5190 0.0141 -0.003 0.0357 -0.0377 0.1457 0.0167

5199 0.0136 -0.0034 0.0344 -0.0364 0.147 0.0167

5200 0.013 -0.0034 0.0322 -0.0347 0.1477 0.0165

5220 0.0043 -0.0005 0.0051 -0.0084 0.0685 0.0071

5230 0.0028 -0.0003 0.0025 -0.0083 0.0683 0.0071

5240 -0.0708 0.0101 0.0564 -0.0581 -0.0572 -0.0114

5250 -0.0659 0.0115 0.0493 -0.058 -0.0572 -0.0113

5260 -0.0642 0.012 0.0468 -0.058 -0.0572 -0.0113

5290 -0.0596 0.013 0.0401 -0.0466 -0.0564 -0.001

5300 -0.0593 0.013 0.0397 -0.0466 -0.0564 -0.001

5320 -0.0264 -0.0106 0.0298 -0.0216 -0.0103 -0.0979

5340 -0.0152 -0.0151 0.0275 -0.0159 -0.0066 -0.099

5350 -0.0146 -0.0154 0.0274 -0.0159 -0.0066 -0.099

5360 -0.0075 -0.0182 0.0263 -0.0159 -0.0066 -0.099

5370 -0.0044 -0.0104 0.0258 -0.0159 -0.0066 -0.099

5380 -0.0026 -0.0059 0.0255 -0.0158 -0.0066 -0.099

5410 0.1168 0.1518 -0.1853 -0.3017 -0.0684 -0.0546

5420 0.1191 0.1501 -0.1985 -0.3017 -0.0684 -0.0545

5440 0.1216 0.1483 -0.2123 -0.3018 -0.0683 -0.0545

5450 0.163 0.1177 -0.465 -0.3452 -0.0191 -0.0647

5459 0.1658 0.1109 -0.4772 -0.3504 -0.0179 -0.0724

5470 0.1675 0.0972 -0.4812 -0.3557 -0.0134 -0.0755

5480 0.1692 0.0382 -0.4746 -0.362 -0.0079 -0.0894

5485 0.1699 0 -0.4705 -0.3674 -0.0061 -0.0983

5500 0.1705 -0.0382 -0.4664 -0.3628 -0.0057 -0.1071

5510 0.1708 -0.0548 -0.4646 -0.3612 -0.0055 -0.1079

5520 0.171 -0.0713 -0.4628 -0.3612 -0.0055 -0.108

5530 0 0 0 0 0 0

5550 0 -0.0022 0 0 0.0002 0.0001

5560 0 -0.0043 0 0 0.0002 0.0001

5570 0 -0.0066 0 0 0.0002 0.0001

5600 -0.0001 -0.0112 0 -0.0011 0.0023 0.0018



5609 0 -0.0116 -0.0001 -0.0017 0.0027 0.0029

5610 0.0004 -0.0118 -0.0003 -0.0019 0.0035 0.0037

5640 0.0114 -0.013 -0.0037 -0.0147 0.0085 0.0132

5649 0.0119 -0.0129 -0.0038 -0.0155 0.0087 0.0135

5650 0.0122 -0.0125 -0.0036 -0.0166 0.009 0.014

5720 -0.0287 -0.0244 -0.0023 -0.0072 0.0089 -0.0934

5740 -0.0168 -0.0289 -0.0024 0.0129 0.0061 -0.1261

5750 -0.0153 -0.0293 -0.0023 0.0129 0.0061 -0.1261

5760 -0.0005 -0.0154 -0.01 -0.0048 -0.0019 0.0007

5770 -0.0005 -0.0155 -0.009 -0.0048 -0.0019 0.0007

5780 -0.0004 -0.0158 -0.0068 -0.0048 -0.0019 0.0007

5830 -0.0816 0.0049 0.0717 -0.0647 -0.0547 -0.0283

5860 -0.0139 0.0011 0.0541 0.0032 -0.024 -0.0246

6188 0.0782 -0.024 -0.1608 -0.3641 -0.0085 -0.1066

6189 0.0796 -0.011 -0.1679 -0.3664 -0.0069 -0.1079

6190 0.0835 -0.0068 -0.182 -0.3582 -0.0061 -0.1097

6200 0.0838 -0.0069 -0.1828 -0.3581 -0.006 -0.1097

6210 0.09 -0.0092 -0.2031 -0.358 -0.006 -0.1097

6420 0.0029 -0.0063 0.0617 -0.0242 -0.0234 -0.0401

6429 0.0028 -0.0062 0.0612 -0.0242 -0.0234 -0.0401

6430 0.0031 -0.0065 0.0608 -0.0242 -0.0234 -0.0401

6460 0.006 -0.0094 0.0591 -0.0242 -0.0234 -0.0401

6470 0.0068 -0.0102 0.0586 -0.0242 -0.0234 -0.0401

6480 0.0077 -0.0111 0.058 -0.0242 -0.0234 -0.0401

6490 0.0099 -0.0133 0.0567 -0.0242 -0.0234 -0.0401

6500 0.0116 -0.0149 0.0557 -0.0242 -0.0234 -0.0401

6520 -0.0013 -0.0165 -0.0006 0.0133 0.0061 -0.1264

6540 0.0325 0.0142 -0.0167 -0.0557 -0.0302 -0.0491

6550 0.035 0.0096 -0.0133 -0.0495 -0.0291 -0.0575

6560 0.0365 0.0072 -0.0113 -0.0494 -0.0291 -0.0576

6670 0.0141 -0.0064 0.0551 0.0173 -0.023 -0.088

6680 0.0182 -0.0082 0.0559 0.0173 -0.023 -0.088

6690 0.022 -0.0099 0.0566 0.0173 -0.023 -0.088

6710 0.1341 -0.0603 0.0787 0.0173 -0.023 -0.088

6720 -0.077 0.0057 0.0639 -0.0628 -0.0554 -0.0233

6730 -0.0759 0.0038 0.0609 -0.0628 -0.0554 -0.0233

6740 -0.0757 0.0035 0.0605 -0.0628 -0.0554 -0.0233

6750 0.0296 0.0084 -0.001 -0.0293 -0.0238 -0.0668

6770 0.0379 0.0032 -0.006 -0.0491 -0.029 -0.0578

6780 0.0394 0.0022 -0.0073 -0.0491 -0.029 -0.0578

6920 -0.1083 0.023 0.0558 -0.0183 -0.024 -0.0816

6930 -0.1075 0.0226 0.0557 -0.0183 -0.024 -0.0816

6940 -0.1066 0.0222 0.0554 -0.0183 -0.024 -0.0816

6960 -0.1013 0.0196 0.0543 -0.0183 -0.024 -0.0816

6970 -0.0979 0.018 0.0535 -0.0183 -0.024 -0.0816

7000 -0.0927 0.0003 0.0751 -0.0673 -0.0405 -0.0488

7010 -0.0922 -0.0001 0.0744 -0.0673 -0.0405 -0.0488



7020 -0.0916 -0.0006 0.0736 -0.0673 -0.0405 -0.0488

7040 -0.089 -0.0027 0.07 -0.0673 -0.0405 -0.0488

7050 -0.0869 -0.0044 0.0672 -0.0673 -0.0405 -0.0488

7080 -0.0749 0.0013 0.0309 -0.0763 0.0185 -0.0006

7090 -0.0749 0.0007 0.0298 -0.0763 0.0185 -0.0006

7100 -0.0749 0 0.0286 -0.0763 0.0185 -0.0006

7120 -0.0749 -0.0021 0.0244 -0.0763 0.0185 -0.0006

7130 -0.0748 -0.0037 0.0213 -0.0763 0.0185 -0.0006

7140 -0.03 0.0102 0.0015 -0.0298 -0.0387 0.0081

7150 -0.0304 0.0083 0.0001 -0.0298 -0.0387 0.0081

7160 0.0053 0.0015 0.0162 0.0072 0.0011 -0.1082

7170 0.015 -0.002 0.0169 0.0072 0.0011 -0.1082

7180 0.0151 -0.0082 -0.0017 -0.004 -0.0217 -0.0966

7190 0.0165 -0.0084 0.0008 -0.004 -0.0217 -0.0966

7200 0.017 -0.0085 0.0018 -0.004 -0.0217 -0.0966

7230 0.1788 0.0339 -0.5134 -0.362 -0.0079 -0.0894

7240 0.1882 0.0298 -0.5513 -0.362 -0.0079 -0.0894

7440 0.0182 0.0021 0.0041 -0.0223 0.0091 0.0174

7450 0.0178 0.0011 0.0035 -0.0223 0.0091 0.0174

7480 0.0165 -0.0017 0.0019 -0.0221 0.0091 0.0169

7490 0.0155 -0.004 0.0006 -0.0221 0.0091 0.0169

7530 -0.0672 0.0305 0.0295 -0.0464 0.0188 0.0116

7540 -0.0667 0.0321 0.0314 -0.0464 0.0188 0.0116

7580 0.1137 -0.0177 -0.2804 -0.3579 -0.006 -0.1097

7590 0.1154 -0.0183 -0.2859 -0.3579 -0.006 -0.1097

7600 0.1656 -0.0364 -0.4499 -0.3583 -0.0059 -0.1094

7620 0.0356 0.0101 -0.0044 0.0207 -0.009 0.0007

7630 0.0356 0.0101 -0.0044 0.0207 -0.009 0.0007

7640 0.0356 0.0122 -0.0055 0.0207 -0.009 0.0007

7650 0.0356 0.0122 -0.0055 0.0207 -0.009 0.0007

7660 0.0356 0.0139 -0.0064 0.0207 -0.009 0.0007

7700 -0.0304 0.008 -0.0001 -0.0298 -0.0387 0.0081

7710 -0.017 0.006 0.0537 0.0032 -0.024 -0.0246

7720 -0.0184 0.0084 0.0535 0.0032 -0.024 -0.0246

7750 0.014 -0.01 -0.0456 0.0288 -0.0735 0.0175

7760 0.014 -0.0099 -0.0456 0.0288 -0.0735 0.0175

7770 0.0147 -0.0083 -0.0468 0.0288 -0.0735 0.0175

7790 0.0213 -0.0044 -0.0419 0.0172 0.0165 0.0096

7800 0.0217 -0.0028 -0.0426 0.0172 0.0165 0.0096

7870 0.112 -0.0171 -0.2749 -0.3579 -0.006 -0.1097

7900 0.1374 -0.0263 -0.3577 -0.358 -0.006 -0.1096

7930 0.1594 -0.0342 -0.4296 -0.3582 -0.006 -0.1095

7970 0.0345 0.0066 -0.0077 0.0221 -0.0131 -0.0025

7980 0 0 0 0 0 0

8000 0.1715 -0.0997 -0.4597 -0.3612 -0.0055 -0.108

8030 0.0008 -0.0149 0.0055 0.0057 -0.0085 -0.0061

8050 -0.0012 -0.0452 0.0006 -0.0077 -0.0029 0.0051



8500 -0.0031 -0.0223 -0.0008 0.0132 0.0061 -0.1264

8510 -0.0063 -0.0322 -0.0013 0.013 0.0061 -0.1263
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DISPLACEMENTS REPORT: Nodal Movements

CASE 4 (SUS) W+P1

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 0.0258 -0.0191 0.0351 -0.0844 -0.0366 0.0109

23 -0.0007 -0.0001 -0.0001 -0.0006 -0.0006 0.0036

30 -0.0031 -0.0002 -0.0004 -0.0005 -0.0012 0.0074

31 -0.0049 -0.0003 -0.0005 -0.0003 -0.0012 0.0064

40 -0.0057 -0.0003 -0.0006 -0.0002 -0.0013 0.0059

50 -0.0091 -0.0004 -0.0008 -0.0004 -0.0014 0.003

60 -0.0093 -0.0004 -0.0008 -0.0004 -0.0014 0.003

70 -0.0098 -0.0004 -0.0008 -0.0004 -0.0014 0.003

80 0 0 0 0 0 0

100 -0.0009 -0.0866 -0.0015 0.05 0.0035 -0.1385

110 -0.0009 -0.0668 -0.001 0.05 0.0034 -0.14

120 -0.0009 -0.0607 -0.0008 0.05 0.0034 -0.1404

140 -0.0009 -0.0544 -0.0007 0.0504 0.003 -0.1569

150 -0.0009 -0.0474 -0.0006 0.0502 0.0025 -0.1724

160 -0.0009 -0.0395 -0.0005 0.0502 0.0025 -0.1727

170 -0.0009 -0.0105 0 0.0502 0.0025 -0.173

189 -0.0009 -0.0033 0 0.0413 -0.0001 -0.1468

190 -0.0008 0 0 0.0154 -0.0022 -0.125

210 0 0 0 -0.0001 0 -0.0003

220 0 0 0 0 0 0

230 -0.0001 -0.0001 0 -0.0003 -0.0002 0.0015

235 -0.0006 -0.0001 -0.0001 -0.0006 -0.0005 0.0033

250 -0.0031 -0.0031 -0.0007 -0.0018 -0.0035 0.0361

260 -0.0031 -0.0053 -0.0009 -0.0018 -0.0035 0.0363

270 -0.0031 -0.0057 -0.0009 -0.0018 -0.0035 0.0363

290 -0.0009 -0.0929 -0.0016 0.05 0.0035 -0.138

310 -0.0009 -0.0987 -0.0018 0.0495 0.0036 -0.1129

320 -0.0009 -0.1025 -0.0019 0.0496 0.0036 -0.0942

330 -0.0009 -0.1061 -0.0021 0.0496 0.0036 -0.0726

340 -0.0009 -0.1107 -0.0024 0.0497 0.0035 -0.0302

350 -0.0009 -0.112 -0.0026 0.0497 0.0035 -0.0261

360 -0.0009 -0.1163 -0.0032 0.0497 0.0035 -0.0256

370 -0.0009 -0.1175 -0.0033 0.0497 0.0035 -0.0254

400 -0.0009 -0.1171 -0.0037 0.0502 0.0009 0.0919

410 -0.0009 -0.1165 -0.0037 0.0502 0.0009 0.092

420 0 0 0 0 0 0

430 0 0 0 -0.0001 0 0



435 0.0027 0 0 0.0298 0.0107 0.0149

450 0.0059 -0.0123 0 0.0283 0.011 0.0249

460 0.0089 -0.0197 0 0.0257 0.0109 0.0251

470 0.0134 -0.0294 0 0.0206 0.0106 0.0254

480 0.014 -0.0305 0 0.02 0.0105 0.0254

510 0.0148 -0.0281 0 -0.0409 -0.0009 0.0315

515 0.0155 0 0 -0.0326 0.0041 0.026

538 0.0166 -0.0003 0 0.0196 0.0066 0.0232

540 0.0159 -0.0017 0.0013 0.0223 0.01 0.02

541 0.0166 -0.0013 0.0004 0.025 0.0087 0.022

550 0.0159 -0.0017 0.0014 0.0222 0.01 0.02

560 0.0108 -0.0017 0.0071 0.0221 0.0101 0.02

570 0.0096 -0.0017 0.0083 0.0221 0.0101 0.02

590 -0.0029 -0.0017 0.0225 0.0171 0.0215 0.0127

599 -0.0034 -0.0015 0.0228 0.0173 0.0222 0.0111

600 -0.0035 -0.0011 0.0222 0.0172 0.0237 0.0096

610 -0.0035 0 0.0193 0.0179 0.0247 0.0085

615 -0.0035 0 0.0033 0.0215 0.0243 -0.0163

620 -0.0035 -0.0184 -0.0108 0.0259 0.0108 -0.0123

630 -0.0035 -0.019 -0.0114 0.0259 0.0107 -0.0122

640 -0.0035 -0.0197 -0.012 0.0259 0.0107 -0.0121

660 -0.0035 -0.0202 -0.0125 0.0262 0.0093 -0.0086

670 -0.0035 -0.0205 -0.0129 0.0253 0.0077 -0.0063

680 -0.0035 -0.0209 -0.0133 0.0253 0.0077 -0.0062

690 -0.0035 -0.0212 -0.0137 0.0253 0.0076 -0.0061

695 -0.0035 0 -0.0065 0.0014 -0.0135 0.0096

710 -0.0035 0.0007 -0.0041 -0.0019 -0.0137 0.0005

720 -0.0035 0.0007 -0.0033 -0.002 -0.0137 0.0005

730 -0.0035 0.0007 -0.0026 -0.002 -0.0137 0.0005

749 -0.0033 0.0007 -0.0021 -0.0028 -0.0129 0.0009

750 -0.0029 0.0006 -0.0019 -0.0042 -0.0118 0.001

770 -0.002 0.0003 -0.0019 -0.0047 -0.0111 0.0019

779 -0.0016 0.0001 -0.0018 -0.0049 -0.0097 0.0021

780 -0.0014 0 -0.0016 -0.0047 -0.0091 0.0028

810 0 0 0 0 0 0

820 0 0 0 0 0 0

830 -0.0009 -0.0056 0.0014 0.0508 -0.0102 0.0941

840 -0.0009 -0.0013 0.0019 0.0508 -0.0102 0.0941

859 -0.0011 0.0012 0.0024 0.0568 -0.0164 0.0734

860 -0.0018 0 0.0027 0.068 -0.0225 0.0606

880 -0.0033 -0.0044 0.0027 0.0685 -0.0244 0.0476

900 -0.0074 -0.0139 0.0027 0.0491 -0.0284 0.0161

910 -0.0087 -0.016 0.0027 0.0427 -0.0298 0.0151

930 -0.0124 -0.0196 0.0027 0.0089 -0.0362 0.0084

940 -0.0172 -0.0207 0.0027 0.0086 -0.0363 0.0083

950 -0.0173 -0.0208 0.0027 0.0086 -0.0363 0.0083

980 -0.0215 -0.0204 0.0027 -0.0054 -0.0381 0.0015



990 -0.0236 -0.0201 0.0027 -0.0053 -0.038 0.0003

1010 -0.0276 -0.0197 0.0027 -0.0003 -0.0372 -0.0022

1020 -0.0293 -0.0197 0.0027 -0.0001 -0.0372 -0.0022

1040 -0.0335 -0.0197 0.0027 0.0003 -0.0372 -0.0022

1050 -0.0339 -0.0197 0.0027 0.0003 -0.0372 -0.0022

1060 0.0204 -0.0067 0.0351 -0.0842 -0.0366 0.0109

1090 0.0161 0 0.0351 -0.0376 -0.0366 0.0109

1100 0.0136 0.0019 0.0351 -0.022 -0.0366 0.0109

1120 0.0087 0.0035 0.0351 -0.0072 -0.0366 0.0109

1130 0.0073 0.0037 0.0351 -0.0063 -0.0368 0.0107

1140 0.0055 0.004 0.0351 -0.0063 -0.0368 0.0107

1150 0.0037 0.0044 0.0351 -0.0063 -0.0368 0.0106

1170 0.0006 0.0049 0.0351 -0.0056 -0.0373 0.0101

1180 -0.0052 0.0056 0.0351 -0.0035 -0.0385 0.0092

1189 -0.0066 0.0055 0.0345 -0.0004 -0.0401 0.0097

1190 -0.0073 0.0051 0.033 0.0013 -0.0416 0.0104

1195 -0.0073 0 0.0163 0.0135 -0.044 0.0196

1210 -0.0073 -0.009 0.0008 0.0245 -0.0444 0.0291

1219 -0.0066 -0.0113 -0.0033 0.0281 -0.0439 0.0283

1230 -0.005 -0.0106 -0.0039 0.0325 -0.0434 0.0271

1250 -0.0023 -0.0085 -0.0039 0.0373 -0.0428 0.0265

1260 -0.0016 -0.0079 -0.0039 0.0373 -0.0428 0.0265

1270 0.0053 -0.0019 -0.0039 0.0373 -0.0428 0.0264

1300 0.0101 0 -0.0039 -0.0006 -0.0409 0.0253

1310 0.0132 -0.0001 -0.0039 -0.0008 -0.0409 0.0253

1330 -0.0009 -0.0458 -0.0022 0.0506 -0.0057 0.1329

1350 -0.0009 -0.0401 -0.002 0.0507 -0.0065 0.1102

1360 -0.0009 -0.0309 -0.0013 0.0508 -0.0088 0.0982

1370 -0.0009 -0.0266 -0.0008 0.0508 -0.0101 0.0943

1390 0.0148 -0.0267 0.0002 -0.0336 -0.0045 0.034

1400 0.0148 -0.0247 0.0004 -0.0334 -0.0046 0.0341

1410 0.0148 -0.0173 0.0014 -0.0328 -0.0047 0.0347

1420 0.0148 -0.0149 0.0018 -0.0325 -0.0047 0.0348

1430 0.0148 -0.0148 0.0018 -0.0322 -0.0047 0.0349

1439 0.0142 -0.0134 0.0016 -0.0239 -0.0063 0.0392

1440 0.0128 -0.0128 0.0011 -0.0076 -0.0088 0.0392

1450 0.0127 -0.0128 0.0011 -0.0073 -0.0087 0.0392

1460 0.0026 -0.0128 -0.0008 -0.007 -0.0085 0.0392

1470 0.0023 -0.0128 -0.0008 -0.0069 -0.0085 0.0392

1480 0 -0.0128 -0.0012 -0.0069 -0.0085 0.0392

1510 -0.0031 -0.0127 -0.0017 -0.0056 -0.0056 0.041

1540 -0.0117 -0.0131 -0.022 -0.0399 0.0083 -0.0155

1560 0.0012 -0.0134 -0.0508 -0.0471 0.0111 -0.0232

1580 0.0039 -0.0134 -0.0561 -0.0427 0.0124 -0.0226

1590 0.0043 -0.0134 -0.0568 -0.0427 0.0124 -0.0226

1600 -0.0058 -0.0004 -0.0006 0.0009 -0.0013 0.0059

1610 -0.0059 -0.0004 -0.0006 0.0009 -0.0013 0.0059



1620 -0.0059 -0.0005 -0.0006 0.0009 -0.0013 0.0059

1630 -0.0141 0.0142 -0.0425 -0.0147 -0.0114 -0.0392

1640 -0.0141 0.0114 -0.0416 -0.0147 -0.0114 -0.0392

1645 -0.0141 0 -0.0381 -0.0092 -0.0155 -0.0462

1660 -0.0141 -0.0195 0.0004 0.0265 -0.0244 0.0324

1670 -0.0141 -0.018 0.0015 0.0265 -0.0244 0.0324

1680 -0.0141 -0.0166 0.0026 0.0265 -0.0244 0.0324

1700 -0.0141 -0.0151 0.0037 0.0275 -0.0242 0.0324

1705 -0.0141 0 0.0178 0.0099 -0.0289 0.023

1720 -0.0141 0.0024 0.021 0.0062 -0.0294 0.0195

1729 -0.0136 0.0031 0.0221 0.0031 -0.03 0.0141

1730 -0.0125 0.0033 0.0226 -0.0018 -0.0303 0.0111

1760 -0.0043 0.0019 0.0226 -0.0077 -0.0293 0.0017

1770 -0.0029 0.0016 0.0226 -0.0088 -0.0288 -0.0044

1775 0.0014 0 0.0226 -0.0099 -0.0266 -0.0253

1780 0.0054 -0.0014 0.0226 -0.0062 -0.0239 -0.0462

1790 0.0064 -0.0016 0.0226 -0.0043 -0.023 -0.052

1800 0.0075 -0.0018 0.0226 -0.0019 -0.0221 -0.0581

1810 0.0104 -0.0015 0.0226 0.0063 -0.0188 -0.0767

1820 0.0111 -0.0011 0.0226 0.0091 -0.0177 -0.0825

1830 0.0119 -0.0007 0.0226 0.0089 -0.017 -0.0817

1835 0.0136 0 0.0226 -0.0003 -0.0157 -0.0797

1840 0.0159 -0.0013 0.0226 -0.012 -0.0149 -0.0769

1850 0.0166 -0.0019 0.0226 -0.012 -0.0149 -0.0768

1860 0.0173 -0.0024 0.0226 -0.0119 -0.0149 -0.0768

1870 0.0173 -0.0024 0.0226 -0.0118 -0.0149 -0.0768

1880 0.018 -0.0029 0.0226 -0.008 -0.0151 -0.076

1890 0.0186 -0.0032 0.0226 -0.0046 -0.0148 -0.0687

1900 0.0193 -0.0033 0.0226 -0.0016 -0.0147 -0.0615

1910 0.0199 -0.0033 0.0226 0.0008 -0.0148 -0.0546

1920 0.0206 -0.0032 0.0226 0.0033 -0.0138 -0.0505

1930 0.0216 -0.0028 0.0226 0.0071 -0.0122 -0.0435

1940 0.0222 -0.0024 0.0226 0.0089 -0.0114 -0.0397

1948 0.0227 -0.002 0.0226 0.0102 -0.0106 -0.0357

1949 0.023 -0.0011 0.0225 0.0092 -0.0076 -0.0306

1950 0.0231 0 0.0223 0.0059 -0.0048 -0.0175

1970 -0.0091 -0.0006 -0.0006 -0.0014 -0.0018 -0.004

1980 -0.0091 -0.0009 -0.0005 -0.0014 -0.0018 -0.004

2020 0.0352 -0.0003 -0.0039 0.0006 -0.0408 0.0253

2030 0.0383 -0.0002 -0.0039 0.0007 -0.0408 0.0253

2049 0.0395 -0.0001 -0.0039 0.0041 -0.0395 0.0254

2050 0.0391 0 -0.0037 0.0046 -0.0388 0.0254

2070 0.0335 0 -0.0027 0.005 -0.0352 0.0252

2080 0.0178 0 -0.0017 -0.0013 -0.0256 0.027

2089 0.0149 0 -0.0019 -0.0025 -0.0241 0.0277

2100 0.0136 0.0001 -0.0019 -0.0036 -0.0229 0.0279

2110 0.0131 0.0002 -0.0019 -0.0036 -0.0229 0.0279



2120 0.0114 0.0005 -0.0019 -0.0036 -0.0229 0.0279

2125 0.0047 0 -0.0019 0.0121 -0.0199 0.0306

2150 -0.001 -0.0065 -0.0019 0.024 -0.0178 0.0332

2170 -0.0035 -0.0096 -0.0019 0.0168 -0.0147 0.0346

2179 -0.004 -0.0096 -0.0017 0.013 -0.0126 0.0357

2180 -0.0042 -0.0084 -0.0013 0.0109 -0.0105 0.0366

2210 -0.0042 -0.0031 0.0001 0.0052 -0.0081 0.0348

2218 -0.0042 -0.0015 0.0004 0.0047 -0.0074 0.0332

2219 -0.0038 -0.0004 0.0006 0.0043 -0.006 0.0271

2220 -0.0029 0 0.0005 0.0035 -0.0053 0.0197

2240 0 0 0 0 0 0.0001

2250 0 0 0 0 0 0

2260 -0.0031 -0.008 -0.0012 -0.0018 -0.0035 0.0365

2280 -0.0031 -0.0106 -0.0014 -0.0034 -0.0046 0.0417

2300 -0.0384 -0.0043 0.0225 -0.0485 0.0376 -0.1117

2309 -0.0397 -0.0038 0.0232 -0.0505 0.0384 -0.118

2310 -0.0402 -0.0025 0.0238 -0.0519 0.0395 -0.1241

2340 -0.0402 0.0282 0.033 -0.0704 0.045 -0.1539

2349 -0.04 0.0302 0.0335 -0.072 0.0458 -0.1565

2350 -0.0395 0.0317 0.0337 -0.0742 0.0466 -0.1581

2390 -0.0361 0.0372 0.0337 -0.0761 0.0477 -0.1631

2400 -0.0354 0.0382 0.0337 -0.0761 0.0477 -0.1631

2410 -0.0346 0.0395 0.0337 -0.0761 0.0477 -0.1631

2415 -0.0262 0.0515 0.0337 -0.0553 0.0488 -0.1791

2440 -0.0181 0.0567 0.0337 0.001 0.0469 -0.1946

2490 -0.0134 0.054 0.0337 0.0558 0.0445 -0.204

2540 -0.009 0.0447 0.0337 0.1292 0.041 -0.2134

2545 -0.0004 0 0.0337 0.2731 0.041 -0.5959

2570 0.0022 -0.0176 0.0337 0.2865 0.041 -0.7095

2579 0.0026 -0.024 0.0335 0.2951 0.041 -0.7356

2580 0.0028 -0.0335 0.0331 0.3025 0.041 -0.7752

2610 0.0028 -0.087 0.0304 0.3025 0.041 -0.8532

2620 0.0028 -0.1009 0.0297 0.3025 0.041 -0.8533

2640 0.0028 -0.2795 0.0211 0.3025 0.041 -0.854

2650 0.0028 -0.4332 0.014 0.3025 0.041 -0.8996

2660 0.0028 -0.4855 0.0116 0.3025 0.041 -0.8996

2690 0.0028 -0.582 0.0072 0.3025 0.041 -0.9043

2700 0.0028 -0.5968 0.0065 0.3025 0.041 -0.9043

2710 0.0028 -0.6096 0.006 0.3025 0.041 -0.9043

2730 0.0028 -0.7913 -0.0023 0.3025 0.041 -0.9052

2820 -0.0055 -0.0401 0.0004 0.0507 -0.0061 0.0921

2830 -0.016 -0.04 0.0113 0.0506 -0.0045 0.0034

2839 -0.0148 -0.0392 0.0131 0.0507 -0.004 -0.07

2840 -0.0133 -0.0353 0.0138 0.0509 -0.0031 -0.1266

2845 -0.0133 0 0.013 0.0506 -0.001 0.0199

2860 -0.0133 -0.054 0.013 0.0503 0.0008 0.2208

2870 -0.0133 -0.0642 0.013 0.0503 0.0008 0.2208



2880 -0.0133 -0.1012 0.0132 0.0503 0.0008 0.2201

2899 -0.0107 -0.1087 0.0124 0.0501 0.0016 0.1499

2900 -0.0065 -0.1106 0.0106 0.0498 0.002 0.0753

2920 0.0001 -0.1107 -0.0002 0.0497 0.0032 -0.0132

2930 0.018 -0.0065 0.0233 -0.0064 -0.0157 -0.0799

2940 0.018 -0.0157 0.0251 -0.0027 -0.0169 -0.0812

2949 0.0168 -0.0185 0.0258 -0.001 -0.0171 -0.0706

2950 0.0145 -0.0196 0.026 0.003 -0.0165 -0.0556

2960 0.0143 -0.0196 0.026 0.0031 -0.0166 -0.0554

2970 -0.0014 -0.0196 0.0221 0.0174 -0.0202 -0.0232

2980 -0.0024 -0.0196 0.0213 0.0174 -0.0202 -0.0231

2990 -0.0095 -0.0196 0.0158 0.0177 -0.0202 -0.0227

3000 -0.0096 -0.0196 0.0158 0.0178 -0.0203 -0.0226

3010 -0.0122 -0.0196 0.0127 0.0259 -0.0215 -0.0147

3019 -0.0122 -0.0191 0.0116 0.0362 -0.0241 -0.0063

3020 -0.0113 -0.0176 0.011 0.0432 -0.027 -0.0022

3030 -0.0113 -0.0175 0.011 0.0433 -0.027 -0.0021

3040 -0.0103 -0.0159 0.011 0.0437 -0.0272 0.0003

3050 -0.0091 -0.0139 0.011 0.0431 -0.0273 0.0032

3060 -0.0091 -0.0011 -0.0003 -0.0015 -0.0018 -0.004

3090 -0.0091 -0.0014 -0.0002 -0.0029 -0.002 -0.0005

3100 -0.0091 -0.0014 0.0003 -0.0031 -0.002 0.0009

3110 -0.0091 -0.001 0.0008 -0.0033 -0.0019 0.0021

3120 -0.0091 -0.0009 0.0009 -0.0034 -0.0019 0.0022

3139 -0.0091 -0.0005 0.0009 -0.0065 0.0023 0.0099

3140 -0.0089 -0.0001 0.0008 -0.0034 0.0065 0.0095

3145 -0.0082 0 0.0008 0.0071 0.0083 0.0083

3160 -0.0027 -0.0177 0.0008 0.0475 0.0127 0.0017

3169 -0.0021 -0.0195 0.0001 0.0427 0.0119 0.0008

3170 -0.002 -0.0202 -0.0013 0.0365 0.0112 -0.0012

3200 -0.0079 -0.0139 0.0048 0.0458 -0.0279 0.0097

3210 -0.0084 -0.0139 0.0069 0.0457 -0.0279 0.0096

3220 -0.0088 -0.0139 0.0089 0.0457 -0.0278 0.0094

3250 0.0108 -0.014 0.0258 0.0028 -0.0194 -0.0437

3270 0.016 -0.014 0.026 0.0006 -0.0166 -0.0503

3280 0.0163 -0.014 0.026 0.0006 -0.0166 -0.0503

3290 0.0199 -0.014 0.026 0.0006 -0.0166 -0.0504

3300 0.0199 -0.0101 0.0247 0.0006 -0.0166 -0.0504

3310 0.0199 -0.0078 0.024 0.0006 -0.0166 -0.0504

3390 -0.009 0.0307 0.0303 0.1055 0.0376 -0.1155

3400 -0.009 0.0278 0.0293 0.1055 0.0376 -0.1154

3420 -0.009 0.0155 0.0236 0.0603 0.031 -0.0592

3430 -0.009 0.0121 0.0218 0.0602 0.031 -0.0593

3470 -0.009 0.0048 0.0193 0.0365 0.0275 -0.1174

3475 -0.009 0 0.0179 0.0187 0.0254 -0.0765

3500 -0.009 -0.0033 0.0166 0.0008 0.0232 -0.0495

3510 -0.009 -0.0041 0.0162 0.0008 0.0232 -0.0494



3520 -0.009 -0.0144 0.0114 0.0004 0.0232 -0.0489

3550 -0.009 -0.0175 0.0098 -0.018 0.021 -0.0381

3559 -0.0088 -0.0178 0.0094 -0.0227 0.0211 -0.0354

3560 -0.0084 -0.018 0.0091 -0.0301 0.0218 -0.0333

3590 -0.0064 -0.018 0.0065 -0.0472 0.0183 -0.0291

3600 -0.0047 -0.018 0.0038 -0.0473 0.0182 -0.0291

3630 -0.0032 -0.018 0.0009 -0.0583 0.016 -0.0259

3639 -0.0028 -0.0177 0.0002 -0.0666 0.0148 -0.0234

3640 -0.0026 -0.0169 -0.0001 -0.0739 0.0132 -0.0217

3670 -0.0017 -0.0109 -0.0001 -0.0803 0.0097 -0.0139

3680 -0.0016 -0.0096 -0.0001 -0.0803 0.0097 -0.0139

3720 0.0049 -0.0987 0.0015 0.0262 0.0088 -0.0199

3730 0.0056 -0.0987 0.0024 0.0262 0.0088 -0.0198

3760 0.0055 -0.0987 0.0038 0.0185 0.0106 0.0135

3770 0.0052 -0.0987 0.0042 0.0185 0.0106 0.0135

3818 -0.0029 -0.0987 0.0072 0.0089 0.0131 0.0612

3819 -0.0041 -0.0981 0.0072 0.0074 0.0136 0.0704

3820 -0.0046 -0.0967 0.007 0.0061 0.0141 0.0795

3827 -0.0046 0 -0.0047 -0.036 0.0117 0.0953

3830 -0.0046 0.0174 -0.007 -0.0487 0.0075 0.0543

3840 -0.0046 0.0187 -0.0072 -0.0487 0.0075 0.0542

3868 -0.0046 0.0219 -0.0076 -0.0518 0.0062 0.0501

3871 -0.0047 0.0224 -0.0077 -0.0532 0.0052 0.048

3890 -0.0048 0.0218 -0.0078 -0.0547 0.0043 0.0465

3900 -0.0053 0.0008 -0.0078 -0.0389 -0.0003 0.0234

3909 -0.0052 0.0004 -0.0076 -0.0361 0 0.0226

3910 -0.0049 0.0002 -0.0072 -0.0332 0.0002 0.0213

3940 -0.0028 0.0002 -0.004 -0.0233 0.0004 0.0159

3950 -0.0024 0.0002 -0.0034 -0.0232 0.0004 0.0159

3970 -0.0014 0.0002 -0.002 -0.0171 0.0005 0.0121

3980 -0.0008 0.0002 -0.0012 -0.0171 0.0005 0.0121

3990 -0.0001 0.0002 -0.0001 -0.0113 0.0006 0.0077

3999 0 0.0002 0 -0.0089 0.0002 0.0057

4000 0 0.0001 0 -0.0075 -0.0002 0.0038

4030 0 0 0 0 0 0

4040 0 0 0 0 0 0

4070 0.009 -0.0544 0.005 0.0808 0.0031 -0.0733

4080 0.0117 -0.0544 0.008 0.0808 0.0031 -0.0732

4110 0.0153 -0.0544 0.0135 0.0902 0.0031 -0.0493

4120 0.0166 -0.0544 0.0158 0.0902 0.0031 -0.0493

4140 0.0264 -0.0544 0.0429 0.1022 0.0032 -0.0252

4149 0.0267 -0.0545 0.044 0.1032 0.003 -0.0239

4150 0.0268 -0.0548 0.0444 0.1037 0.0029 -0.0226

4190 0.0267 -0.0559 0.0354 0.1354 0.0279 0.0126

4200 0.0267 -0.0556 0.0347 0.1355 0.0279 0.0126

4220 0.0267 -0.0548 0.0326 0.1383 0.0327 0.0098

4229 0.0266 -0.0541 0.0322 0.1386 0.0349 0.0083



4230 0.0262 -0.0525 0.032 0.1391 0.0371 0.0074

4260 0.0119 -0.0074 0.032 0.1174 0.0412 -0.0191

4269 0.0114 -0.0061 0.0315 0.112 0.0403 -0.0199

4270 0.011 -0.0056 0.0304 0.1064 0.0397 -0.0214

4300 0.0091 -0.0056 0.0224 0.0928 0.035 -0.0248

4310 0.0085 -0.0056 0.0201 0.0928 0.035 -0.0248

4330 0.0067 -0.0056 0.0138 0.081 0.0307 -0.0256

4340 0.0054 -0.0056 0.0099 0.081 0.0307 -0.0256

4350 0.0037 -0.0056 0.0045 0.0699 0.0264 -0.0236

4359 0.0033 -0.0053 0.0037 0.0651 0.0253 -0.0222

4360 0.0029 -0.0047 0.0034 0.06 0.0236 -0.0211

4400 0.0011 -0.0001 0.0034 0.0417 0.018 -0.0162

4580 0.0088 0.0048 0.0226 0.0412 0.0275 -0.2899

4590 0.0161 0.0048 0.0237 0.0412 0.0275 -0.2902

4610 0.0675 0.0047 0.0292 0.0479 0.0275 -0.536

4619 0.0736 0.0022 0.0296 0.0495 0.0272 -0.5988

4620 0.0764 -0.0047 0.0296 0.0505 0.0269 -0.6604

4650 0.0764 -0.3569 0.0191 0.0775 0.0269 -1.0391

4659 0.081 -0.3681 0.0192 0.0785 0.0266 -1.0406

4660 0.0923 -0.3728 0.0199 0.08 0.0264 -1.0408

4690 0.3329 -0.3729 0.0399 0.0925 0.0264 -1.0408

4700 0.3499 -0.3729 0.0414 0.0925 0.0264 -1.0408

4710 0.5676 -0.3729 0.0608 0.0926 0.0264 -1.0408

4740 0.6426 -0.3729 0.0675 0.0955 0.0264 -1.0408

4750 0.7031 -0.3729 0.0731 0.0955 0.0264 -1.0408

4780 0.7792 -0.3729 0.0802 0.0985 0.0264 -1.0408

4789 0.7905 -0.3733 0.0812 0.1002 0.0264 -1.0408

4790 0.7955 -0.3744 0.0817 0.1017 0.0264 -1.0408

4820 0.7974 -0.3822 0.0817 0.1037 0.0264 -1.0408

4830 0.7979 -0.3839 0.0817 0.1037 0.0264 -1.0408

4840 0.7982 -0.3853 0.0817 0.1037 0.0264 -1.0408

4850 0.0231 0 0.0222 0.0058 -0.0048 -0.0173

4857 0.0231 0 0.0219 0.0029 0.0034 0.0086

4860 0.0231 -0.0015 0.0227 0.002 0.0054 0.008

4869 0.023 -0.0017 0.0229 0.0023 0.0074 0.0063

4870 0.0227 -0.0017 0.0231 0.0026 0.0092 0.0053

4890 0.0196 -0.0008 0.0231 0.0045 0.0112 -0.0001

4900 0.0191 -0.0006 0.0231 0.0045 0.0112 -0.0001

4910 0.0182 -0.0002 0.0231 0.0045 0.0112 -0.0001

4920 0.0182 -0.0002 0.0227 0.0046 0.0112 -0.0002

4980 0.0001 -0.0001 0.0005 0.0248 0.0097 -0.0066

4989 0 -0.0001 0.0003 0.019 0.0074 -0.0026

4990 0 -0.0001 0.0001 0.0152 0.0043 0.0008

5020 0 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 0 0 0 0



5060 0 -0.0001 0 -0.002 0 0.002

5070 0 -0.0001 0 -0.002 0 0.002

5080 0 -0.0007 0 -0.0033 0 0.0114

5089 0 -0.0008 0 -0.003 0 0.0123

5090 0 -0.001 0 -0.0027 0.0001 0.0135

5110 0 -0.0046 0 0.0034 0 0.0174

5119 0 -0.0048 0 0.0039 -0.0001 0.0173

5120 0 -0.0049 0 0.0046 -0.0001 0.0172

5140 0 -0.0043 0 0.0074 -0.0002 0.0169

5150 0 -0.0041 0 0.0074 -0.0002 0.0169

5155 0.0002 0 0 0.0067 -0.0005 0.016

5157 0.0006 0 0 -0.0046 -0.0007 0.0145

5160 0.001 -0.003 0 -0.0016 -0.0005 0.0132

5169 0.0009 -0.0031 0 -0.0015 -0.0005 0.0132

5170 0.0007 -0.0031 0 -0.0013 -0.0005 0.0131

5190 0.0002 -0.0031 -0.0001 -0.0012 -0.0004 0.0131

5199 0.0001 -0.003 -0.0001 -0.0011 -0.0004 0.013

5200 0 -0.0028 -0.0001 -0.0011 -0.0004 0.0129

5220 0 -0.0005 0 -0.0003 -0.0002 0.0062

5230 0 -0.0002 0 -0.0003 -0.0002 0.0062

5240 -0.0009 -0.052 -0.0025 0.0506 -0.0056 0.1333

5250 -0.0009 -0.0686 -0.0032 0.0506 -0.0056 0.1337

5260 -0.0009 -0.0744 -0.0034 0.0506 -0.0056 0.1338

5290 -0.0009 -0.0895 -0.0039 0.0502 0.0007 0.0973

5300 -0.0009 -0.0902 -0.0039 0.0502 0.0007 0.0972

5320 -0.0035 -0.0196 0.0227 0.0237 -0.0218 -0.059

5340 0.0043 -0.0195 0.0251 0.0142 -0.0174 -0.0881

5350 0.0048 -0.0195 0.0252 0.0141 -0.0174 -0.0881

5360 0.0112 -0.0195 0.0262 0.0141 -0.0174 -0.0883

5370 0.0112 -0.0126 0.0249 0.014 -0.0173 -0.0884

5380 0.0112 -0.0085 0.0241 0.014 -0.0173 -0.0884

5410 -0.0124 0.0114 -0.0423 -0.0154 -0.0104 -0.0372

5420 -0.0107 0.0114 -0.043 -0.0154 -0.0104 -0.0372

5440 -0.009 0.0114 -0.0437 -0.0154 -0.0104 -0.0372

5450 0.0121 0.0115 -0.0592 -0.0237 0.0066 -0.0224

5459 0.0128 0.0111 -0.0601 -0.0252 0.0079 -0.0218

5470 0.0128 0.0101 -0.0605 -0.0288 0.0102 -0.0212

5480 0.0109 0.0047 -0.0605 -0.0394 0.012 -0.0217

5485 0.0096 0 -0.0605 -0.0533 0.0124 -0.0219

5500 0.0083 -0.0061 -0.0605 -0.0493 0.0123 -0.0222

5510 0.0078 -0.0081 -0.0605 -0.0428 0.0124 -0.0226

5520 0.0072 -0.0101 -0.0605 -0.0427 0.0124 -0.0226

5530 0 0 0 0 0 0

5550 0 0 0 0.0002 0.0002 0.0003

5560 0 0 0 0.0002 0.0002 0.0003

5570 0 0 0 0.0002 0.0002 0.0003

5600 -0.0002 0 0.0001 0.0023 0.0025 0.0046



5609 -0.0003 0 0.0002 0.0039 0.0032 0.0075

5610 -0.0003 -0.0002 0.0002 0.0054 0.0043 0.0102

5640 0.0009 -0.0042 0.0026 0.0015 0.0134 0.0064

5649 0.001 -0.0043 0.0027 -0.0004 0.0141 0.0029

5650 0.001 -0.0043 0.0028 -0.0026 0.0146 -0.0007

5720 -0.0026 0.0033 0.03 -0.0052 -0.0311 0.0098

5740 -0.0036 0.0033 0.0293 -0.0069 -0.0295 0.0076

5750 -0.0037 0.0033 0.0293 -0.0069 -0.0295 0.0076

5760 -0.0009 -0.0006 -0.0001 0.003 -0.0006 0.0036

5770 -0.0009 -0.0006 -0.0001 0.003 -0.0006 0.0036

5780 -0.0008 -0.0004 -0.0001 0.003 -0.0006 0.0036

5830 -0.0009 -0.0222 -0.0004 0.0508 -0.0101 0.0942

5860 0.0242 -0.0003 -0.0039 -0.0004 -0.0409 0.0253

6188 -0.0106 -0.0084 -0.022 -0.0411 0.0092 -0.0179

6189 -0.01 -0.0068 -0.0227 -0.043 0.0108 -0.0193

6190 -0.0091 -0.0061 -0.0243 -0.0452 0.0118 -0.0218

6200 -0.009 -0.0061 -0.0244 -0.0452 0.0118 -0.0218

6210 -0.0078 -0.0061 -0.027 -0.0452 0.0118 -0.0218

6420 0.0299 -0.0014 -0.0027 0.0187 -0.0352 0.0252

6429 0.0295 -0.0016 -0.0026 0.0192 -0.0352 0.0252

6430 0.0291 -0.0017 -0.0024 0.0193 -0.0352 0.0252

6460 0.0273 -0.0017 -0.001 0.0193 -0.0352 0.0252

6470 0.0268 -0.0017 -0.0006 0.0193 -0.0352 0.0252

6480 0.0262 -0.0017 -0.0002 0.0193 -0.0352 0.0252

6490 0.0248 -0.0017 0.0009 0.0193 -0.0352 0.0252

6500 0.0238 -0.0017 0.0017 0.0193 -0.0352 0.0252

6520 -0.0043 0.0024 0.0251 -0.0069 -0.0294 0.0075

6540 -0.013 -0.0138 0.0037 0.0292 -0.0234 0.0326

6550 -0.0111 -0.0112 0.0037 0.0309 -0.0217 0.0329

6560 -0.01 -0.0097 0.0037 0.0309 -0.0217 0.033

6670 0.024 -0.0024 0.023 0.0089 -0.0114 -0.0397

6680 0.0258 -0.0025 0.0234 0.0089 -0.0114 -0.0397

6690 0.0275 -0.0025 0.0238 0.0089 -0.0114 -0.0397

6710 0.0781 -0.0025 0.0351 0.0089 -0.0114 -0.0397

6720 -0.0051 -0.0309 0.0009 0.0508 -0.0088 0.0982

6730 -0.0099 -0.0309 0.0034 0.0508 -0.0088 0.0982

6740 -0.0105 -0.0309 0.0037 0.0508 -0.0088 0.0982

6750 -0.0026 -0.0065 -0.0008 0.0257 -0.0188 0.0332

6770 -0.0069 -0.0065 0.0029 0.0308 -0.0217 0.033

6780 -0.0078 -0.0065 0.0037 0.0308 -0.0217 0.033

6920 -0.0236 -0.0201 0.0021 -0.0053 -0.038 0.0003

6930 -0.0236 -0.0201 0.0021 -0.0053 -0.038 0.0003

6940 -0.0236 -0.0201 0.002 -0.0053 -0.038 0.0003

6960 -0.0236 -0.0201 0.0017 -0.0053 -0.038 0.0003

6970 -0.0236 -0.0201 0.0015 -0.0053 -0.038 0.0003

7000 -0.0082 -0.0044 0.0097 0.0685 -0.0244 0.0476

7010 -0.0087 -0.0044 0.0104 0.0685 -0.0244 0.0476



7020 -0.0092 -0.0044 0.0112 0.0685 -0.0244 0.0476

7040 -0.0118 -0.0044 0.0149 0.0685 -0.0244 0.0476

7050 -0.0138 -0.0044 0.0178 0.0685 -0.0244 0.0476

7080 0.0125 0.0019 0.0328 -0.022 -0.0366 0.0109

7090 0.0124 0.0019 0.0325 -0.022 -0.0366 0.0109

7100 0.0122 0.0019 0.0321 -0.022 -0.0366 0.0109

7120 0.0116 0.0019 0.0309 -0.022 -0.0366 0.0109

7130 0.0111 0.0019 0.03 -0.022 -0.0366 0.0109

7140 0.0022 -0.1061 0 0.0496 0.0036 -0.0726

7150 0.0058 -0.1061 0.0025 0.0496 0.0036 -0.0726

7160 0.0088 -0.0016 0.0224 -0.0043 -0.023 -0.052

7170 0.0135 -0.0016 0.022 -0.0043 -0.023 -0.052

7180 -0.0039 -0.0029 0.0001 0.0042 -0.0081 0.0348

7190 -0.0034 -0.0027 0.0001 0.0042 -0.0081 0.0348

7200 -0.0031 -0.0026 0.0001 0.0042 -0.0081 0.0348

7230 0.0132 0.0047 -0.0647 -0.0394 0.012 -0.0217

7240 0.0155 0.0047 -0.0688 -0.0394 0.012 -0.0217

7440 -0.0068 -0.0043 0.0075 -0.0198 0.0234 -0.0359

7450 -0.0059 -0.0043 0.007 -0.0198 0.0234 -0.0358

7480 -0.0036 -0.0043 0.0057 -0.0163 0.0216 -0.0279

7490 -0.002 -0.0043 0.0048 -0.0163 0.0216 -0.0279

7530 0.0016 0.0049 0.0357 -0.0056 -0.0373 0.0101

7540 0.0021 0.0049 0.0359 -0.0056 -0.0373 0.0101

7580 -0.003 -0.0061 -0.0368 -0.0453 0.0119 -0.0219

7590 -0.0027 -0.0061 -0.0374 -0.0454 0.0119 -0.0219

7600 0.0073 -0.0061 -0.0583 -0.0459 0.0119 -0.022

7620 -0.021 0.0567 0.0337 0.001 0.0469 -0.1946

7630 -0.0212 0.0567 0.0337 0.001 0.0469 -0.1946

7640 -0.0314 0.0567 0.0336 0.001 0.0469 -0.1946

7650 -0.0316 0.0567 0.0336 0.001 0.0469 -0.1946

7660 -0.0397 0.0567 0.0336 0.001 0.0469 -0.1946

7700 0.0062 -0.1061 0.0028 0.0496 0.0036 -0.0726

7710 0.0274 -0.0003 -0.0039 -0.0004 -0.0409 0.0253

7720 0.0288 -0.0003 -0.0039 -0.0004 -0.0409 0.0253

7750 0.0179 -0.0173 0.0043 -0.0328 -0.0047 0.0347

7760 0.0179 -0.0173 0.0044 -0.0328 -0.0047 0.0347

7770 0.0194 -0.0173 0.0057 -0.0328 -0.0047 0.0347

7790 0.0111 -0.0197 -0.0022 0.0257 0.0109 0.0251

7800 0.0121 -0.0197 -0.0033 0.0257 0.0109 0.0251

7870 -0.0034 -0.0061 -0.0361 -0.0453 0.0119 -0.0219

7900 0.0017 -0.0061 -0.0466 -0.0455 0.0119 -0.0219

7930 0.0061 -0.0061 -0.0557 -0.0458 0.0119 -0.022

7970 -0.0098 0.054 0.0347 0.0558 0.0445 -0.204

7980 0 0 0 0 0 0

8000 0.0062 -0.0134 -0.0605 -0.0426 0.0124 -0.0226

8030 -0.0014 -0.0085 -0.0001 -0.0803 0.0097 -0.0139

8050 -0.0047 -0.0004 -0.0005 -0.0008 -0.0012 0.0064



8500 -0.0043 0.0027 0.0264 -0.0069 -0.0294 0.0075

8510 -0.0043 0.0033 0.0288 -0.0069 -0.0295 0.0076
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DISPLACEMENTS REPORT: Nodal Movements

CASE 3 (OPE) W+T2+P1

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 0.0836 -0.0117 -0.0088 -0.0562 -0.0447 0.0141

23 -0.0009 0.0197 0.0012 0.0048 0.0016 0.004

30 -0.0034 0.0401 0.0039 0.007 0.0032 0.0072

31 -0.0048 0.0525 0.0059 0.0081 0.0019 0.0032

40 -0.005 0.0583 0.007 0.0086 0.0014 0.0012

50 -0.0008 0.0947 0.0143 0.0102 -0.0023 -0.0127

60 0.0003 0.0988 0.0152 0.0102 -0.0023 -0.0127

70 0.0021 0.1055 0.0167 0.0102 -0.0023 -0.0127

80 0 0 0 0 0 0

100 0.014 -0.0926 -0.0017 0.0649 0.0282 -0.1483

110 0.0105 -0.0715 0.0023 0.0648 0.0281 -0.1499

120 0.0094 -0.0649 0.0035 0.0648 0.0281 -0.1503

140 0.0083 -0.0582 0.0047 0.0637 0.0259 -0.1672

150 0.0073 -0.0508 0.0057 0.062 0.0238 -0.1836

160 0.0061 -0.0423 0.0068 0.062 0.0237 -0.1839

170 0.0019 -0.0114 0.0108 0.0618 0.0236 -0.1843

189 0.0007 -0.0036 0.0111 0.0503 0.0136 -0.1554

190 0 0 0.0104 0.0188 0.0046 -0.1314

210 0 0 0.0011 -0.0001 0 -0.0003

220 0 0 0 0 0 0

230 -0.0002 0.008 0.0002 0.0023 0.0007 0.0017

235 -0.0007 0.0179 0.001 0.0044 0.0015 0.0037

250 -0.0088 0.036 0.0053 -0.0038 0.0188 0.0553

260 -0.0117 0.0326 0.0065 -0.004 0.0189 0.0557

270 -0.0122 0.032 0.0067 -0.004 0.0189 0.0557

290 0.0152 -0.0994 -0.003 0.0649 0.0283 -0.1477

310 0.0163 -0.1056 -0.0043 0.0661 0.03 -0.1208

320 0.0172 -0.1097 -0.0055 0.067 0.0315 -0.101

330 0.0183 -0.1136 -0.0069 0.0681 0.0332 -0.0779

340 0.0206 -0.1184 -0.01 0.0705 0.0362 -0.0318

350 0.0217 -0.1198 -0.0117 0.0711 0.0376 -0.028

360 0.0259 -0.1245 -0.018 0.0712 0.0377 -0.0275

370 0.027 -0.1258 -0.0197 0.0712 0.0377 -0.0273

400 0.03 -0.1256 -0.0243 0.0787 0.0433 0.0917

410 0.0301 -0.125 -0.0246 0.0787 0.0433 0.0918

420 0 0 0 0 0 0

430 0 0 0.0026 -0.0001 -0.0001 0



435 -0.007 0 0.0224 0.0239 -0.0239 0.0066

450 -0.0124 -0.0087 0.0356 0.009 -0.0096 0.011

460 -0.0149 -0.0108 0.0485 0.0062 -0.0088 0.0111

470 -0.0182 -0.0123 0.0684 0.0009 -0.0068 0.0112

480 -0.0186 -0.0123 0.0711 0.0004 -0.0064 0.0112

510 -0.0148 -0.0064 0.0792 -0.0616 0.0534 0.0139

515 -0.0016 0 0.0991 0.1138 0.0207 0.0852

538 0.0032 -0.0396 0.1091 0.2168 0.0275 0.1212

540 -0.0021 -0.0481 0.1216 0.1634 0.0357 0.1429

541 0.0024 -0.0469 0.1141 0.2007 0.034 0.1279

550 -0.0024 -0.048 0.122 0.1629 0.0359 0.1432

560 -0.0393 -0.0357 0.1638 0.1618 0.0365 0.1435

570 -0.0474 -0.033 0.1729 0.1616 0.0366 0.1435

590 -0.1325 0.0032 0.2601 0.0832 0.1239 0.0414

599 -0.1325 0.0051 0.2611 0.076 0.1313 -0.0038

600 -0.1305 0.0049 0.2571 0.0714 0.1444 -0.0366

610 -0.1247 0 0.2389 0.0684 0.1525 -0.0312

615 -0.0948 0 0.14 0.0533 0.1494 -0.0106

620 -0.059 -0.0357 0.059 0.0351 0.0469 -0.0602

630 -0.0564 -0.039 0.0565 0.0351 0.0467 -0.0602

640 -0.0537 -0.0424 0.0539 0.035 0.0464 -0.0601

660 -0.0516 -0.0451 0.052 0.0339 0.0358 -0.059

670 -0.0494 -0.0476 0.0504 0.0352 0.0324 -0.049

680 -0.0467 -0.0504 0.0486 0.0352 0.0323 -0.0487

690 -0.0441 -0.053 0.0468 0.0352 0.0323 -0.0485

695 0.0142 0 0.0277 0.0686 0.0203 0.0776

710 0.0224 0.0124 0.0234 0.0733 0.029 0.0625

720 0.0251 0.016 0.0218 0.0733 0.0291 0.0624

730 0.0277 0.0194 0.0202 0.0734 0.0292 0.0622

749 0.0289 0.0223 0.0182 0.0675 0.0403 0.0354

750 0.0279 0.0251 0.0158 0.0601 0.048 0.0208

770 0.0244 0.0294 0.0123 0.0578 0.048 0.0022

779 0.0225 0.0306 0.0098 0.0463 0.0488 -0.0106

780 0.0209 0.0295 0.0076 0.0323 0.0507 -0.0344

810 0 0.0036 0 0 0.0001 -0.0002

820 0 0 0 0 0 0

830 0.0556 -0.0057 -0.0633 0.0909 0.0321 0.1127

840 0.0567 -0.0005 -0.0648 0.0909 0.0321 0.1127

859 0.0581 0.0023 -0.0655 0.0962 0.0222 0.1001

860 0.0591 0 -0.0648 0.1086 0.0122 0.0905

880 0.0598 -0.007 -0.0632 0.1088 0.0088 0.0818

900 0.0605 -0.0219 -0.0594 0.0748 0.0008 0.0609

910 0.0605 -0.0251 -0.0583 0.0651 -0.0012 0.0608

930 0.06 -0.0306 -0.0554 0.0158 -0.0106 0.0599

940 0.0585 -0.0327 -0.0521 0.0153 -0.0107 0.0599

950 0.0585 -0.0328 -0.052 0.0153 -0.0107 0.0599

980 0.057 -0.0328 -0.0493 -0.0024 -0.0147 0.059



990 0.0562 -0.0326 -0.0479 -0.0018 -0.015 0.0589

1010 0.0546 -0.0327 -0.0453 0.0058 -0.0146 0.0585

1020 0.0539 -0.033 -0.0441 0.006 -0.0146 0.0585

1040 0.0522 -0.0337 -0.0413 0.0064 -0.0146 0.0585

1050 0.0521 -0.0337 -0.041 0.0064 -0.0146 0.0585

1060 0.077 -0.0034 -0.0018 -0.0561 -0.0447 0.0141

1090 0.0718 0 0.0038 -0.0095 -0.0447 0.0141

1100 0.0688 0 0.007 0.0049 -0.0447 0.0141

1120 0.0628 -0.0016 0.0134 0.0101 -0.0447 0.0141

1130 0.061 -0.0019 0.0152 0.0074 -0.0453 0.0118

1140 0.0588 -0.0023 0.0175 0.0074 -0.0453 0.0118

1150 0.0565 -0.0026 0.0199 0.0073 -0.0453 0.0117

1170 0.0527 -0.0031 0.0238 0.0034 -0.0463 0.0069

1180 0.0456 -0.0033 0.0311 0.0007 -0.0476 -0.002

1189 0.0431 -0.0032 0.0321 0.0004 -0.0486 -0.0048

1190 0.0406 -0.0029 0.031 0.0002 -0.0493 -0.0095

1195 0.0221 0 0.0122 0.0097 -0.0466 0.0035

1210 0.0055 -0.0059 -0.0027 0.0182 -0.0378 0.0259

1219 0.0016 -0.0081 -0.0067 0.0203 -0.0292 0.0296

1230 0.0019 -0.0078 -0.0089 0.0234 -0.0225 0.0299

1250 0.0031 -0.0063 -0.0118 0.0284 -0.0169 0.0327

1260 0.0034 -0.0058 -0.0126 0.0284 -0.0168 0.0328

1270 0.0061 -0.0012 -0.0202 0.0285 -0.0167 0.0328

1300 0.0073 0 -0.0257 -0.0043 -0.0076 0.0383

1310 0.0079 -0.0003 -0.0294 -0.0045 -0.0075 0.0383

1330 0.0455 -0.0522 -0.0497 0.0866 0.0381 0.14

1350 0.0466 -0.0462 -0.0514 0.0873 0.0368 0.1183

1360 0.0489 -0.0359 -0.0546 0.0896 0.0339 0.1132

1370 0.05 -0.0308 -0.0561 0.0908 0.0323 0.1126

1390 -0.0126 -0.006 0.0761 -0.0692 0.076 0.01

1400 -0.0099 -0.0054 0.0718 -0.0694 0.0764 0.01

1410 0.0004 -0.0032 0.0552 -0.0702 0.0773 0.0105

1420 0.0037 -0.0025 0.0498 -0.0704 0.0772 0.0107

1430 0.0038 -0.0024 0.0496 -0.0708 0.077 0.011

1439 0.0051 -0.0009 0.0458 -0.075 0.0644 0.0354

1440 0.0041 0.0016 0.0419 -0.0807 0.0559 0.0586

1450 0.004 0.0017 0.0417 -0.0808 0.0555 0.0589

1460 -0.0113 0.0139 0.021 -0.0799 0.0544 0.0596

1470 -0.0118 0.0143 0.0203 -0.0799 0.0543 0.0596

1480 -0.0152 0.017 0.0157 -0.0794 0.0541 0.0598

1510 -0.0204 0.0208 0.0109 -0.0378 0.037 0.0715

1540 -0.1146 0.0638 0.0917 0.221 0.0377 0.125

1560 -0.196 0.0933 0.2358 0.2363 0.0376 0.1315

1580 -0.211 0.0987 0.2631 0.2408 0.0376 0.1306

1590 -0.2131 0.0994 0.267 0.2408 0.0376 0.1306

1600 -0.0049 0.0572 0.0123 0.0097 0.0014 0.0012

1610 -0.0048 0.0566 0.0153 0.0097 0.0014 0.0012



1620 -0.0048 0.0563 0.0166 0.0097 0.0014 0.0012

1630 -0.0762 -0.0447 0.169 0.138 0.0831 0.1402

1640 -0.0744 -0.0346 0.163 0.138 0.0831 0.1402

1645 -0.0679 0 0.1403 0.1242 0.089 0.1072

1660 -0.0253 0.0094 0.0152 0.0341 0.029 0.0191

1670 -0.0241 0.0103 0.0139 0.0341 0.0289 0.0192

1680 -0.023 0.0111 0.0126 0.0341 0.0288 0.0193

1700 -0.0219 0.0121 0.0114 0.0316 0.0246 0.0244

1705 -0.0088 0.0355 0.0078 -0.0057 -0.0061 0.062

1720 -0.006 0.0427 0.0087 -0.0137 -0.0091 0.0672

1729 -0.0049 0.0451 0.0087 -0.0165 -0.0127 0.0707

1730 -0.004 0.0454 0.008 -0.0245 -0.0155 0.0709

1760 0.0007 0.0359 0.0011 -0.0473 -0.0179 0.0825

1770 0.0015 0.0335 0 -0.0545 -0.0177 0.0757

1775 0.0042 0.0236 -0.0039 -0.0671 -0.016 0.0524

1780 0.0065 0.0131 -0.0079 -0.0621 -0.0127 0.0291

1790 0.007 0.0105 -0.009 -0.0576 -0.0115 0.0226

1800 0.0075 0.0079 -0.0101 -0.0517 -0.01 0.0158

1810 0.0085 0.0023 -0.0136 -0.0264 -0.0049 -0.0049

1820 0.0087 0.0013 -0.0147 -0.0163 -0.003 -0.0114

1830 0.0088 0.0007 -0.0158 -0.0112 -0.0023 -0.0089

1835 0.009 0 -0.0184 -0.006 -0.0011 -0.0033

1840 0.0091 -0.0007 -0.0222 -0.0023 0.0002 0.0049

1850 0.0091 -0.0008 -0.0233 -0.0022 0.0002 0.005

1860 0.009 -0.0009 -0.0244 -0.0022 0.0002 0.005

1870 0.009 -0.0009 -0.0245 -0.002 0.0002 0.0051

1880 0.009 -0.001 -0.0256 0.0007 0.0004 0.0075

1890 0.009 -0.0009 -0.0267 0.0025 0.0012 0.0151

1900 0.0089 -0.0007 -0.0279 0.003 0.0019 0.0227

1910 0.0088 -0.0006 -0.029 0.0023 0.0024 0.0299

1920 0.0087 -0.0005 -0.0301 0.0021 0.0045 0.0277

1930 0.0082 -0.0003 -0.0321 0.0033 0.0083 0.0238

1940 0.0077 -0.0001 -0.0332 0.0047 0.0105 0.0217

1948 0.0072 0.0001 -0.0343 0.0064 0.0129 0.0195

1949 0.0062 0.0002 -0.035 0.0134 0.0227 0.0152

1950 0.0049 0 -0.0343 0.0174 0.0322 0.0083

1970 0.0046 0.0902 0.0152 0.0143 -0.012 -0.0611

1980 0.0075 0.0864 0.0159 0.0144 -0.0121 -0.0615

2020 0.0118 -0.0024 -0.0549 -0.0028 -0.0073 0.0385

2030 0.0124 -0.0026 -0.0585 -0.0026 -0.0073 0.0386

2049 0.0121 -0.0019 -0.0603 0.0041 -0.0061 0.0395

2050 0.0107 0 -0.0608 0.0081 -0.0053 0.0408

2070 0.0013 0.0106 -0.0582 0.0158 -0.003 0.0425

2080 -0.0249 0.0394 -0.043 0.0365 0.0035 0.0426

2089 -0.0287 0.043 -0.0387 0.0444 0.0048 0.0414

2100 -0.0291 0.042 -0.0362 0.0483 0.0058 0.0407

2110 -0.029 0.0409 -0.0351 0.0483 0.0059 0.0407



2120 -0.0285 0.0373 -0.0316 0.0483 0.0059 0.0407

2125 -0.026 0.0228 -0.0167 0.0422 0.0103 0.0376

2150 -0.022 0.0117 -0.0021 0.0294 0.0163 0.0346

2170 -0.0195 0.0081 0.0051 0.0204 0.0168 0.0402

2179 -0.0182 0.008 0.0066 0.0166 0.0181 0.0425

2180 -0.0161 0.0094 0.0066 0.0148 0.0191 0.0448

2210 -0.0091 0.016 0.0038 0.0109 0.0183 0.043

2218 -0.007 0.0179 0.003 0.0109 0.0173 0.0407

2219 -0.0047 0.0186 0.0022 0.0103 0.0144 0.032

2220 -0.0029 0.0173 0.0017 0.0091 0.0122 0.0218

2240 0 0.0036 0 0.0001 0 0.0001

2250 0 0 0 0 0 0

2260 -0.0152 0.0285 0.0079 -0.0041 0.019 0.056

2280 -0.0182 0.0243 0.0094 -0.018 0.0277 0.0679

2300 -0.0691 -0.0277 0.0098 -0.0371 0.0266 -0.132

2309 -0.0707 -0.0276 0.0103 -0.0408 0.0276 -0.138

2310 -0.0719 -0.0262 0.0108 -0.0433 0.029 -0.1439

2340 -0.0822 0.0084 0.0179 -0.0783 0.0377 -0.1698

2349 -0.0826 0.0106 0.0186 -0.0809 0.0394 -0.1719

2350 -0.0823 0.0123 0.0193 -0.0845 0.0412 -0.1733

2390 -0.0793 0.0186 0.0227 -0.0894 0.044 -0.1763

2400 -0.0786 0.0198 0.0234 -0.0894 0.044 -0.1763

2410 -0.0779 0.0213 0.0241 -0.0894 0.044 -0.1763

2415 -0.0696 0.0363 0.0324 -0.0758 0.0513 -0.1859

2440 -0.0605 0.0454 0.0404 -0.0239 0.0565 -0.1952

2490 -0.0545 0.0453 0.0453 0.0294 0.0587 -0.2009

2540 -0.0484 0.0388 0.0502 0.1021 0.0603 -0.2065

2545 -0.0358 0 0.0601 0.2442 0.0603 -0.589

2570 -0.0321 -0.0158 0.0631 0.2576 0.0603 -0.7025

2579 -0.0312 -0.0218 0.0633 0.2663 0.0603 -0.7287

2580 -0.0304 -0.0311 0.0629 0.2736 0.0603 -0.7683

2610 -0.0273 -0.0842 0.059 0.2736 0.0603 -0.8463

2620 -0.0265 -0.098 0.058 0.2736 0.0603 -0.8464

2640 -0.0166 -0.2752 0.0454 0.2736 0.0603 -0.847

2650 -0.0083 -0.4276 0.0348 0.2736 0.0603 -0.8927

2660 -0.0055 -0.4795 0.0313 0.2736 0.0603 -0.8927

2690 -0.0004 -0.5753 0.0249 0.2736 0.0603 -0.8974

2700 0.0003 -0.59 0.0239 0.2736 0.0603 -0.8974

2710 0.001 -0.6027 0.023 0.2736 0.0603 -0.8974

2730 0.0106 -0.7829 0.0109 0.2736 0.0603 -0.8983

2820 0.0417 -0.045 -0.0474 0.0869 0.0368 0.0979

2830 0.0307 -0.0394 -0.0289 0.085 0.0366 0.0046

2839 0.0315 -0.0378 -0.0252 0.0836 0.0362 -0.0675

2840 0.032 -0.0337 -0.0226 0.0829 0.0357 -0.1221

2845 0.0228 0 -0.0095 0.0788 0.0355 0.0224

2860 0.0139 -0.0541 0.0031 0.0749 0.0355 0.2199

2870 0.0128 -0.0642 0.0047 0.0749 0.0355 0.22



2880 0.0086 -0.1011 0.0107 0.0748 0.0355 0.2193

2899 0.0103 -0.1089 0.0109 0.0741 0.0358 0.152

2900 0.0141 -0.1118 0.0088 0.0728 0.0362 0.0794

2920 0.0215 -0.1173 -0.0069 0.0709 0.0362 -0.0128

2930 0.0102 -0.0007 -0.0256 0.0014 -0.0003 0.0043

2940 0.0129 -0.0005 -0.0255 0.003 -0.0011 0.0027

2949 0.014 -0.0007 -0.0255 0.0039 -0.0009 0.0095

2950 0.0149 -0.0015 -0.0257 0.0063 -0.0002 0.0195

2960 0.0149 -0.0015 -0.0257 0.0063 -0.0002 0.0197

2970 0.0273 -0.0117 -0.0305 0.0199 0.0005 0.0403

2980 0.0292 -0.0128 -0.0314 0.02 0.0005 0.0403

2990 0.0417 -0.0206 -0.0376 0.0204 0.0005 0.0405

3000 0.0418 -0.0206 -0.0377 0.0205 0.0005 0.0406

3010 0.0478 -0.0242 -0.0414 0.0329 0.0008 0.0443

3019 0.0495 -0.0244 -0.0433 0.0491 0 0.0479

3020 0.0503 -0.0227 -0.0451 0.0612 -0.0004 0.0495

3030 0.0503 -0.0225 -0.0452 0.0613 -0.0004 0.0495

3040 0.0503 -0.0202 -0.0461 0.0625 -0.0003 0.0506

3050 0.0503 -0.0175 -0.0472 0.0622 0 0.0518

3060 0.0109 0.082 0.0168 0.0144 -0.0122 -0.062

3090 0.014 0.0769 0.0178 0.0198 -0.0229 -0.0982

3100 0.027 0.0495 0.0243 0.0207 -0.0244 -0.1016

3110 0.0372 0.0275 0.0297 0.0214 -0.0253 -0.1022

3120 0.0399 0.0217 0.0311 0.0216 -0.0255 -0.1022

3139 0.0411 0.0171 0.0334 0.0316 -0.0535 -0.1087

3140 0.0393 0.0139 0.0361 0.0492 -0.0776 -0.1133

3145 0.0321 0.0092 0.0402 0.0573 -0.087 -0.1132

3160 -0.0123 -0.0224 0.0635 0.0602 -0.0753 -0.1128

3169 -0.0166 -0.0254 0.0646 0.0487 -0.0524 -0.1067

3170 -0.0211 -0.0278 0.0637 0.0376 -0.04 -0.0981

3200 0.0578 -0.0208 -0.0562 0.0679 0.0004 0.0562

3210 0.0552 -0.0197 -0.0531 0.0677 0.0004 0.0561

3220 0.0528 -0.0186 -0.0501 0.0676 0.0004 0.056

3250 0.0211 0.0028 -0.029 0 0.0001 0.032

3270 0.0172 0.0057 -0.0291 0.0002 0.0002 0.0406

3280 0.017 0.0058 -0.0291 0.0002 0.0002 0.0406

3290 0.014 0.0076 -0.0291 0.0002 0.0002 0.0407

3300 0.0121 0.0044 -0.0291 0.0002 0.0002 0.0407

3310 0.0109 0.0025 -0.029 0.0003 0.0002 0.0406

3390 -0.0443 0.0255 0.0449 0.0801 0.0608 -0.1062

3400 -0.0431 0.0229 0.0434 0.0801 0.0608 -0.106

3420 -0.0352 0.0125 0.0333 0.0381 0.0588 -0.0452

3430 -0.0324 0.0099 0.0299 0.0381 0.0588 -0.0453

3470 -0.0282 0.0039 0.0249 0.0161 0.0557 -0.101

3475 -0.0258 0 0.0221 -0.0007 0.0533 -0.0587

3500 -0.0233 -0.0024 0.0193 -0.0175 0.0507 -0.0306

3510 -0.0225 -0.0029 0.0185 -0.0175 0.0507 -0.0306



3520 -0.0125 -0.0092 0.0079 -0.0179 0.0506 -0.0301

3550 -0.0091 -0.0109 0.0044 -0.0353 0.0459 -0.0204

3559 -0.0085 -0.0109 0.0038 -0.0394 0.0446 -0.0185

3560 -0.0081 -0.0105 0.0031 -0.046 0.0441 -0.0174

3590 -0.0071 -0.0074 -0.0004 -0.0618 0.0363 -0.0151

3600 -0.0062 -0.0046 -0.004 -0.0619 0.0363 -0.0151

3630 -0.0054 -0.0019 -0.0077 -0.0715 0.0312 -0.0134

3639 -0.0051 -0.0011 -0.0083 -0.0784 0.0293 -0.0116

3640 -0.0048 0 -0.0082 -0.0844 0.0263 -0.0103

3670 -0.0031 0.0067 -0.0046 -0.0871 0.0191 -0.0059

3680 -0.0027 0.0081 -0.0038 -0.0871 0.0191 -0.0059

3720 0.021 -0.1034 0.0012 0.0622 0.017 0.0085

3730 0.0207 -0.1025 0.0036 0.0622 0.017 0.0087

3760 0.0185 -0.1009 0.0074 0.0593 0.0125 0.0475

3770 0.0173 -0.1003 0.0089 0.0593 0.0124 0.0475

3818 0.0025 -0.0949 0.021 0.052 0.0062 0.0862

3819 0.0011 -0.0937 0.0219 0.0505 0.0058 0.0916

3820 0.0008 -0.0918 0.0222 0.0492 0.0052 0.0967

3827 0.0211 0 0.0165 0.0012 0.0189 0.0818

3830 0.0271 0.0144 0.0101 -0.0132 0.0346 0.0417

3840 0.0278 0.0154 0.0093 -0.0132 0.0346 0.0417

3868 0.0293 0.0178 0.007 -0.0168 0.0395 0.0363

3871 0.0294 0.0183 0.006 -0.0185 0.0429 0.0332

3890 0.0288 0.0182 0.0052 -0.0204 0.0461 0.0309

3900 0.0078 0.009 -0.0051 -0.02 0.0446 -0.0069

3909 0.0073 0.0087 -0.0053 -0.0193 0.0425 -0.0078

3910 0.007 0.0083 -0.0052 -0.0185 0.0412 -0.0093

3940 0.0056 0.0055 -0.0032 -0.0152 0.0282 -0.0142

3950 0.0052 0.0048 -0.0029 -0.0152 0.0281 -0.0142

3970 0.0042 0.003 -0.0019 -0.0123 0.0199 -0.014

3980 0.0035 0.0018 -0.0013 -0.0123 0.0198 -0.014

3990 0.0026 0 -0.0005 -0.0087 0.0116 -0.0105

3999 0.0024 -0.0002 -0.0004 -0.0066 0.0096 -0.0085

4000 0.0021 -0.0002 -0.0002 -0.0052 0.0067 -0.0062

4030 0.0003 0 0 0 0 0

4040 0 0 0 0 0 0

4070 0.0171 -0.0561 0.0116 0.0957 0.0208 -0.0398

4080 0.0185 -0.0551 0.0152 0.0958 0.0208 -0.0396

4110 0.0196 -0.0535 0.0216 0.1043 0.019 -0.0056

4120 0.0198 -0.0529 0.0242 0.1043 0.019 -0.0056

4140 0.0169 -0.0459 0.0546 0.1103 0.0158 0.0177

4149 0.0168 -0.0456 0.0557 0.1103 0.0157 0.0174

4150 0.017 -0.0453 0.056 0.1102 0.0155 0.017

4190 0.0366 -0.0281 0.0328 0.1067 0.06 0.0238

4200 0.0372 -0.0275 0.0313 0.1067 0.06 0.0238

4220 0.039 -0.0259 0.0266 0.1064 0.0693 0.0198

4229 0.039 -0.0252 0.0258 0.1059 0.0736 0.0177



4230 0.0383 -0.024 0.0252 0.1053 0.0778 0.0163

4260 0.0088 0.0081 0.0167 0.0744 0.0844 -0.0167

4269 0.0078 0.0087 0.0161 0.0684 0.0821 -0.0175

4270 0.0072 0.0088 0.0153 0.0623 0.0807 -0.019

4300 0.0056 0.0068 0.011 0.0475 0.0705 -0.0223

4310 0.005 0.0061 0.0098 0.0475 0.0705 -0.0223

4330 0.0034 0.0043 0.0068 0.0352 0.0614 -0.0205

4340 0.0024 0.0031 0.0051 0.0352 0.0613 -0.0205

4350 0.0012 0.0013 0.0029 0.0244 0.0522 -0.0132

4359 0.0008 0.0012 0.0026 0.0197 0.0496 -0.0089

4360 0.0003 0.0012 0.0022 0.0149 0.0459 -0.0059

4400 -0.0033 0.0018 0.0001 -0.0025 0.034 0.0093

4580 -0.0119 0.008 0.0265 0.0208 0.0557 -0.2736

4590 -0.005 0.0092 0.027 0.0208 0.0557 -0.2738

4610 0.0443 0.0151 0.0301 0.0276 0.0557 -0.5197

4619 0.0505 0.0131 0.0301 0.0291 0.0554 -0.5825

4620 0.0537 0.0067 0.0297 0.0301 0.0551 -0.644

4650 0.0721 -0.3393 0.0083 0.0571 0.0551 -1.0228

4659 0.0772 -0.3501 0.008 0.0581 0.0548 -1.0242

4660 0.0884 -0.3542 0.0084 0.0596 0.0545 -1.0244

4690 0.3253 -0.3432 0.0236 0.0721 0.0545 -1.0244

4700 0.3421 -0.3425 0.0248 0.0721 0.0545 -1.0244

4710 0.5564 -0.3325 0.0399 0.0722 0.0545 -1.0244

4740 0.6302 -0.3291 0.0452 0.0751 0.0545 -1.0244

4750 0.6897 -0.3263 0.0496 0.0751 0.0545 -1.0244

4780 0.7646 -0.3229 0.0552 0.0781 0.0545 -1.0244

4789 0.7759 -0.3227 0.0562 0.0798 0.0545 -1.0244

4790 0.7811 -0.3234 0.0571 0.0813 0.0545 -1.0244

4820 0.7852 -0.3296 0.0607 0.0833 0.0545 -1.0244

4830 0.7861 -0.331 0.0614 0.0833 0.0545 -1.0244

4840 0.7868 -0.3321 0.0621 0.0833 0.0545 -1.0244

4850 0.0048 0 -0.0342 0.0174 0.0323 0.0083

4857 -0.0098 0 -0.0095 0.0422 0.0468 -0.0051

4860 -0.0142 0.0008 -0.0015 0.0495 0.0452 -0.0038

4869 -0.0158 0.0017 -0.0002 0.0511 0.0419 -0.0019

4870 -0.0176 0.0037 -0.0005 0.0545 0.0383 -0.0012

4890 -0.0282 0.0202 -0.0079 0.055 0.0346 0.0084

4900 -0.0298 0.0227 -0.009 0.0549 0.0346 0.0084

4910 -0.0325 0.027 -0.011 0.0549 0.0346 0.0084

4920 -0.0319 0.0252 -0.0149 0.0548 0.0346 0.0085

4980 -0.0024 -0.0003 0.0004 -0.0029 0.0155 0.0105

4989 -0.0022 -0.0005 0.0003 -0.0029 0.0126 0.0113

4990 -0.0019 -0.0005 0.0002 -0.0031 0.0082 0.011

5020 -0.0003 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 -0.0001 0 0 0



5060 -0.0004 -0.0001 -0.0036 -0.0021 0.0127 0.002

5070 -0.0006 -0.0001 -0.004 -0.0021 0.0128 0.002

5080 -0.0078 -0.0007 -0.0081 -0.0037 0.0751 0.0113

5089 -0.009 -0.0009 -0.008 -0.0034 0.0882 0.0122

5090 -0.0099 -0.001 -0.0068 -0.0031 0.1007 0.0134

5110 -0.0155 -0.0046 0.0205 0.0028 0.1246 0.0168

5119 -0.0165 -0.0048 0.0221 0.0033 0.1195 0.0165

5120 -0.0182 -0.0049 0.0224 0.0041 0.1137 0.0163

5140 -0.0292 -0.0043 0.0198 0.0069 0.096 0.0156

5150 -0.031 -0.0042 0.0193 0.0069 0.096 0.0156

5155 -0.0576 0 0.0089 0.0078 0.033 0.0126

5157 -0.0512 0 -0.0085 -0.0093 -0.0458 0.0076

5160 -0.0102 -0.0029 -0.0234 0.0156 -0.0875 0.0033

5169 -0.009 -0.0025 -0.0236 0.019 -0.0891 0.003

5170 -0.0085 -0.0021 -0.0235 0.0217 -0.0902 0.0026

5190 -0.0086 -0.0012 -0.0226 0.0225 -0.0925 0.0025

5199 -0.0085 -0.0008 -0.0218 0.0218 -0.0933 0.0024

5200 -0.0082 -0.0006 -0.0204 0.0208 -0.0937 0.0024

5220 -0.0027 -0.0001 -0.0033 0.005 -0.0434 0.0017

5230 -0.0017 -0.0001 -0.0016 0.005 -0.0433 0.0017

5240 0.0443 -0.0586 -0.048 0.0866 0.0382 0.1403

5250 0.0412 -0.0761 -0.0432 0.0866 0.0382 0.1407

5260 0.0401 -0.0823 -0.0416 0.0866 0.0382 0.1408

5290 0.0372 -0.098 -0.0369 0.0791 0.0433 0.0973

5300 0.0371 -0.0986 -0.0366 0.0791 0.0433 0.0972

5320 0.0125 -0.0075 -0.0158 0.0221 -0.0041 0.0098

5340 0.0124 -0.0046 -0.0141 -0.0038 -0.0011 -0.0196

5350 0.0125 -0.0045 -0.0141 -0.0038 -0.0011 -0.0196

5360 0.0139 -0.0027 -0.0144 -0.0039 -0.0011 -0.0198

5370 0.012 -0.0011 -0.0145 -0.0041 -0.0011 -0.0199

5380 0.0108 -0.0002 -0.0145 -0.0042 -0.0011 -0.0199

5410 -0.0808 -0.0335 0.1693 0.1398 0.0813 0.1384

5420 -0.0869 -0.0324 0.1754 0.1398 0.0813 0.1384

5440 -0.0932 -0.0313 0.1819 0.1399 0.0812 0.1384

5450 -0.1938 -0.0121 0.2952 0.1477 0.0509 0.1273

5459 -0.1993 -0.0089 0.3003 0.1462 0.0489 0.127

5470 -0.203 -0.0031 0.3016 0.1492 0.0447 0.1264

5480 -0.21 0.0225 0.2975 0.1683 0.0408 0.128

5485 -0.2142 0.0413 0.2949 0.1931 0.039 0.129

5500 -0.2181 0.0628 0.2923 0.2263 0.0378 0.13

5510 -0.2199 0.0736 0.2911 0.2405 0.0376 0.1305

5520 -0.2216 0.0847 0.29 0.2407 0.0376 0.1305

5530 0 0 0 0 0 0

5550 0 0.0026 0 0.0002 0 0.0002

5560 0 0.0052 0 0.0002 0 0.0002

5570 0 0.0079 0 0.0002 0 0.0002

5600 -0.0001 0.0134 0.0002 0.0034 -0.0001 0.0025



5609 -0.0003 0.0139 0.0003 0.0056 0.0001 0.0041

5610 -0.0008 0.014 0.0006 0.0074 0.0003 0.0059

5640 -0.0128 0.0114 0.0071 0.0178 0.0036 -0.0089

5649 -0.0132 0.0112 0.0073 0.0166 0.0041 -0.0127

5650 -0.0136 0.0108 0.0073 0.0157 0.0043 -0.0169

5720 0.0225 0.0454 0.0115 -0.0222 -0.0245 0.071

5740 0.0136 0.0508 0.0083 -0.0397 -0.0186 0.0916

5750 0.0125 0.0514 0.0078 -0.0397 -0.0186 0.0916

5760 -0.0005 0.018 0.0117 0.0083 0.0016 0.004

5770 -0.0006 0.0182 0.0106 0.0083 0.0016 0.004

5780 -0.0007 0.0186 0.008 0.0083 0.0016 0.004

5830 0.0512 -0.0256 -0.0576 0.0908 0.0322 0.1126

5860 0.0099 -0.0015 -0.0421 -0.004 -0.0074 0.0384

6188 -0.1102 0.0362 0.0973 0.2391 0.0379 0.1271

6189 -0.1107 0.028 0.1028 0.238 0.0378 0.128

6190 -0.1149 0.0261 0.1121 0.2274 0.0375 0.1299

6200 -0.1152 0.0262 0.1126 0.2273 0.0375 0.1299

6210 -0.1226 0.0289 0.1255 0.2272 0.0375 0.1299

6420 0.001 0.008 -0.0533 0.0295 -0.003 0.0425

6429 0.0009 0.0079 -0.0528 0.03 -0.003 0.0425

6430 0.0004 0.0083 -0.0523 0.0301 -0.003 0.0425

6460 -0.0026 0.0117 -0.0501 0.0301 -0.003 0.0425

6470 -0.0035 0.0127 -0.0495 0.0301 -0.003 0.0425

6480 -0.0045 0.0138 -0.0488 0.0301 -0.003 0.0425

6490 -0.0068 0.0163 -0.0472 0.0301 -0.003 0.0425

6500 -0.0086 0.0183 -0.0459 0.0301 -0.003 0.0425

6520 0.0028 0.0434 0.0027 -0.04 -0.0185 0.0917

6540 -0.023 0.0136 0.0103 0.0323 0.0241 0.0261

6550 -0.025 0.0164 0.0081 0.0334 0.0227 0.0292

6560 -0.0262 0.018 0.0069 0.0334 0.0227 0.0292

6670 0.0067 0.001 -0.033 0.0047 0.0105 0.0217

6680 0.0058 0.0021 -0.0328 0.0047 0.0105 0.0217

6690 0.0048 0.0032 -0.0326 0.0047 0.0105 0.0217

6710 -0.0228 0.0351 -0.0266 0.0047 0.0105 0.0217

6720 0.0441 -0.0348 -0.0508 0.0896 0.0339 0.1132

6730 0.0385 -0.0336 -0.0464 0.0896 0.0339 0.1132

6740 0.0378 -0.0335 -0.0459 0.0896 0.0339 0.1132

6750 -0.0236 0.0139 -0.0008 0.0308 0.0179 0.033

6770 -0.0277 0.0202 0.0035 0.0334 0.0226 0.0293

6780 -0.0285 0.0214 0.0044 0.0334 0.0226 0.0293

6920 0.0501 -0.0301 -0.0481 -0.0018 -0.015 0.0589

6930 0.0495 -0.0298 -0.0481 -0.0018 -0.015 0.0589

6940 0.0488 -0.0295 -0.0481 -0.0018 -0.015 0.0589

6960 0.045 -0.0279 -0.0482 -0.0018 -0.015 0.0589

6970 0.0426 -0.0269 -0.0483 -0.0018 -0.015 0.0589

7000 0.0514 -0.0045 -0.0521 0.1088 0.0088 0.0818

7010 0.0506 -0.0042 -0.051 0.1088 0.0088 0.0818



7020 0.0496 -0.0039 -0.0497 0.1088 0.0088 0.0818

7040 0.0451 -0.0026 -0.0438 0.1088 0.0088 0.0818

7050 0.0417 -0.0015 -0.0393 0.1088 0.0088 0.0818

7080 0.0673 0.0049 0.0075 0.0049 -0.0447 0.0141

7090 0.0671 0.0055 0.0076 0.0049 -0.0447 0.0141

7100 0.0669 0.0063 0.0076 0.0049 -0.0447 0.0141

7120 0.0661 0.0089 0.0079 0.0049 -0.0447 0.0141

7130 0.0655 0.0109 0.0081 0.0049 -0.0447 0.0141

7140 0.0216 -0.1125 -0.004 0.0681 0.0332 -0.0779

7150 0.0255 -0.1113 -0.0006 0.0681 0.0332 -0.0779

7160 0.0059 0.0116 -0.0116 -0.0576 -0.0115 0.0226

7170 0.0039 0.0138 -0.0167 -0.0576 -0.0115 0.0226

7180 -0.0099 0.0164 0.0018 0.0099 0.0183 0.043

7190 -0.0111 0.0171 -0.0012 0.0099 0.0183 0.043

7200 -0.0116 0.0173 -0.0024 0.0099 0.0183 0.043

7230 -0.2237 0.0252 0.3155 0.1683 0.0408 0.128

7240 -0.2371 0.0278 0.3331 0.1683 0.0408 0.128

7440 -0.0284 -0.0068 0.0035 0.0047 0.0128 -0.056

7450 -0.0269 -0.0057 0.0037 0.0047 0.0128 -0.056

7480 -0.0232 -0.0022 0.0041 0.008 0.0111 -0.0476

7490 -0.0205 0.0005 0.0046 0.008 0.0111 -0.0475

7530 0.0535 -0.0079 0.0235 0.0034 -0.0463 0.0069

7540 0.0537 -0.0099 0.0234 0.0034 -0.0463 0.0069

7580 -0.1507 0.0392 0.1746 0.2269 0.0375 0.1299

7590 -0.1526 0.0399 0.178 0.2269 0.0375 0.13

7600 -0.2122 0.0617 0.2819 0.2267 0.0376 0.13

7620 -0.0634 0.0446 0.0408 -0.0239 0.0565 -0.1952

7630 -0.0636 0.0446 0.0408 -0.0239 0.0565 -0.1952

7640 -0.0739 0.0421 0.0421 -0.0239 0.0565 -0.1952

7650 -0.0741 0.042 0.0421 -0.0239 0.0565 -0.1952

7660 -0.0822 0.0401 0.0431 -0.0239 0.0565 -0.1952

7700 0.0259 -0.1111 -0.0002 0.0681 0.0332 -0.0779

7710 0.0146 -0.0075 -0.0416 -0.004 -0.0074 0.0384

7720 0.0169 -0.0103 -0.0414 -0.004 -0.0074 0.0384

7750 0.0013 -0.0074 0.0613 -0.0702 0.0773 0.0105

7760 0.0013 -0.0075 0.0614 -0.0702 0.0773 0.0105

7770 0.0017 -0.0094 0.0643 -0.0702 0.0773 0.0105

7790 -0.0139 -0.015 0.048 0.0062 -0.0088 0.0111

7800 -0.0134 -0.017 0.0477 0.0062 -0.0088 0.0111

7870 -0.1487 0.0384 0.1711 0.2269 0.0375 0.1299

7900 -0.1787 0.0494 0.2235 0.2268 0.0376 0.13

7930 -0.2048 0.059 0.2691 0.2267 0.0376 0.13

7970 -0.051 0.0461 0.0458 0.0294 0.0587 -0.2009

7980 0 0 0 0 0 0

8000 -0.2245 0.1036 0.288 0.2408 0.0376 0.1305

8030 -0.0025 0.0093 -0.0031 -0.0871 0.0191 -0.0059

8050 -0.0051 0.0538 0.0018 0.0077 0.0019 0.0032



8500 0.0039 0.0476 0.0035 -0.0399 -0.0185 0.0917

8510 0.0059 0.0548 0.005 -0.0398 -0.0186 0.0917
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CASE 2 (OPE) W+T1+P1

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 -0.0553 -0.0398 0.0869 -0.1628 -0.0181 0.0103

23 -0.0008 -0.0166 -0.0013 -0.0054 -0.0025 0.0043

30 -0.0038 -0.0339 -0.0044 -0.0075 -0.0051 0.0097

31 -0.0066 -0.0442 -0.0064 -0.008 -0.0042 0.0115

40 -0.008 -0.0491 -0.0074 -0.0083 -0.0037 0.0124

50 -0.0201 -0.0795 -0.0144 -0.0098 -0.001 0.0196

60 -0.0218 -0.083 -0.0152 -0.0098 -0.001 0.0196

70 -0.0246 -0.0886 -0.0166 -0.0098 -0.001 0.0196

80 0 0 0 0 0 0

100 -0.0237 -0.0769 -0.0046 0.0261 -0.0287 -0.1228

110 -0.0181 -0.0594 -0.0087 0.0263 -0.0286 -0.1242

120 -0.0163 -0.054 -0.0099 0.0263 -0.0285 -0.1245

140 -0.0147 -0.0484 -0.0111 0.029 -0.0266 -0.1404

150 -0.013 -0.0421 -0.0122 0.0313 -0.0248 -0.1544

160 -0.0112 -0.035 -0.0133 0.0313 -0.0248 -0.1546

170 -0.0046 -0.009 -0.0174 0.0315 -0.0246 -0.155

189 -0.0027 -0.0027 -0.0177 0.0269 -0.0171 -0.1329

190 -0.0016 0 -0.0164 0.0099 -0.0101 -0.1147

210 0 0 -0.0017 0 0 -0.0003

220 0 0 0 0 0 0

230 -0.0001 -0.0068 -0.0003 -0.0026 -0.001 0.0017

235 -0.0007 -0.0151 -0.0011 -0.0051 -0.0023 0.0039

250 0.0007 -0.0361 -0.0061 -0.0029 -0.0227 0.0259

260 0.0031 -0.0377 -0.0075 -0.0029 -0.0229 0.026

270 0.0035 -0.038 -0.0077 -0.0029 -0.0229 0.026

290 -0.0255 -0.0825 -0.0033 0.026 -0.0287 -0.1223

310 -0.0273 -0.0876 -0.0019 0.023 -0.0308 -0.1004

320 -0.0288 -0.091 -0.0008 0.0215 -0.0328 -0.0836

330 -0.0305 -0.0942 0.0007 0.0198 -0.0351 -0.0645

340 -0.034 -0.0983 0.0041 0.0163 -0.0395 -0.0281

350 -0.0358 -0.0995 0.0059 0.0153 -0.0413 -0.0237

360 -0.0425 -0.1034 0.0129 0.0152 -0.0414 -0.0231

370 -0.0443 -0.1045 0.0148 0.0152 -0.0415 -0.0229

400 -0.0489 -0.1039 0.02 0.0042 -0.0552 0.0912

410 -0.0492 -0.1033 0.0204 0.0042 -0.0553 0.0914

420 0 0 0 0 0 0

430 0 0 -0.0022 -0.0001 0.0001 0



435 0.0112 0 -0.0186 0.0352 0.0408 0.0206

450 0.0217 -0.0156 -0.0296 0.0454 0.0283 0.0344

460 0.0293 -0.0277 -0.0403 0.0429 0.0274 0.0347

470 0.0404 -0.0445 -0.0569 0.0379 0.025 0.0351

480 0.0418 -0.0467 -0.0591 0.0373 0.0245 0.0351

510 0.0398 -0.0471 -0.0658 -0.0253 -0.0501 0.0435

515 0.0285 0 -0.0824 -0.1562 -0.0132 -0.025

538 0.0259 0.0326 -0.0907 -0.1457 -0.0139 -0.0597

540 0.0289 0.0373 -0.0989 -0.0967 -0.0141 -0.0834

541 0.0263 0.037 -0.0942 -0.1226 -0.0151 -0.0674

550 0.0291 0.0372 -0.0991 -0.0964 -0.0142 -0.0837

560 0.0507 0.0271 -0.1238 -0.0957 -0.0145 -0.084

570 0.0555 0.0248 -0.1292 -0.0955 -0.0146 -0.0841

590 0.1042 -0.0054 -0.1767 -0.0385 -0.0637 -0.0128

599 0.1035 -0.0067 -0.177 -0.0321 -0.0685 0.0217

600 0.1015 -0.0059 -0.1748 -0.0283 -0.0764 0.046

610 0.0967 0 -0.1651 -0.0242 -0.0809 0.0398

615 0.0718 0 -0.1128 -0.0029 -0.0785 -0.0182

620 0.042 -0.0004 -0.072 0.0227 -0.0189 0.0313

630 0.0399 0.0013 -0.071 0.0227 -0.0187 0.0315

640 0.0376 0.0031 -0.0699 0.0227 -0.0186 0.0316

660 0.0358 0.0047 -0.0692 0.0243 -0.0124 0.0364

670 0.034 0.0062 -0.0687 0.0216 -0.0128 0.0314

680 0.0318 0.008 -0.0679 0.0215 -0.0128 0.0313

690 0.0296 0.0097 -0.0672 0.0215 -0.0128 0.0312

695 -0.0189 0 -0.0354 -0.0508 -0.0449 -0.05

710 -0.0258 -0.0095 -0.0269 -0.0611 -0.0524 -0.0525

720 -0.028 -0.0125 -0.024 -0.0611 -0.0524 -0.0524

730 -0.0302 -0.0153 -0.0211 -0.0612 -0.0525 -0.0523

749 -0.0307 -0.0178 -0.0184 -0.0578 -0.0601 -0.0288

750 -0.029 -0.0202 -0.016 -0.0543 -0.0642 -0.0161

770 -0.0243 -0.0241 -0.0131 -0.0534 -0.0629 0.0013

779 -0.0219 -0.0254 -0.0109 -0.045 -0.0607 0.0125

780 -0.0201 -0.0246 -0.0089 -0.0336 -0.061 0.0339

810 0 -0.003 0 0 -0.0001 0.0002

820 0 0 0 0 0 0

830 -0.0895 -0.0057 0.0827 -0.014 -0.0649 0.0654

840 -0.0913 -0.0027 0.0857 -0.014 -0.0649 0.0654

859 -0.0939 -0.0005 0.0876 -0.0077 -0.0653 0.0343

860 -0.0969 0 0.0872 0.0009 -0.0653 0.0175

880 -0.101 -0.0001 0.0847 0.0012 -0.0649 -0.0012

900 -0.1108 -0.0002 0.0787 -0.0003 -0.0628 -0.0465

910 -0.1137 -0.0001 0.0769 -0.0027 -0.0633 -0.0488

930 -0.121 0.0007 0.0723 -0.0174 -0.0648 -0.0635

940 -0.1296 0.003 0.0671 -0.0176 -0.0648 -0.0638

950 -0.1299 0.0031 0.0669 -0.0176 -0.0648 -0.0638

980 -0.1369 0.0057 0.0626 -0.024 -0.0628 -0.0785



990 -0.1403 0.007 0.0604 -0.0236 -0.062 -0.0813

1010 -0.1467 0.0093 0.0562 -0.0198 -0.0601 -0.0867

1020 -0.1495 0.0102 0.0544 -0.0195 -0.0601 -0.0867

1040 -0.1563 0.0124 0.0499 -0.0191 -0.0601 -0.0867

1050 -0.157 0.0127 0.0495 -0.0191 -0.0601 -0.0867

1060 -0.058 -0.0158 0.0811 -0.1626 -0.0181 0.0103

1090 -0.0601 0 0.0765 -0.116 -0.0181 0.0103

1100 -0.0613 0.0072 0.0738 -0.0983 -0.0181 0.0103

1120 -0.0638 0.0182 0.0685 -0.0669 -0.0181 0.0103

1130 -0.0645 0.0207 0.0669 -0.0606 -0.018 0.0139

1140 -0.0653 0.0236 0.065 -0.0604 -0.018 0.014

1150 -0.0662 0.0267 0.0631 -0.0603 -0.018 0.0141

1170 -0.0677 0.0313 0.0598 -0.052 -0.0185 0.0217

1180 -0.0707 0.0383 0.0537 -0.0414 -0.0201 0.0357

1189 -0.0709 0.039 0.0519 -0.0312 -0.0229 0.0428

1190 -0.0698 0.0377 0.0504 -0.0255 -0.0259 0.0543

1195 -0.0544 0.0139 0.0389 -0.0052 -0.0341 0.0634

1210 -0.0406 -0.0068 0.0254 0.013 -0.0435 0.0529

1219 -0.0362 -0.0111 0.0218 0.0211 -0.0506 0.0401

1230 -0.0336 -0.0107 0.0225 0.03 -0.0559 0.0342

1250 -0.0301 -0.0087 0.0249 0.0371 -0.0601 0.023

1260 -0.0291 -0.0081 0.0255 0.0371 -0.0601 0.0229

1270 -0.0195 -0.0021 0.0319 0.0371 -0.0602 0.0225

1300 -0.0121 0 0.0365 0.0027 -0.0649 0.0012

1310 -0.0071 0.0002 0.0395 0.0024 -0.0649 0.001

1330 -0.0735 -0.0363 0.0568 -0.0074 -0.0628 0.1216

1350 -0.0754 -0.0311 0.0597 -0.0084 -0.0629 0.0973

1360 -0.0789 -0.0235 0.0653 -0.012 -0.0642 0.0749

1370 -0.0807 -0.0203 0.0683 -0.0138 -0.0648 0.066

1390 0.038 -0.0449 -0.0628 -0.0062 -0.0766 0.0514

1400 0.0358 -0.042 -0.0584 -0.0058 -0.0772 0.0516

1410 0.0272 -0.0308 -0.0416 -0.004 -0.0782 0.0522

1420 0.0245 -0.0271 -0.0361 -0.0034 -0.0781 0.0523

1430 0.0244 -0.027 -0.036 -0.0025 -0.0779 0.0522

1439 0.0222 -0.0258 -0.0331 0.0151 -0.0687 0.0422

1440 0.0203 -0.0267 -0.0308 0.0472 -0.0649 0.0258

1450 0.0203 -0.0268 -0.0307 0.0477 -0.0643 0.0256

1460 0.0138 -0.0369 -0.0184 0.0476 -0.063 0.0252

1470 0.0135 -0.0373 -0.018 0.0476 -0.0629 0.0251

1480 0.0121 -0.0395 -0.0153 0.0472 -0.0626 0.0251

1510 0.0103 -0.0426 -0.0127 0.0113 -0.0419 0.0205

1540 0.0676 -0.0793 -0.1782 -0.3806 -0.0018 -0.1201

1560 0.149 -0.1044 -0.4313 -0.4118 0.0041 -0.1334

1580 0.1642 -0.109 -0.4783 -0.404 0.0068 -0.1306

1590 0.1663 -0.1097 -0.4849 -0.4039 0.0068 -0.1306

1600 -0.0085 -0.0483 -0.0119 -0.0071 -0.0037 0.0124

1610 -0.0087 -0.0478 -0.0143 -0.0071 -0.0037 0.0124



1620 -0.0088 -0.0476 -0.0154 -0.0071 -0.0037 0.0124

1630 0.103 0.1719 -0.2192 -0.3122 -0.0828 -0.0959

1640 0.1001 0.165 -0.2132 -0.3122 -0.0828 -0.0959

1645 0.0898 0.1374 -0.1895 -0.2755 -0.0974 -0.1125

1660 0.0223 0.0036 -0.0227 -0.0366 -0.0593 -0.0146

1670 0.0205 0.0029 -0.02 -0.0365 -0.0592 -0.0146

1680 0.0188 0.0023 -0.0174 -0.0364 -0.0591 -0.0145

1700 0.017 0.0017 -0.0148 -0.03 -0.0546 -0.0122

1705 -0.0037 0 0.0053 -0.0032 -0.0277 -0.0193

1720 -0.0082 -0.0031 0.0083 0.0025 -0.0262 -0.0361

1729 -0.0092 -0.0048 0.0098 -0.0003 -0.0253 -0.0573

1730 -0.0089 -0.0058 0.0117 0.0004 -0.0249 -0.0665

1760 -0.0022 -0.004 0.0225 0.0136 -0.0234 -0.1174

1770 -0.0012 -0.0032 0.0244 0.0179 -0.023 -0.1222

1775 0.0024 0 0.0306 0.0163 -0.0222 -0.1389

1780 0.0058 0.0015 0.0368 0.005 -0.0219 -0.1556

1790 0.0068 0.0017 0.0385 0.0029 -0.022 -0.1602

1800 0.0078 0.0018 0.0403 0.0011 -0.0221 -0.165

1810 0.0109 0.0016 0.0458 -0.0031 -0.0227 -0.1799

1820 0.0119 0.0015 0.0476 -0.0041 -0.023 -0.1845

1830 0.013 0.0012 0.0494 -0.0069 -0.023 -0.1849

1835 0.0154 0 0.0535 -0.0203 -0.0237 -0.186

1840 0.0191 -0.0045 0.0595 -0.0311 -0.0264 -0.1875

1850 0.0203 -0.0059 0.0613 -0.031 -0.0264 -0.1875

1860 0.0215 -0.0073 0.063 -0.0309 -0.0264 -0.1875

1870 0.0215 -0.0073 0.0631 -0.0306 -0.0265 -0.1876

1880 0.0227 -0.0086 0.0649 -0.0228 -0.0279 -0.188

1890 0.024 -0.0094 0.0667 -0.0146 -0.0289 -0.1828

1900 0.0254 -0.0099 0.0685 -0.0059 -0.0302 -0.1776

1910 0.0267 -0.01 0.0702 0.0027 -0.0315 -0.1727

1920 0.0282 -0.0096 0.072 0.0117 -0.032 -0.1605

1930 0.0308 -0.0081 0.0752 0.0227 -0.0334 -0.1393

1940 0.0323 -0.007 0.0769 0.0262 -0.0344 -0.1277

1948 0.0339 -0.0057 0.0787 0.0275 -0.0358 -0.1155

1949 0.0359 -0.0032 0.0796 0.0148 -0.0417 -0.0978

1950 0.038 -0.0001 0.0785 0.0004 -0.0476 -0.0562

1970 -0.0246 -0.0756 -0.0147 -0.0151 0.0063 0.05

1980 -0.027 -0.0725 -0.0151 -0.0151 0.0064 0.0504

2020 0.0277 0.0017 0.0607 0.0035 -0.0649 0.0003

2030 0.0327 0.002 0.0638 0.0036 -0.0648 0.0002

2049 0.0352 0.0015 0.0654 0.0003 -0.064 -0.0024

2050 0.0364 0 0.0659 -0.0059 -0.0637 -0.0065

2070 0.0388 -0.0088 0.0631 -0.0192 -0.0586 -0.0149

2080 0.0526 -0.0328 0.0368 -0.0683 -0.0449 -0.0285

2089 0.0546 -0.0352 0.0294 -0.0827 -0.0424 -0.0303

2100 0.0536 -0.0325 0.0266 -0.0909 -0.0405 -0.0311

2110 0.0526 -0.0304 0.0257 -0.0909 -0.0405 -0.0311



2120 0.0496 -0.0236 0.0228 -0.0909 -0.0405 -0.0311

2125 0.0373 0 0.0103 -0.0429 -0.0385 -0.0342

2150 0.0254 0.0037 -0.0018 0.002 -0.0399 -0.0371

2170 0.0197 0.0023 -0.0078 0.0116 -0.0362 -0.0542

2179 0.0178 0.0009 -0.0087 0.0113 -0.0349 -0.059

2180 0.0158 -0.0016 -0.008 0.01 -0.0336 -0.0643

2210 0.01 -0.0111 -0.0033 0.0013 -0.0298 -0.0618

2218 0.0082 -0.0139 -0.002 -0.0002 -0.0278 -0.0578

2219 0.0059 -0.0152 -0.001 -0.0008 -0.0232 -0.0445

2220 0.004 -0.0144 -0.0006 -0.0019 -0.0202 -0.0298

2240 0 -0.003 0 0 -0.0001 -0.0001

2250 0 0 0 0 0 0

2260 0.006 -0.0397 -0.0092 -0.0028 -0.023 0.0261

2280 0.0085 -0.0414 -0.0109 0.003 -0.0324 0.026

2300 -0.0124 0.0152 0.0346 -0.0595 0.0469 -0.0942

2309 -0.0133 0.016 0.0355 -0.0601 0.0474 -0.1006

2310 -0.0133 0.0173 0.0362 -0.0605 0.0482 -0.1069

2340 -0.0047 0.0446 0.0471 -0.0647 0.0509 -0.1401

2349 -0.004 0.0464 0.0475 -0.0655 0.0509 -0.143

2350 -0.0033 0.0478 0.0473 -0.0662 0.0509 -0.1449

2390 0.0003 0.0525 0.0444 -0.0656 0.0505 -0.1516

2400 0.0011 0.0535 0.0439 -0.0656 0.0505 -0.1516

2410 0.0019 0.0546 0.0432 -0.0656 0.0505 -0.1516

2415 0.0104 0.0642 0.0363 -0.0386 0.046 -0.1731

2440 0.0175 0.0662 0.0297 0.0218 0.038 -0.1939

2490 0.0211 0.0612 0.0256 0.0779 0.0314 -0.2065

2540 0.0239 0.0497 0.0215 0.1519 0.0235 -0.2192

2545 0.0288 0 0.0133 0.2973 0.0235 -0.6016

2570 0.0303 -0.0191 0.0108 0.3107 0.0235 -0.7152

2579 0.0304 -0.0257 0.0103 0.3193 0.0235 -0.7413

2580 0.03 -0.0354 0.0098 0.3266 0.0235 -0.7809

2610 0.0275 -0.0893 0.0083 0.3266 0.0235 -0.8589

2620 0.0268 -0.1033 0.0079 0.3266 0.0235 -0.859

2640 0.0185 -0.2832 0.003 0.3266 0.0235 -0.8597

2650 0.0116 -0.4378 -0.0011 0.3266 0.0235 -0.9053

2660 0.0093 -0.4904 -0.0025 0.3266 0.0235 -0.9054

2690 0.0051 -0.5876 -0.005 0.3266 0.0235 -0.9101

2700 0.0044 -0.6024 -0.0054 0.3266 0.0235 -0.9101

2710 0.0039 -0.6153 -0.0057 0.3266 0.0235 -0.9101

2730 -0.0041 -0.7981 -0.0104 0.3266 0.0235 -0.9109

2820 -0.0795 -0.0329 0.0593 -0.0078 -0.062 0.0828

2830 -0.0891 -0.0413 0.0579 -0.0049 -0.0576 0.001

2839 -0.0871 -0.0419 0.0569 -0.0024 -0.0559 -0.0748

2840 -0.0841 -0.0384 0.0549 -0.0008 -0.053 -0.1349

2845 -0.0697 0 0.0364 0.0049 -0.0478 0.015

2860 -0.0556 -0.0539 0.0201 0.0105 -0.0437 0.2222

2870 -0.0538 -0.0641 0.0181 0.0105 -0.0437 0.2222



2880 -0.0472 -0.1014 0.0108 0.0106 -0.0436 0.2215

2899 -0.043 -0.1082 0.009 0.0112 -0.0427 0.1465

2900 -0.0385 -0.1086 0.0079 0.0128 -0.0425 0.0684

2920 -0.0331 -0.1 0.0048 0.0156 -0.04 -0.0143

2930 0.0209 -0.0173 0.0662 -0.021 -0.0287 -0.1913

2940 0.0165 -0.0387 0.0694 -0.0167 -0.0306 -0.1905

2949 0.0123 -0.045 0.0709 -0.0152 -0.0323 -0.1758

2950 0.0055 -0.0461 0.0719 -0.0113 -0.0325 -0.1564

2960 0.0052 -0.046 0.0719 -0.0112 -0.0325 -0.1561

2970 -0.0491 -0.03 0.0741 -0.0001 -0.0422 -0.112

2980 -0.0542 -0.0282 0.0741 0 -0.0422 -0.1119

2990 -0.0888 -0.016 0.0741 0.0001 -0.0423 -0.1113

3000 -0.089 -0.0159 0.0741 0.0002 -0.0424 -0.1111

3010 -0.1038 -0.0103 0.0739 0.0032 -0.0458 -0.0975

3019 -0.1064 -0.0087 0.0743 0.0063 -0.0509 -0.0822

3020 -0.1056 -0.0078 0.0756 0.0064 -0.0575 -0.0744

3030 -0.1055 -0.0078 0.0757 0.0063 -0.0575 -0.0741

3040 -0.1033 -0.0076 0.0772 0.0054 -0.0581 -0.0697

3050 -0.1008 -0.0074 0.0789 0.0032 -0.0588 -0.0644

3060 -0.0299 -0.0689 -0.0155 -0.0152 0.0065 0.0508

3090 -0.0325 -0.0646 -0.0162 -0.0222 0.0152 0.0902

3100 -0.0432 -0.0392 -0.0205 -0.0233 0.0165 0.096

3110 -0.0518 -0.018 -0.0241 -0.0243 0.0173 0.0988

3120 -0.054 -0.0124 -0.0251 -0.0245 0.0176 0.0991

3139 -0.055 -0.0075 -0.027 -0.0383 0.0495 0.1187

3140 -0.0532 -0.0039 -0.0294 -0.0459 0.0782 0.1213

3145 -0.0458 0 -0.0328 -0.032 0.0898 0.1186

3160 0.0026 -0.0092 -0.0522 0.0446 0.0885 0.1038

3169 0.0074 -0.0104 -0.0545 0.0448 0.0675 0.0966

3170 0.0117 -0.0096 -0.0567 0.0416 0.0554 0.0851

3200 -0.1085 -0.002 0.0787 0.0013 -0.0609 -0.0552

3210 -0.1059 -0.0038 0.0787 0.0014 -0.0608 -0.0554

3220 -0.1035 -0.0055 0.0788 0.0014 -0.0608 -0.0555

3250 -0.0135 -0.0397 0.0773 -0.0027 -0.0402 -0.1486

3270 0.0046 -0.0442 0.0771 0.0008 -0.0337 -0.1785

3280 0.0056 -0.0444 0.0771 0.0008 -0.0337 -0.1785

3290 0.0184 -0.0473 0.0771 0.0008 -0.0336 -0.1786

3300 0.0216 -0.0332 0.0745 0.0008 -0.0336 -0.1787

3310 0.0234 -0.025 0.073 0.0009 -0.0336 -0.1787

3390 0.0205 0.0351 0.0198 0.1268 0.0166 -0.1234

3400 0.0195 0.032 0.0194 0.1268 0.0166 -0.1233

3420 0.0129 0.018 0.0175 0.0788 0.0061 -0.071

3430 0.0106 0.0139 0.0172 0.0788 0.0061 -0.071

3470 0.0071 0.0055 0.0168 0.0537 0.0022 -0.131

3475 0.005 0 0.0168 0.035 0.0003 -0.0913

3500 0.003 -0.0041 0.0168 0.0163 -0.0013 -0.0653

3510 0.0023 -0.0052 0.0168 0.0163 -0.0013 -0.0653



3520 -0.006 -0.0188 0.0171 0.0159 -0.0013 -0.0648

3550 -0.0088 -0.0229 0.0172 -0.0034 -0.0013 -0.0529

3559 -0.009 -0.0237 0.0172 -0.0085 0.0002 -0.0494

3560 -0.0087 -0.0243 0.017 -0.0166 0.0017 -0.0465

3590 -0.0058 -0.0269 0.0154 -0.0349 0.0021 -0.0405

3600 -0.0035 -0.0292 0.0133 -0.035 0.0021 -0.0405

3630 -0.0013 -0.0314 0.011 -0.0473 0.0023 -0.0361

3639 -0.001 -0.0315 0.0103 -0.0566 0.0018 -0.0329

3640 -0.0008 -0.0311 0.0096 -0.0651 0.0014 -0.0309

3670 -0.0007 -0.0256 0.0066 -0.0746 0.0012 -0.02

3680 -0.0007 -0.0244 0.006 -0.0746 0.0012 -0.02

3720 -0.02 -0.091 -0.0023 -0.0293 -0.0012 -0.0637

3730 -0.0176 -0.0925 -0.0034 -0.0293 -0.0012 -0.0637

3760 -0.0145 -0.095 -0.0058 -0.0443 0.0091 -0.0389

3770 -0.0135 -0.096 -0.007 -0.0443 0.0091 -0.0389

3818 -0.0111 -0.1046 -0.0181 -0.0571 0.0233 0.0227

3819 -0.012 -0.105 -0.0194 -0.0587 0.0249 0.0377

3820 -0.013 -0.1045 -0.0203 -0.0599 0.0269 0.0529

3827 -0.0451 0 -0.0391 -0.0938 -0.0027 0.1163

3830 -0.0547 0.022 -0.0345 -0.104 -0.0374 0.0736

3840 -0.0557 0.0239 -0.0336 -0.104 -0.0375 0.0736

3868 -0.0581 0.0283 -0.0309 -0.1065 -0.0484 0.0713

3871 -0.0584 0.0288 -0.0297 -0.1074 -0.0559 0.0707

3890 -0.0576 0.0273 -0.0285 -0.1083 -0.0631 0.0705

3900 -0.0256 -0.0123 -0.0122 -0.0689 -0.0711 0.0703

3909 -0.0245 -0.0128 -0.0114 -0.0628 -0.0671 0.0695

3910 -0.0235 -0.0126 -0.0106 -0.0567 -0.0644 0.0686

3940 -0.0159 -0.0081 -0.0054 -0.0363 -0.0434 0.0625

3950 -0.0143 -0.0072 -0.0045 -0.0363 -0.0434 0.0625

3970 -0.0102 -0.0043 -0.0023 -0.0251 -0.0301 0.0524

3980 -0.0076 -0.0024 -0.001 -0.025 -0.03 0.0524

3990 -0.0044 0.0005 0.0004 -0.0156 -0.0167 0.0359

3999 -0.0039 0.0008 0.0005 -0.0128 -0.0147 0.0277

4000 -0.0033 0.0007 0.0004 -0.0113 -0.0111 0.0192

4030 -0.0005 0 0 0 0 0

4040 0 0 0 0 0 0

4070 -0.0033 -0.0518 -0.0074 0.0556 -0.02 -0.1219

4080 0.0013 -0.0533 -0.0054 0.0557 -0.02 -0.1218

4110 0.0086 -0.0558 -0.0014 0.0657 -0.0177 -0.1126

4120 0.0114 -0.0568 0.0002 0.0657 -0.0177 -0.1126

4140 0.0396 -0.0678 0.0214 0.086 -0.0136 -0.0866

4149 0.0404 -0.0686 0.0224 0.0882 -0.0138 -0.0828

4150 0.0403 -0.0697 0.0229 0.0896 -0.0139 -0.079

4190 0.0092 -0.0949 0.0343 0.1706 -0.0196 0.0013

4200 0.0082 -0.0949 0.0348 0.1706 -0.0196 0.0013

4220 0.0053 -0.0948 0.0362 0.178 -0.0216 0.0007

4229 0.005 -0.094 0.0366 0.1793 -0.0225 0.0003



4230 0.0051 -0.092 0.0372 0.1813 -0.0234 0

4260 0.0135 -0.0303 0.0505 0.1721 -0.023 -0.0149

4269 0.0136 -0.0283 0.0502 0.1675 -0.0219 -0.0157

4270 0.0136 -0.0271 0.0486 0.1628 -0.0212 -0.0169

4300 0.0121 -0.024 0.0361 0.1507 -0.0178 -0.0204

4310 0.0116 -0.023 0.0323 0.1507 -0.0178 -0.0204

4330 0.0099 -0.0201 0.0219 0.1394 -0.0148 -0.0248

4340 0.0087 -0.0182 0.0151 0.1394 -0.0148 -0.0248

4350 0.0067 -0.0154 0.0055 0.1277 -0.0118 -0.0306

4359 0.0064 -0.0144 0.0043 0.1224 -0.0108 -0.0334

4360 0.0064 -0.0129 0.0042 0.1169 -0.0093 -0.0352

4400 0.0071 -0.0035 0.0076 0.097 -0.0056 -0.0453

4580 0.0261 0.0021 0.0217 0.0584 0.0022 -0.3036

4590 0.0337 0.0011 0.0232 0.0584 0.0022 -0.3038

4610 0.0868 -0.0039 0.0309 0.0651 0.0022 -0.5497

4619 0.0929 -0.0069 0.0316 0.0667 0.002 -0.6125

4620 0.0953 -0.0141 0.0319 0.0677 0.0017 -0.674

4650 0.08 -0.3716 0.0312 0.0946 0.0017 -1.0528

4659 0.0842 -0.3832 0.0316 0.0956 0.0014 -1.0542

4660 0.0955 -0.3883 0.0326 0.0972 0.0011 -1.0545

4690 0.3392 -0.3975 0.0566 0.1097 0.0011 -1.0545

4700 0.3565 -0.3982 0.0584 0.1097 0.0011 -1.0545

4710 0.5771 -0.4065 0.0813 0.1097 0.0011 -1.0545

4740 0.653 -0.4093 0.0893 0.1127 0.0011 -1.0545

4750 0.7143 -0.4116 0.0959 0.1127 0.0011 -1.0545

4780 0.7914 -0.4145 0.1042 0.1156 0.0011 -1.0545

4789 0.8028 -0.4155 0.1053 0.1173 0.0011 -1.0545

4790 0.8075 -0.4169 0.1054 0.1189 0.0011 -1.0545

4820 0.8076 -0.426 0.1024 0.1209 0.0011 -1.0545

4830 0.8076 -0.428 0.1018 0.1209 0.0011 -1.0545

4840 0.8076 -0.4297 0.1012 0.1209 0.0011 -1.0545

4850 0.0381 0 0.0784 0.0002 -0.0477 -0.0556

4857 0.0612 0 0.0485 -0.0527 -0.0484 0.0302

4860 0.0681 -0.0054 0.0406 -0.0685 -0.0417 0.0283

4869 0.0702 -0.0074 0.0398 -0.0714 -0.033 0.0227

4870 0.0718 -0.0105 0.0408 -0.0778 -0.0243 0.0203

4890 0.0774 -0.0341 0.0525 -0.0768 -0.0152 -0.0048

4900 0.0781 -0.0376 0.0543 -0.0768 -0.0152 -0.0049

4910 0.0792 -0.0436 0.0574 -0.0766 -0.0152 -0.005

4920 0.0789 -0.0408 0.0629 -0.0765 -0.0152 -0.0051

4980 0.0039 0 0.0007 0.0596 0.0008 -0.0266

4989 0.0035 0.0003 0.0002 0.0465 -0.0006 -0.019

4990 0.003 0.0003 0 0.0381 -0.0016 -0.0116

5020 0.0005 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 0.0001 0 0 0



5060 0.0006 -0.0001 0.0056 -0.0018 -0.0201 0.002

5070 0.001 -0.0001 0.0064 -0.0018 -0.0202 0.002

5080 0.0123 -0.0006 0.0128 -0.0027 -0.1187 0.0116

5089 0.0143 -0.0007 0.0126 -0.0023 -0.1396 0.0125

5090 0.0156 -0.0009 0.0108 -0.002 -0.1592 0.0138

5110 0.0245 -0.0047 -0.0325 0.0044 -0.1974 0.0184

5119 0.0261 -0.0049 -0.0349 0.0048 -0.1894 0.0185

5120 0.0288 -0.0049 -0.0354 0.0055 -0.1802 0.0185

5140 0.0462 -0.0042 -0.0313 0.0082 -0.1525 0.0191

5150 0.0492 -0.004 -0.0305 0.0082 -0.1524 0.0191

5155 0.0917 0 -0.014 0.0048 -0.0536 0.0215

5157 0.0827 0 0.0135 0.0028 0.0708 0.0254

5160 0.0186 -0.0033 0.037 -0.0289 0.1373 0.0288

5169 0.0166 -0.0039 0.0374 -0.0338 0.1399 0.0293

5170 0.0154 -0.0046 0.0371 -0.0378 0.1416 0.0298

5190 0.0143 -0.0061 0.0357 -0.0389 0.1453 0.0298

5199 0.0137 -0.0064 0.0343 -0.0375 0.1466 0.0297

5200 0.013 -0.0063 0.0321 -0.0358 0.1473 0.0294

5220 0.0043 -0.001 0.0051 -0.0086 0.0683 0.0133

5230 0.0028 -0.0005 0.0025 -0.0086 0.0682 0.0133

5240 -0.0717 -0.0418 0.0539 -0.0074 -0.0628 0.1219

5250 -0.0668 -0.0571 0.0461 -0.0074 -0.0628 0.1224

5260 -0.0651 -0.0624 0.0433 -0.0074 -0.0628 0.1225

5290 -0.0604 -0.0765 0.0362 0.0036 -0.0558 0.0963

5300 -0.0602 -0.0772 0.0358 0.0036 -0.0558 0.0962

5320 -0.0299 -0.0302 0.0525 0.0021 -0.0321 -0.1568

5340 -0.0109 -0.0347 0.0527 -0.0018 -0.024 -0.1871

5350 -0.0098 -0.0349 0.0526 -0.0018 -0.024 -0.1871

5360 0.0036 -0.0377 0.0525 -0.0018 -0.024 -0.1873

5370 0.0067 -0.023 0.0506 -0.0019 -0.024 -0.1874

5380 0.0085 -0.0144 0.0495 -0.0019 -0.0239 -0.1874

5410 0.1044 0.1632 -0.2276 -0.3171 -0.0789 -0.0918

5420 0.1084 0.1615 -0.2415 -0.3171 -0.0788 -0.0917

5440 0.1126 0.1597 -0.256 -0.3172 -0.0787 -0.0917

5450 0.1751 0.1292 -0.5242 -0.3689 -0.0124 -0.0871

5459 0.1786 0.122 -0.5373 -0.3756 -0.01 -0.0941

5470 0.1803 0.1074 -0.5417 -0.3845 -0.0032 -0.0967

5480 0.1801 0.0429 -0.5351 -0.4014 0.0041 -0.1111

5485 0.1796 0 -0.531 -0.4207 0.0063 -0.1203

5500 0.1789 -0.0443 -0.5269 -0.4121 0.0067 -0.1293

5510 0.1786 -0.0629 -0.5251 -0.404 0.0069 -0.1305

5520 0.1782 -0.0814 -0.5233 -0.4039 0.0069 -0.1306

5530 0 0 0 0 0 0

5550 0 -0.0022 0 0.0002 0.0004 0.0004

5560 0 -0.0043 0 0.0002 0.0004 0.0005

5570 -0.0001 -0.0066 0 0.0002 0.0004 0.0005

5600 -0.0003 -0.0112 0.0001 0.0012 0.0048 0.0064



5609 -0.0003 -0.0117 0.0001 0.0022 0.0059 0.0104

5610 0.0001 -0.012 -0.0001 0.0035 0.0078 0.014

5640 0.0123 -0.0173 -0.0012 -0.0132 0.0218 0.0196

5649 0.0128 -0.0172 -0.0011 -0.0159 0.0229 0.0164

5650 0.0132 -0.0168 -0.0009 -0.0191 0.0236 0.0133

5720 -0.0313 -0.021 0.0277 -0.0124 -0.0222 -0.0835

5740 -0.0205 -0.0256 0.0269 0.006 -0.0234 -0.1185

5750 -0.019 -0.026 0.027 0.006 -0.0234 -0.1185

5760 -0.0014 -0.016 -0.0101 -0.0018 -0.0025 0.0043

5770 -0.0013 -0.0161 -0.0091 -0.0018 -0.0025 0.0043

5780 -0.0012 -0.0162 -0.007 -0.0018 -0.0025 0.0043

5830 -0.0825 -0.0173 0.0713 -0.0138 -0.0648 0.0659

5860 0.0103 0.0008 0.0501 0.0027 -0.0649 0.0007

6188 0.0676 -0.0324 -0.1829 -0.4052 0.0006 -0.1245

6189 0.0696 -0.0178 -0.1906 -0.4094 0.0039 -0.1271

6190 0.0745 -0.013 -0.2063 -0.4034 0.0058 -0.1315

6200 0.0747 -0.0131 -0.2072 -0.4033 0.0058 -0.1315

6210 0.0822 -0.0153 -0.2301 -0.4032 0.0058 -0.1315

6420 0.0328 -0.0078 0.059 -0.0055 -0.0586 -0.0149

6429 0.0323 -0.0079 0.0586 -0.005 -0.0586 -0.0149

6430 0.0322 -0.0082 0.0584 -0.0049 -0.0586 -0.0149

6460 0.0333 -0.0111 0.0581 -0.0049 -0.0586 -0.0149

6470 0.0336 -0.0119 0.058 -0.0049 -0.0586 -0.0149

6480 0.0339 -0.0128 0.0579 -0.0049 -0.0586 -0.0149

6490 0.0347 -0.015 0.0576 -0.0049 -0.0586 -0.0149

6500 0.0353 -0.0166 0.0574 -0.0049 -0.0586 -0.0149

6520 -0.0056 -0.0141 0.0245 0.0064 -0.0234 -0.1189

6540 0.0195 0.0004 -0.013 -0.0265 -0.0536 -0.0165

6550 0.0239 -0.0016 -0.0096 -0.0186 -0.0509 -0.0245

6560 0.0265 -0.0025 -0.0076 -0.0185 -0.0508 -0.0246

6670 0.0381 -0.0088 0.0781 0.0262 -0.0344 -0.1277

6680 0.0439 -0.0106 0.0793 0.0262 -0.0344 -0.1277

6690 0.0495 -0.0124 0.0804 0.0262 -0.0344 -0.1277

6710 0.2122 -0.0628 0.1138 0.0262 -0.0344 -0.1277

6720 -0.0821 -0.0252 0.0648 -0.012 -0.0642 0.0749

6730 -0.0858 -0.0272 0.0642 -0.012 -0.0642 0.0749

6740 -0.0862 -0.0274 0.0642 -0.012 -0.0642 0.0749

6750 0.0271 0.0019 -0.0018 -0.0036 -0.0427 -0.0336

6770 0.031 -0.0034 -0.0031 -0.0183 -0.0507 -0.0248

6780 0.0316 -0.0044 -0.0036 -0.0183 -0.0507 -0.0248

6920 -0.1319 0.0029 0.058 -0.0236 -0.062 -0.0813

6930 -0.1311 0.0025 0.0578 -0.0236 -0.062 -0.0813

6940 -0.1302 0.002 0.0575 -0.0236 -0.062 -0.0813

6960 -0.1249 -0.0005 0.056 -0.0236 -0.062 -0.0813

6970 -0.1215 -0.0021 0.055 -0.0236 -0.062 -0.0813

7000 -0.1009 -0.0041 0.0848 0.0012 -0.0649 -0.0012

7010 -0.1009 -0.0045 0.0848 0.0012 -0.0649 -0.0012



7020 -0.1009 -0.005 0.0848 0.0012 -0.0649 -0.0012

7040 -0.1008 -0.0072 0.0849 0.0012 -0.0649 -0.0012

7050 -0.1008 -0.0088 0.085 0.0012 -0.0649 -0.0012

7080 -0.0624 0.0032 0.0637 -0.0983 -0.0181 0.0103

7090 -0.0625 0.0026 0.0623 -0.0983 -0.0181 0.0103

7100 -0.0627 0.0019 0.0607 -0.0983 -0.0181 0.0103

7120 -0.0633 -0.0002 0.0554 -0.0983 -0.0181 0.0103

7130 -0.0637 -0.0019 0.0513 -0.0983 -0.0181 0.0103

7140 -0.0277 -0.0959 0.0016 0.0198 -0.0351 -0.0645

7150 -0.0246 -0.0978 0.0025 0.0198 -0.0351 -0.0645

7160 0.0141 -0.0001 0.0386 0.0029 -0.022 -0.1602

7170 0.0285 -0.0036 0.0389 0.0029 -0.022 -0.1602

7180 0.0112 -0.0111 -0.0016 0.0003 -0.0298 -0.0618

7190 0.0131 -0.0111 0.0009 0.0003 -0.0298 -0.0618

7200 0.0139 -0.0111 0.0019 0.0003 -0.0298 -0.0618

7230 0.192 0.0387 -0.5781 -0.4014 0.0041 -0.1111

7240 0.2037 0.0345 -0.6201 -0.4014 0.0041 -0.1111

7440 0.0114 -0.0022 0.0116 -0.0422 0.0325 -0.0185

7450 0.0119 -0.0031 0.0105 -0.0422 0.0325 -0.0185

7480 0.0129 -0.006 0.0076 -0.0385 0.0307 -0.011

7490 0.0136 -0.0083 0.0054 -0.0384 0.0307 -0.011

7530 -0.0655 0.0353 0.0651 -0.052 -0.0185 0.0217

7540 -0.0646 0.037 0.0673 -0.052 -0.0185 0.0217

7580 0.1106 -0.0238 -0.3171 -0.4033 0.0059 -0.1316

7590 0.1126 -0.0244 -0.3233 -0.4033 0.0059 -0.1316

7600 0.1729 -0.0425 -0.5082 -0.4042 0.006 -0.1314

7620 0.0145 0.0668 0.0293 0.0218 0.038 -0.1939

7630 0.0143 0.0668 0.0293 0.0218 0.038 -0.1939

7640 0.0042 0.0689 0.0282 0.0218 0.038 -0.1939

7650 0.004 0.0689 0.0281 0.0218 0.038 -0.1939

7660 -0.0041 0.0706 0.0272 0.0218 0.038 -0.1939

7700 -0.0242 -0.0981 0.0027 0.0198 -0.0351 -0.0645

7710 0.0104 0.0057 0.0498 0.0027 -0.0649 0.0007

7720 0.0104 0.0081 0.0496 0.0027 -0.0649 0.0007

7750 0.0319 -0.0273 -0.0413 -0.004 -0.0782 0.0522

7760 0.0319 -0.0273 -0.0413 -0.004 -0.0782 0.0522

7770 0.0341 -0.0256 -0.0411 -0.004 -0.0782 0.0522

7790 0.0324 -0.0242 -0.0441 0.0429 0.0274 0.0347

7800 0.0339 -0.0225 -0.0459 0.0429 0.0274 0.0347

7870 0.1086 -0.0232 -0.311 -0.4032 0.0059 -0.1316

7900 0.139 -0.0324 -0.4043 -0.4035 0.0059 -0.1315

7930 0.1654 -0.0403 -0.4853 -0.404 0.006 -0.1314

7970 0.0247 0.0606 0.027 0.0779 0.0314 -0.2065

7980 0 0 0 0 0 0

8000 0.1777 -0.1131 -0.5202 -0.4039 0.0068 -0.1306

8030 -0.0007 -0.0233 0.0054 -0.0746 0.0012 -0.02

8050 -0.0059 -0.0456 0.0001 -0.0085 -0.0042 0.0115



8500 -0.0074 -0.0196 0.0256 0.0063 -0.0234 -0.1188

8510 -0.0105 -0.0289 0.0274 0.0061 -0.0234 -0.1187
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DISPLACEMENTS REPORT: Nodal Movements

CASE 1 (HYD) WW+HP

Node DX in. DY in. DZ in. RX deg. RY deg. RZ deg.

 

 

20 0.0222 -0.0178 0.0373 -0.0794 -0.0384 0.0071

23 -0.0008 -0.0002 -0.0001 -0.0005 -0.0006 0.0038

30 -0.0033 -0.0003 -0.0003 -0.0004 -0.0012 0.0078

31 -0.0052 -0.0003 -0.0004 -0.0001 -0.0013 0.0068

40 -0.006 -0.0004 -0.0004 0 -0.0013 0.0063

50 -0.0097 -0.0005 -0.0004 0 -0.0015 0.0035

60 -0.01 -0.0005 -0.0004 0 -0.0015 0.0035

70 -0.0105 -0.0005 -0.0004 0 -0.0015 0.0035

80 0 0 0 0 0 0

100 -0.001 -0.0889 -0.0015 0.0525 0.0035 -0.1421

110 -0.001 -0.0686 -0.001 0.0525 0.0035 -0.1437

120 -0.001 -0.0624 -0.0008 0.0525 0.0035 -0.1441

140 -0.001 -0.0559 -0.0007 0.0528 0.0031 -0.1611

150 -0.001 -0.0487 -0.0006 0.0524 0.0026 -0.177

160 -0.001 -0.0406 -0.0005 0.0524 0.0025 -0.1772

170 -0.001 -0.0108 0 0.0524 0.0025 -0.1776

189 -0.001 -0.0034 0 0.043 -0.0003 -0.1505

190 -0.0009 0 0 0.016 -0.0026 -0.1281

210 0 0 0 -0.0001 0 -0.0003

220 0 0 0 0 0 0

230 -0.0001 -0.0001 0 -0.0003 -0.0002 0.0015

235 -0.0007 -0.0001 -0.0001 -0.0005 -0.0005 0.0035

250 -0.0033 -0.0032 -0.0006 -0.0017 -0.0036 0.0377

260 -0.0033 -0.0056 -0.0009 -0.0017 -0.0036 0.0379

270 -0.0033 -0.006 -0.0009 -0.0017 -0.0036 0.0379

290 -0.001 -0.0954 -0.0016 0.0525 0.0035 -0.1416

310 -0.001 -0.1013 -0.0018 0.0522 0.0037 -0.1158

320 -0.001 -0.1052 -0.0019 0.0524 0.0037 -0.0965

330 -0.001 -0.1089 -0.0021 0.0526 0.0036 -0.0742

340 -0.001 -0.1136 -0.0024 0.053 0.0034 -0.0303

350 -0.001 -0.1149 -0.0026 0.0531 0.0035 -0.0258

360 -0.001 -0.1192 -0.0032 0.0531 0.0035 -0.0253

370 -0.001 -0.1203 -0.0033 0.0531 0.0035 -0.0251

400 -0.001 -0.1198 -0.0037 0.0545 0.0005 0.0951

410 -0.001 -0.1192 -0.0037 0.0545 0.0005 0.0952

420 0 0 0 0 0 0

430 0 0 0 -0.0001 0 0



435 0.0028 0 0 0.0304 0.011 0.015

450 0.0061 -0.0126 0 0.029 0.0113 0.025

460 0.0091 -0.0202 0 0.0263 0.0112 0.0252

470 0.0138 -0.0301 0 0.0211 0.0109 0.0255

480 0.0144 -0.0313 0 0.0206 0.0108 0.0255

510 0.0153 -0.0288 0 -0.0419 -0.0009 0.0316

515 0.0161 0 0 -0.0328 0.0047 0.0266

538 0.0174 -0.0006 0 0.0214 0.0075 0.0241

540 0.0167 -0.002 0.0014 0.0239 0.0111 0.021

541 0.0173 -0.0016 0.0005 0.0268 0.0098 0.0229

550 0.0166 -0.002 0.0015 0.0238 0.0112 0.0209

560 0.0113 -0.002 0.0076 0.0237 0.0112 0.0209

570 0.0101 -0.002 0.0089 0.0237 0.0113 0.0209

590 -0.0035 -0.002 0.0243 0.0189 0.024 0.0144

599 -0.004 -0.0018 0.0246 0.0192 0.0248 0.013

600 -0.0042 -0.0014 0.024 0.0192 0.0264 0.0116

610 -0.0042 0 0.0207 0.0201 0.0276 0.0105

615 -0.0042 0 0.0029 0.025 0.0271 -0.0202

620 -0.0042 -0.0231 -0.0129 0.0309 0.0121 -0.0163

630 -0.0042 -0.024 -0.0135 0.0309 0.012 -0.0162

640 -0.0042 -0.0249 -0.0142 0.0309 0.012 -0.0161

660 -0.0042 -0.0255 -0.0147 0.0313 0.0105 -0.0118

670 -0.0042 -0.026 -0.0152 0.0301 0.0087 -0.0088

680 -0.0042 -0.0265 -0.0157 0.0301 0.0086 -0.0087

690 -0.0042 -0.027 -0.0161 0.0301 0.0086 -0.0086

695 -0.0042 0 -0.008 -0.0008 -0.0152 0.0138

710 -0.0042 0.0011 -0.0053 -0.0052 -0.0153 0.0021

720 -0.0042 0.0012 -0.0045 -0.0052 -0.0153 0.002

730 -0.0042 0.0013 -0.0036 -0.0052 -0.0153 0.002

749 -0.004 0.0013 -0.0031 -0.0064 -0.0145 0.002

750 -0.0034 0.0011 -0.0029 -0.0082 -0.0132 0.002

770 -0.0025 0.0005 -0.0029 -0.0087 -0.0125 0.0029

779 -0.002 0.0001 -0.0027 -0.0084 -0.0109 0.0031

780 -0.0017 0 -0.0024 -0.0075 -0.0102 0.0038

810 0 0 0 0 0 0

820 0 0 0 0 0 0

830 -0.001 -0.0054 0.0027 0.0567 -0.0124 0.0962

840 -0.001 -0.001 0.0033 0.0567 -0.0124 0.0962

859 -0.0013 0.0015 0.0039 0.0631 -0.0194 0.0742

860 -0.0021 0 0.0043 0.0753 -0.0263 0.0607

880 -0.0039 -0.0049 0.0043 0.0757 -0.0285 0.047

900 -0.0086 -0.0154 0.0043 0.0542 -0.033 0.0139

910 -0.0101 -0.0177 0.0043 0.0473 -0.0346 0.0128

930 -0.0144 -0.0217 0.0043 0.0109 -0.0419 0.0059

940 -0.0199 -0.0231 0.0043 0.0105 -0.042 0.0058

950 -0.0202 -0.0232 0.0043 0.0105 -0.042 0.0058

980 -0.0249 -0.0229 0.0043 -0.0045 -0.0441 -0.0011



990 -0.0273 -0.0227 0.0043 -0.0045 -0.044 -0.0024

1010 -0.032 -0.0223 0.0043 0.0008 -0.0431 -0.0049

1020 -0.0339 -0.0224 0.0043 0.001 -0.0431 -0.0049

1040 -0.0388 -0.0225 0.0043 0.0014 -0.0431 -0.0049

1050 -0.0394 -0.0225 0.0043 0.0014 -0.0431 -0.0049

1060 0.0165 -0.0061 0.0373 -0.0792 -0.0384 0.0071

1090 0.012 0 0.0373 -0.0326 -0.0384 0.0071

1100 0.0094 0.0016 0.0373 -0.0171 -0.0384 0.0071

1120 0.0043 0.0025 0.0373 -0.0034 -0.0384 0.0071

1130 0.0028 0.0026 0.0373 -0.0029 -0.0385 0.0067

1140 0.0009 0.0028 0.0373 -0.0029 -0.0385 0.0067

1150 -0.001 0.0029 0.0373 -0.0029 -0.0385 0.0067

1170 -0.0042 0.0032 0.0373 -0.0028 -0.039 0.0059

1180 -0.0103 0.0035 0.0373 -0.0015 -0.0402 0.0044

1189 -0.0118 0.0035 0.0367 0.0011 -0.0419 0.0046

1190 -0.0124 0.0033 0.0351 0.0026 -0.0436 0.0049

1195 -0.0124 0 0.0176 0.0138 -0.0465 0.0166

1210 -0.0124 -0.0086 0.0011 0.0239 -0.0477 0.029

1219 -0.0117 -0.0109 -0.0033 0.0272 -0.0479 0.0284

1230 -0.0099 -0.0102 -0.004 0.0313 -0.0479 0.0271

1250 -0.007 -0.0082 -0.004 0.0362 -0.0478 0.0264

1260 -0.0062 -0.0076 -0.004 0.0362 -0.0478 0.0264

1270 0.0015 -0.0018 -0.004 0.0362 -0.0477 0.0264

1300 0.0069 0 -0.004 -0.0006 -0.0462 0.0249

1310 0.0104 -0.0001 -0.004 -0.0009 -0.0462 0.0249

1330 -0.001 -0.0466 -0.0017 0.0559 -0.0071 0.136

1350 -0.001 -0.0407 -0.0014 0.0561 -0.0081 0.1128

1360 -0.001 -0.0313 -0.0005 0.0565 -0.0108 0.1005

1370 -0.001 -0.0268 0 0.0567 -0.0122 0.0964

1390 0.0153 -0.0273 0.0002 -0.0345 -0.0046 0.0342

1400 0.0153 -0.0254 0.0004 -0.0343 -0.0047 0.0343

1410 0.0153 -0.0179 0.0015 -0.0336 -0.0048 0.0349

1420 0.0153 -0.0155 0.0018 -0.0333 -0.0048 0.035

1430 0.0153 -0.0154 0.0018 -0.033 -0.0048 0.0351

1439 0.0147 -0.014 0.0016 -0.0245 -0.0066 0.0399

1440 0.0132 -0.0134 0.0011 -0.0076 -0.0091 0.0405

1450 0.0131 -0.0134 0.0011 -0.0074 -0.009 0.0405

1460 0.0026 -0.0134 -0.0007 -0.007 -0.0088 0.0406

1470 0.0023 -0.0134 -0.0008 -0.007 -0.0088 0.0406

1480 0 -0.0133 -0.0012 -0.007 -0.0088 0.0406

1510 -0.0033 -0.0133 -0.0017 -0.0057 -0.0058 0.0426

1540 -0.0127 -0.0137 -0.023 -0.042 0.008 -0.0153

1560 0.0002 -0.014 -0.0531 -0.0493 0.0108 -0.0231

1580 0.0028 -0.014 -0.0587 -0.0449 0.0121 -0.0226

1590 0.0032 -0.014 -0.0594 -0.0449 0.0121 -0.0226

1600 -0.0062 -0.0005 -0.0004 0.0012 -0.0013 0.0063

1610 -0.0062 -0.0005 -0.0004 0.0012 -0.0013 0.0063



1620 -0.0063 -0.0006 -0.0004 0.0012 -0.0013 0.0063

1630 -0.0159 0.0148 -0.0453 -0.0141 -0.0127 -0.0401

1640 -0.0159 0.0119 -0.0444 -0.0141 -0.0127 -0.0401

1645 -0.0159 0 -0.0405 -0.0081 -0.0169 -0.0499

1660 -0.0159 -0.0227 0.001 0.0312 -0.0265 0.0384

1670 -0.0159 -0.0209 0.0023 0.0312 -0.0265 0.0384

1680 -0.0159 -0.0192 0.0034 0.0312 -0.0265 0.0384

1700 -0.0159 -0.0175 0.0046 0.0323 -0.0263 0.0382

1705 -0.0159 0 0.0204 0.0118 -0.0329 0.0251

1720 -0.0159 0.0025 0.0241 0.0075 -0.0336 0.0202

1729 -0.0154 0.0032 0.0253 0.0037 -0.0345 0.0132

1730 -0.0141 0.0034 0.0259 -0.002 -0.035 0.0093

1760 -0.0045 0.002 0.0259 -0.0079 -0.0338 -0.0031

1770 -0.003 0.0016 0.0259 -0.009 -0.0333 -0.0097

1775 0.0021 0 0.0259 -0.0105 -0.031 -0.0322

1780 0.0067 -0.0015 0.0259 -0.007 -0.028 -0.0547

1790 0.0079 -0.0018 0.0259 -0.0048 -0.027 -0.0609

1800 0.0092 -0.0019 0.0259 -0.0022 -0.026 -0.0675

1810 0.0125 -0.0016 0.0259 0.0069 -0.0224 -0.0875

1820 0.0135 -0.0013 0.0259 0.01 -0.0211 -0.0937

1830 0.0144 -0.0008 0.0259 0.0099 -0.0202 -0.0924

1835 0.0165 0 0.0259 -0.0002 -0.0187 -0.0895

1840 0.0192 -0.0014 0.0259 -0.0131 -0.0176 -0.0853

1850 0.02 -0.0021 0.0259 -0.0131 -0.0176 -0.0853

1860 0.0208 -0.0026 0.0259 -0.0131 -0.0176 -0.0853

1870 0.0208 -0.0027 0.0259 -0.0129 -0.0176 -0.0852

1880 0.0216 -0.0032 0.0259 -0.0088 -0.0178 -0.084

1890 0.0224 -0.0035 0.0259 -0.0052 -0.0174 -0.076

1900 0.0232 -0.0036 0.0259 -0.002 -0.0172 -0.068

1910 0.0239 -0.0037 0.0259 0.0007 -0.0173 -0.0604

1920 0.0247 -0.0036 0.0259 0.0033 -0.0162 -0.056

1930 0.0259 -0.0031 0.0259 0.0076 -0.0144 -0.0482

1940 0.0265 -0.0027 0.0259 0.0098 -0.0134 -0.044

1948 0.0271 -0.0022 0.0259 0.0114 -0.0125 -0.0396

1949 0.0275 -0.0012 0.0257 0.0104 -0.0092 -0.0341

1950 0.0276 0 0.0255 0.0067 -0.006 -0.0195

1970 -0.0097 -0.0006 -0.0002 -0.0006 -0.002 -0.0034

1980 -0.0097 -0.0008 -0.0001 -0.0006 -0.002 -0.0034

2020 0.0352 -0.0003 -0.004 0.0006 -0.0461 0.0249

2030 0.0387 -0.0002 -0.004 0.0007 -0.0461 0.0249

2049 0.0401 -0.0001 -0.004 0.0042 -0.0445 0.025

2050 0.0399 0 -0.0038 0.0048 -0.0436 0.025

2070 0.0343 0 -0.0027 0.0053 -0.0393 0.0249

2080 0.0186 0 -0.0017 -0.0015 -0.0276 0.0279

2089 0.0156 0 -0.0018 -0.0029 -0.0258 0.0291

2100 0.0142 0.0001 -0.0019 -0.0041 -0.0245 0.0295

2110 0.0136 0.0002 -0.0019 -0.0041 -0.0245 0.0295



2120 0.0118 0.0005 -0.0019 -0.0041 -0.0244 0.0295

2125 0.0047 0 -0.0019 0.0137 -0.021 0.0337

2150 -0.0014 -0.0074 -0.0019 0.0276 -0.019 0.0378

2170 -0.004 -0.011 -0.0019 0.0193 -0.0157 0.0396

2179 -0.0046 -0.011 -0.0017 0.0151 -0.0134 0.0409

2180 -0.0048 -0.0096 -0.0012 0.0128 -0.0111 0.0419

2210 -0.0048 -0.0036 0.0002 0.0067 -0.0085 0.0397

2218 -0.0048 -0.0018 0.0006 0.0059 -0.0078 0.0379

2219 -0.0042 -0.0005 0.0008 0.0054 -0.0064 0.0309

2220 -0.0033 0 0.0007 0.0044 -0.0057 0.0223

2240 0 0 0 0 0 0.0001

2250 0 0 0 0 0 0

2260 -0.0033 -0.0084 -0.0011 -0.0017 -0.0036 0.0381

2280 -0.0033 -0.0111 -0.0014 -0.0033 -0.0048 0.0435

2300 -0.0362 -0.0058 0.0217 -0.0493 0.0348 -0.1098

2309 -0.0374 -0.0053 0.0224 -0.0514 0.0356 -0.1161

2310 -0.0379 -0.004 0.0231 -0.0529 0.0367 -0.1222

2340 -0.0379 0.0263 0.0316 -0.0726 0.0418 -0.1527

2349 -0.0378 0.0283 0.032 -0.0743 0.0426 -0.1554

2350 -0.0373 0.0298 0.0322 -0.0766 0.0433 -0.1571

2390 -0.0341 0.0354 0.0322 -0.0787 0.0444 -0.1624

2400 -0.0335 0.0366 0.0322 -0.0787 0.0444 -0.1624

2410 -0.0328 0.0378 0.0322 -0.0787 0.0444 -0.1624

2415 -0.0249 0.0504 0.0322 -0.0585 0.0454 -0.1793

2440 -0.0173 0.0561 0.0322 -0.002 0.0437 -0.1956

2490 -0.013 0.0537 0.0322 0.0533 0.0414 -0.2056

2540 -0.0089 0.0446 0.0322 0.1278 0.0382 -0.2155

2545 -0.0009 0 0.0322 0.2735 0.0382 -0.6064

2570 0.0015 -0.0176 0.0322 0.2871 0.0382 -0.7224

2579 0.0019 -0.0241 0.0321 0.296 0.0382 -0.7492

2580 0.0021 -0.0337 0.0317 0.3035 0.0382 -0.7896

2610 0.0021 -0.0882 0.0292 0.3035 0.0382 -0.8695

2620 0.0021 -0.1024 0.0285 0.3035 0.0382 -0.8696

2640 0.0021 -0.2845 0.0205 0.3035 0.0382 -0.8702

2650 0.0021 -0.4411 0.0139 0.3035 0.0382 -0.9175

2660 0.0021 -0.4945 0.0117 0.3035 0.0382 -0.9176

2690 0.0021 -0.5929 0.0076 0.3035 0.0382 -0.9226

2700 0.0021 -0.608 0.007 0.3035 0.0382 -0.9226

2710 0.0021 -0.6211 0.0064 0.3035 0.0382 -0.9226

2730 0.0021 -0.8064 -0.0012 0.3035 0.0382 -0.9235

2820 -0.0058 -0.0407 0.0012 0.056 -0.0077 0.0944

2830 -0.0166 -0.0406 0.0133 0.0557 -0.0059 0.0041

2839 -0.0153 -0.0398 0.0152 0.0557 -0.0055 -0.0708

2840 -0.0139 -0.0359 0.0159 0.0558 -0.0045 -0.1286

2845 -0.0139 0 0.0147 0.055 -0.0022 0.021

2860 -0.0139 -0.0555 0.0143 0.0542 -0.0001 0.2264

2870 -0.0139 -0.0659 0.0143 0.0542 0 0.2264



2880 -0.0139 -0.1039 0.0143 0.0542 0 0.2256

2899 -0.0111 -0.1115 0.0135 0.0539 0.001 0.1538

2900 -0.0069 -0.1135 0.0115 0.0534 0.0015 0.0774

2920 -0.0001 -0.1135 -0.0001 0.053 0.0031 -0.013

2930 0.0216 -0.0072 0.0267 -0.0071 -0.0185 -0.0882

2940 0.0216 -0.0173 0.0288 -0.0029 -0.0198 -0.0894

2949 0.0203 -0.0204 0.0296 -0.0011 -0.0201 -0.0781

2950 0.0177 -0.0215 0.0299 0.0034 -0.0195 -0.0621

2960 0.0176 -0.0215 0.0299 0.0034 -0.0195 -0.0619

2970 -0.0003 -0.0216 0.0255 0.0191 -0.0238 -0.0276

2980 -0.0016 -0.0216 0.0247 0.0191 -0.0238 -0.0275

2990 -0.0101 -0.0216 0.0187 0.0194 -0.0238 -0.0271

3000 -0.0101 -0.0216 0.0187 0.0196 -0.0239 -0.0269

3010 -0.0133 -0.0216 0.0153 0.0283 -0.0253 -0.0187

3019 -0.0134 -0.021 0.014 0.0393 -0.0281 -0.0098

3020 -0.0125 -0.0194 0.0134 0.0471 -0.0313 -0.0055

3030 -0.0124 -0.0193 0.0134 0.0472 -0.0313 -0.0054

3040 -0.0112 -0.0175 0.0134 0.0478 -0.0315 -0.0028

3050 -0.0098 -0.0154 0.0134 0.0472 -0.0317 0.0002

3060 -0.0097 -0.0011 0.0001 -0.0006 -0.002 -0.0034

3090 -0.0097 -0.0013 0.0002 -0.0014 -0.0021 0.0005

3100 -0.0097 -0.001 0.0008 -0.0015 -0.0021 0.002

3110 -0.0097 -0.0004 0.0012 -0.0016 -0.002 0.0032

3120 -0.0097 -0.0002 0.0014 -0.0017 -0.002 0.0033

3139 -0.0097 0.0002 0.0014 -0.0036 0.0028 0.0104

3140 -0.0095 0.0005 0.0013 0.0021 0.0075 0.0092

3145 -0.0088 0 0.0013 0.0142 0.0096 0.0078

3160 -0.0024 -0.0225 0.0013 0.0576 0.0145 0.0002

3169 -0.0018 -0.0247 0.0005 0.0517 0.0135 -0.0009

3170 -0.0017 -0.0255 -0.0013 0.044 0.0127 -0.0032

3200 -0.0091 -0.0154 0.0066 0.0504 -0.0323 0.007

3210 -0.0094 -0.0154 0.0089 0.0503 -0.0323 0.0069

3220 -0.0097 -0.0154 0.0111 0.0502 -0.0323 0.0068

3250 0.0137 -0.0155 0.0296 0.003 -0.0226 -0.049

3270 0.0196 -0.0155 0.0298 0.0005 -0.0194 -0.0557

3280 0.0199 -0.0155 0.0298 0.0005 -0.0194 -0.0557

3290 0.0239 -0.0155 0.0299 0.0005 -0.0193 -0.0557

3300 0.0239 -0.0111 0.0283 0.0005 -0.0193 -0.0558

3310 0.0239 -0.0086 0.0274 0.0005 -0.0193 -0.0558

3390 -0.0089 0.0306 0.029 0.1042 0.035 -0.1156

3400 -0.0089 0.0277 0.0282 0.1042 0.035 -0.1155

3420 -0.0089 0.0155 0.0228 0.0592 0.0289 -0.0584

3430 -0.0089 0.0121 0.0212 0.0591 0.0289 -0.0584

3470 -0.0089 0.0048 0.0188 0.0355 0.0256 -0.118

3475 -0.0089 0 0.0175 0.0177 0.0236 -0.0769

3500 -0.0089 -0.0033 0.0163 -0.0001 0.0216 -0.05

3510 -0.0089 -0.0042 0.016 -0.0001 0.0216 -0.05



3520 -0.0089 -0.0146 0.0114 -0.0005 0.0216 -0.0495

3550 -0.0089 -0.0176 0.01 -0.0189 0.0195 -0.0386

3559 -0.0087 -0.018 0.0096 -0.0236 0.0197 -0.0358

3560 -0.0083 -0.0182 0.0093 -0.031 0.0204 -0.0336

3590 -0.0063 -0.0182 0.0067 -0.0482 0.0171 -0.0293

3600 -0.0046 -0.0182 0.0039 -0.0482 0.0171 -0.0293

3630 -0.003 -0.0182 0.0009 -0.0592 0.015 -0.026

3639 -0.0027 -0.0179 0.0002 -0.0675 0.0139 -0.0235

3640 -0.0025 -0.0171 -0.0001 -0.0748 0.0123 -0.0218

3670 -0.0017 -0.011 -0.0001 -0.0811 0.009 -0.0139

3680 -0.0015 -0.0097 -0.0001 -0.0811 0.009 -0.0139

3720 0.0049 -0.1013 0.0016 0.028 0.0092 -0.0208

3730 0.0057 -0.1013 0.0027 0.028 0.0092 -0.0207

3760 0.0056 -0.1013 0.0041 0.02 0.0111 0.0133

3770 0.0053 -0.1013 0.0046 0.02 0.0111 0.0133

3818 -0.0029 -0.1013 0.0079 0.0102 0.0138 0.0622

3819 -0.0041 -0.1008 0.0079 0.0085 0.0142 0.0716

3820 -0.0047 -0.0993 0.0077 0.0073 0.0148 0.0809

3827 -0.0047 0 -0.0045 -0.0363 0.0123 0.0975

3830 -0.0047 0.0176 -0.007 -0.0493 0.0078 0.0545

3840 -0.0047 0.019 -0.0072 -0.0493 0.0078 0.0544

3868 -0.0047 0.0222 -0.0076 -0.0526 0.0064 0.0502

3871 -0.0047 0.0227 -0.0078 -0.054 0.0054 0.0481

3890 -0.0048 0.022 -0.0078 -0.0555 0.0044 0.0466

3900 -0.0053 0.0008 -0.0078 -0.0391 -0.0003 0.0235

3909 -0.0052 0.0004 -0.0076 -0.0363 -0.0001 0.0227

3910 -0.005 0.0002 -0.0073 -0.0334 0.0002 0.0214

3940 -0.0028 0.0002 -0.004 -0.0233 0.0003 0.016

3950 -0.0024 0.0002 -0.0035 -0.0233 0.0003 0.016

3970 -0.0014 0.0002 -0.002 -0.0172 0.0005 0.0121

3980 -0.0008 0.0002 -0.0012 -0.0172 0.0005 0.0121

3990 -0.0001 0.0002 -0.0001 -0.0113 0.0006 0.0077

3999 0 0.0002 0 -0.009 0.0002 0.0057

4000 0 0.0001 0 -0.0075 -0.0002 0.0037

4030 0 0 0 0 0 0

4040 0 0 0 0 0 0

4070 0.0092 -0.0559 0.0053 0.0861 0.0029 -0.0771

4080 0.0121 -0.0559 0.0086 0.0861 0.0029 -0.077

4110 0.0159 -0.0559 0.0144 0.0964 0.0028 -0.0531

4120 0.0173 -0.0559 0.0169 0.0964 0.0028 -0.0531

4140 0.0283 -0.0559 0.0459 0.1099 0.0027 -0.0299

4149 0.0286 -0.056 0.0471 0.1109 0.0025 -0.0288

4150 0.0287 -0.0563 0.0475 0.1116 0.0024 -0.0277

4190 0.0287 -0.0608 0.0387 0.1476 0.0285 0.01

4200 0.0287 -0.0606 0.038 0.1477 0.0285 0.01

4220 0.0287 -0.0599 0.0358 0.1509 0.0336 0.0073

4229 0.0285 -0.0592 0.0354 0.1513 0.0359 0.0058



4230 0.0281 -0.0575 0.0352 0.1519 0.0382 0.0048

4260 0.0134 -0.0081 0.0352 0.1287 0.0428 -0.0223

4269 0.0128 -0.0068 0.0347 0.1228 0.0418 -0.0232

4270 0.0124 -0.0062 0.0334 0.1168 0.0413 -0.0247

4300 0.0102 -0.0062 0.0247 0.102 0.0364 -0.0282

4310 0.0095 -0.0062 0.0221 0.1019 0.0364 -0.0282

4330 0.0074 -0.0062 0.0152 0.0892 0.032 -0.029

4340 0.006 -0.0062 0.0109 0.0891 0.0319 -0.029

4350 0.004 -0.0062 0.0049 0.077 0.0275 -0.0268

4359 0.0036 -0.0059 0.0041 0.0717 0.0264 -0.0253

4360 0.0032 -0.0051 0.0038 0.0662 0.0247 -0.0242

4400 0.0013 -0.0001 0.0038 0.0462 0.0188 -0.019

4580 0.0091 0.0048 0.0221 0.0403 0.0256 -0.2936

4590 0.0165 0.0048 0.0231 0.0403 0.0256 -0.2938

4610 0.0686 0.0048 0.0285 0.0471 0.0256 -0.544

4619 0.0748 0.0021 0.0289 0.0487 0.0253 -0.6079

4620 0.0776 -0.0048 0.0289 0.0497 0.025 -0.6705

4650 0.0776 -0.3625 0.0192 0.077 0.025 -1.0554

4659 0.0823 -0.374 0.0193 0.078 0.0247 -1.0568

4660 0.0937 -0.3787 0.02 0.0796 0.0245 -1.0571

4690 0.3381 -0.3787 0.0399 0.0922 0.0245 -1.0571

4700 0.3554 -0.3787 0.0414 0.0922 0.0245 -1.0571

4710 0.5766 -0.3787 0.0607 0.0923 0.0245 -1.0571

4740 0.6527 -0.3787 0.0674 0.0952 0.0245 -1.0571

4750 0.7141 -0.3787 0.073 0.0952 0.0245 -1.0571

4780 0.7914 -0.3787 0.08 0.0982 0.0245 -1.0571

4789 0.8029 -0.3792 0.0811 0.0999 0.0245 -1.0571

4790 0.8079 -0.3803 0.0816 0.1015 0.0245 -1.0571

4820 0.8097 -0.388 0.0816 0.1035 0.0245 -1.0571

4830 0.8101 -0.3897 0.0816 0.1035 0.0245 -1.0571

4840 0.8105 -0.3912 0.0816 0.1035 0.0245 -1.0571

4850 0.0276 0 0.0254 0.0067 -0.0059 -0.0193

4857 0.0276 0 0.0248 0.0032 0.0034 0.0096

4860 0.0276 -0.0017 0.0256 0.0022 0.0058 0.0091

4869 0.0275 -0.002 0.0259 0.0025 0.0082 0.0071

4870 0.0271 -0.002 0.026 0.0029 0.0104 0.0059

4890 0.0237 -0.0009 0.026 0.0053 0.0127 -0.0006

4900 0.0231 -0.0006 0.026 0.0053 0.0127 -0.0007

4910 0.0221 -0.0002 0.026 0.0053 0.0127 -0.0007

4920 0.0221 -0.0002 0.0256 0.0053 0.0127 -0.0007

4980 0.0001 -0.0001 0.0006 0.0275 0.0102 -0.008

4989 0 -0.0001 0.0003 0.0211 0.0077 -0.0033

4990 0 -0.0001 0.0001 0.0168 0.0045 0.0005

5020 0 0 0 0 0 0

5030 0 0 0 0 0 0

5040 0 0 0 0 0 0

5050 0 0 0 0 0 0



5060 0 -0.0001 0 -0.0022 0 0.0022

5070 0 -0.0001 0 -0.0022 0 0.0022

5080 0 -0.0008 0 -0.0037 0 0.0128

5089 0 -0.0009 0 -0.0033 0.0001 0.0137

5090 0 -0.0011 0 -0.0031 0.0001 0.0151

5110 0 -0.0052 0 0.0039 0 0.0195

5119 0 -0.0054 0 0.0044 -0.0001 0.0193

5120 0 -0.0055 0 0.0052 -0.0001 0.0192

5140 0 -0.0048 0 0.0083 -0.0002 0.0189

5150 0 -0.0046 0 0.0083 -0.0002 0.0189

5155 0.0002 0 0 0.0074 -0.0006 0.018

5157 0.0007 0 0 -0.0052 -0.0008 0.0164

5160 0.0011 -0.0035 0 -0.0019 -0.0005 0.015

5169 0.001 -0.0035 0 -0.0017 -0.0005 0.015

5170 0.0008 -0.0035 0 -0.0015 -0.0005 0.0149

5190 0.0003 -0.0035 -0.0001 -0.0014 -0.0005 0.0148

5199 0.0001 -0.0034 -0.0001 -0.0013 -0.0005 0.0148

5200 0 -0.0032 -0.0001 -0.0012 -0.0005 0.0146

5220 0 -0.0005 0 -0.0003 -0.0002 0.0071

5230 0 -0.0003 0 -0.0003 -0.0002 0.007

5240 -0.001 -0.0528 -0.002 0.0559 -0.0071 0.1363

5250 -0.001 -0.0698 -0.0029 0.0559 -0.007 0.1368

5260 -0.001 -0.0758 -0.0032 0.0559 -0.007 0.1368

5290 -0.001 -0.0913 -0.0038 0.0546 0.0003 0.1005

5300 -0.001 -0.092 -0.0038 0.0546 0.0003 0.1005

5320 -0.0031 -0.0222 0.0264 0.0257 -0.0258 -0.0675

5340 0.0057 -0.0222 0.029 0.0154 -0.0208 -0.1

5350 0.0063 -0.0222 0.0291 0.0154 -0.0208 -0.1

5360 0.0135 -0.0222 0.0302 0.0154 -0.0208 -0.1002

5370 0.0135 -0.0143 0.0286 0.0153 -0.0208 -0.1003

5380 0.0135 -0.0097 0.0276 0.0152 -0.0208 -0.1003

5410 -0.0141 0.0119 -0.045 -0.0149 -0.0116 -0.0381

5420 -0.0125 0.0119 -0.0457 -0.0149 -0.0116 -0.038

5440 -0.0107 0.0119 -0.0464 -0.0149 -0.0116 -0.038

5450 0.0108 0.0119 -0.062 -0.0243 0.006 -0.0226

5459 0.0115 0.0115 -0.0629 -0.0261 0.0073 -0.0219

5470 0.0115 0.0105 -0.0633 -0.03 0.0098 -0.0214

5480 0.0097 0.0049 -0.0633 -0.041 0.0116 -0.0217

5485 0.0085 0 -0.0633 -0.0553 0.0121 -0.0219

5500 0.0072 -0.0063 -0.0633 -0.0515 0.012 -0.0221

5510 0.0067 -0.0085 -0.0633 -0.045 0.0121 -0.0226

5520 0.0061 -0.0105 -0.0633 -0.0449 0.0121 -0.0226

5530 0 0 0 0 0 0

5550 0 0 0 0.0002 0.0002 0.0004

5560 0 0 0 0.0003 0.0002 0.0004

5570 -0.0001 0 0 0.0003 0.0002 0.0005

5600 -0.0003 0 0.0002 0.0029 0.0023 0.0058



5609 -0.0004 0 0.0002 0.0048 0.003 0.0095

5610 -0.0004 -0.0002 0.0003 0.0067 0.004 0.0129

5640 0.0007 -0.0057 0.0024 0.0038 0.0124 0.0113

5649 0.0008 -0.0058 0.0025 0.0017 0.0131 0.0077

5650 0.0009 -0.0058 0.0026 -0.0005 0.0135 0.0038

5720 -0.0037 0.0024 0.0342 -0.0047 -0.0349 0.006

5740 -0.0043 0.0023 0.0335 -0.0069 -0.0339 0.0028

5750 -0.0043 0.0023 0.0335 -0.0069 -0.0339 0.0028

5760 -0.0009 -0.0007 -0.0001 0.0032 -0.0006 0.0038

5770 -0.0009 -0.0006 -0.0001 0.0032 -0.0006 0.0038

5780 -0.0009 -0.0004 -0.0001 0.0032 -0.0006 0.0038

5830 -0.001 -0.0224 0.0006 0.0567 -0.0122 0.0963

5860 0.0228 -0.0003 -0.004 -0.0005 -0.0462 0.0249

6188 -0.0117 -0.0087 -0.023 -0.0433 0.0089 -0.0177

6189 -0.011 -0.0071 -0.0237 -0.0452 0.0105 -0.0191

6190 -0.0101 -0.0064 -0.0254 -0.0474 0.0115 -0.0217

6200 -0.0101 -0.0064 -0.0255 -0.0474 0.0115 -0.0217

6210 -0.0088 -0.0064 -0.0282 -0.0474 0.0115 -0.0217

6420 0.0303 -0.0015 -0.0027 0.019 -0.0393 0.0249

6429 0.0298 -0.0017 -0.0026 0.0195 -0.0393 0.0249

6430 0.0295 -0.0017 -0.0024 0.0196 -0.0393 0.0249

6460 0.0277 -0.0017 -0.001 0.0196 -0.0393 0.0249

6470 0.0271 -0.0017 -0.0006 0.0196 -0.0393 0.0249

6480 0.0266 -0.0017 -0.0001 0.0196 -0.0393 0.0249

6490 0.0252 -0.0017 0.0009 0.0196 -0.0393 0.0249

6500 0.0242 -0.0017 0.0017 0.0196 -0.0393 0.0249

6520 -0.0045 0.002 0.0287 -0.0069 -0.0339 0.0027

6540 -0.0147 -0.0159 0.0046 0.0341 -0.0252 0.0381

6550 -0.0126 -0.0129 0.0046 0.036 -0.0233 0.038

6560 -0.0115 -0.0111 0.0046 0.036 -0.0233 0.038

6670 0.0285 -0.0027 0.0263 0.0098 -0.0134 -0.044

6680 0.0305 -0.0027 0.0268 0.0098 -0.0134 -0.044

6690 0.0324 -0.0027 0.0272 0.0098 -0.0134 -0.044

6710 0.0886 -0.0028 0.0397 0.0098 -0.0134 -0.044

6720 -0.0053 -0.0313 0.0019 0.0565 -0.0108 0.1005

6730 -0.0102 -0.0313 0.0047 0.0565 -0.0108 0.1005

6740 -0.0108 -0.0313 0.005 0.0565 -0.0108 0.1005

6750 -0.0031 -0.0074 -0.0006 0.0297 -0.0201 0.0378

6770 -0.0081 -0.0074 0.0037 0.0359 -0.0232 0.038

6780 -0.0091 -0.0074 0.0046 0.0359 -0.0232 0.038

6920 -0.0271 -0.0227 0.0038 -0.0045 -0.044 -0.0024

6930 -0.0271 -0.0227 0.0038 -0.0045 -0.044 -0.0024

6940 -0.027 -0.0227 0.0037 -0.0045 -0.044 -0.0024

6960 -0.0269 -0.0227 0.0034 -0.0045 -0.044 -0.0024

6970 -0.0268 -0.0227 0.0032 -0.0045 -0.044 -0.0024

7000 -0.0087 -0.0049 0.012 0.0757 -0.0285 0.047

7010 -0.0092 -0.0049 0.0128 0.0757 -0.0285 0.047



7020 -0.0097 -0.0049 0.0137 0.0757 -0.0285 0.047

7040 -0.0123 -0.0049 0.0178 0.0757 -0.0285 0.047

7050 -0.0142 -0.0049 0.0209 0.0757 -0.0285 0.047

7080 0.0087 0.0015 0.0356 -0.0171 -0.0384 0.0071

7090 0.0086 0.0015 0.0353 -0.0171 -0.0384 0.0071

7100 0.0085 0.0015 0.0351 -0.0171 -0.0384 0.0071

7120 0.0081 0.0015 0.0341 -0.0171 -0.0384 0.0071

7130 0.0078 0.0015 0.0334 -0.0171 -0.0384 0.0071

7140 0.0022 -0.1089 0.0001 0.0526 0.0036 -0.0742

7150 0.0058 -0.1089 0.0027 0.0526 0.0036 -0.0742

7160 0.0107 -0.0018 0.0257 -0.0048 -0.027 -0.0609

7170 0.0162 -0.0018 0.0252 -0.0048 -0.027 -0.0609

7180 -0.0044 -0.0033 0.0002 0.0056 -0.0085 0.0397

7190 -0.0039 -0.003 0.0002 0.0056 -0.0085 0.0397

7200 -0.0036 -0.0028 0.0002 0.0056 -0.0085 0.0397

7230 0.012 0.0049 -0.0677 -0.041 0.0116 -0.0217

7240 0.0143 0.0049 -0.072 -0.041 0.0116 -0.0217

7440 -0.0056 -0.0058 0.0068 -0.0189 0.0217 -0.0328

7450 -0.0048 -0.0058 0.0064 -0.0188 0.0217 -0.0328

7480 -0.0027 -0.0058 0.0051 -0.0151 0.02 -0.0247

7490 -0.0013 -0.0058 0.0043 -0.0151 0.02 -0.0246

7530 -0.0036 0.0032 0.0376 -0.0028 -0.039 0.0059

7540 -0.0034 0.0032 0.0377 -0.0028 -0.039 0.0059

7580 -0.0041 -0.0064 -0.0384 -0.0475 0.0116 -0.0218

7590 -0.0038 -0.0064 -0.0391 -0.0475 0.0116 -0.0218

7600 0.0062 -0.0063 -0.061 -0.048 0.0117 -0.0219

7620 -0.0203 0.0561 0.0323 -0.002 0.0437 -0.1956

7630 -0.0205 0.0561 0.0323 -0.002 0.0437 -0.1956

7640 -0.0308 0.0561 0.0324 -0.002 0.0437 -0.1956

7650 -0.031 0.0561 0.0324 -0.002 0.0437 -0.1956

7660 -0.0391 0.0561 0.0325 -0.002 0.0437 -0.1956

7700 0.0062 -0.1089 0.003 0.0526 0.0036 -0.0742

7710 0.0259 -0.0003 -0.004 -0.0005 -0.0462 0.0249

7720 0.0274 -0.0003 -0.0039 -0.0005 -0.0462 0.0249

7750 0.0183 -0.0179 0.0044 -0.0336 -0.0048 0.0349

7760 0.0184 -0.0179 0.0045 -0.0336 -0.0048 0.0349

7770 0.0198 -0.0179 0.0059 -0.0336 -0.0048 0.0349

7790 0.0114 -0.0202 -0.0023 0.0263 0.0112 0.0252

7800 0.0124 -0.0202 -0.0034 0.0263 0.0112 0.0252

7870 -0.0045 -0.0064 -0.0377 -0.0475 0.0116 -0.0218

7900 0.0006 -0.0064 -0.0487 -0.0477 0.0116 -0.0218

7930 0.005 -0.0064 -0.0583 -0.048 0.0116 -0.0219

7970 -0.0094 0.0537 0.0332 0.0533 0.0414 -0.2056

7980 0 0 0 0 0 0

8000 0.0052 -0.014 -0.0633 -0.0448 0.0121 -0.0226

8030 -0.0014 -0.0086 -0.0001 -0.081 0.009 -0.0139

8050 -0.005 -0.0004 -0.0004 -0.0006 -0.0013 0.0068



8500 -0.0045 0.0021 0.0303 -0.0069 -0.0339 0.0028

8510 -0.0045 0.0023 0.033 -0.0069 -0.0339 0.0028
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