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GENERAL





WARRANTY



1. Warranty - EFX Compression Enerflex, a division of Enerflex Systems Ltd. (hereinafter referred to as "EFX Compression"),
warrants new products designed, manufactured and sold by EFX Compression, separately or as part of packaged equipment
to be free of defects in material or workmanship.  This warranty, including any implied warranties of merchantability and
fitness for purpose, is limited in duration for a period of 12 months from the date of initial start-up or 18 months from the
date the equipment is ready to ship, whichever comes first. The Customer is responsible for all costs associated with the
extension of the major equipment OEM warranty including unit preservation prior to and during storage. Failure to extend
OEM warranty will result in loss of coverage for major equipment.

2. Commissioning - In order to validate full warranty coverage on the equipment, an initial start-up service must be performed
by an authorized agent of EFX Compression.

3. Repair & Replacement - EFX Compression’s New Equipment Warranty is limited to repair or replacement of defective
parts or components at EFX Compression’s nearest repair facility. This does not apply if the equipment has been damaged
as a result of excessive loading, over or under speeding, heating, fire or abnormal combustion, ingestion of foreign
materials, inadequate maintenance, misalignment, accident, improper installations, improper storage, improper use or
any other condition or event not within the control of EFX Compression. The warranty on replacement parts or components
is limited in duration for a period of 90 days from the replacement date or the duration of the original warranty period,
whichever is longer. Customer is responsible to pay for any equipment and transportation costs to and from an EFX
Compression repair facility.  Customer is also responsible to pay EFX Compression’s out-of-pocket costs for transportation,
lodging and subsistence, as well as additional and premium labour for any repairs taking place at other than an EFX
Compression repair facility and/or being performed outside of normal business hours.

4. Third Party Performance Guarantees - EFX Compression’s New Equipment Warranty includes all performance guarantees
provided from third party product supplier(s) to EFX Compression wherein that supplier’s product is distributed or resold
separately or as part of an EFX Compression product. Copies of formal written performance guarantees of third party
supplier(s) to EFX Compression are available on request.

5. Limited Warranty - The warranty provided herein by EFX Compression is the sole and exclusive warranty provided to the
Customer and is in lieu of all other warranties, whether expressed or implied, including those found in the Sale of Goods
Act (Alberta). EFX Compression is not responsible for any consequential, indirect or special damages whatsoever. In
addition, EFX Compression shall not be liable for, including without limitation, lost revenues, downtime, diminished goodwill
and damage to, or replacement of other equipment and property, whether such damages are consequential, indirect,
special or otherwise, EFX Compression is not responsible for any punitive damages that may arise due to damage or loss.

6. Modifications and Repair by Others - EFX Compression shall not be responsible for modifications or repairs made to
the equipment by others unless EFX Compression authorizes such actions in writing prior to the time such modifications
or repairs are made. Such modifications and repairs made by other than EFX Compression shall, unless authorized by
EFX Compression, void EFX Compression’s New Equipment Warranty on the equipment.

7. Analytical Study Exclusion - EFX Compression’s New Equipment Warranty specifically excludes pulsation, acoustical-
related vibration and torsional vibration related problems except where equipment is manufactured in accordance to and
operated within independent mechanical, acoustical and torsional studies purchased on behalf of customer. In the absence
of formal studies, EFX Compression will not be responsible for any on-site machinery analysis, post-shipment analytical
studies or any repairs resulting from damage due to pulsation, acoustical vibration or torsional vibration.

8. Transferability - Subject to EFX Compression’s approval, which shall not unreasonably be withheld, EFX Compression’s
New Equipment Warranty may be transferred to subsequent owners within the original warranty period.

9. Claims - All warranty claims must be filed with EFX Compression in writing within thirty (30) days after the claim arises.

10. Unit Storage - EFX Compression’s New Equipment Warranty specifically excludes damage, deterioration and theft as a
result of equipment storage regardless of storage location. The Customer will be responsible to ensure that the unit is
properly stored and the equipment properly secured, protected and preserved. Damage due to water ingress, rust, dust,
debris or improper security will not be covered by the New Equipment Warranty.
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Unit No:     060158         A 1478   SOUR Manufactured Date: Sept. 25,2006 Date: JAN. 25,2007 

Send to Pamco: Ft.St.John Attention: Revision No.: 0 

Project Manager:   STEVE  SUSKI Project Engineer:  STEVE  SUSKI  Sales:  STUART WENAAS 

 

Customer:  ENCANA  CORPORATION 

Contact:  Will Thompson 

Phone No:  (403)645-4599 

Address: P.O. Box 2850 
150-9th Ave SW 
Calgary, AB, T2P-2S5 
 
 

 

Site Contact:  TBD Phone No.:  Unit Location:    

L.S.D.: d-85-G/93-P-7 Contact for Spare Parts:  PAMCO Phone No.:  

 
Start-Up  As per sales order:  No Allowance in sales order:  Details:       

Field Completion As per sales order:  No Allowance in sales order:  Details:       

Site Re-assembly As per sales order:  No Allowance in sales order:  Details:       

Performance Data       D   See Manual 

Parts Manuals  Shipping Date:         TBD                                                                      Blueprints/Drawings: See Manual 

Parts Shortages: NA 

 
DRIVER MANUFACTURER:        WAUKESHA Model No.:  L 7042 GL   ESM S/ N:  C –  16624  / 1 

 Starter Mfg:  TDI P/N:  T112 – 60001 - BIR 
 

COMPRESSOR: ARIEL Model No.:   JGK / 4 S/ N:   F - 24069 

THROW #1 S/N:       C - 77671         (Stg.   2  ) THROW #2 S/N:     C - 77672   (Stg.  1 ) THROW #3    S/N: C - 77673       (Stg.  2   )                 

THROW #4 S/N:       C - 77674         (Stg.   1 )           

COOLER:         AIR – X - HEMPHILL Model No.:                 144  EF Serial No.:     64468 F 

CONTROL PANEL:    SYNTECH  Model No.: RC 2000 Serial No.:      000312 
 
 

STAGE 1 S/N : 060550 - 01 CRN# R 8707.213 MAWP:    1315            psig 

STAGE 2 S/N : 060552 - 01 CRN# R 7478.213 MAWP:    1315            psig 

       
     SCRUBBERS 
 

 FUEL GAS S/N : 06 - 250 CRN#          L 7030.213 MAWP:     285             psig 
 
 

STAGE 1 S/N : 051210 - 01 CRN# T 1174.213  MAWP:    1315            psig 
SUCTION 
BOTTLES STAGE 2 S/N : 060554 - 01 CRN# R 0778.213 MAWP:    1315            psig 

 
 

STAGE 1 S/N : 2725 - 2 CRN#  R 0780.213 MAWP:     1292           psig 
DISCHARGE 

BOTTLES STAGE 2 S/N : 060760 - 01 CRN#  R 7655.213 MAWP:     1935           psig 

 
     PSV [SET PRESSURE] 
 

STG. # 1 S/N:  505149 – 2 – A10  [ 1270 psig ] STG. #2 S/N: 506862-1-DA      [1440 psig ] FUEL GAS S/N:    250473   [  165  psig ] 
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OPERATING INFORMATION
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The packaged compressor is essentially a gas pump and is primarily designed to provide an
increase in the pressure of the gas being pumped.

This is accomplished by a reciprocating piston within a cylinder (or series of cylinders), which
draws the gas into a chamber and simply compresses it into a smaller actual volume.  As this
compression process takes place, the gas pressure continues to rise until it reaches a point
slightly greater than the line pressure down-stream.  At this point the gas discharges out of the
compressor at the desired higher pressure.  Valves within the compressor cylinder act like check
valves to allow the gas to flow in and out of the cylinder in one direction and to prevent the gas
from flowing backwards as it naturally would from a high pressure to a low pressure state.

As this equipment is intended for continuous duty, a maintenance program consistent with this
requirement is highly recommended.  Several items mentioned in this instruction may assist you
in developing and applying such a program.

The compressor driver is an internal combustion engine.  It is important for the sake of the driver
to unload the compressor as much as possible prior to start-up.  This can be partially
accomplished by temporarily connecting the downstream or discharge side of the compressor
to the upstream or suction side thereby placing the unit in a "bypassed" mode.  This results in
maintaining suction pressure throughout the compressor.  The load can only be further
decreased by reducing the internal pressure close to atmospheric.  This reduction in load is
necessary to insure that the torque required to rotate the combined compressor and driver
shafts is not greater than the starting and accelerating torque of the driver.

1.0 SAFETY INSTRUCTIONS AND WARNINGS

The unit is designed to operate normally unmanned, with periodic checks, inspection, and
replenishment of engine and compressor fluids and coolant.  The unit is designed assuming that
all personnel working with the unit have been properly trained for the duties they are to perform.

** WARNING **
It is essential that the proper Personal Protective Equipment
(PPE) is used when around, operating or maintaining
equipment.  Examples of the safety equipment required are:
safety shoes, gloves, eye and hearing protection, and
temperature appropriate clothing.

** WARNING **
Any activity performed on the unit during transportation,
assembly, operation and maintenance should be done by
properly trained personnel.
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** CAUTION **
The skid is designed to be installed at grade level.  Please
consult local regulations for elevated work platforms.

NOTE:  The user is responsible for location and elevation of
equipment foundation and any required platforms resulting
from location.

** WARNING **
When grating is removed for any reason, warning tape is to

be placed around openings.

** WARNING **
Due to the operating noise level of the equipment, the user

must install acoustical and visual evacuation warnings.

** WARNING **
User MUST refer to the applicable Material Safety Data

Sheets (MSDS) prior to handling engine/compressor fluids.

The following are general safety rules and requirements to be adhered to during the different
phases of the life of the unit:

1.1 TRANSPORTATION

Do not stand under any suspended lifts.

1.2 LIFTING

Lifting of skid and major equipment is to be done using the lifting lugs provided.
Note:  Purchased machinery components are provided with threaded holes
and/or shoulder eyebolts for lifting components.  Any loose lifting gear required
is not supplied by Enerflex.  This is the responsibility of the owner.

Lifting of pulsation bottles is accomplished through the use of two nylon slings
positioned at points equidistant from the center of the bottle.  Slings are to be
tightened around the bottle circumference prior to lift.

** CAUTION **
Lifting gear and practices are to be in accordance with
local regulations and are to be done by properly trained
personnel.
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1.3 ASSEMBLY

Do not stand under any suspended lifts.

Insulation for piping is shown on P&ID’s and is the responsibility of the
customer.  Installation of the insulation is to be performed to company
specifications and local regulations.

EFX has provided a skid that will act with the customer’s foundation as a
system to support the static weight of the packages and transmit the dynamic
forces into the platform structure.  Anchor bolt holes and jacking bolt holes
have been provided at specific locations.  The customer is to provide support
at these locations as a minimum.

1.4 OPERATION

** WARNING **
1. This unit requires proper ventilation.  Operator is instructed
to ensure proper ventilation is used in enclosed areas.   
Ventilation is to be done in accordance with local regulations.
2.  User must conduct a walk around inspection prior to
equipment start-up.

1.5 MAINTENANCE

Depressurizing the system:

For maintenance purposes the unit must be depressurized using the following
procedure:

1. Ensure unit is locked-out prior to performing any maintenance activity (see
note below).

2. Close process inlet and discharge isolation ball valves.
3. Open the by-pass valve.
4. Open the unit blowdown valves specific to each stage to reduce the unit

pressure to atmospheric.

Note: The owner of the unit must devise and implement
a permit/lock-out procedure to be used prior to any work
being done on the unit.
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Maintenance must be done under well-lit or daytime conditions.  Lighting is
the responsibility of the owner where permanent lighting is unavailable or
insufficient.  The owner must provide temporary portable lighting to illuminate
the task area.  Lighting must be suitable for the hazardous area present.

Fluid fills:

All fluid levels should be filled while the machine is at a standstill.

2.0 PUTTING THE UNIT IN SERVICE

1. Open any compressor bypass valves available and momentarily open any blow-
down valves with which the unit is equipped.  Automatic bypass valves are normally
supplied with a manual over-ride or a parallel manual bypass valve to insure the unit
is bypassed during start-up.

2. Make sure the entire unit is free to rotate and that all rotating portions are safely
enclosed by protective guards.  Most engines are equipped with a barring device on
their flywheel. The unit is supplied complete with protective guards over all rotating
parts.  A quick glance over the unit prior to start-up will insure that none of these
guards have been removed.

3. If the unit is equipped with a forced air cooler, examine the air inlet screens to insure
that they are free from debris that would seriously block the flow of air.

4. Check that all liquid levels are satisfactory.  Lube oil levels, such as in crankcases
and force feed lubricators, may be regulated by an automatic control device and
should correspond to a full level reading.  The jacket-water level(s), as displayed on
the surge tank gauge glass(es), should register slightly below the indicated normal
operating level on a cold unit so as to allow for expansion in the system during warm-
up.  Scrubbers and separators whose gauge glasses indicate a high liquid level
should be manually drained to the normal operating level.  Pot-type oil reservoirs,
servicing lubrication points such as a gas-driven starter, should be checked for
adequate level. 

5. Engine driven units may be supplied with a manual remote or auto/manual remote
speed control (usually panel-mounted) in which cases the desired warm-up speed
of the engine should be selected prior to starting.  In the manual remote case, rotate
the manual speed control regulator knob until a signal of 0 psi is indicated on the
adjacent gauge.  This will allow manual throttling of the engine for warm-up.  In the
auto/manual remote case, position the auto/manual selector valve to "manual" and
proceed as described above.  If the engine tachometer is equipped with a clutch, it
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should be engaged so that start-up and loading speeds can be observed.

6. Check that the process valves are in the correct start-up position:

VALVE POSITION FOR START-UP
Suction Block Closed*
Discharge Block Closed**
Bypass Open
Blowdown Closed***

*The suction block valve may be left cracked open on an engine-driven unit provided the
resulting cranking speed is adequate to readily start the unit.  This condition will allow the
compressor to be pressured up to suction pressure throughout.

**On units equipped with a discharge check valve, the discharge block valve may be left
open.

*** If any of the compressor cylinders have been opened for servicing, it is essential to
purge the compressor of air.  To accomplish this:

a.  Crack open the suction block valve.
b.  Open the blowdown valve(s).
c.  Close the suction block valve.
d.  Close the blowdown valve(s).

7. Energize the control panel.  See description of the panel operation and controls
operation section 3.3.4.

8. Upon start-up, first check that the oil pressures have reached a satisfactory level, 40-
50 psi.  As the unit reaches idle speed, shut-down points "Class B" circuits that were
automatically bypassed by the control panel during start-up will now begin to be
satisfied.

Check that the jacket-water levels are being maintained and that the jacket-water and
lube oil temperatures are increasing at a normal rate.

Check that the compressor force feed lubricator pumps are operating normally.  See
section 3.3.1 (Compressor Operation and Parts Manual) for a more complete description
of lubricator operation and adjustment.
Examine any belt-driven arrangements for excessive belt slop on the slack side of the
drive.  If necessary, correct the belt tension using the adjustment mechanism provided.
See section 3.3.2 (Driver Operations and Parts Manuals) for proper belt tension
instructions.  Cooler belt drives may be adjusted to slip slightly during start-up and
shutdown to avoid imposing a shock-load torque on the engine shaft.
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Walk around the unit while checking for any unusual noises or vibrations.  If detected,
attempt to locate the source and determine whether or not the unit can continue to run
safely.

If for any reason it is decided that the unit should not continue to run, press the
Emergency stop button to stop the equipment.

3.0  LOADING THE COMPRESSOR

1. Once the driver is ready to accept the torque and horsepower requirements of a
loaded compressor, i.e. motor up to speed or engine up to temperature, proceed as
follows:

a.  Open the discharge valve.
b. Slowly open the suction valve, gradually increasing the suction pressure at the

compressor (indicated on the panel "suction pressure" gauge) to the design
operating point.  For units equipped with an automatic suction pressure controller,
open the suction block valve fully.

c. Slowly close the bypass valve.  This is the step which actually places the demand
on the driver to produce horsepower and which allows the compressor to pump
gas.  For units equipped with automatic bypass valves, the manual over-ride may
prohibit closing the bypass valve slowly, however, this will not adversely affect the
compressor.  As the unit continues to run, the suction pressure may begin to fall
off.  Open the suction block valve until the suction pressure holds at the design
operating point.

2. If no remote speed control is being used adjust the speed to the desired RPM by
manual throttle.  If manual remote speed control is being used, fully open the engine
manual throttle and increase the manual remote signal to the desired operating RPM.
 If the unit is equipped with automatic speed control, and it is desirable to leave it
under automatic control, increase or decrease the manual remote signal to match the
automatic signal and then position the auto/manual selector valve to "auto".

The automatic speed controller usually senses suction pressure and varies the
engine speed directly.  When changing from automatic to manual remote speed
control, always match the signals prior to switching the selector valve.

3. While most coolers are equipped with automatic louver positioners, any manually
adjusted louvers should be positioned to suit ambient air temperatures from wide
open on the hottest day in the summer to near-closed on the coldest day in the winter.
 Remote electric drive coolers should be placed in the "run" condition at this point and
any manual air louvers positioned as above.



                                               UNIT OPERATING INSTRUCTIONS
 - Engine Drive

Page 7
Rev 4, August 24, 2000

4. Compare all indicated pressures, temperatures and levels to those normally
encountered. Determine the cause of and record any unusual differences and correct
all unsatisfactory conditions.

5. Take a final walk around the unit checking for any sounds or vibrations abnormal to
this loaded condition.

A good deal of skill and care has gone into the design and manufacture of this
equipment.  Providing these qualities are applied in its operation and maintenance, a long
and successful record of production should be obtained.

Should you require any additional information not covered in this manual, please do not
hesitate to call or write:

ENERFLEX SYSTEMS LTD.
4700 - 47 Street  S.E.
Calgary, AB
T2B 3R1

PH #: (403) 236-6800

Attention:  Engineering Department

While any immediate operation problems should be reported to the nearest Pamco
Service Branch (see inside front cover), we welcome any suggestions which may assist
us in continually refining and improving our products.
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MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Engine Drive

In situations where a conflict may arise regarding acceptable service intervals, the
manufacturers recommendations will be referred to.

Specific instructions pertaining to procedures, may be found in the unit manuals. 
Maintenance must be performed by qualified personnel.  In all  circumstances, safe work
procedures are to be followed in the maintenance, assembly or disassembly of
components.  Questions regarding unit operation or maintenance can be referred to the
Pamco, Division of Enerflex, Parts & Service outlet nearest your location.  Compressor
performance data supplied with the unit manual identifies specific sold operating
conditions.  Requests for additional compressor performance information will be directed
to Enerflex Systems Ltd.'s customer service manager.

GROUPS

1) Engine Driver

2) Compressor

3) Cooling System

4) Exhaust System

5) Process System



MAINTENANCE GUIDELINE FOR COMPRESSION PACKAGES

ENGINE DRIVER ROUTINE MAINTENANCE
Group 1               1/2

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY /
 720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

Air Cleaner Filter Element Clean or
Replace

x

Pre-Cleaner Element Clean x

Oil Bath Air Cleaner Oil Change Seasonal

Exhaust Backpressure Check x

Intercooler Cores Visual Check x

Turbochargers Inspect x

Crankcase Oil Level Check x

Crankcase Pressure Check x

Crankcase Breather Clean x

Oil Pressure Setting Verify x

Crankcase Oil Pick-up
Screens

Clean x

Oil Pan Clean Sump x

Governor Oil Level Check x

Eng. Oil (Continuous
Duty)

Oil Analysis x

Eng. Oil (Continuous
Duty)

Oil Change x x

Oil Filter Elements Change At Oil Change

Magnetic Lube Oil Strainer
Element

Clean At Oil Change

Oil Cooler (Oil Side) Drain At Oil Change

Hydraulic Governor Oil Change x

Main and Rod Bearings Inspect x

Air Starter Lubricator Check Level x

Prelube Motor Reservoir
Level

Check x

Ignition Timing Check/Verify x

Spark Plugs - Dependent
upon Type of Service

Clean/Gap/
Replace

x x x

Control Rod Ends &
Linkage

Lubricate x x

Governor Rod Ends Lubricate x



Cylinder Compression Check x

Ignition Cables, Primary &
Secondary Connections

Inspect x

Prechamber Regulator Adjust x

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY /
 720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

Main Chamber Regulator Check/Adjust x

Prechamber Regulator
Filter

Clean or
Replace

x

Main Chamber Regulator
Filter

Clean or
Replace

x

Valve Cover Gasket Replace x

Governor-Synchronizer or
Speed Control

Adjust x

Admission Valve
Assembly

Clean or
Replace

x x

Admission Valve O-ring Replace x

Carburetor, Air-Gas Valve Clean/Inspect x

Carburetor, Diaphragm Inspect x

Governor Compensating
Needle Valve

Adjust As
Required

x

Carburetor, Air-Gas Valve Replace x

Carburetor, Diaphragm Replace x

Magneto Drive Disc Replace x

Cooling System Level Check x

Cooling Water Analysis Check x

Cooling System
Thermostats

Remove & Test x

Cooling System Tube
Bundle

Clean x

Engine Mounting & Align. Check x



MAINTENANCE GUIDELINE FOR COMPRESSION PACKAGES

COMPRESSOR ROUTINE MAINTENANCE
Group 2               1/1

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY
/  720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

Crankcase Oil Level Check x

Crankcase Oil Analysis x

Crankcase Oil Change x

Crankcase Oil Strainer x

Crankcase Oil Filter Replace x

Lubricator Box Oil Level Check x

Lubricator Box Oil Change x

Lube Rate Cycle
Time/Flow

Check x

Waste Oil Tank Storage Drain x

Lubricator Drive Box Inspect for Wear x

Lubricator Drive
Gear/Chain

Inspect for wear x

Prelube Motor Reservoir
Level

Check x

Vacuum Pump Lube Oil
Reservoir Level

Check x

Vacuum Pump System
Setting

Check x

Compressor Valves Inspect x

Compressor Valves Recondition x

Valve Cap Seal Rings Inspect x

Valve Gaskets - Internal Check x

Piston Rod Visually Inspect
for Wear

x x

Piston Rod Packing Replace x

Piston Rings/Wear Bands Replace x

Compressor Packing
Vents

Check for
Venting

x

Cross-Head Clearance Check x

Main/Con Bearings Inspect x

Drive Coupling - Main Inspect/Torque
Bolts

x

Comp. Alignment/Mount. Check x

Comp. Anchor Bolt Torque Check x



MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES

COOLING SYSTEM  ROUTINE MAINTENANCE

Group 3               1/1

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY
/  720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

Guard/Screens Check x x

Finned Cooler Tubes Ext.  Cleaning x x

Louvres Inspect x

Actuators/Linkages Check &
Lubricate

x

Fan Blade Pitce Seasonal Setting x

Fan Hub Blade Retainers Check x

Fan Blades Inspect x

Fan Hub Taper Lock Check x

Fan Shaft Bearings Grease x

Drive Belts Check x

Drive Couplings Check x

Electric Motor Drive Check Mounts x

EXHAUST SYSTEM ROUTINE MAINTENANCE

Group 4               1/1

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY
/  720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

System Backpressure Check x

Exhaust Insulation Inspect x

System Man Guards Check x

Moisture Traps Check x

Muffler/Mounts Check x

Silencer/Mounts Check x

Uninsulated Expansion
Bellows

Visual Check x

Flanged Connections Check Bolt
Torque

x



MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES

PROCESS SYSTEM ROUTINE MAINTENANCE

Group 5               1/1

ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY /
 720 HRS

3 MONTHS /
2500 HRS

6 MONTHS /
4000 HRS

ANNUALLY
8000 HRS

in-Line Screens Clean x

Inlet Separator Filters Replace x

Scrubber Dumps (Auto) Activate
Manually

x

Scrubber Drain Valve Manually Drain x

Temperature Indicators Check
Calibration

x

Suction/Discharge Block
Valves

Exercise/Grease x

PSV's Service x

PSV Flexline Connections Inspect x

Vibration/Pulsation Monitor x

Suction/ Discharge Bottle
Flange Torque

Check x

Flanged/Screwed
Connections

Leak Check x

Vessel Hold Down Bolt
Torque

Check x

Piping Flange Torque Check x

Pip Clamps/Brackets Check x

Skid Anchor Bolt Nut - Check After 100 Hours of Initial Operation Following Commissioning.
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  CAUTION
GAS COMPRESSOR UNITS ARE COMPLICATED AND DANGEROUS 
PIECES OF EQUIPMENT, IF YOU ARE NOT FULLY TRAINED AND 
FAMILIAR WITH THEIR OPERATION.
BEFORE STARTING THIS UNIT:
FAMILIARIZE YOURSELF WITH THE UNIT.
READ AND STUDY START-UP AND SHUT-DOWN INFORMATION FOR 
BOTH PACKAGE AND COMPRESSOR CAREFULLY!
A GAS/AIR MIXTURE UNDER PRESSURE CAN EXPLODE! YOU CAN BE 
SEVERELY INJURED OR KILLED.  MAKE SURE THE COMPRESSOR IS 
SUFFICIENTLY PURGED OF ANY EXPLOSIVE MIXTURE BEFORE 
LOADING.
AFTER COMPLETING THE ABOVE, BEGIN PROPER STARTING 
PROCEDURE.

    CAUTION
DO NOT ATTEMPT TO START-UP UNIT WITHOUT REFER-
RING TO THIS MANUAL SECTION 3: START-UP. IT IS ALSO 
ESSENTIAL TO REFER TO THE PACKAGER’S OPERATING 
MANUAL.

   CAUTION
THIS MANUAL EDITION IS BASED ON THE CURRENT DESIGN AND 
BUILD PRACTICES. THIS MANUAL MAY NOT BE APPLICABLE TO 
EQUIPMENT BUILT PRIOR TO THE DATE ON FRONT COVER AND IS 
SUBJECT TO CHANGE WITHOUT NOTICE. CONTACT ARIEL WITH ANY 
QUESTIONS. REFER TO LAST PAGE OF THIS MANUAL FOR CONTACT 
INFORMATION.

!

!

!

WHEN THIS SYMBOL APPEARS ON THE COMPRESSOR 
OR CONTROL PANEL, THIS TECHNICAL MANUAL IS TO 
BE CONSULTED FOR SPECIFIC INFORMATION BEFORE 
PROCEEDING. IF MORE INFORMATION IS NEEDED CON-
TACT YOUR PACKAGER AND/OR ARIEL CORPORATION.
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FOR MODELS: JGE, JGH, JGK AND JGT
SECTION 1 - DESIGN SPECIFICATIONS & DATA

General
Ariel compressors are designed for ease of operation and maintenance. Experience has 
shown that an Ariel compressor will normally provide years of satisfactory performance with 
minimal proper maintenance.

While Ariel compressors share many similarities, each model has aspects that are unique to 
the particular type. If you, as an operator, are familiar with Ariel compressors, it is still impor-
tant to review this manual to determine the differences. If you are new to Ariel compressors, 
it is critical that you become very familiar with this manual prior to operating the compressor.

This manual is designed to provide information on installation, start up, operation and main-
tenance of a JGE, JGH, JGK or JGT compressor. If you have any questions please contact 
your packager. If they are unable to provide resolution, they will refer your concerns to Ariel 
Corporation. If you prefer, you may always contact Ariel directly1.

This manual provides design specifications for standard current production equipment at 
publication date. Do not exceed information plates ratings for a particular compressor.

The location of the throws and the data shown on the Information Plates is very important 
when communicating questions concerning an Ariel compressor.

Opposed Throw - Reciprocating Weight Balancing
Ariel recommends that the reciprocating weight differential between opposing throws be 2.5 
pounds (1.1 kg) or less for JGE, JGH, JGK and JGT compressors. 

If replacing any major reciprocating component, that is; a connecting rod assembly, piston, 
piston & rod assembly, crosshead-balance nuts or crosshead, weigh component parts on a 
calibrated scale to 0.1 pounds (0.05 kg) and compare to the Compressor Balancing Record 
sheet that comes in the parts manual with each compressor. If there are weight changes, 
recalculate opposing throw reciprocating weight differentials1. If not within the recom-
mended limit, new balance nuts and/or crossheads are to be selected to provide the least 
possible differential.

If it is desirable to exchange opposing throw compressor cylinder locations1, all reciprocat-
ing components must be exchanged to the opposite throw, except the connecting rod 
assemblies. Check the Balancing Record sheet and recalculate reciprocating weight differ-

1. Contact your Packager or the Ariel Response Center for detailed information. Refer to the last page 
of this manual for contact information.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
ential, with the connecting rod weights included. If not within the recommended limit, new 
balance nuts are to be selected to provide the least possible differential.

If opposing throws can not be balanced within the recommended reciprocating weight differ-
ential limit, contact your packager and/or Ariel1. When applying or re-applying a different cyl-
inder to a throw1, the opposing throw reciprocating weight differential must be re-calculated 
and new crosshead-balance nuts and/or crossheads may be required. The force feed oil dis-
tribution system may also need to be resized.

  

TABLE 1-1: APPROXIMATE COMPONENT WEIGHTS

COMPONENT POUNDS (KILOGRAMS)
Frame Assembly w/o Cylinders See Ariel Electronic Data Booka

a. The Electronic Data Book is Available in the Ariel Performance Program.

Main/Connecting Rod Bearing 2 (1)
Top Cover 2-Throw 55 (25)
Top Cover 4-Throw 115 (52)
Top Cover 6-Throw 190 (90)

Spacer Bar 20 (10)
End Cover Drive End 85 (40)

End Cover Auxiliary End 130 (60)

Crankshaft 2-Throwb

b. Crankshaft weight is without flywheel, vibration detuner donuts or 
damper.

450 (200)

Crankshaft 4-Throwb 900 (400)

Crankshaft 6-Throwb 1350 (600)

Main Journal Caps 30 (15)
Connecting Rod 100 (45)

Crosshead Guide 850 (390)
Crosshead See Balancing Record sheetc for Weights

c. Provided by Ariel in the Parts Book for each compressor.

Crosshead Pin 25 (12)
VVCP See Ariel Electronic Data Booka

Cylinder Assembly See Ariel Electronic Data Booka

Piston & Rod Assembly See Ariel Electronic Data Booka

Lube Oil Pump 2-Throw 36 (16)
Lube Oil Pump 4-Throw 36 (16)
Lube Oil Pump 6-Throw 110 (50)
PAGE 1 - 2 1/06



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-1: COMPRESSOR THROW NUMBERING & FRAME INFORMATION PLATE 
LOCATION - TYPICAL

FIGURE 1-2: AUXILIARY END VIEW - TYPICAL (STANDARD ROTATION)

Frame   
Information
Plate

#2
#1

#3
#4

#5
#6

Engine/Motor Drive End

Auxiliary End
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Specifications

Table 1-2: JGE FRAME SPECIFICATIONSa

a.  For more information, see the Electronic Databook available in the Ariel Performance Program.

MODEL JGE/2 JGE/4 JGE/6
Stroke, inches (mm) 4-1/2 (114) 4-1/2 (114) 4-1/2 (114)

Speed, RPMb

b.  Rated speeds for non-lube, and lubricated process applications may vary.

750 To 1500 750 To 1500 750 To 1500
Piston Speed, FPM (m/s) To 1125 

(5.72)
To 1125 (5.72) To 1125 (5.72)

Number of Throws 2 4 6
Horsepower (kW) To 1070 (798) To 2140 

(1596)
To 3210 (2394)

Height - Bottom to Crankshaft Centerline, 
in. (mm) 17 (432) 17 (432) 17 (432)

Connecting Rod Centerline to Centerline, 
in. (mm) 13.75 (349) 13.75 (349) 13.75 (349)

Maximum Width, in. (m) 139 (3.53) 139 (3.53) 139 (3.53)
Maximum Length, in. (m) 56 (1.42) 101 (2.57) 138 (3.51)
Approximate Weight with Cylinders, lb. (kg) 8000 (3630) 17,000 (7710) 25,000 (11 340)
Oil Pump Flow Rate @ Max. Rated
Speed & 180°F (82°C), GPM (L/s) 17 (1.1) 32 (2.0) 58 (3.7)

Oil Heat Rejection, BTU/hr. (kW) 34,000 (10.0) 68,000 (19.9) 102,000 (29.9)
Sump Capacity, US gallons (L) 15 (57) 37 (140) 56 (212)
Piston Rod Diameter, in. (mm) 2.000 (51) 2.000 (51) 2.000 (51)

Internal Rod Load - Double Acting:
Compression + Tension, lbf. (kN) 60,000 (267) 60,000 (267) 60,000 (267)
Tension, lbf. (kN) 30,000 (133) 30,000 (133) 30,000 (133)
Compression, lbf. (kN) 32,000 (142) 32,000 (142) 32,000 (142)

Internal Rod Load - Single Acting:
Tension, lbf. (kN) 30,000 (133) 30,000 (133) 30,000 (133)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Table 1-3: JGH FRAME SPECIFICATIONSa

a.  For more information, see the Electronic Databook available in the Ariel Perfor-
mance Program.

MODEL JGH/2 JGH/4
Stroke, inches (mm) 4-1/2 (114) 4-1/2 (114)

Speed, RPMb

b.  Rated speeds for non-lube, and lubricated process applications may vary.

600 To 1200 600 To 1200

Piston Speed, FPM (m/s) To 900 (4.57) To 900 (4.57)
Number of Throws 2 4
Horsepower (kW) To 680 (507) To 1360 (1014)
Height - Bottom to Crankshaft Center-
line, in. (mm) 17 (432) 17 (432)

Connecting Rod Centerline to Center-
line, in. (mm) 13.75 (349) 13.75 (349)

Maximum Width, in. (m) 139 (3.53) 139 (3.53)
Maximum Length, in. (m) 56 (1.42) 100 (2.54)
Approximate Average Weight with Cylin-
ders, lb. (kg) 8000 (3630) 17,000 (7710)

Oil Pump Flow Rate @ Max. Rated
Speed & 180°F (82°C), GPM (L/s) 13 (0.82) 26 (1.6)

Oil Heat Rejection, BTU/hr. (kW) 25,000 (7.3) 50,000 (14.7)
Sump Capacity, US gallons (L) 15 (57) 37 (140)
Piston Rod Diameter, in. (mm) 2.000 (51) 2.000 (51)

Internal Rod Load - Double Acting:
Compression + Tension, lbf. (kN) 48,000 (214) 48,000 (214)
Tension, lbf. (kN) 24,000 (107) 24,000 (107)
Compression, lbf. (kN) 30,000 (133) 30,000 (133)

Internal Rod Load - Single Acting:
Tension, lbf. (kN) 24,000 (107) 24,000 (107)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Table 1-4: JGK FRAME SPECIFICATIONSa

a.  For more information, see the Electronic Databook available in the Ariel Performance Program.

MODEL JGK/2 JGK/4 JGK/6
Stroke, inches (mm) 5-1/2 (140) 5-1/2 (140) 5-1/2 (140)

Speed, RPMb

b.  Rated speeds for non-lube, and lubricated process applications may vary.

600 To 1200 600 To 1200 600 To 1200

Piston Speed, FPM (m/s) To 1100 (5.59) To 1100 (5.59) To 1100 (5.59)
Number of Throws 2 4 6
Horsepower (kW) To 1270 (947) To 2540 (1894) To 3810 (2841)
Height - Bottom to Crankshaft Center-
line, in. (mm)

17 (432) 17 (432) 17 (432)

Connecting Rod Centerline to Center-
line, in. (mm)

13.75 (349) 13.75 (349) 13.75 (349)

Maximum Width, in. (m) 157 (3.99) 157 (3.99) 157 (3.99)
Maximum Length, in. (m) 57 (1.45) 101 (2.57) 140.5 (3.57)
Approximate Average Weight with Cylin-
ders, lb. (kg)

10,000 (4540) 21,000 (9530) 31,000 (14 075)

Oil Pump Flow Rate @ Max. Rated
Speed & 180°F (82°C), GPM (L/s)

13 (0.82) 26 (1.6) 46 (2.9)

Oil Heat Rejection, BTU/hr. (kW) 28,000 (8.2) 56,000 (16.4) 84,000 (24.6)
Sump Capacity, US gallons (L) 15 (57) 37 (140) 56 (212)
Piston Rod Diameter, in. (mm) 2.000 (51) 2.000 (51) 2.000 (51)

Internal Rod Load - Double Acting:
Compression + Tension, lbf. (kN) 74,000 (329) 74,000 (329) 74,000 (329)
Tension, lbf. (kN) 37,000 (165) 37,000 (165) 37,000 (165)
Compression, lbf. (kN) 40,000 (178) 40,000 (178) 40,000 (178)

Internal Rod Load - Single Acting:
Tension, lbf. (kN) 37,000 (165) 37,000 (165) 37,000 (165)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
 

Table 1-5: JGT FRAME SPECIFICATIONSa

a.  For more information, see the Electronic Databook available in the Ariel Performance Program.

MODEL JGT/2 JGT/4 JGT/6
Stroke, inches (mm) 4-1/2 (114) 4-1/2 (114) 4-1/2 (114)

Speed, RPMb

b.  Rated speeds for non-lube and lubricated process applications may vary.

750 To 1500 750 To 1500 750 To 1500

Piston Speed, FPM (m/s) To 1125 
(5.72)

To 1125 (5.72) To 1125 (5.72)

Number of Throws 2 4 6
Horsepower (kW) To 1300 (969) To 2600 

(1939)
To 3900 (2908)

Height - Bottom to Crankshaft Centerline, 
in. (mm)

17 (432) 17 (432) 17 (432)

Connecting Rod Centerline to Centerline, 
in. (mm)

13.75 (349) 13.75 (349) 13.75 (349)

Maximum Width, in. (m) 157 (3.99) 157 (3.99) 157 (3.99)
Maximum Length, in. (m) 57 (1.45) 101 (2.57) 140.5 (3.57)
Approximate Weight with Cylinders, lb. (kg) 10,000 (4540) 21,000 (9530) 31,000 (14 075)
Oil Pump Flow Rate @ Max. Rated
Speed & 180°F (82°C), GPM (L/s)

17 (1.1) 32 (2.0) 58 (3.7)

Oil Heat Rejection, BTU/hr. (kW) 34,000 (10.0) 68,000 (19.9) 102,000 (29.9)
Sump Capacity, US gallons (L) 15 (57) 37 (140) 56 (212)
Piston Rod Diameter, in. (mm) 2.000 (51) 2.000 (51) 2.000 (51)

Internal Rod Load - Double Acting:
Compression + Tension, lbf. (kN) 74,000 (329) 74,000 (329) 74,000 (329)
Tension, lbf. (kN) 37,000 (165) 37,000 (165) 37,000 (165)
Compression, lbf. (kN) 40,000 (178) 40,000 (178) 40,000 (178)

Internal Rod Load - Single Acting:
Tension, lbf. (kN) 37,000 (165) 37,000 (165) 37,000 (165)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Product Information and Safety Plates

FIGURE 1-3: TOP COVER - TYPICAL

Direction of Rotation Plate: 
Located at the drive end

Top Cover

ARIEL Logo Name Plate 
and Web Site Address: 
www.arielcorp.com

Frame Information Data Plate: 
Ariel Frame Model, Frame Serial 
Number, Stroke, Maximum and 
Minimum Speed - RPM, Maximum 
Rod Load - Tension & Compres-
sion, Ariel Shipping Date, Normal 
Lube Oil Pressure, Maximum Lube 
Oil Temperature and Low Lube Oil 
Pressure Shutdown Setting. Maxi-
mum Unit Speed is Maximum Name 
Plate Rated Speed or Cylinder 
Speed whichever is the Lessor.

IMPORTANT SAFETY 
INFORMATION PLATES: 
See Page 1-9

Oil Filter Plate: 
With installation instructions. 

Drive End

Auxiliary E nd
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Important Safety Information

CAUTION
SEVERE PERSONAL INJURY AND PROPERTY DAMAGE 
CAN RESULT IF PRESSURE SYSTEM IS NOT 
COMPLETELY VENTED BEFORE LOOSENING THE 
BOLTS ON FLANGES, HEADS, VALVE CAPS, OR 
PACKING. CONSULT ARIEL TECHNICAL MANUAL 
BEFORE PERFORMING ANY MAINTENANCE.

CAUTION
SEVERE PERSONAL INJURY AND PROPERTY DAMAGE 
WILL RESULT IF SUCTION AND DISCHARGE VALVES 
ARE NOT INSTALLED IN THEIR PROPER LOCATION.

CAUTION
NOISE GENERATED BY RECIPROCATING MACHINERY 
CAN BE A SOURCE FOR HEARING INJURY. SEE 
PACKAGER’S INFORMATION FOR ANY SPECIFIC 
RECOMMENDATIONS. WEAR HEARING PROTECTION 
WHEN UNIT IS RUNNING.

CAUTION
HOT GAS TEMPERATURES ESPECIALLY THE CYLINDER 
DISCHARGE AREAS, 190°F (88°C) OIL AND HIGH 
FRICTION AREAS CAN BE A SOURCE FOR BURNS. 
WEAR PROPER INSULATION WHEN WORKING AROUND 
THESE AREAS. SHUT DOWN UNIT AND ALLOW TO COOL 
BEFORE DOING MAINTENANCE IN THESE AREAS.

!

!

!

!
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
CAUTION
WHEN ET CLASS COMPRESSOR CYLINDERS ARE SUP-
PLIED, DO NOT REMOVE THE PIN FROM THE CROSS-
HEAD GUIDE TO COMPRESSOR CYLINDER MOUNTING 
FACE. IT IS INSTALLED TO PREVENT THE INSTALLA-
TION OF MISAPPLIED CYLINDERS AND AVOID PER-
SONAL INJURY.

FIGURE 1-4: HOT & COLD SURFACES - CAUTION SYMBOLS

!

CAUTION Hot Surfaces CAUTION Cold Surfaces

Where these CAUTION symbols appear on the compressor, the sur-
faces are hot or cold when compressor is operating and can cause 
injury if touched without proper insulated protective clothing. If servic-
ing the compressor, allow these surfaces to cool or warm to safe tem-
peratures or wear protective clothing before proceeding. When applied 
to compressor cylinders, the temperature CAUTION applies to all con-
nected piping and equipment.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-5: FORCE FEED LUBRICATOR DATA PLATES - TYPICAL SINGLE & TWIN 
PUMPS

Distribution 
Block Part 
Number

Force Feed Lubricator 
Data Plate for Twin Pumps 
- Indicator Cycle Time

Force Feed Lubricator 
Data Plate for Single Pump 
- Indicator Cycle Time

Data Plate 
Location

Normal 
Cycle Time 
(Seconds)

Break In 
Cycle Time 
(Seconds)

Throw 
Number

Increase 
Pump 
Stroke

Increase 
Pump 
Stroke

Distribution Block 
Part Number

Indicator Pin 
Cycle Time:

Seconds
Normal

Break In

Data Plate 
Location

Top View
1/06 PAGE 1 - 11



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-6: FORCE FEED LUBRICATOR DATA PLATE - TYPICAL FOUR PUMPS

FIGURE 1-7: FORCE FEED LUBRICATOR DATA PLATE - TYPICAL GERHARDT

Distribution Block 
Part Numbers

Increase 
Pump Stroke

Throw 
NumbersNormal 

Cycle Time 
(Seconds)

Break In 
Cycle Time 
(Seconds)

Data Plate 
Location

Gerhardt Force Feed Lubricator w/up to four pump capacity - Optional for High Pressure Cylinders
For more information on the Gerhardt Lubricator, see the Ariel web site under Vendor Literature

Compressor 
Auxiliary End 
Cover

Speed 
Reducer

Unused Drive Shaft - Keep 
Safety Covers in Place when 
Compressor is Running

Data Plate Location - 
See Figure 1-6: for 
Plate details
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
The Force Feed Lubricator provides oil to the piston rod packing and the compressor pis-
tons. The Lubricator Data Plate gives directions for adjusting the flow of oil. If this plate is 
missing, please contact Ariel Corporation, Mount Vernon, Ohio for a replacement or specific 
directions. See “Ariel Telephone, Fax, E-Mail and Web Site Numbers” on page 7-19 for con-
tact information.

Cylinder Identification Plates appear on each cylinder. The serial number is also stamped on 
the end of each cylinder. If any plate is missing, please contact Ariel for a replacement or 
specific directions.

NOTE: USE THE CYLINDER AND FRAME SERIAL NUMBERS IN ALL CORRESPON-
DENCE.

FIGURE 1-8: IDENTIFICATION PLATES - TYPICAL

Cylinder Identification 
Plate, See Figure 1-9:

Frame Serial Number 
stamped on machined sur-
face above the Mechanical 
Inspector’s Plate. On drive 
end throw #2 side

VVCP Instruction and Identifica-
tion Plates, See Figure 1-9: - 
Customer Work Order Number, 
and Hydrotest Pressure are 
stamped near this plate on top 
of the VVCP body

Discharge Valve 
Pocket Identification 
Plate

Serial Number, MAWP, Part 
Number, Work Order Number, 
Hydrostatic Test Pressure, Test 
Date and Tester’s Personal 
Stamp are stamped on the end 
of each cylinder (cylinder head 
mounting surface)

Suction Valve Pocket
Identification Plate
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-9: CYLINDER AND VVCP PLATES

CYLINDER IDENTIFICATION PLATE:

Nominal Bore Diameter - 
Inches or mm

Stroke - 
Inches or mm

Class (cylinder 
model)

Rated Revolutions 
per Minute (of 
crankshaft)

Crank End

Head End

Piston End Clearance 
- Inches or mm

Cylinder Serial NumberMinimum Volumetric Clearance 
- Percentage

Maximum Allowable 
Working Pressure 
(Maximum Relief Valve 
Setting) - PSIG - 
Pounds per Square 
Inch Gauge or barg

Variable Volume Clearance 
Pocket Serial Number

HEAD-END VARIABLE VOLUME CLEARANCE POCKET (VVCP) 
IDENTIFICATION PLATE

Total Travel in 
Inches or cm

Or Total Travel in 
Number of Turns

Base Volume 
Cubic Inches or 
cm3 with VVCP 
Closed

VVCP Maximum Allowable Working Pressure (Maximum Relief 
Valve Setting) PSIG - Pounds per Square Inch Gauge or barg

Nominal Cylinder Bore 
Diameter Inches or mm

Variable Volume 
Cubic Inches or cm3

HEAD-END VARIABLE VOLUME CLEARANCE POCKET (VVCP) 
INSTRUCTION PLATE

Variable Volume Clearance 
Pocket Serial Number

Fully Closed Dimension A 
Inches or cm

Fully Open Dimension A 
Inches or cm

Remove Aluminum Thread Protector Where Applicable
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA

T

Clearances
ABLE 1-6: FRAME CLEARANCES

DESCRIPTION CLEARANCE, 
IN.

(CLEARANCE, 
mm)

Crankshaft Dust Seal JGE:H:K:T/2/4 (Feeler Gauge - 
Centered) 0.008 to 0.010 (0.20 to 0.25)

Crankshaft Dust Seal JGE:K:T/6(Feeler Gauge - Cen-
tered) 0.010 to 0.018 (0.25 to 0.46)

Crankshaft Thrust JGE:H:K:T/2/4 (End) 0.0085 to 0.0200 (0.21 to 0.51)
Crankshaft Thrust JGE:K:T/6 (End) 0.014 to 0.033 (0.36 to 0.84)
Crankshaft Journal Bearing (Jack) 0.0015 to 0.0050 (0.04 to 0.13)
Crankshaft Pin to Connecting Rod Bearing (Vertical 
Jack)a

a. For compressors and/or connecting rod replacement bearing shells, supplied after 2/1/97.

0.0035 to 0.0070 (0.09 to 0.18)

Connecting Rod Thrust (Side) 0.007 to 0.018 (0.18 to 0.46)
Connecting Rod Bushing to Crosshead Pin 0.002 to 0.004 (0.05 to 0.10)
Crosshead Bronze-Bushing to Crosshead Pin - Ductile 
and ADI Iron Crosshead 0.0020 to 0.0042 (0.05 to 0.11)

Crosshead (Gray Iron) to Crosshead Pin (JGH) 0.0020 to 0.0035 (0.05 to 0.09)
Crosshead (Bronze Crosshead) to Crosshead Pin 0.0020 to 0.0035 (0.05 to 0.09)
Crosshead to Guide - Babbitted Gray & Ductile Iron 
(Feeler Gauge)b

b. Crosshead guide to crosshead clearance at the top is to be checked by inserting a standard 0.5 inches 
(13 mm) wide feeler stock from one side edge of the crosshead across to the opposite side. This is to be 
done at both ends. The bottom clearance is to be checked with 0.0015 inches (0.038 mm) feeler stock at 
the four corners. If the feeler at the bottom can be inserted more than 0.5 inches (13 mm), the assembly 
is not acceptable.

0.007 to 0.012 (0.18 to 0.30)

Crosshead to Guide - Babbitted ADI Iron (Feeler 
Gauge)b

0.009 to 0.014 (0.23 to 0.36)

Crosshead to Guide - Babbitted Bronze (Feeler Gauge) b 0.011 to 0.016 (0.28 to 0.41)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
NOTE: MEASURED CLEARANCES WILL NOT NECESSARILY AGREE BECAUSE OF 
OIL FILMS, ASSEMBLY TOLERANCES, WEAR, ETC. PLASTIGAGES, SOL-
DER, ETC. ARE NOT TO BE USED.

Table 1-7: PISTON END CLEARANCESa

CYLINDER 
CLASS

CRANK END HEAD END TOTALb

IN. mm IN. mm IN. mm
22-1/2E:ET:H 0.050 (1.3) 0.070 to 0.130 (1.8 to 3.3) 0.120 to 0.180 (3.0 to 4.6)

All Other E:ET:H 
Cylinders 0.040 (1.0) 0.050 to 0.110 (1.3 to 2.8) 0.090 to 0.150 (2.3 to 3.8)

17-7/8, 20-1/8, 
22, 24-1/8 & 
22-1/2 K:T

0.055 (1.4) 0.095 to 0.155 (2.4 to 3.9) 0.150 to 0.210 (3.8 to 5.3)

5-3/8K:T
 Tandem 0.040 (1.0) 0.060 to 0.160 (1.5 to 4.1) 0.100 to 0.200 (2.5 to 5.1)

All KL:TL 
Cylinders 0.300 (7.6) No Set 0.620 to 0.680 (15.7 to 17.3)

All KM:TM 
Cylinders 0.040 (1.0) 0.080 to 0.140 (2.0 to 3.6) 0.120 to 0.180 (3.0 to 4.6)

All Other K:T 
Cylinders 0.040 (1.0) 0.080 to 0.140 (2.0 to 3.6) 0.120 to 0.180 (3.0 to 4.6)

a. Refer to Piston and Rod - Installation on Page 5-39 for setting instructions.
b. If your total piston end clearance is not within table tolerance, contact your Packager or Ariel.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA

TAB

NO
W
3/ 0)
1 0)
5/ 0)
3 0)
1/ 0)
5/ 3)
3/ 5)
Piston Ring, Packing Ring and Wearband Side Clearances
The standard side clearance in inches for JGE, JGH, JGK and JGT compressor piston rings, 
packing rings and wearbands when new are as follows:

                  

LE 1-8: PISTON RING SIDE CLEARANCE, INCHES (mm)
MINAL 
IDTH 

ACTUAL GROOVE 
WIDTH TEFLON PEEK BRONZE

16 (4.76) 0.187 to 0.189 (4.75/4.80) 0.0035 to 0.0075 (0.09/0.19 --- 0.004 to 0.008 (0.10/0.2
/4 (6.35) 0.250 to 0.252 (6.35/6.40) 0.005 to 0.011 (0.13/0.28) 0.005 to 0.008 (0.13/0.20) 0.004 to 0.008 (0.10/0.2
16 (7.94) 0.312 to 0.314 (7.92/7.98) 0.006 to 0.012 (0.15/0.30) 0.005 to 0.008 (0.13/0.20) 0.004 to 0.008 (0.10/0.2
/8 (9.53) 0.375 to 0.377 (9.53/9.58) 0.007 to 0.013 (0.18/0.33) 0.005 to 0.008 (0.13/0.20) 0.004 to 0.008 (0.10/0.2
2 (12.70) 0.500 to 0.502 (12.70/12.75) 0.009 to 0.015 (0.23/0.38) 0.005 to 0.008 (0.13/0.20) 0.004 to 0.008 (0.10/0.2
8 (15.88) 0.625 to 0.627 (15.88/15.93) 0.011 to 0.016 (0.28/0.41) 0.006 to 0.009 (0.15/0.23) 0.005 to 0.009 (0.13/0.2
4 (19.05) 0.750 to 0.752 (19.05/19.10) 0.013 to 0.020 (0.33/0.51) 0.008 to 0.011 (0.20/0.28) 0.006 to 0.010 (0.15/0.2

TABLE 1-9: PACKING RING SIDE CLEARANCE, INCHES (mm)
ACTUAL GROOVE 

WIDTH TEFLON PEEK BRONZE

0.375 to 0.377 (9.53 to 9.58) 0.011 to 0.015 (0.28 to 0.38) 0.011 to 0.015 (0.28 to 0.38) 0.006 to 0.008
 (0.15 to 0.20)0.572 to 0.574 (14.53 to 14.58) 0.017 to 0.022 (0.43 to 0.56) 0.017 to 0.022 (0.43 to 0.56)

TABLE 1-10: WEARBAND SIDE CLEARANCE, INCHES (mm)
ACTUAL GROOVE WIDTH TEFLON PEEK
0.875 to 0.877 (22.23 to 22.28) 0.010 to 0.024 (0.25 to 0.51) 0.006 to 0.010 (0.15 to 0.25
2.000 to 2.002 (50.80 to 50.85) 0.024 to 0.034 (0.61 to 0.86) 0.014 to 0.018 (0.36 to 0.46)
3.000 to 3.003 (76.20 to 76.28) 0.036 to 0.048 (0.91 to 1.22) 0.021 to 0.025 (0.53 to 0.64)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA

T
G

ABLE 1-11: PISTON TO BORE CLEARANCES AND PISTON RING/RIDER RING END 
APS, FOR H, E & ET CLASS CYLINDERS, INCHES

BORE 
DIAMETER

PISTON TO BORE CLEARANCE CONVENTIONAL
PISTON RING END GAP PISTON/

RIDER RING 
END GAPa

WITH 
CONVENTIONAL 
PISTON RINGS

WITH PISTON/
RIDER RINGSb NEW MAXIMUM

4.25 0.011 to 0.016 0.090 to 0.096 0.051 to 0.075 0.225 0.050 to 0.066
4.625 0.012 to 0.017 0.090 to 0.096 0.056 to 0.080 0.240 0.056 to 0.072
5.125 0.012 to 0.017 0.090 to 0.096 0.061 to 0.085 0.255 0.062 to 0.078

5.5 0.013 to 0.018 0.090 to 0.096 0.066 to 0.090 0.270 0.068 to 0.084
6.0 0.013 to 0.018 0.090 to 0.096 0.072 to 0.112 0.336 0.074 to 0.090

6.375 0.014 to 0.019 0.090 to 0.096 0.077 to 0.117 0.351 0.073 to 0.103
7.0 0.015 to 0.020 0.090 to 0.096 0.084 to 0.124 0.372 0.091 to 0.121

7.375 0.015 to 0.020 0.090 to 0.096 0.089 to 0.129 0.387 0.097 to 0.127
8.0 0.016 to 0.022 0.090 to 0.096 0.096 to 0.136 0.408 0.095 to 0.125

 8.375 0.017 to 0.023 0.090 to 0.096 0.101 to 0.141 0.423 0.100 to 0.130
9.25 0.019 to 0.025 0.090 to 0.096 0.111 to 0.151 0.453 0.112 to 0.142
9.75 0.020 to 0.026 0.090 to 0.096 0.117 to 0.157 0.471 0.119 to 0.149
11 0.022 to 0.028 0.090 to 0.096 0.131 to 0.179 0.537 0.136 to 0.166

11.5 0.023 to 0.029 0.090 to 0.096 0.138 to 0.186 0.558 0.143 to 0.173
13 0.026 to 0.032 0.090 to 0.096 0.156 to 0.204 0.612 0.182 to 0.212

13.5 0.027 to 0.033 0.090 to 0.096 0.162 to 0.210 0.630 0.190 to 0.220
15.250 0.030 to 0.037 0.090 to 0.097 0.183 to 0.231 0.693 0.216 to 0.246
15.75 0.031 to 0.038 0.090 to 0.097 0.189 to 0.237 0.711 0.224 to 0.254
16.75 0.033 to 0.040 0.090 to 0.097 0.201 to 0.251 0.753 0.239 to 0.269
17.25 0.034 to 0.041 0.090 to 0.097 0.207 to 0.259 0.777 0.247 to 0.277

19 0.038 to 0.046 0.090 to 0.098 0.228 to 0.292 0.876 0.273 to 0.303
19.5 0.039 to 0.047 0.090 to 0.098 0.234 to 0.298 0.894 0.281 to 0.311
22.5 Uses Wearbands, see Table 1-13 on page 20

a. Piston/rider ring radial projection is 0.026” to 0.033” and side clearance is 0.008” to 0.013”.
b. Piston/rider rings are standard on all ET & were standard on E Class cylinders except the 22.5”. Conven-

tional piston rings were standard on H Class cylinders and piston/rider rings optional on bore diameters of 
4.25” to 11.5” with the exception of bore diameters 4.625”, 5.5” and 6.375”. Piston/rider rings were stan-
dard on H Class cylinders with bore diameters of 4.625”, 5.5”, 6.375” and 13” to 19.5”. H & E Class Cylin-
ders are out-of-production; existing H & E cylinders may be used if application requirements are met. 
Consult your packager and/or Ariel when re-applying cylinders. See “Compressor Re-Application” on 
page 3-10.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA

TA
GA

(M

)
)

( )
)
)

( )
)

( )
)

( )
)
)
)
)
)
)

( )
( )
( )
( )

)
)

BLE 1-12:  PISTON TO BORE CLEARANCES AND PISTON RING/RIDER RING END 
PS, FOR H, E & ET CLASS CYLINDERS, (MILLIMETERS)

BORE
DIAMETER
M) [INCHES]

PISTON TO BORE CLEARANCE CONVENTIONAL
PISTON RING END GAP PISTON/

RIDER
RING END 

GAPa
WITH

CONVENTIONAL
PISTON RINGS

WITH PISTON/
RIDER RINGSb NEW MAXIMUM

(108) [4.25] (0.28 to 0.41) (2.29 to 2.44) (1.30 to 1.91) (5.72) (1.27 to 1.68
(117) [4.625] (0.30 to 0.43) (2.29 to 2.44) (1.42 to 2.03) (6.10) (1.42 to 1.83
130) [5.125] (0.30 to 0.43) (2.29 to 2.44) (1.55 to 2.16) (6.48) (1.57 to 1.98
(140) [5.5] (0.33 to 0.46) (2.29 to 2.44) (1.68 to 2.29) (6.86) (1.73 to 2.13
(152) [6] (0.33 to 0.46) (2.29 to 2.44) (1.83 to 2.84) (8.53) (1.88 to 2.29

162) [6.375] (0.36 to 0.48) (2.29 to 2.44) (1.96 to 2.97) (8.92) (1.85 to 2.62
(178) [7] (0.38 to 0.51) (2.29 to 2.44) (2.13 to 3.15) (9.45) (2.31 to 3.07

187) [7.375] (0.38 to 0.51) (2.29 to 2.44) (2.26 to 3.28) (9.83) (2.46 to 3.23
(203) [8] (0.41 to 0.56) (2.29 to 2.44) (2.44 to 3.45) (10.36) (2.41 to 3.18

213) [8.375] (0.43 to 0.58) (2.29 to 2.44) (2.57 to 3.58) (10.74) (2.54 to 3.30
(235) [9.25] (0.48 to 0.64) (2.29 to 2.44) (2.82 to 3.84) (11.51) (2.84 to 3.61
(248) [9.75] (0.51 to 0.66) (2.29 to 2.44) (2.97 to 3.99) (11.96) (3.02 to 3.78
(279) [11] (0.56 to 0.71) (2.29 to 2.44) (3.33 to 4.55) (13.64) (3.45 to 4.22

(292) [11.5] (0.58 to 0.74) (2.29 to 2.44) (3.51 to 4.72) (14.17) (3.63 to 4.39
(330) [13] (0.66 to 0.81) (2.29 to 2.44) (3.96 to 5.18) (15.54) (4.62 to 5.38

(343) [13.5] (0.69 to 0.84) (2.29 to 2.44) (4.11 to 5.33) (16.00) (4.83 to 5.59
387) [15.25] (0.76 to 0.94) (2.29 to 2.46) (4.65 to 5.87) (17.60) (5.49 to 6.25
400) [15.75] (0.79 to 0.97) (2.29 to 2.46) (4.80 to 6.02) (18.06) (5.69 to 6.45
425) [16.75] (0.84 to 1.02) (2.29 to 2.46) (5.11 to 6.38) (19.13) (6.07 to 6.83
438) [17.25] (0.86 to 1.04) (2.29 to 2.46) (5.26 to 6.58) (19.74) (6.27 to 7.04
(483) [19] (0.97 to 1.17) (2.29 to 2.49) (5.79 to 7.42) (22.25) (6.93 to 7.70

(495) [19.5] (0.99 to 1.19) (2.29 to 2.49) (5.94 to 7.57) (22.71) (7.14 to 7.90
(572) [22.5] Uses Wearbands, see Table 1-14 on page 23
a. Rider ring radial projection is 0.66mm to 0.84mm and side clearance is 0.20mm to 0.33mm.
b. Piston/rider rings are standard on all E & ET Class cylinders. Piston/rider rings were optional on H Class cylin-

ders with bore diameters of 108mm to 292mm with the exception of bore diameters 130mm, 140mm and 
162mm. Piston/rider rings were standard on H Class cylinders with bore diameters of 130mm, 140mm, 
162mm and 330mm to 495mm. H & E Class Cylinders are out-of-production; existing H & E cylinders may be 
used if application requirements are met. Consult your packager and/or Ariel when re-applying cylinders. See 
“Compressor Re-Application” on page 3-10.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Table 1-13: PISTON, PISTON RING AND WEARBAND CLEARANCES FOR K&T 
CLASS AND 22-1/2 Ea:ET:H CLASS CYLINDERS, INCHES

PISTON TO CYLINDER 
CLEARANCE

PISTON RING END GAPS - 
FILLED TEFLONb WEAR BANDS NEW

BORE CLEARANCE NEW MAXIMUM
MINIMUM END 

GAP RADIAL 
PROJECTION

45° 70°
2.5 0.055 to 0.063 0.015 to 0.025 0.075 0.080 0.106 0.018 to 0.025

2.625 0.055 to 0.063 0.015 to 0.025 0.075 0.084 0.111 0.018 to 0.025
3 0.055 to 0.063 0.017 to 0.027 0.081 0.096 0.128 0.018 to 0.025

3.5 0.060 to 0.068 0.011 to 0.018 0.054 --- 0.118 0.018 to 0.026
3.875 0.060 to 0.068 0.012 to 0.019 0.057 --- 0.131 0.018 to 0.026
4.25 0.071 to 0.079 0.051 to 0.061 0.183 --- 0.136 0.023 to 0.031
4.375 0.071 to 0.079 0.053 to 0.063 0.189 --- 0.140 0.026 to 0.033
4.625 0.071 to 0.079 0.056 to 0.066 0.198 --- 0.197 0.023 to 0.031

 5 0.081 to 0.089 0.050 to 0.060 0.180 0.160 0.213 0.027 to 0.035
 5.375 0.081 to 0.089 0.065 to 0.077 0.231 0.172 0.229 0.027 to 0.035
 5.875 0.081 to 0.089 0.059 to 0.071 0.213 0.188 0.250 0.027 to 0.035
 6.25 0.081 to 0.089 0.063 to 0.138 0.414 0.200 0.266 0.027 to 0.035
 6.75 0.087 to 0.096 0.068 to 0.081 0.243 0.216 0.287 0.029 to 0.037
7.00 0.087 to 0.096 0.070 to 0.084 0.252 0.224 0.298 0.029 ti 0.037
 7.25 0.087 to 0.096 0.072 to 0.087 0.261 0.232 0.308 0.029 to 0.037

 7.875 0.092 to 0.101 0.079 to 0.095 0.285 0.252 0.335 0.031 to 0.040
 8.375 0.092 to 0.101 0.084 to 0.100 0.300 0.268 0.356 0.031 to 0.040
8.75 0.090 to 0.098 0.105 to 0.125 0.375 --- 0.280 0.030 t0 0.039

 9.125 0.096 to 0.105 0.091 to 0.110 0.330 0.292 0.388 0.033 to 0.042
9.25 0.090 to 0.098 0.111 to 0.131 0.393 --- 0.296 0.030 to 0.039

 9.625 0.096 to 0.105 0.096 to 0.116 0.346 0.308 0.410 0.033 to 0.042
9.75 0.090 to 0.098 0.117 to 0.137 0.411 --- 0.312 0.030 to 0.039
9.875 0.109 to 0.118 0.099 to 0.119 0.357 0.316 0.420 0.037 to 0.047
10.25 0.090 to 0.098 0.110 to 0.132 0.396 --- 0.468 0.033 to 0.040

10.375 0.109 to 0.118 0.104 to 0.125 0.375 0.332 0.442 0.037 to 0.047
10.5 0.114 to 0.123 0.105 to 0.126 0.378 0.336 0.447 0.039 to 0.049
10.75 0.090 to 0.098 0.110 to 0.132 0.396 --- 0.468 0.033 to 0.040

10.875 0.114 to 0.123 0.108 to 0.130 0.393 0.348 0.463 0.039 to 0.049
11 0.114 to 0.123 0.110 to 0.132 0.396 0.352 0.468 0.039 to 0.049

11 (L&M) 0.090 to 0.098 0.110 to 0.132 0.396 --- 0.468 0.033 to 0.040
11.25 0.100 to 0.108 0.135 to 0.159 0.477 --- 0.360 0.036 to 0.042

11.375 0.114 to 0.123 0.114 to 0.137 0.411 0.364 0.484 0.039 to 0.049
11.75 0.100 to 0.108 0.141 to 0.165 0.495 --- 0.376 0.036 to 0.044

12 0.117 to 0.128 0.120 to 0.144 0.432 0.384 0.511 0.039 to 0.050
12.25 0.117 to 0.127 0.123 to 0.147 0.441 0.392 0.521 0.039 to 0.050

12.375 0.100 to 0.108 0.148 to 0.172 0.516 --- 0.376 0.036 to 0.042
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
12.5 0.117 to 0.128 0.125 to 0.150 0.450 0.400 0.532 0.039 to 0.050
13.125 0.126 to 0.137 0.131 to 0.158 0.474 0.420 0.558 0.043 to 0.053
13.625 0.126 to 0.137 0.136 to 0.164 0.490 0.436 0.580 0.043 to 0.053
14.125 0.126 to 0.137 0.141 to 0.170 0.508 0.452 0.601 0.043 to 0.053
14.25 0.126 to 0.137 0.171 to 0.195 0.585 0.456 0.606 0.042 to 0.052
14.75 0.126 to 0.137 0.177 to 0.201 0.603 0.472 0.627 0.042 to 0.052

15.375 0.127 to 0.138 0.154 to 0.185 0.555 0.492 0.654 0.038 to 0.050
15.875 0.127 to 0.138 0.159 to 0.191 0.573 0.508 0.675 0.038 to 0.050
17.375 0.179 to 0.191 0.174 to 0.209 0.627 0.556 0.740 0.044 to 0.057
17.875 0.181 to 0.193 0.179 to 0.215 0.645 0.572 0.761 0.044 to 0.057
19.625 0.187 to 0.199 0.236 to 0.268 0.804 0.628 0.835 0.050 to 0.063
20.125 0.185 to 0.197 0.242 to 0.274 0.822 0.644 0.857 0.050 to 0.063

22 0.213 to 0.225 0.264 to 0.304 0.912 0.704 0.936 0.059 to 0.072
22.5 0.152 to 0.164 0.270 to 0.310 0.930 0.734 0.976 0.059 to 0.072

24.125 0.214 to 0.226 0.290 to 0.330 0.990 0.772 1.027 0.056 to 0.069
26.5 0.226 to 0.238 0.320 to 0.360 1.080 0.848 1.128 0.058 to 0.071

a. E & H Class Cylinders are out-of-production; existing E & H cylinders may be used if application 
requirements are met. Consult your packager and/or Ariel when re-applying cylinders. See “Com-
pressor Re-Application” on page 3-10.

b. For PEEK piston ring end gap values, multiply the table values by 0.3.

Table 1-13: PISTON, PISTON RING AND WEARBAND CLEARANCES FOR K&T 
CLASS AND 22-1/2 Ea:ET:H CLASS CYLINDERS, INCHES

PISTON TO CYLINDER 
CLEARANCE

PISTON RING END GAPS - 
FILLED TEFLONb WEAR BANDS NEW

BORE CLEARANCE NEW MAXIMUM
MINIMUM END 

GAP RADIAL 
PROJECTION

45° 70°
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-10: WEAR BAND CUT ANGLES

45°

70°

End Gap

End Gap
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Table 1-14: PISTON, PISTON RING AND WEARBAND CLEARANCES FOR K&T 
CLASS AND 22-12 (572) Ea:ET:H CLASS CYLINDERS, (MILLIMETERS)

PISTON TO CYLINDER 
CLEARANCE

PISTON RING END GAPS - 
FILLED TEFLONb WEAR BANDS NEW

BORE (mm) 
INCHES CLEARANCE NEW MAXIMUM

MINIMUM END 
GAP RADIAL 

PROJECTION
45° 70°

(63.5) 2.5 (1.40 to 1.60) (0.38 to 0.64) (1.91) (2.03) (2.69) (0.46 to 0.64)
(66.7) 2.625 (1.40 to 1.60) (0.38 to 0.64) (1.91) (2.13) (2.82) (0.46 to 0.64)

(76.2) 3 (1.40 to 1.60) (0.43 to 0.69) (2.06) (2.44) (3.25) (0.46 to 0.64)
(88.9) 3.5 (1.52 to 173) (0.28 to 0.46) (1.37) --- (3.00) (0.46 to 0.66

(98.4) 3.875 (1.52 to 173) (0.30 to 0.48) (1.45) --- (3.33) (0.46 to 0.66)
(108) 4.25 (1.80 to 2.01) (1.30 to 1.55) (4.65) --- (3.45) (0.58 to 0.79)
(111) 4.375 (1.80 to 2.01) (1.35 to 1.60) (4.80) --- (3.56) (0.66 to 0.84)
(117) 4.625 (1.80 to 2.01) (1.42 to 1.68) (5.03) --- (5.00) (0.58 to 0.79)

(127) 5 (2.06 to 2.26) (1.27 to 1.52) (4.57) (4.06) (5.41) (0.69 to 0.89)
(137) 5.375 (2.06 to 2.26) (1.65 to 1.96) (4.88) (4.37) (5.82) (0.69 to 0.89)
(149) 5.875 (2.06 to 2.26) (1.50 to 1.80) (5.41) (4.78) (6.35) (0.69 to 0.89)
(159) 6.25 (2.06 to 2.26) (1.60 to 3.50) (10.52) (5.08) (6.76) (0.69 to 0.89)
(171) 6.75 (2.21 to 2.44) (1.73 to 2.06) (6.17) (5.49) (7.29) (0.74 to 0.94)

(178) 7 (2.21 to 2.44) (1.78 to 2.13) (6.40) (5.69) (7.57) (0.74 to 0.94)
(184) 7.25 (2.21 to 2.44) (1.83 to 2.21) (6.63) (5.89) (7.82) (0.74 to 0.94)
(200) 7.875 (2.34 to 2.57) (2.00 to 2.41) (7.24) (6.40) (8.51) (0.79 to 1.02)
(213) 8.375 (2.34 to 2.57) (2.13 to 2.54) (7.62) (6.81) (9.04) (0.79 to 1.02)
(222) 8.75 (2.29 to 2.51) (2.67 to 3.18 (9.53) --- (7.11) (0.76 to 0.99)
(232) 9.125 (2.44 to 2.67) (2.31 to 2.79) (8.38) (7.42) (9.86) (0.84 to 1.07)
(235) 9.25 (2.29 to 2.51) (2.82 to 3.33) (9.98) --- (7.52) (0.76 to 0.99)
(244) 9.625 (2.44 to 2.67) (2.44 to 2.95) (8.79) (7.82) (10.41) (0.84 to 1.07)
(248) 9.75 (2.29 to 2.51) (2.97 to 3.49) (10.44) --- (7.92) (0.76 to 0.99)
(251) 9.875 (2.77 to 3.00) (2.51 to 3.02) (9.07) (8.03) (10.67) (0.94 to 1.19)
(260) 10.25 (2.29 to 2.51) (2.79 to 3.35) (10.06) --- (11.89) (0.84 to 1.02)

(264) 10.375 (2.77 to 3.00) (2.64 to 3.18) (9.53) (8.43) (11.23) (0.94 to 1.19)
(267) 10.5 (2.90 to 3.12) (2.67 to 3.20) (9.60) (8.53) (11.35) (0.99 to 1.24)
(273) 10.75 (2.29 to 2.51) (2.79 to 3.35) (10.06) --- (11.89) (0.84 to 1.02)

(276) 10.875 (2.90 to 3.12) (2.74 to 3.30) (9.98) (8.84) (11.76) (0.99 to 1.24)
(279) 11 (2.90 to 3.12) (2.79 to 3.35) (10.06) (8.94) (11.89) (0.99 to 1.24)

(279) 11L & M (2.29 to 2.51) (2.79 to 3.35) (10.06) --- (11.89) (0.84 to 1.02)
(286) 11.25 (2.54 to 2.74) (3.42 to 4.04) (12.12) --- (9.14) (0.91 to 1.07)

(289) 11.375 (2.90 to 3.12) (2.90 to 3.48) (10.44) (9.25) (12.29) (0.99 to 1.24)
(298) 11.75 (2.54 to 2.74) (3.58 to 4.19) (12.57) --- (9.55) (0.91 to 1.07)

(305) 12 (2.97 to 3.24) (3.05 to 3.66) (10.97) (9.75) (12.98) (0.99 to 1.27)
(311) 12.25 (2.97 to 3.23) (3.12 to 3.73) (11.20) (9.96) (13.23) (0.99 to 1.27)

(314) 12.375 (2.54 to 2.74) (3.76 to 4.37) (12.95) --- (9.55) (0.91 to 1.07)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Fastener Tightening Torque
Listed in the following tables are fastener tightening torque values, required for proper 
assembly of an Ariel JGE/JGH/JGK/JGT compressor. Refer to the section concerning a sub-
ject component for detailed assembly procedures.

Threads are to be clean and free of burrs.

Torque values are based on the use of petroleum type lubricants on both the threads and 
seating surfaces. Use lubricating oil or Lubriplate 630, except for compressor rods, both pis-
ton and crosshead threaded ends, and stainless steel fasteners which use “Never-Seez”, 
Regular Grade (by Bostik, Boston St., Middleton, MA 01949, phone: 508-777-0100). Molyb-
denum disulfide lubricants and “Never-Seez” are not otherwise to be used for fastener lubri-
cation, unless specified, or excessive stresses can result with the listed values.

(318) 12.5 (2.97 to 3.24) (3.18 to 3.81) (11.43) (10.16) (13.51) (0.99 to 1.27)
(333) 13.125 (3.20 to 3.48) (3.33 to 4.01) (12.04) (10.67) (14.17) (1.09 to 1.35)
(346) 13.625 (3.20 to 3.48) (3.45 to 4.17) (12.45) (11.07) (14.73) (1.09 to 1.35)
(359) 14.125 (3.20 to 3.48) (3.58 to 4.32) (12.90) (11.48) (15.27) (1.09 to 1.35)
(362) 14.25 (3.20 to 3.48) (4.34 to 4.95) (14.86) (11.58) (15.39) (1.07 to 1.32)
(375) 14.75 (3.20 to 3.48) (4.50 to 5.11) (15.32) (11.99) (15.93) (1.07 to 1.32)

(391) 15.375 (3.23 to 3.50) (3.91 to 4.70) (14.10) (12.50) (16.61) (0.97 to 1.27)
(403) 15.875 (3.23 to 3.50) (4.04 to 4.85) (14.55) (12.90) (17.15) (0.97 to 1.27)
(441) 17.375 (4.55 to 4.85) (4.42 to 5.31) (15.93) (14.12) (18.80) (1.12 to 1.45)
(454) 17.875 (4.60 to 4.90) (4.55 to 5.46) (16.38) (14.53) (19.33) (1.12 to 1.45)
(498) 19.625 (4.75 to 5.05) (5.99 to 6.81) (20.42) (15.95) (21.21) (1.27 to 1.60)
(511) 20.125 (4.70 to 5.00) (6.15 to 6.96) (20.88) (16.36) (21.77) (1.27 to 1.60)

(559) 22 (5.41 to 5.72) (6.71 to 7.72) (23.16) (17.88) (23.77) (1.50 to 1.83)
(572) 22.5 (3.86 to 4.17 (6.86 to 7.87) (23.62) (18.64) (24.79) (1.50 to 1.83)

(613) 24.125 (5.44 to 5.74) (7.36 to 8.38) (25.15) (19.61) (26.09) (1.42 to 1.75)
(673) 26.5 (5.74 to 6.05) (8.13 to 9.14) (27.43) (21.54) (28.65) (1.47 to 1.80)

a. E & H Class Cylinders are out-of-production; existing E & H cylinders may be used if application 
requirements are met. Consult your packager and/or Ariel when re-applying cylinders. See “Com-
pressor Re-Application” on page 3-10.

b. For PEEK piston ring end gap values, multiply the table values by 0.3.

Table 1-14: PISTON, PISTON RING AND WEARBAND CLEARANCES FOR K&T 
CLASS AND 22-12 (572) Ea:ET:H CLASS CYLINDERS, (MILLIMETERS)

PISTON TO CYLINDER 
CLEARANCE

PISTON RING END GAPS - 
FILLED TEFLONb WEAR BANDS NEW

BORE (mm) 
INCHES CLEARANCE NEW MAXIMUM

MINIMUM END 
GAP RADIAL 

PROJECTION
45° 70°
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
For latest available torque values, see ER-63 at www.arielcorp.com.

TABLE 1-15: FASTENER TIGHTENING VALUES

FASTENER
NOMINAL 

SIZE
 INCH - TPI

TYPE TORQUE, 
LB X FT (N·m)

Main Bearing Cap - Cap Screw 7/8 - 9 12 Point - Gr. 8 280 (380)

Connecting Rod Cap - Cap Screwa 7/8 - 14
12 Point - Gr. 8

80 (108) + 90°
1 - 14 90 (122) + 90°

Torsional Vibration Detuner Donut - 
Cap Screw 1 - 14 12 Point - Gr. 8 530 (715)

Nut Plate to Crankshaft Flange - 
JGE:K:T/6 1/2 - 20 12 Point - Gr. 8 46 (62)

Crosshead Pin Through Cap Screw - 
Lock Nut 1/2 - 20 Hex - Prevailing 61 (83)

Spacer Bar - Cap Screw 1-1/8 - 12 12 Point - Gr. 8 560 (760)
Crosshead Guide to Frame - Cap 
Screw 7/8 - 9 12 Point - Gr. 8 280 (380)

Crosshead Guide to Cylinder - Cap 
Screw

5/8 -11
12 Point - Gr. 8

97 (132)
7/8 - 9 280 (380)

7/8 - 14 Hex Stud - Nut 315 (425)
Crosshead Guide to Support - Cap 
Screw

7/8 - 9
Hex - Gr. 8 or 9

255 (346)
1 - 8 380 (515)

Head End Cylinder Support to Cylin-
der

1/2 - 13

Hex - Gr. 8

44 (60)
5/8 - 11 88 (120)
3/4 - 10 160 (215)
7/8 - 9 255 (345)

Eccentric Vernier Cap - Cap Screw 5/16 - 18 Hex - Gr. 8 Hand Wrench 
Tight

Idler Sprocket Through Cap Screw - 
Lock Nut 1/2 - 20 Hex - Prevailing 41 (55)

External Thrust Bearing Adapter to 
Crankshaft - Cap Screw 1/2 - 20 12 Point - Gr. 8 66 (90)

Rod Packing - Cap Screw
3/4 - 10

12 Point -
Gr. 8 or 17-4PH

125 (170)
3/4 - 16 145 (195)
7/8 - 14 230 (310)

Rod Catcher to Packing 1/2 - 20 12Pt-Gr8/17-4PH 51 (69)
Piston Nut 1-5/8 - 12 Ariel Design 1590 (2155)b

Crosshead-Balance Nut 1-3/4 - 12 Ariel Design 1500 (2030)c
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Roller Thrust Bearing Retainer 
Clamp Cap Screw 3/4 -16 Ariel Design 160 (220)

Rupture Disk - Blow-Out Fitting Cap 1/4 Nom. 
Tube Hex - Tube Fitting 40 lb x in. (4.5)

Flywheel to Hub
1 - 8 Hex - Gr. 9 460 (620)

1 - 14 Hex - Gr. 9 530 (715)
Piston Rod Oil Slinger Lock Nut 1/4-28 Hex - Jam 95 lb x in. (11)

Cylinder Mounting Flange to Forged 
Steel Cylinder

1-14 12 Point - 
Gr. 8 or 17-4PH

485 (655)
1-1/4-12 955 (1290)

Hold Down - Stud Nut 1-1/8 - 7 Hex Stud - Nut 600d(805)
Main Drive Coupling - Adapter to 
Crankshaft Flange 1 - 14 12 Point - Gr. 8 440 (600)

Lifting Bracket to Frame JGE:K:T/6 1 -1/4 - 7 12 Point - Gr. 8 690 (938)
Fenner Drive Ariel P/N A-7352 --- Hex 100 (135)
Valve Cap/Cylinder Head/Unloader/
VVCP/Gas Passage Cap/Ariel Sup-
plied Companion Flange to Cylinder 
- Cap Screwe, Except “Peanut” Dual 
Nozzle Companion Flanges

1/2 - 13

Hex - Gr. 8 or 9 
or

12 Point - 
Gr. 8 or 17-4PH

40 (54)
5/8 -11 79 (105)
3/4 - 10 140 (190)
3/4 - 16 160 (215)
7/8 - 9 230 (310)
7/8 -14 260 (355)
1 - 8 345 (470)

1 - 14 395 (535)
1-1/8 - 12 560 (760)

“Peanut” Dual Nozzle Companion 
Flanges 1/2-13 12 Point - 

Gr. 8 or 17-4PH 53 (71)

Tandem Cylinder to Cylinder - Cap 
Screw e

1/2 - 13 Hex - Gr. 8/9
 or 

12 Point - 
Gr. 8 or 17-4PH

44 (60)
5/8 - 11 88 (120)
3/4 - 10 160 (215)
3/4 - 16 180 (245)

TABLE 1-15: FASTENER TIGHTENING VALUES

FASTENER
NOMINAL 

SIZE
 INCH - TPI

TYPE TORQUE, 
LB X FT (N·m)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Seating Studs in Cylinder 1/2 - 13

Dog Point

22 (30)
5/8 - 11 44 (60)
3/4 - 10 79 (105)
3/4 - 16 90 (120)
7/8 - 9 130 (170)

7/8 - 14 145 (195)
1 - 8 190 (260)
1 -14 220 (300)

1-1/8 - 12 310 (420)
Distribution Block Tie Rod - Nut 1/4 - 28 Hex 68 lb x in. (7.7)
Distribution Block Divider Valve - 
Cap Screw 1/4 - 28 Socket Head 75 lb x in. (8.5)

Grade 5 - Hex Cap Screw ALL Hex - Gr. 5 Hand Wrench 
Tight

a. See page 5-6 for complete instructions.
b. Or use 3500 psig (241 barg) hydraulic pressure and 50 lb-ft (68 N-m) tightening torque on sepa-

rately purchased piston nut torquing tool G-12643. Tighten, loosen and re-tighten piston nut to 
be sure of proper tightening. See “Piston and Rod - Reassembly” on Page 5-36.

c. Or use 3500 psig (241 barg) hydraulic pressure on separately purchased crosshead (balance) nut 
torquing tool G-7583.

d. Minimum torque for recommended 1-1/8”-7TPI hold down stud size to provide stress in stud of 
55,000 psi (380 MPa). Stud must have an ultimate strength of 100,000 psi (690 MPa) or greater. If 
greater, increase torque to stress the stud to about 55% of the ultimate strength of the stud mate-
rial, as specified by packager.

e. When studs and nuts are specified for cylinder applications, tighten the nuts to the same values as 
cap screws in similar applications. Reference Figure 1-11:

TABLE 1-15: FASTENER TIGHTENING VALUES

FASTENER
NOMINAL 

SIZE
 INCH - TPI

TYPE TORQUE, 
LB X FT (N·m)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-11: DOG POINT STUDS

STUD
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
TABLE 1-16: HOERBIGER VALVE ASSEMBLY FASTENERS - TIGHTENING VALUES

FASTENER
NOMINAL 

SIZE
 INCH - TPI

TYPE TORQUE,
LB X FT (N·m)

Center Cap Screwa b

a. 12 Point Cap Screw Center Fasteners in Valve Assemblies not marked SPL (Spiralock Threads), 
must be cleaned with Loctite Safety Solvent and locked with one or two drops of Loctite #272 thread 
locking compound. Do not use petroleum lubricants.

b.  12 Point Cap Screws in Valve Assemblies with Spiralock Threads and marked SPL (see Figure 1-
12:) are lubricated, both threads and seating surfaces, with a petroleum type lubricant only.

5/16 - 24
12 Point - Steel Grade 5,
Material Parts: SPL3 & 4

144 lb x in. (16)
3/8 - 24 21 (28)
7/16 -20 30 (41)
5/16 - 24

12 Point - Steel Grade 5,
Material Parts: SPL5

18 (24)
3/8 - 24 32 (43)
7/16 -20 50 (68)
5/16 - 24 12 Point - Stainless Steel 

Grade B8M,
Material Parts: SPL6

120 lb x in. (14)
3/8 - 24 192 lb x in. (22)
7/16 -20 24 (33)
5/16 - 24

12 Point - Steel Grade 8
26 (35)

3/8 - 24 45 (61)
7/16 - 20 62 (83)

Center Stud - 
Drake Lock Nut

1/4 - 28 Bottom Half 103 lb x in. (12)
Top Half 66 lb x in. (8)

5/16 - 24 Bottom Half 120 lb x in. (14)
Top Half 66 lb x in. (8)

3/8 - 24 Bottom Half 192 lb x in. (22)
Top Half 96 lb x in. (11)

1/2 - 20 Bottom Half 36c (49)
Top Half 20 (27)

5/8 - 18 Bottom Half 73 (99)
Top Half 40 (54)

3/4 - 16 Bottom Half 130 (176)
Top Half 70 (95)

Peripheral Cap Screws 10 - 32

Hex Socket Head

25 lb x in. (3)
12-28 43 lb x in. (5)

1/4 110 lb x in. (12)
5/16 176 lb x in. (20)
3/8 21 (28)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Tightening Torque Procedures
Listed below are some procedures which make fastener tightening more accurate and will 
help to be sure that the proper torque is being applied.

1. Be sure that the torque wrench is properly calibrated and used by qualified person-
nel to achieve the required fastener tightening torque for all critical parts. The 
exception is the crosshead balance/lock nut which may be tightened using the “tried 
and true” slugging procedure.

2. Always check to determine over what range the torque wrench is accurate, since 

c. 29 lb x ft (39 N·m) for 1/2 - 20 Bottom Half - Drake Lock Nut with non-metallic Plates in Liftwasher 
Type Valves.

FIGURE 1-12: SPIRALOCK THREADED VALVE ASSEMBLY - MARKED “SPL”

FIGURE 1-13: DRAKE LOCK NUT

Bottom Views

Suction GuardDischarge Seat

BOTTOM HALF

TOP HALF - LOCKING
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
most torque wrenches are not accurate over their entire range.
3. Tighten all multi-bolt assemblies in steps (need not apply to Grade 5 cap screws). 

Tighten each cap screw until snug using an alternating (criss-cross) pattern. Next, 
tighten each cap screw to 25% of full torque, moving across from cap screw to cap 
screw, in an alternating (criss-cross) pattern. Repeat this step for 50%, 75%, and 
100% of full torque.

4. Always apply a steady slow force to a torque wrench, and stop force immediately 
when click is felt, do not jerk it. When a torque wrench is jerked the amount of 
torque applied can be as much as one and a half times the amount set on the 
wrench. For example, if a wrench is set at 80 lb x ft (108 N·m) but is jerked, 120 lb x 
ft (163 N·m) torque can be applied.

5. Always do the final tightening with a torque wrench. Do not tighten the fastener with 
a ratchet or impact wrench and then "check" the torque with a torque wrench.

6. Do not double tap a torque wrench. Rapidly double tapping a torque wrench will 
make the torque on the cap screw more than what is set by a significant amount. 

7. When checking a tightened fastener torque, set torque wrench to proper required 
torque value, slowly apply a steady force to torque wrench until click is felt.

8. Always reset the torque wrench to its lowest setting when the job is complete. If the 
torque wrench is left in a high setting the spring in it is stressed and will become 
inaccurate with time. If the torque wrench is put back to its lowest setting the spring 
will relax and retain its accuracy.

9. Do not use a torque wrench to break fasteners loose as it may overload the torque 
wrench and/or cause loss of calibration.

10. For applications requiring the use of a boxed end or crowsfoot adapter with a torque 
wrench to reach not readily accessible fasteners, the torque wrench setting will not 
be the actual torque applied to the fastener.1

11. The ratio of actual torque at the fastener with that on the wrench scale is a function 
of the adapter's length (A) and its position in relation to the torque wrench beam and 
the location where the force is applied (see Figure 1-14:).

Tw = Torque wrench setting, lb x ft or N·m

Ta = Torque required at fastener, lb x ft or N·m

L = Length of wrench, ft or m (from square drive end to center point of force on 
handle)

A = Length of adapter, ft or m (measured through end of adapter on a line par-
allel to the center line of the wrench)

These are general guidelines to assist in the proper use of torque wrenches. Consult with 
your torque wrench dealer for more detailed information.

1. The exception is when the adapter is 90° to the torque wrench. The torque will be the same as on 
the wrench scale (see Figure 1-15:).

Tw Ta L
L A+
------------- 

 =
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Ariel Bolting
The bolting has been selected that meet Ariel's strength, elongation, sealing and locking 
requirements. Proper bolting must be used and tightened to the values listed in Table 1-15 
on page 25. Figure 1-16: is provided to assist in the identification of cap screws used in an 
Ariel compressor.

Connecting rod, detuner donuts, valve cap and suction/discharge nozzle (Ariel supplied spe-
cialized companion flange) bolting is modified to prevent fatigue and cannot be replaced 
with standard cap screws. If attempting to replace other bolting with standard cap screws 
and there is any question, contact your packager or Ariel. Ariel supplied replacement bolting 
is recommended.

FIGURE 1-14: TORQUE WRENCH WITH ADAPTER AT ANY ANGLE

FIGURE 1-15: TORQUE WRENCH WITH ADAPTER AT RIGHT ANGLE

FORCE

FORCE
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
FIGURE 1-16: CAP SCREW IDENTIFICATION

Hex head Grade 8

Hex head Grade 9

Hex head Grade 5

12 Point Grade 8

12 Point Interim Grade 5

12 Point Stainless Steel 
Grade 17-4PH

Hex Socket Head Grade 8

12 Point Grade 5

CAUTION: WHEN RE-ASSEMBLING OR REPLACING BOLTING, SEE 
THE PARTS LIST TO DETERMINE THE PROPER FASTENER 
GRADE AND PART NUMBER. DO NOT USE A LESSER OR 
GREATER MATERIAL GRADE. ALL SPECIAL FASTENERS, 
AND ALL BOLTING THAT HAS BEEN MACHINED TO REDUCE 
THE BODY DIAMETER, FOR FATIGUE RESISTANCE, MUST 
BE REPLACED WITH ARIEL PARTS.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Optional Main Bearing Temperature Instrumentation - 
Alarm & Shutdown
Main bearing temperature sensors can be ordered as an option from Ariel for JGK and JGT 
frames, as thermocouples or RTD’s:

Thermocouples, Type J (Iron-Constantan) or K (Chromel-Alumel)

A thermocouple is two dissimilar conductors joined together at one end to form a sensor that 
produces a small self-generated thermoelectric voltage as an accurate function of tempera-
ture. When connected to the proper electronics, the thermocouple voltage is interpreted as 
temperature.

Wire: Must use proper thermocouple wire from sensor to control panel with each lead 
wire metal matching each conductor metal of sensor.
Sensor Accuracy = 4°F (2.2°C) or 0.75%.
Terminals: Must use proper terminals with metal matching each thermocouple sensor 
conductor/wire lead metal.

Resistance Temperature Devices (RTD’s) 

An RTD is a resistor type sensor, in which the electrical resistance accurately varies with 
temperature change. When connected to the proper electronics, the resistance is inter-
preted as temperature. When RTD’s are ordered for the main bearings, Ariel supplies dual-
element RTD instrument assemblies, consisting of two RTD’s in each instrument for each 
main bearing. Each element is a three-wire, 100 ohms (at 0°C), Alpha = 0.00385 ohms/ohm/
°C, platinum thin film type sensor.

Wire: Use standard 24 AWG (American Wire Gage) instrumentation wire from the junc-
tion box mounted on the side of the compressor frame to the sensor wiring. An RTD 
three-wire set may be wired using a 2, 3 or 4 wire lead system. More wires increases 
system accuracy. Ariel recommends using standard foil shielded instrumentation cable 
runs from the compressor frame to control panel. Shields should be grounded in the con-
trol panel.
Sensor Accuracy: 100 + 0.12 ohms at 0°C = 1.1°F (0.6°C) or 0.6%.
Terminals: Can use any standard terminals.

For each instrument, one RTD three-wire set is used to connect to the monitoring circuit. 
Unused wire ends should be insulated from each other and conduit ground. Dual element 
RTDs are provided to allow for rewiring instead of replacing the instrument in the event of an 
element failure. 

RTD's are furnished with two red wires and one white wire for the one element, and two 
black wires and one green wire for the other element to simplify the wiring requirements. 
The advantage of the dual-element RTD assembly is that the redundancy saves time by 
allowing the operator an opportunity to restore bearing temperature monitoring without 
entering the crankcase for each RTD failure. the wiring diagram and color codes are shown 
in Figure 1-17: on Page 1-35.
PAGE 1 - 34 1/06



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 1 - DESIGN SPECIFICATIONS & DATA
Alarm and Shutdown Limits
One of the following, as a minimum, is to be provided when applying main bearing tempera-
ture alarm and shutdown to Ariel compressors:

1. Main bearing temperature high alarm and shutdown. - The alarm and shutdown 
should be set as close as practical above the normal operating temperature. Ariel recom-
mends 20°F (12°C) over normal operating temperature for alarm and 30°F (18°C) for 
shutdown. Maximum values of 220°F (104°C) for alarm and 230°F (110°C) for shutdown 
apply. Normal operating temperature is the average of all main bearing temperatures at 
design load when oil temperature stabilizes and all components are heat soaked.

And/or

2. High main bearing temperature differential alarm and shutdown. - Main bear-
ing differential temperature is defined as the difference between the maximum and 
minimum of all main bearing temperatures. Ariel recommends the alarm set to 20°F 
(12°C) and shutdown at 30°F (18°C). It is possible after a warm shutdown that main 
bearing number 1 will cool faster than the others. Provisions should be made such 
that a cooler number 1 bearing will not prevent a restart. 

Zone 1 Environment
A Zone 1 environment requires the installation of proper intrinsically safe or equivalent pro-
tection to fulfill the electrical requirements, where applicable.

FIGURE 1-17: DUAL ELEMENT RTD WIRING DIAGRAM

 

 

 

 

 

 

 

 Element 1

Element 2

White

Red

Red

Green

Black

Black
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NOTES
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FOR MODELS: JGE, JGH, JGK AND JGT
SECTION 2 - INSTALLATION

General
The installation of the compressor with the associated driver and piping, is to be done with 
care and precision. This section does not attempt to address all of the concerns that can 
arise during installation. This section addresses some of the more critical installation consid-
erations and requirements.

Electrical Grounding
CAUTION! THE COMPRESSOR SKID MUST BE GROUNDED TO A SUITABLE EARTH 

GROUND.

Procedure For Setting and Aligning
The following points deserve special attention during the setting and alignment of the com-
pressor:

1. The skid design should:
• Transmit compressor and driver reaction forces to the foundation.
• Provide sufficient mismatch between the shaking forces and the natural fre-

quency of the skid.
• Have sufficient stiffness and strength so that the compressor can be 

mounted flat with no bending or twisting of the compressor frame, crosshead 
guides or cylinders. This can be accomplished by shims or careful grouting.

• Have enough stiffness and mass to resist vibration induced by the unbal-
anced couples as specified in the Ariel Application Manual (Packager’s 
Standards).

2. The feet on the crosshead guides must be supported in a fashion that not only 
provides vertical support, but also prevents horizontal movement perpendicular 
to the piston rod.

3. Each crosshead guide will deflect an amount relative to the weight of the cylin-
der mounted on that throw. This deflection value is available in the Electronic 
Databook in the Ariel Performance Program. Shims equaling the deflection 
value as listed on the cylinder outline drawing are to be added to the shim pack 
under the crosshead guide, elevating the crosshead guide to a level posi-
tion.The crosshead guide supports must be capable of carrying the combined 
weight of the cylinders, bottles and piping.

4. Reference Section 4 for protection of the Proflo when arc welding.
1/06 PAGE 2 - 1



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
Lifting the Compressor
Determine the weight of the compressor, prior to lifting. For the approximate weight of the 
compressor with cylinders see Section 1, Frame Specifications tables, or to calculate a more 
accurate value see the Ariel Electronic Data Book with the Ariel Performance Program for 
frame and cylinder weights; also account for any extra weight such as a flywheel, etc. 
Spreader bars should be used to provide for a more vertical pull on the eyebolts or lifting 
lugs. Be sure that the eyebolts or lifting lugs, lifting tackle, spreader bars and crane capacity 
are adequate and properly rigged for the load. Keep compressor level when lifting and set-
ting. Heavier cylinders and/or blank throws can significantly affect the center of gravity.

Do not attempt lifting by hooking to a compressor when the compressor is attached to the 
skid, driver or piping. If you are not experienced in lifting large compressors, the use of qual-
ified professional riggers/movers is recommended. 

On 6-throw frames designed for lifting lugs, install the lugs (4) with Grade 8 cap screws and 
tighten to the torque value given in Section 1 or to the tool box torque chart, when lifting the 
compressor. Only use Ariel supplied lugs. If lugs are already installed, recheck bolt torque. 
When lifting a compressor not provided with lifting lugs, lift by the eyebolts installed by Ariel 
at the crosshead guides. Eyebolts installed in crosshead guides by the Ariel Shop are locked 
with thread locking compound to help prevent them from turning.

Inspect eyebolts to be sure they are free of any visual defects that could affect serviceability. 
Remove and physically destroy all defective eyebolts and replace them with new. Eyebolts 
are to be forged steel and meet the requirements of ANSI/ASTM B18.15 latest edition. For 
eyebolt load capacity rating and if pulling on an eyebolt in a direction other than along the 
threaded axis, consult ANSI/ASME B18.15.

Setting
The following procedure is to be used for setting the compressor on the skid:

1. Move the compressor into place onto the skid. With the compressor cylinders 
mounted but unsupported and with no piping or pulsation damping bottles 
attached, tighten the frame hold down bolting to skid at full fastener torque. 

2. Proper compressor to skid hold down bolting torque values are to be determined 
by the packager based on the bolt sizes and the bolt material strength used. The 
packager should see Ariel Corporation reference document ER-26 to determine 
proper hold down bolting torque values.

3. With the top cover(s) and gasket(s) removed, the top-cover-mounting surface of 
the frame should lie flat between two parallel planes separated by no more than 
than the value given in Table 2-1 on page 2-3 to be sure that the main bearing 
bores are sufficiently aligned (with compressor hold-down bolting properly tight-
ened in place). If flatness is not within the limit, shim under the compressor feet 
to correct.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
4. Or for JGE:H:K:T/2 and /4 throw compressors, soft foot check may be used to 
be sure that main bearing bores are in alignment. Loosen each hold down bolt 
individually while checking the frame foot to skid deflection with a dial indicator. 
Correct any hold down position that deflects more than 0.002 inches (0.05 mm) 
when released. Re-torque the hold down bolt and repeat at each frame to skid 
bolt.

5. With crosshead guides and cylinders unsupported, measure the clearance at a 
crosshead guide foot to the skid support. Completely fill the clearance with shim 
stock. Tighten the crosshead guide foot to skid support hold-down bolting to full 
fastener torque. Loosen the bolting while checking with a dial indicator to be 
sure that the clearance is completely filled and there is no deflection. Using the 
latest Electronic Databook in the Ariel Performance Program, select com-
pressor frame size, go to the cylinder list, select the cylinder size and go to the 
cylinder details. Then go to the estimated guide foot deflection, select the type of 
crosshead guide used, (note that the estimated cylinder weight may be modified 
if required) and use the program to determine the estimated guide foot deflec-
tion. This calculated value is required to compensate for the deflection droop of 
the cantilevered weight of the guide and cylinder. Lift or jack cylinder slightly to 
allow insertion of additional shims based on calculated value. Re-tighten the 
crosshead guide hold down bolting. Repeat for each crosshead guide support.

TABLE 2-1: COMPRESSOR FRAME FLATNESS TOLERANCE FOR MAIN BEARING 
BORE ALIGNMENT 

COMPRESSOR FRAME
TOP-COVER-MOUNTING SURFACE FLATNESS 

TOLERANCE FOR ALIGNMENT

INCHES mm
JGE:H:K:T/2/4 0.006 0.15
JGE:H:K:T/6 0.008 0.20
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
Alignment
Proper alignment is necessary for satisfactory performance. Ariel requires alignment to be 
no greater than 0.005 inches (0.13 mm) TIR at the coupling face and rim, at normal operat-
ing temperatures. A flexible coupling will not make up for poor alignment. Misalignment can 
result in:

• High bending moment on the crankshaft
• Large axial forces
• Excessive bearing wear
• And if severe, probable damage to various components

An Ariel compressor may be aligned by any of a number of acceptable methods such as:

• Face/peripheral
• Reverse indicator
• Across the disc pack
• Optical
• Laser
• Mechanical direct to computer

When aligning a unit some procedural concerns are:

• Soft foot (compressor and driver are not laying flat)
• Repeatable readings
• Which way indicator moves (plus or minus)
• Thermal growth

FIGURE 2-1: CROSSHEAD GUIDE FOOT TO SKID-SUPPORT SHIM - TYPICAL

Shim Thickness = Unsupported 
+ Deflection Thicknesses to 
paragraph 4. above

Crosshead Guide Foot

Crosshead Guide Skid Sup-
port (Connected to Skid)
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
• Indicator sag
When properly aligned the forces on the connected equipment will be at a minimum. This 
will result in long bearing life and a smooth running unit. Consult Packager’s information for 
alignment procedure.

Pneumatically Actuated Unloaders & Clearance Devices
When compressor cylinders are equipped with pneumatically actuated unloaders or clear-
ance devices, care must be taken to be sure that the actuating air or gas system is appropri-
ately vented, and that the system incorporates provisions that will not allow the process gas 
to back flow into the actuating air or gas system.

The control media supply system and vent system for the un-loader must provide for the 
safe and effective operation of the unloader throughout the full range of compressor operat-
ing conditions. ACI, an Ariel supplier has published a document outlining system design and 
requirements. Please reference this document for system design and evaluation. The docu-
ment may be found at vendor literature/ACI on the Ariel web site: www.arielcorp.com. 

Vents and Drains
It is critical, for the safe operation of the compressor, to be sure that all vents and drains are 
open, functional and, if necessary, tubed off of the skid or out of the building to a safe atmo-
sphere. The venting of gases and vapors, and the disposal of drained fluids should be envi-
ronmentally safe. Depending upon your climate and insect population it can be necessary to 
install screens over the vents and drains to be sure that they do not become blocked. This 
can be essential if the compressor is shutdown for a long period of time.

Some other points are:

1. A blow-down vent must be provided to safely relieve pressure from the system 
for maintenance purposes. Any vent or blowdown line connected to a common 
vent or flare header must have a back-flow prevention check valve.

2. Adequate vents and drains will be provided for the distance piece, and primary 
packing vent. Primary vents and drains shall be independently vented from the 
secondary vents and drains. All vents and drains shall be installed in such a 
manner as to prevent the collection of liquids that could cause the build-up of 
either gas or liquid. When a heavier than air gas is involved, vent and drain 
design must be accommodating.

3. When the crankcase breather is mounted remotely, the piping must be config-
ured so that there is no back pressure and condensation in the piping does not 
drain into the crankcase.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
Distance Piece and Packing Illustrations:

FIGURE 2-2: SINGLE COMPARTMENT DISTANCE PIECE - PACKING, TUBING & VENT-
ING - TYPICAL

FIGURE 2-3: SHORT-TWO COMPARTMENT DISTANCE PIECE - PACKING, TUBING & 
VENTING - TYPICAL

Drain: Tube this Drain Off of 
Skid or Out of Building

Primary Packing Vent/Drain: Tube this Vent/
Drain Off of Skid and to a Safe Atmosphere

Oil
Oil & Gas
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Pressure
Packing 
Case
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Crosshead
Guide
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Eyebolt
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Oil Wiper
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Primary Packing Vent/Drain: Tube 
this Vent/Drain Off of Skid and to 
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O-Ring
Seal

Vented
Space
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O-Ring Seal
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 2 - INSTALLATION
FIGURE 2-4: LONG-TWO COMPARTMENT DISTANCE PIECE - PACKING, TUBING & 
VENTING - TYPICAL

FIGURE 2-5: PACKING LUBRICATION AND VENTING - SINGLE & LONG TWO COM-
PARTMENT DISTANCE PIECE - TYPICAL

Crosshead     
Guide

Optional 
Connection Packing Cool-

ant In/Out

Drain

Aluminum 
Gasket

Tube Drains Off of Skid 
or Out of Building

Pressure
Packing 
Case

Primary Packing Vent/
Drain: Tube Off of Skid 
& to a Safe Atmosphere

Oil In

Optional 
Purge

VentEyebolt
Packing Lube Oil from 
Distribution Block Optional 

Purge Vent

Cylinder/Head 
Attachment Flange

Piston 
Rod

Packing 
Diaphragm

Oil Wiper 
Packing

Partition 
Packing

Aluminum
Gasket

Packing Lubrication

Primary Vent/Drain
Piston Rod

SECTION A-A
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SECTION B-B
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FIGURE 2-6: PACKING LUBRICATION AND VENTING - SHORT-TWO COMPARTMENT 
DISTANCE PIECE - TYPICAL

SECTION A-A

Aluminum
Gasket

Piston Rod

Packing Lubrication

Primary Vent/Drain

O-Ring Seal

AA

B

B

Optional - Used As 
Purge Gas Connection

Standard - Used As 
Secondary Vent

SECTION B-B

Lubricating
Oil

Oil & Gas

Gas

Purge Gas
(Optional
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FOR MODELS: JGE, JGH, JGK AND JGT
SECTION 3 - START UP

General
To be sure of proper start up, it is important to carefully follow the Start Up Check List pro-
vided in this section. It is also important that the operator be thoroughly familiar with this 
manual and with the Packager’s Operating Manual.

 CAUTION
BEFORE STARTING A NEW COMPRESSOR, OR AFTER RE-
LOCATING OR RE-APPLYING A COMPRESSOR, OR AFTER 
MAJOR OVERHAUL, BE SURE TO COMPLETE AND CHECK 
OFF ALL THE ITEMS ON THE START UP CHECK LIST IN THIS 
SECTION. THIS LIST IS DESIGNED TO MAXIMIZE SAFETY IN 
STARTING AND OPERATING THE COMPRESSOR.

   CAUTION
FOR SAFE OPERATION, DO NOT ATTEMPT TO START-UP 
THE UNIT WITHOUT BEING COMPLETELY KNOWLEDGE-
ABLE OF THE INFORMATION CONTAINED IN THIS SECTION. 
IT IS ALSO ESSENTIAL TO REFER TO THE PACKAGER’S 
OPERATING MANUAL.

!

!
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
Start Up Check List
For latest available Start Up Check List, see ER-10.4.0 at www.arielcorp.com.

      

Compressor Model ___________________ Serial/No. F-_______________
Cylinder S/N C-______ C-______ C-______ C-______ C-______ C-______
Driver ___________________________________ Rated Speed_________________
Packager ________________________________ Packager Unit No.______________
Date Packager Shipped _____________________ Start Up Date _________________
Serviceman ______________________________ Customer ____________________
Location _________________________________ Field Contact _________________
Field Telephone No. ________________________ Unit Location __________________

_____________________________
_____________________________

Frame Oil - Make/Grade ____________________
Cylinder Oil - Make/Grade ___________________

Compressor Model ___________________ Serial/No. F-_______________
YES NO

Check List - Prior To Starting:
1. Are the correct Ariel parts book, technical manual, special 
tools, and spares available? __________ __________

2. Have the design limitations for the compressor model such as 
rod load, maximum and minimum speed, discharge temperature 
been checked? __________ __________

3. Have the design operating conditions been determined? 
Pressure, psig (barg): Suction ________   Discharge________
Temperature, °F (°C): Suction ________   Discharge________
Maximum RPM __________    Minimum RPM __________

__________ __________

4. Soft Foot Check: Have the compressor feet and crosshead 
guide supports been shimmed so the machine is not twisted or 
bent? More than 0.002 inches (0.05 mm) pull-down requires cor-
rection. Record compressor feet pull-down readings:

__________ __________

Drive-End           
_______ _______ _______ _______
_______ _______ _______ _______
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
5. Have crosshead feeler gage clearances been checked with cyl-
inders mounted? Top is checked by inserting 0.5 inch (12.7 mm) 
wide feelers from one side edge across to the opposite side, at 
both ends. See Technical Manual, Section 1, Clearances for lim-
its. Bottom is checked with a 0.0015 inches (0.038 mm) feeler at 
the (4) corners. Feeler insertion is 0.50 inches (13 mm) maximum 
at each corner. Record feeler values below:

__________ __________

Throw
Number

1
2
3
4
5
6

Record Crosshead to Guide Feeler Gage Clearances
     Top minimum Top maximum            Bottom max. Corner Insertion
       ________   ________     ________
       ________   ________     ________
       ________   ________     ________
       ________   ________     ________
       ________   ________     ________
       ________   ________     ________

6. Have the piping and supports been checked to be sure they do 
not bend or stress compressor? __________ __________

7. Has the compressor to driver alignment been checked at site? 
Maximum allowable 0.005 inches (0.13 mm) TIR. __________ __________

8. Have coupling dial indicator readings been taken? Record  in 
inches (mm) at the 3, 6, 9 and 12 o’clock positions on lines pro-
vided below: 

__________ __________

9. Has the compressor crankshaft thrust clearance been 
checked?  See Technical Manual, Section 1, Clearances. 
Record compressor crankshaft thrust clearance here: 
                            inches (mm)

__________ __________

10. Have piston end clearances been checked with feeler gages?  
See Technical Manual, Section 1, Clearances. Record below: __________ __________

Throw No. 1 2 3 4 5 6

Head End _______ _______ _______ _______ _______ _______
Crank End _______ _______ _______ _______ _______ _______

Compressor Model ___________________ Serial/No. F-_______________
YES NO

Face Rim
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
11. Has piston rod runout been checked? See Technical Manual, 
Section 5 for maximum acceptable readings. Record Below: __________ __________

Throw No. 1 2 3 4 5 6

Vertical:
Piston @ CE _______ _______ _______ _______ _______ _______

Mid-Stroke _______ _______ _______ _______ _______ _______
Piston @ HE _______ _______ _______ _______ _______ _______

Horizontal:
Piston @ CE _______ _______ _______ _______ _______ _______

Mid-Stroke _______ _______ _______ _______ _______ _______
Piston @ HE _______ _______ _______ _______ _______ _______

12. Has the compressor crankcase been filled with oil to the 
proper level? Approximately 7/8 full in site glass, prior to starting. __________ __________

13. Has proper oil been installed if extreme ambient conditions 
exist or special gases are compressed? __________ __________

14. Is the compressor crankcase oil level control working and set 
at the proper level and properly vented? __________ __________

15. Is the crankcase oil supply isolation valve open? __________ __________

16. Does the crankcase low level shutdown work? __________ __________

17. Has the recommended oil filter element been installed? __________ __________

18. Are the oil filter element and all lube oil piping primed with oil? __________ __________

19. Is the low oil pressure shutdown installed and tubed correctly 
to the downstream side of the oil filter? __________ __________

20. Does the low oil pressure shutdown work? __________ __________

21. Oil cooler? Compressor inlet oil temp. is 190°F (88°C) maxi-
mum.

__________ __________

22. Is the crankcase oil temperature shutdown installed, set and 
working? __________ __________

23. If oil is cooled, is there a temperature control valve? __________ __________

24. Is the crankcase breather element clean? __________ __________

25. Is the force feed lubricator box filled with oil? __________ __________

26. Is the force feed lubrication system primed? __________ __________

27. Is the force feed lubrication system no flow shutdown installed 
and working? __________ __________

Compressor Model ___________________ Serial/No. F-_______________
YES NO
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
28. Is the force feed blow out assembly installed? Check rupture 
disc for color? See Lubrication section of the Technical Manual 
for disc color vs. rating table. __________ __________

29. Has the lubricator instruction plate or “Parts Book” Cylinder 
Lubrication Sheet been checked for proper lube feed rate? __________

 
__________

30. Is there a working vibration shutdown mounted on the com-
pressor and adjusted properly? __________ __________

31. Are the primary and secondary packing-case, and the cross-
head-distance-piece vents and drains open, and when neces-
sary, tubed off of the skid or out of the building? __________ __________

32. Is there some method of suction pressure control? __________ __________

33. Are the suction pressure, inter-stage pressure and discharge 
pressure shutdowns set and working? __________ __________

34. Are the safety relief valves installed and working to protect 
cylinders and piping for each stage of compression? __________ __________

35. Are the gas discharge temperature shutdowns installed, set 
and working? __________ __________

36. Have the gas suction lines been blown out to remove water, 
slag, dirt, etc.? __________ __________

37. Have temporary screens been installed at cylinder suction? __________ __________

38. Has compressor been prelubed prior to starting? If motor 
driven, unattended or large frame models prelube at 10 psig (0.7 
barg) & 30 seconds minimum? __________ __________

39. For engine driven units, has the machine been rolled with the 
starter to make sure it is free? The oil pressure should come up 
noticeably while rolling on the starter. __________ __________

40. For other drivers, has the machine been barred over by hand 
to ensure it is rolling free? __________ __________

41.Does the driver rotation match the compressor rotation arrow? __________ __________

42.Have torque values been checked on all critical fasteners 
where loosening could result in a safety hazard or equipment fail-
ure, and including: gas nozzle flange, valve cap, cylinder head, 
compressor rod packing, hold down, crosshead guide support 
and coupling bolting?

__________ __________

43. For machines compressing a combustible gas, have the pip-
ing and compressor been purged to remove all air? __________ __________

44. Have start-up instructions for other package equipment been 
followed? __________ __________

Compressor Model ___________________ Serial/No. F-_______________
YES NO
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
45. Is the compressor skid properly grounded to a suitable earth 
ground? __________ __________

46.Has the Packager’s representative done the required review of 
the Packager’s Start-Up and Operating Instructions for the unit 
with the unit operator? __________ __________

Check List - After Starting:
1. Did the oil pressure come up immediately? __________ __________

2. Are the oil filter pressure gauges working? __________ __________

3. Is oil filter differential pressure less than filter change value? 
Reference value listed on filter information plate on compressor 
top cover. __________ __________

4. Any strange noises or shaking in the compressor or piping? __________ __________

5. Is low oil pressure shutdown set at 35 psig (2.4 barg)? __________ __________

6. Is oil pressure set at 50 to 60 psig (3.5 to 4.2 bar) at operating 
speed and temperature? Reference Technical Manual, Section 4. __________ __________

7. Are the high discharge gas temperature shutdowns set at 
approx. 10% above normal discharge temperature? To 350°F 
(177°C) maximum.

__________ __________

8. Is the distribution block indicator working and lubricator set for 
proper break-in flow rate? __________ __________

9. Are there any oil leaks? If so, where? __________ __________

10. Are the scrubber dumps and high level shutdowns working? __________ __________

11. Are the scrubbers removing all liquids from the gas? 
How often do they dump? (_____minutes) __________ __________

12. Are there sands or oxides in the gas? __________ __________

13. Is the overspeed shutdown set? __________ __________

14. Are rod packings sealing properly? __________ __________

15. Have all safety functions been tested to ensure shutdown of 
unit upon malfunction? __________ __________

Compressor Model ___________________ Serial/No. F-_______________
YES NO
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
16. Have coupling dial indicator readings been taken after reach-
ing normal operating temperatures and components become heat 
soaked? Shutdown, vent gas system1 and record dial indicator 
readings, in the hot condition within 30 minutes, in inches (mm) at 
the 3, 6, 9 and 12 o’clock positions on lines provided below:

__________ __________

17. If discharge bottle or head end cylinder supports are used, 
have they been adjusted when components are heat soaked to 
ensure there are no excessive forces that would cause detrimen-
tal cylinder deflection? __________ __________

18. Has fastener torque on gas nozzle flange, valve cap, cylinder 
head and compressor rod packing flange bolting been re-
checked1 when components are heat soaked?

__________ __________

19. Complete Ariel’s “Compressor Warranty Notification and Installation List Data”, copy this 
completed “Start-up Checklist” and mail both to Ariel Corporation, 35 Blackjack Road, 
Mount Vernon, OH 43050, USA, Attention: Administrative Assistant - Sales or fax to Ariel at 
740-397-3856, Attention: Administrative Assistant - Sales.

1. CAUTION! 
BE SURE THAT THE COMPRESSOR IS COMPLETELY VENTED TO RELIEVE ALL 
GAS PRESSURE, AND THE DRIVER WILL NOT EXERT TORQUE ON THE COM-
PRESSOR CRANKSHAFT THAT COULD RESULT IN INJURY, PRIOR TO TAKING 
COUPLING READINGS, RE-CHECKING BOLTING TORQUES ON PRESSURE CON-
TAINING COMPONENTS OR REMOVING ACCESS COVERS FOR PERFORMING 
INTERNAL INSPECTION OR MAINTENANCE ON THE COMPRESSOR. IN THE CASE 
OF A DIRECT DRIVE MOTOR, THE BREAKER IS LOCKED OUT. FAILURE TO FOL-
LOW THESE STEPS CAN RESULT IN SERIOUS PERSONAL INJURY OR DEATH.

Compressor Model ___________________ Serial/No. F-_______________
YES NO

Face Rim
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
Maximum Allowable Working Pressure
All Ariel Compressor Cylinders have a "Maximum Allowable Working Pressure (MAWP)." 
The MAWP, the hydrostatic test pressure, and the test date are stamped on the end of every 
Ariel Cylinder (see Figure 1-8: on Page 1-13).

API Specification 11P, Second Edition, November 1989, Paragraph 1.10.4 defines "Maxi-
mum Allowable Working Pressure" as follows: 

"Maximum allowable working pressure (MAWP) is the maximum continuous 
pressure for which the manufacturer has designed the equipment (or any part to 
which the term is referred), when handling the specified fluid at the maximum 
specified temperature."

API SPEC 11P, paragraph 2.5.1.1 defines “Maximum Allowable Working Pressure” for 
Compressor Cylinders as follows:

"The maximum allowable working pressure of the cylinder shall exceed the 
rated discharge pressure by at least 10 percent or 25 psig (1.7 barg), whichever 
is greater."

API SPEC 11P, paragraph 1.10.5 defines the rated discharge pressure as follows: 

"Rated discharge pressure is the highest pressure required to meet the condi-
tions specified by the purchaser for the intended service."

Relief Valve Settings
It is the responsibility of the packager to provide relief valves for every stage of compression 
in compliance with API SPEC 11P, paragraph 7.20.3, as follows: 

"Relief valves setting shall take into consideration all possible types of equip-
ment failure and the protection of the lowest pressure rated component in any 
continuous system. Relief valves shall be set to operate at not more than the 
maximum allowable working pressures but not less than the values following:

 CAUTION
OPERATING CONDITIONS MUST NOT EXCEED CYLINDER 
DESIGN LIMITATIONS.

!
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
System Discharge Relief Valve Margin
Pressure Above System

psig (barg) Discharge Pressure

-14.7 to 150 (-1.01 to 10.3) 15 psig (1.03 barg)
151 to 2500 (10.4 to 172.3) 10%

2501 to 3500 (172.4 to 241.3) 8%
3501 to 5000 (241.4 to 345) 6%

NOTE: For rated discharge pressures above 5000 psig (345 barg), the relief 
valve setting shall be agreed upon between the purchaser and the vendor.”

Filling Sump & Priming the Main Lube Oil System - 
Before Starting

Filling The Sump
1. Remove breather and fill compressor sump through top cover.
2. Check sight glass on auxiliary end. Oil level at start-up should be near the top of 

the glass. DO NOT OVERFILL SUMP. The crankshaft will dip into the oil, churn 
it, and make it difficult to pump and to control the proper level. (After the 
machine is running, it may be necessary to add oil to bring up oil level to one-
half the height of the sight glass; but it must never exceed two-thirds height, 
while running.)

3. When the sump is filled to the proper level, replace and snug up the breather 
cap by hand, to facilitate later removal.

 CAUTION
WHEN A BYPASS IS FURNISHED, A RELIEF VALVE MUST 
BE INSTALLED IMMEDIATELY DOWNSTREAM OF THE 
BYPASS VALVE OR ON THE INLET SCRUBBER OF THE 
DOWNSTREAM CYLINDER. THIS RELIEF VALVE MUST BE 
SET FOR THE MAXIMUM ALLOWABLE WORKING PRES-
SURE OF THE CYLINDER WHICH HAS THE LOWEST MAWP 
OF THOSE IN THE BYPASS CIRCUIT. THIS IS TO PROTECT 
AGAINST DISCHARGE CHECK-VALVE FAILURE WHEN 
OPERATING ON BYPASS. (SEE ARIEL PACKAGER’S STAN-
DARDS, ER-56.04 “RELIEF VALVES”).

!
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 3 - START UP
Priming - Main Lube Oil System
NOTE: BE SURE THE OIL SYSTEM FROM THE LUBE OIL PUMP THROUGH THE 

COOLER AND OIL FILTER IS FILLED WITH OIL.
Remove cover doors and operate the prelube pump to verify that oil is dripping from the 
bearing and crosshead positions.

Compressor Prelube
See Section 4 “Compressor Prelube” for the prelube requirements for starting the compres-
sor.

Force Feed Lubricator Adjustment
Be sure that the force feed lubricator is set at the break-in rate shown on the force feed lubri-
cator plate (see Figure 1-5: on Page 1-11, Figure 1-6: on Page 1-12 or Figure 1-7: on Page 
1-12). An indicator on the distributor block shows the rate at which the block is cycling. To 
adjust, loosen locknut and turn the feed regulator (pump plunger stroke adjustment screw) 
until the indicator strokes at the proper rate, tighten locknut. Run at this setting for 200 hours 
of operation. The lubricator adjustment may then be reduced to the normal operating rate 
(see Figure 1-5:, Figure 1-6: or Figure 1-7:).

Compressor Re-Application
NOTE: IF ANY OF THE CONDITIONS LISTED BELOW CHANGE, CONSULT YOUR 

PACKAGER AND/OR ARIEL FOR ANY HARDWARE AND/OR DOCUMENTA-
TION CHANGES THAT ARE REQUIRED. PERFORMANCE, OPERATING PRES-
SURES AND LUBE RATE MUST BE RE-CALCULATED. A TORSIONAL 
VIBRATION ANALYSIS IS RECOMMENDED.

1. GAS PRESSURES, TEMPERATURES OR FLOW REQUIREMENTS
2. GAS PROPERTIES
3. DRIVER TYPE, SPEED OR TORQUE
4. RE-LOCATION OF COMPRESSOR TO A DIFFERENT SITE
5. CYLINDER RE-CONFIGURATION; FRAME OR CYLINDER RE-RATE
6. CHANGE OF CYLINDER AND PACKING LUBRICANT TYPE
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FOR MODELS: JGE, JGH, JGK AND JGT
SECTION 4 - LUBRICATION 

Lubrication Functions
Lubrication performs at least six functions in a compressor:

1. Reduce friction - Decreasing friction decreases energy requirement and heat 
buildup.

2. Reduce wear - Decreasing wear increases equipment life and decreases mainte-
nance costs.

3. Cool rubbing surfaces - Cooling of rubbing parts maintains working clearances, 
extends oil life, and removes heat from the system.

4. Prevent corrosion - Minimizing surface corrosion decreases friction, heat, and 
component wear. Generally provided by additives rather than the base lubricant.

5. Seal and reduce contaminant buildup - Improves gas seal on piston rings and 
packing rings, and flushes away contaminants from moving parts.

6. Dampen shock - Shock loads are cushioned, thereby reducing vibration and 
noise, and increasing component life.

Lubrication Deserves Special Attention
Lubrication is vital for successful operation of a compressor and deserves special attention in 
the package design: 

Oil Cooler
All compressors must have an oil cooler. Maximum allowable oil temperature into the com-
pressor frame is 190°F (88°C). The packager is responsible for sizing a proper oil cooler. 
Operating conditions which must be taken into account are; the cooling medium, cooling 
medium temperature, cooling medium flow rate, lube oil temperature, and lube oil flow rate. 
Oil heat rejection data for each frame are shown in the Ariel Electronic Databook in the frame 
details section (contact your Packager or Ariel when you need this information). The cooler 
should be mounted as close to the compressor as possible, with piping of adequate size, to 
minimize pressure drop of both the lubricating oil and the cooling medium. 

1. Oil Temperature Control Valve, 170°F (77°C) nominal rating - For proper oper-
ation of the thermostatic valve, provided as an option by Ariel, the maximum dif-
ferential pressure between the hot oil supply line and the cooled oil return line is 
10 psid (0.7 bard).

2. Mixing Mode - Ariel recommends installation of the thermostatic valve in the mix-
ing mode.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Cold Starting
If a compressor is exposed to cold ambient temperatures, the oil system must be designed so 
the unit may be safely started with adequate oil flow to the main bearings. Temperature con-
trolled cooler by-pass valves, oil heaters, cooler louvers and even buildings may be needed to 
ensure successful operation. Cold weather installations may use multi-viscosity oils in the 
compressor frame if the oil supplier can certify that the oil is shear stable. The viscosity of 
shear stable oil does not degrade through use. Multi-viscosity oils are subject to a shorter oil 
life than single grade oils by 30% to 50%. 

Compressor Prelube 
An automated compressor pre-lube system is strongly recommended for all Ariel compres-
sors to extend bearing life and reduce operating costs. Compressors that meet any of the fol-
lowing criteria are required to have an automated pre-lube system to help ensure oil flow prior 
to start-up:

1. Electric motor driven compressors.

2. Unattended-start compressors, regardless of driver type.

3. All large frame compressor models (JGC, JGD, JGZ, JGU, JGB and JGV).

Automated compressor pre-lube systems must be designed and sized to provide 10 psig (0.7 
barg) minimum pressure for a minimum of 30 seconds prior to starting, at the inlet to the oil 
gallery (after the filter), with minimum start-up oil viscosity and maximum allowable filter differ-
ential pressure. The purpose is to help ensure there is oil flow to all bearings and bushings, 
and the clearances are filled with oil prior to start-up. A start permissive is desirable to sense 
for minimum required pressure/time at the inlet to the oil gallery. 

Automated systems are to provide for shutdown if 35 psig (2.4 barg) oil pressure is not 
achieved within 10 seconds after the initiation of start-up (from when crankshaft starts to turn). 

FIGURE 4-1: LUBE OIL THERMOSTATIC VALVE IN THE MIXING MODE

Thermostatic
Control Valve

Lube Oil from Main Oil Pump

Lube Oil to Main Oil Filter

Lube Oil Cooler

Thermostatic control valve configuration may vary from this 
schematic, depending on valve size. In mixing mode, B connec-
tion is lube oil from main oil pump with tee connection to lube 
oil cooler inlet, C is from lube oil cooler outlet and A is to main 
oil filter. Valve connections A-B-C are marked on the valve.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
If a compressor will not start or shuts down at start-up due to low oil pressure, do not 
attempt to re-start until the cause of low pressure is corrected. 

Engine driven compressors with manual pre-lube pumps are to be adequately pre-lubed prior 
to starting. If 35 psig (2.4 barg) oil pressure is not achieved within 10 seconds after reaching 
engine idle speed, shutdown the compressor and correct the cause. Repeat manual pre-lube 
prior to each cranking for start-up.

Pre-lube pumps are to be located prior to the oil filter. When oil pressure exceeds 35 psig (2.4 
barg) at start-up, a low oil pressure shutdown set at 35 psig (2.4 barg) must be active for all 
compressors.

Lubricants
Lubricants commonly used in compressors include petroleum based oils and synthetic fluids. 
Lubricant additives are used to improve the viscosity index, inhibit oxidation, depress the 
lubricant pour point, inhibit rust formation, improve detergency, provide anti-wear protection, 
provide extreme pressure protection, improve “lubricity”, decrease effects of gas dilution, 
increase “wetability”, and resist “washing” of the lubricant due to water, wet or saturated gas, 
or dilutent properties of the gas stream.

• Viscosity index is a measure of the ability of an oil to resist the thinning effect caused 
by increasing the oil temperature.    

• Lubricity is the “slipperiness” or ability of a lubricant to decrease friction. 
• Wetability is a measure of the ability of the lubricant to adhere to metal surfaces. An 

increase in wetability increases the lubricant’s resistance to “washing” effects. 

Petroleum Based Oils - Also Referred to as Mineral Oils: 
Paraffinic - higher wax content, better resistance to thinning at higher operating temperatures 
than napthenic. 

Napthenic - (as compared to paraffinic) lower wax content, better flow ability at low tempera-
tures for cold start-ups, lower resistance to thinning at higher operating temperatures, better 
solvency, lower life/oxidation stability. Napthenic oils leave softer carbon deposits/residues on 
discharge valves, etc. 

Compounded Cylinder Oil Additives
Cylinder oils are specially compounded lubricants designed for use in steam cylinders and/or 
compressor cylinders. Compounded lubricants can be petroleum or synthetic base. Additives 
can be animal, vegetable, or synthetic base. These lubricants are formulated to enhance oil 
film strength to counter the effects of water, wet gases, solvents, etc. present in the gas.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Animal Fats 
Generally acidless tallow used as a compounding additive to petroleum lubricants to improve 
“slipperiness” at higher pressures and resist dilution in wet or saturated gases.  They can 
solidify at low or high temperatures.  Oils with these additives should not be used in the com-
pressor frame. 

Vegetable Oils 
Rapeseed oil is an example. Used as a compounding additive in petroleum lubricants to 
improve “slipperiness” at higher pressures and resist dilution in wet or saturated gases. These 
additives are not high temperature oxidation stable and therefore additive life decreases rap-
idly above 170°F (77°C). Oils with these additives should not be used in the compressor 
frame. 

Synthetic Lubricants 
Man-made materials with more consistent, controlled chemical structures than petroleum 
lubricants. This improves predictability of viscosity and thermal stability. Synthetic lubricants 
can be designed with better oxidation resistance, better lubricity, better film strength, natural 
detergency, lower volatility, and results in decreased operating temperatures. These attributes 
can help to decrease cylinder feed rate requirements. Justification for the use of synthetic 
lubricants is based on energy savings, reduced lubricant usage, increased component life, 
decreased equipment downtime, and reduced maintenance/labor. Some synthetic lubricants 
can be used in the compressor frame. 

Consult with the lubricant supplier before using these lubricants in the compressor 
frame: 

Synthesized Hydrocarbons - polyalphaolefins (PAO) can be used as compressor lubricants: 

1. Compatible with mineral oils. 
2. Requires additives to improve detergent action and improve seal compatibility. 
3. Soluble in some gases. Verify application with lubricant supplier. 

Organic Esters - diesters and polyolesters: 

1. Compatible with mineral, PAO and PAG oils.
2. Incompatible with some rubbers (O-rings), plastics, and paints.  Compatible with 

Viton. 
3. Primarily used in air compressors. 

Polyglycols - polyalkylene glycols (PAG), polyethers, polyglycolethers, and polyalkylene gly-
col ethers: 

1. Not compatible with mineral or PAO oils, some plastics and paints. 
2. Requires complete system flush when changing to or from mineral or PAO oils. 
3. Compatible with Viton and HNBR - Buna N (high end acrylonitrile-butadiene), 

diester and polyolester oils.
4. Resistant to hydrocarbon gas dilution. Excellent wetability.
PAGE 4 - 4 1/06



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
5. Can be water soluble - must verify application with lubricant supplier.
6. Poor inherent oxidation stability and corrosion protection - requires additives.
7. Not recommended for air compressors

Compressor Frame Lubricants
Ariel recommends, for use in the compressor frame, a good quality mineral oil which provides 
proper lubrication and heat removal, as well as oxidation inhibition, rust and corrosion inhibi-
tion, and anti-wear properties. 

Minimum Oil Viscosity
The minimum viscosity at operating temperature is 60 SUS (10 cSt).

Pipeline Quality Gas
For clean, dry, pipeline quality gas, the oil used in the natural gas fueled engine should be sat-
isfactory. SAE 40 weight (ISO 150 grade) oil is recommended for normal operation. 

Ash Level
Low ash or no ash oils are recommended as high ash oils can increase maintenance require-
ments. 

Oil Additives
Additives must not be corrosive to lead or copper based bearing materials. 

Oil Pump Pressures
The compressor frame driven lube oil pump maintains oil pressure with a spring loaded regu-
lating valve within the pump head, or with a provided separate pressure regulating valve, 
depending on compressor model. Lube system pressure can be raised or lowered by adjust-
ing the regulating valve (when a separate regulating valve is provided, the internal pump valve 
is used as a relief valve). 

Normal pressure on the discharge side of the lube oil filter is factory set for 60 psig (4.1 barg) 
for compressors that were tested mechanically complete (has inspector tag). If tested at fac-
tory as mechanically incomplete (without inspector tag), normal oil pressure must be set by 
packager or at initial start-up to 60 psig (4.1 barg) at full rated speed. If the lube oil pressure 
drops below 50 psig (3.4 barg), the cause should be found and corrected. A low lube oil pres-
sure shutdown, set at 35 psig (2.4 barg), is required for protection of the compressor. 
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Cold Start-up Viscosity
The maximum viscosity of the lube oil for cold ambient temperature starting is 15,000 SUS 
(3300 cSt), typically 40°F (4°C) for SAE 30 weight (ISO 100 grade) oil, or 55°F (13°C) for SAE 
40 weight (ISO 150 grade) oil. 

Minimum Oil Temperature
The minimum lube oil operating temperature is 150°F (66°C). This is the minimum tempera-
ture required to drive off water vapor. 

Oil Heating
When frame lube oil immersion heaters are used, the watt density of the heater element 
should not exceed 8 watts per square inch (1.2 W/ cm2) for systems without circulating 
pumps. Oil coking will occur at the element with higher wattage heaters if a circulating pump is 
not used. When high wattage heaters are required, the heaters must be interlocked with an oil 
circulation pump to ensure that coking of the oil will not occur. Coked oil will form deposits, 
which can "insulate" the system and decrease heat removal. The deposits can also break 
loose and act as abrasives in the lubricating system.

Oil Filtration
Large frame compressors are equipped with simplex, cartridge style pleated synthetic type fil-
ters as standard (JGZ/2, JGU/2, JGC/4, JGD/4, JGZ/4, JGU/4, JGB/4, JGV/4, JGE/6, JGK/6, 
JGT/6, JGC/6, JGD/6, JGZ/6, JGU/6, JGB/6 and JGV/6). All other Ariel frames are equipped 
with simplex, spin-on resin-impregnated type filters as standard. Pressure gauges are pro-
vided for monitoring pressure drop across the filter.

Oil Maintenance
Compressor frame lubricating oil should be changed at regular maintenance intervals (6 
months or 4,000 hours), or with a filter change or when oil sample results indicate the need. A 
more frequent oil change interval may be required if operating in an extremely dirty environ-
ment or if the oil supplier recommends it.

Oil Sampling
Oil sampling should be performed on a regular basis to verify suitability of oil for continued 
service. Degradation to the next lower viscosity grade below the original viscosity or an 
increase in viscosity to the next higher grade requires a complete oil change. Viscosity testing 
should be performed at 212°F (100°C).
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
FIGURE 4-2: FRAME LUBE OIL SYSTEM SCHEMATIC - TYPICAL (STANDARD)

By Ariel

By Packager

Typical Wet Sump Design - All Piping, 
Components & Design By Packager

Piping & Components 
By Ariel

Oil Connections (See Ariel Outline Drawing for Details)

A1 Packager Connection from Oil Pump
A2 Packager Connection to Oil Filter
A3 Oil Connection from Compressor Crankcase (Oil Sump)
A4 Lube Oil Compressor-Inlet-Connection to Gallery Tube. Oil 

Flows to the Crankshaft Main Bearings and through Drilled 
holes in the Crankshaft to Connecting Rod Bearings. From 
there, through Drilled Holes in the Connecting Rods to the 
Crosshead Pins and Crosshead Bushings.

A5 Pressure Regulating Valve return Connection to Oil Sump, 
when applicable on some models

A6 Filter Vent return Connection to the Oil Sump, when appli-
cable on some models

A7 Oil Tubing Connections from Frame Gallery Tube to Top & 
Bottom of the Crosshead Guides to Lubricate Crossheads

A8 Compressor Crankcase Oil Drain (Oil Sump Drain)
A9 Pre-Lube/Recirculation/Heater Connections (4)

System Components

1. Y - Strainer
2. Compressor Driven Oil Pump (w/ Safety Relief Valve - 

used as a pressure regulating valve, or for some 
models when a separate regulating valve (6) is pro-
vided, as a relief valve)

3. Thermostatic Control Valve, 170°F (77°C) nominal 
rating - Required (available as an option from Ariel)

4. Pre-Lube Oil Pump - Required (shown w/Oil Heating 
Circuit, when applicable)

5. Oil Filter
6. Pressure Regulating Valve (w/ Overflow Return to Oil 

Sump), when applicable for some models
7. Oil Cooler - Required
8. Check Valve
9. 3-Way Valve, when applicable for Heater Circuit
10. Heater (Optional)

Optional Heater Circuit 
By Packager

Thermostatic control valve (3) configuration may vary from this 
schematic, depending on valve size. In mixing mode, B connection 
is lube oil from main oil pump with tee connection to lube oil 
cooler inlet, C is from lube oil cooler outlet and A is to main oil fil-
ter. Valve connections A-B-C are marked on the valve.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Cylinder And Packing Lubrication Requirements

Oil Dilution
Cylinder lubrication requirements will vary with the operating conditions and the composition 
of the gas to be compressed. Careful consideration must be given to proper cylinder lubrica-
tion selection. The degree of cylinder oil lubrication dilution/saturation by the process gas 
stream is influenced by the following factors:

1. Process gas composition/Specific Gravity (SG) - usually the higher the SG, the 
greater the oil dilution.

2. Discharge gas pressure - the higher the pressure, the greater the oil dilution.
3. Discharge gas temperature - the higher the cylinder discharge temperature, the 

less the oil dilution.
4. Lubricant selection - some types of oil are more prone to dilution than others.

Cylinder Oil Lubrication Examples
Refer to Table 4-2 for lubrication recommendations for various gas compositions and various 
operating conditions. Note that lubrication rates can change with operating conditions. Lubri-
cating oil type will also vary with the composition of the gas which is to be compressed.

Common Oil Supply
When process gas composition and cylinder operating conditions allow compressor frame 
lubricating oil to be used for cylinder and packing lubrication, the resulting force feed lube sys-
tems are installed as shown in the Figure below.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
 

Independent Oil Supply
When process gas composition and cylinder operating conditions require an independent cyl-
inder oil supply, the resulting separate force feed lube systems require an oil supply. Lubrica-
tor oil is supplied under pressure from an elevated tank. To ensure that the compressor frame 
oil is not contaminated, be sure that the force feed lubricator box over flow does not drain into 
the crankcase. This over flow tubing must be disconnected from the compressor frame and 
directed to an appropriate drain system. See Figure 4-4:

FIGURE 4-3: FORCE FEED LUBRICATION SYSTEM - COMMON OIL SUPPLY

Fluid Flow Monitor No-Flow 
Timer Shutdown Switch

To Other Cylinders 
and Packings Sintered 

Bronze 
Filter

Blow-Out 
Disc

Compressor 
Frame-Oil 
Gallery

Force Feed 
Lubricator 
Pump

Drain to 
Crankcase

Single Ball 
Check Valve

Double Ball 
Check ValveBottom Cylinder 

Injection Point

Packing 
Injection 
Point

Single Ball 
Check Valve

Divider Valves Dis-
tribution Block

Pressure Gauge

Top Cylinder 
Injection Point
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Independent force feed lube systems require oil with a viscosity below 5000 SUS (1100 cSt) 
at the lubricator pump inlet.   Measures which may be necessary to make sure that the force 
feed pump is filled with oil during the suction stroke include; appropriate pipe and fitting size 
from the tank to the force feed pump, heating the oil, and pressurizing the supply tank. An in-
line oil filter or fine screen is required between the supply tank and the force feed lubricator 
pumps. Recommended filtration is 20 micron nominal. 

Under/Over Lube
Inadequate - (under) lubrication results in a “mini-lube” condition. This condition results in 
extremely rapid breakdown of piston and packing ring materials. Black, gummy deposits 
which can be found in the distance piece, packing case, cylinder and valves are indicators of 
under lubrication. 

Excessive - (over) lubrication can result in excessive oil carryover into the gas stream, and 
increased quantities of deposits in the valves and gas passages. Valve plate breakage and 
packing failure may also be symptoms of over lubrication. The packing case will “hydraulic”, 
which forces the packing rings to lift off of the rod enough to form a leak path. Increased gas 

FIGURE 4-4: FORCE FEED LUBRICATION SYSTEM - INDEPENDENT OIL SUPPLY

NOTE: System must be 
designed to provide posi-
tive pressure to force 
feed lubricator pump.

Pump Suction
1/4 inch NFT (Female) 
Customer Connection

Divider Valves - 
Distribution Block

Fluid Flow Monitor No-
Flow Timer Shutdown 
Switch

To Appropriate Drain 1/4 inch NPT 
(Female) Customer Connection
Do Not Drain to Crankcase

Oil
Supply
Tank

Blow-Out 
Disc

Force Feed 
Lubicator 
Pump

Oil Filter

Sintered 
Bronze 
Filter

Pressure 
Gauge
PAGE 4 - 10 1/06



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
leakage then results in packing and rod overheating. A rod and packing case can turn blue 
even though the lubrication appears sufficient.

Gas Inlet Debris Screens to Maintain Lube Performance
Even when the proper rate and lubricating medium are in use, dirt and foreign matter in the 
gas will prevent the lubricant from performing properly. Cone type inlet gas debris strainers 
with 100 mesh per inch (150 micron) screen and perforated metallic backing are to be 
installed between the cylinder suction flange and connecting bottle or piping. Proper mainte-
nance of the inlet screens is required. Inlet debris strainers should be monitored by differential 
pressure and cleaned before the differential pressure approaches the collapse pressure of the 
screens. 

High differential pressure alarm/shutdown switches can be used to protect against screen col-
lapse.

Lubrication Quantity - Paper Test Method
To check cylinders for the proper lubrication rates, the cigarette paper test method can pro-
vide a practical indication. Relieve and vent all pressure from all cylinders. Remove the head 
end head and position piston at inner center, for the cylinder to be checked. “Lock out” so that 
crankshaft can not be accidentally turned; see the “CAUTION” in Technical Manual Section 5 
and refer to the Packager’s Operation Manual for details. Use two layers of regular unwaxed 
commercial cigarette paper, together. Wipe the cylinder bore at top with both papers using 
light pressure in circumferential motion through about 20°. The paper next to the bore should 
be stained (wetted with oil), but the second paper should not be soaked through.

Repeat the test at both sides of the bore at about 90° from the top, using two new clean 
papers for each side. When the paper next to the bore is not stained through, it may be an 
indication of under lubrication. When both papers are stained through, it may be an indication 
of over lubrication. In either case, it is normally recommended that the lubrication rate be 
changed accordingly and that all cigarette paper tests be repeated until passed. Repeat for all 
cylinders. If a reduction or increase of the lubrication rate is indicated for a cylinder, change in 
5% increments by adjusting cycle time at the force feed lube pump as discussed in “Force 
Feed Lubricator Adjustment” in Technical Manual Section 3. Repeat oil film testing, for the cyl-
inders affected, after 24 hours of operation.

NOTE: THE CIGARETTE PAPER TEST ONLY GIVES AN INDICATION OF OIL FILM 
QUANTITY. AFTERMARKET DEVICES THAT MEASURE FLOW ARE ALSO 
AVAILABLE. NEITHER METHOD GIVES AN INDICATION OF VISCOSITY QUAL-
ITY. OILS DILUTED WITH WATER, HYDROCARBONS OR OTHER CONSTITU-
ENTS MAY PRODUCE WHAT APPEARS TO BE AN ADEQUATE FILM OR FLOW. 
BUT THE OIL FILM MAY NOT HAVE THE REQUIRED LOAD-CARRYING CAPA-
BILITY DUE TO THE DILUTION.

Inadequate Lubrication Symptoms
When observed symptoms indicate lack of lubrication; first verify that the force feed lubricator 
pumps are operating properly. Confirm that the distribution block cycle time matches the lube 
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
sheet or lubrication box information plate provided by Ariel, and double check that all tubing 
and fittings are tight and no leaks are present. Do not overlook the fittings inside the cylinder 
gas passages. Pressure test or replace divider valves to be sure they are not bypassing.

Lubricator Cycle Time
The lubricant flow rates (measured in seconds per cycle) are generally so low that all of the 
required flow to a lube point may be observed as a drip at a loosened supply fitting. The 
break-in and normal lube timing rates which are stamped on the lubricator box information 
plate are calculated according to the Ariel Lube Specifications, as given in this document, to 
match the gas and operating conditions as supplied to Ariel with the compressor order. The 
lube sheets supplied in the Ariel Parts Book state gas conditions and list the base rate multi-
plier at each lube point. If gas conditions were not supplied with the compressor order, the 
information plate/lube sheets rates are for clean, dry, 0.65 specific gravity, sweet gas at rated 
speed and discharge pressures. 

If the compressor operating conditions change (such as gas properties, gas pressures, tem-
peratures or flow requirements or cylinder re-configuration) the lubrication rates must be 
recalculated and hardware changes may be necessary to the force-feed lubrication system. 
Consult Table 4-2 and your Packager and/or Ariel.

Cycle Time Indication
To set the proper force-feed lubricator pump flow rate, read the cycle time on the Proflo elec-
tronic lubricator fluid-flow monitor/no-flow timer switch located at the distribution block or in 
control panel, reference Technical Manual Section 5. Or if a digital no-flow timer switch 
(DNFT) is provided, time the cycle from flash to flash, or for a magnetic cycle indicator assem-
bly, time the cycle from initial movement of the indicator pin at the fully retracted position to 
the time when the pin returns to the fully retracted position and just begins initial movement 
back out again. Adjust the lubricator pump to provide the required cycle time-flow rate.

NOTE: WHEN ADJUSTING THE FORCE FEED LUBRICATION PUMP SETTING FOR THE 
APPROPRIATE CYCLE TIME, DO NOT SET THE FLOW RATE TOO LOW. THE 
PUMPS CAN BECOME INCONSISTENT WHEN SET TOO LOW. 

Force Feed Lubrication System Monitoring:

Minimum Requirements
Ariel requires the unit control panel to shutdown the unit if the master lube distribution block 
stops cycling while the compressor is running. The control panel is to wait for a maximum time 
of 3 minutes after the distribution block stops cycling to issue the shutdown. This is a class B 
shutdown. A class B shutdown is defined as a shutdown that is not armed until a short time 
after the compressor is started. Typically 2 minutes. This gives the divider blocks time to cycle 
the first time before the shutdown is activated.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Devices
Ariel offers several devices that can be used to obtain the lube system shutdown. There are 
two basic types. Note that some devices have both functions built in. 

Choosing a Lube System Monitor
When ordering an Ariel compressor the packager must choose a lube system monitor. See 
the following table for the specifications on available types. For further information about each 
device visit the vendor literature section of the Ariel web site.

TABLE 4-1: FORCE FEED LUBE SYSTEM MONITORS - SPECIFICATIONS

ITEM PROFLO KENCO DNFT DNFT - 
PROGRAMMABLE

Shutdown Signal YES NO YES YES
Proximity Signal YES (0.5 sec pulse) YES (switch) YES (switch) YES (switch)

Local Data Storage YES NO NO Count Display
Infrared Port YES NO NO NO
PLC Creates 

Shutdown
NO YES NO NO

Remote Mounting YES NO NO NO
Area Classification CSA CSA CSA, CE, EX, ATEX CSA, CE

CSA
203633 Class I, 
Div 2, Groups 

ABCD T4A

044787 Class I, 
Groups ABCD:

Class II, Groups EFG:
Class III

108334 Class I, Div 
1 Groups ABCD T5; 
&/or Class I, Zone 1 

Ex md IIC T5

108334 Class I, Div 1 
Groups ABCD T5; &/or 
Class I, Zone 1 Ex md 

IIC T5

CE N/A N/A 0344 Class I Div 1; 
Groups ABCD T4

0344 Class I Div 1; 
Groups ABCD T4

EX N/A N/A II 2G EEx mIIB T5 N/A

KEMA N/A N/A
00ATEX1090X/
AMB. -40°C to 

+85°C
N/A

Battery (2) Standard Alka-
line “AA” Size None Ariel P/N A-10807 Ariel P/N A-10807

Cost Factor New Unit $0 Standard Minus $ $0 Standard for CE Plus $

Shutdown Time Programmable PLC 3 minutes Programmable
20 sec. to 4 minutes

Temperature to185°F (85°C) to 220°F (104°C) -40°F to +185°F (-
40°C to +85°C)

-40°F to +185°F
(-40°C to +85°C)

Max. Switch Voltage 36 VDC 200 VAC/VDC 240 VDC 10 to 120 VAC
Max. Switch Current 0.5 Amps 0.5 Amps N/A N/A
Max. Switch Power N/A 10 Watts DC 2.5 VA 2.5 VA

Local Cycle Indicator YES - LCD Separate Indicator YES - Flashing LED YES - 
LCD Display +LED

De-bounce Included NO NO YES YES
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
I. Shutdown switch - This is a device that monitors the position of the divider block pin and 
supplies a shutdown contact. If the divider block stops cycling for a given time a shutdown sig-
nal will be sent to the control system.

APPLICATION NOTES - Shutdown Switch

Normally open (NO) vs. Normally closed (NC) Shutdown switch

Divider block monitoring devices define their operation opposite from other industries. 
Most other industries define the switch state as the state the switch is in when it is on the 
shelf. (That is: If a momentary push button switch is NO, then when it is taken out of the 
box the switch will be open until the button is pushed and the contact will close. If a 
momentary push button switch is NC then when it is taken out of the box the switch will be 
closed until the button is pushed.) This does not apply to divider block monitoring devices.

Divider block device manufacturers have "simplified" things for the mechanic. Normally 
Open (NO) refers to the state the switch is in when the divider block is cycling or the unit is 
running. An NO switch means that when the unit is running the shutdown switch is open or 
non-failsafe. If a wire falls off or is cut while the unit is running the control system will never 
stop the unit. If the device is damaged or a wire has come loose at startup the control sys-
tem would never know there is a problem. An NC switch means that when the unit is run-
ning the shutdown switch is closed or failsafe. Now if a wire falls off or is cut the control 
system will detect that the switch is open and shutdown the unit.

Ariel recommends using a NC (failsafe) switch. However, when a NO (non-failsafe) switch 
is used, Ariel recommends testing the shutdown circuits at least once a month. 

II. Proximity switch - This is a device that will sense the position of the divider block piston 
and will produce a switch change of state or a pulse every time the pin changes position. This 
device must be combined with a PLC or some other counter/timer device to produce the shut-
down. Some devices on the market will open the switch when the pin is toward the left and 
close when the pin is toward the right. Others will produce a 0.5 second pulse when the pin 
moves from left to right. If this is used it is the responsibility of the control system to sense the 
switch cycling and stop the unit if a block stops cycling.

APPLICATION NOTES - Proximity Switch

Ariel recommends setting up the control system to find the time between cycles triggered 
when the switch transitions from off to on. See Figure 4-5: suggested control system block 
diagram.

1. Shutdown time with no lubrication - The distribution block cycle times will vary 
slightly from cycle to cycle. Seeing 12 seconds one cycle then 15 seconds the 
next then 14 the next is normal. The recommended shutdown time is: 2 times the 
design cycle time + 30 seconds limited between 30 seconds and 3 minutes.

 LIMIT (2 x design cycle time + 30 seconds) 30, 180

Design cycle time is found on the compressor lube sheets or tag on the compres-
sor.

2. DE-BOUNCE and latching circuits - Depending on the device and control system 
scan time it may be necessary to include de-bounce hardware and/or software. 
Some of the devices do not have built in de-bounce circuits and can cause a fast 
control system to double or triple count. Other times it may be necessary latch the 
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
input thus allowing the control system to detect only the first transition from low to 
high. This becomes significant when displaying the cycle time for the operator to 
set the pump flow rates and when calculating the total oil through the divider 
block.

3. Suggested Operator Displays:
Divider block cycle time - The operator will need to set the lube system pumps 
according to the recommended divider block cycle times. It is helpful for the oper-
ator to have a display of divider block cycle time in seconds. This will be used to 
adjust the lube pumps as the pumps wear out and when the pumps are replaced 
to set divider block cycle times.

Time since last Pulse - It is helpful to have a display of the timer timing so the 
operator can see a change and show that something is happening.

Average Cycle Time - Cycle time will vary a few seconds from cycle to cycle. It is 
sometimes helpful to display a cycle time that has been averaged over 5 to 10 
cycles.

Total Oil Consumed - Total oil consumed can be useful to the operator to know 
how much oil is being used for the lube system and thus how much oil to order. 

4. EXAMPLE FLOW DIAGRAM TO CREATE SHUTDOWN
Figure 4-5: flow diagram is a suggested method of creating a shutdown within the 
PLC from a cycling digital input. This is only a suggestion as there is no way of 
providing logic for all control systems.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Break-in Rate
The force feed lubrication pumps should be capable of delivering 150% minimum of the “nor-
mal” required lube rate for the break in period (set as close as possible to twice the “normal” 
rate for 200 hours). Please contact Ariel for assistance if the existing pump is not capable of 
the minimum flow rate required.

Lubricant Supplied From Engine Oil
Oil supplied from the engine may be used in the force feed system as long as the new oil 
specifications meet the listed requirements, the oil is appropriately filtered (i.e. 20 micron 
nominal) and the lube application requirements are met. Oil viscosity must be monitored and 

FIGURE 4-5: SUGGESTED FORCE FEED LUBE CONTROL SYSTEM PROXIMITY 
SWITCH SHUTDOWN LOGIC DIAGRAM

Start Reset 
Timer

Send Shutdown 
Signal Output
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Class B Timer?
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No Shutdown 
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OFF to ON?
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Stop Timer
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Oil Flow
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tested, for serviceability. Treat as an independent oil supply; see “Independent Oil Supply” in 
this section.

Liquids in Gas
The use of higher viscosity lubricants or specially compounded lubricants can compensate 
somewhat for the presence of liquids in the gas stream. 

NOTE: WHEN THERE ARE LIQUIDS PRESENT IN THE GAS, THE MOST EFFECTIVE 
LUBRICATION OF CYLINDERS AND PACKING REQUIRES REMOVAL OF THE 
LIQUIDS BEFORE THE GAS ENTERS THE COMPRESSOR. 
THESE LUBRICATION RECOMMENDATIONS ARE GENERAL GUIDELINES. IF 
THE RECOMMENDED LUBRICANTS OR FLOW RATES DO NOT APPEAR TO 
WORK ADEQUATELY, FLOW RATES AND/OR LUBRICANT TYPES MAY NEED 
TO BE CHANGED. PLEASE CONTACT THE LUBRICANT SUPPLIER FOR SPE-
CIFIC LUBRICANT RECOMMENDATIONS.
WARRANTY OF COMPONENT FAILURES WHICH OCCUR WHILE USING 
LUBRICANTS WHICH DO NOT MEET THESE SPECIFICATIONS WILL BE SUB-
JECT TO REVIEW ON A CASE BY CASE BASIS.

Lube Type & Rate Recommendations

BLE 4-2: CYLINDER/PACKING LUBE OIL RECOMMENDATIONS FOR VARIOUS GAS 
REAM COMPONENTS

AS STREAM

CYLINDER DISCHARGE PRESSURE

 < 1000 PSIG
< (70 barg)

1000 TO 2000
PSIG

(70 to 140 barg)

2000 TO 3500
PSIG

(140 TO 240 
barg)A

3500 TO 5000
PSIG

(240 to 345 
barg)A

> 5000 PSIG
> (345 barg)A

ipeline Quality
Natural Gas

ncluding CNG
(Dry)

SAE 40 wt.
ISO 150

1 x Base Rate
 or Various
Synthetics

1 x Base Rate

SAE 40-50 wt.
ISO 150 - 220

1.25 x Base Rate
or Various
Synthetics

1 x Base Rate

SAE 50 wt.
ISO 220

w/ Compounding
1.5  x Base Rate

or Various
Synthetics

1.25 x Base Rate

Cylinder Oil
ISO 320 - 460

w/ Compounding
2 x Base Rate
or Synthetic -

Diester/Polyglycol
1.5 x Base Rate

Cylinder Oil
ISO 460 - 680

w/ Compounding
3 x Base Rate
or Synthetic -

Polyglycol
2 x Base Rate

Natural Gas
(Water

Saturated,
and/or Heavy
ydrocarbonsB

ethane < 90%
ropane > 8%
SG > 0.7)

SAE 40 - 50 wt.
ISO 150 - 220

1.25 x Base Rate
or Various
Synthetics

1 x Base Rate

SAE 50 - 60 wt.
ISO 220 - 320
or SAE 40 wt.

ISO 150
w/ Compounding
1.5 x Base Rate

or Var. Synthetics
1.25 x Base Rate

Cylinder Oil
ISO 460 - 680

w/ Compounding
2 x Base Rate

or Various
 Synthetics

1.5 x Base Rate

Cylinder Oil
ISO 680

w/ Compounding
3 x Base Rate
or Synthetic -

Diester/Polyglycol
2 x Base Rate

Contact Lubrican
Supplier
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Natural Gas
(Water

aturated and 
arbon Dioxide

> 2% to 10%)

SAE 40 - 50 wt.
ISO 150 - 220

1.25 x Base Rate
or Various
Synthetics
Base Rate

SAE 50 - 60 wt.
ISO 220 - 320
or SAE 40 wt.

ISO 150
w/ Compounding
1.5 x Base Rate

or Var. Synthetics
1.25 x Base Rate

Cylinder Oil
ISO 460-680

w/ Compounding
2 x Base Rate

or Synthetic PAG
1.5 x Base Rate

Cylinder Oil
ISO 680

w/ Compounding
3 x Base Rate

or Synthetic PAG  
2 x Base Rate

Contact Lubrican
Supplier

Natural Gas
(Water

aturated and 
arbon Dioxide

> 10%)

SAE 40 - 50 wt.
ISO 150 - 220

1.5 x Base Rate
or Various
Synthetics

1.25 Base Rate

SAE 50 - 60 wt.
ISO 220 - 320

or SAE 40 weight
ISO 150

w/ Compounding
2 x Base Rate

or Var. Synthetics
1.5 x Base Rate

Cylinder Oil
ISO 460-680

w/ Compounding
3 x Base Rate

or Synthetic PAG
2 x Base Rate

Cylinder Oil
ISO 680

w/ Compounding
4 x Base Rate

or Synthetic PAG
3 x Base Rate

Contact Lubrican
Supplier

Natural Gas
(Water

aturated & H2S
> 2% to 30%)

SAE 40 wt.
ISO 150

w/ Compounding 
1.25 x Base Rate

or Various
Synthetics

1 x Base Rate

SAE 40 - 50 wt.
ISO 150 - 220

w/ Compounding
1.5 x Base Rate

or Various
Synthetics

1.25 x Base Rate

SAE 50 wt.
ISO 220

 w/ Compounding
2 x Base Rate

or Various
Synthetics

1.5 x Base Rate

SAE 60 wt.
ISO 320

w/ Compounding
3 x Base Rate

or Various
Synthetics

2 x Base Rate

Cylinder Oil
ISO 460 - 680

 w/ Compoundin
4 x Base Rate

or Various
Synthetics

3 x Base Rate

Natural Gas
(Water

aturated & H2S
> 30%)

SAE 40 wt.
ISO 150

w/ Compounding  
1.5 x Base Rate

or Various
 Synthetics

1.25 Base Rate

SAE 40 - 50 wt.
ISO 150 - 220

w/ Compounding
2 x Base Rate

or Various
Synthetics

1.5 x Base Rate

SAE 50 wt.
ISO 220

 w/ Compounding
2.5 x Base Rate

or Various
Synthetics

2 x Base Rate

SAE 60 wt.
ISO 320

 w/ Compounding
3.5 x Base Rate

or Various
Synthetics

2.5 x Base Rate

Cylinder Oil
ISO 460 - 680

 w/ Compoundin
5 x Base Rate

or Various
Synthetics

3 x Base Rate

Air SAE 40 wt.
 ISO 150 Air

Compressor Oil
1 x Base Rate

or Various
Synthetics

1 x Base Rate

SAE 50 wt.
ISO 220 Air

Compressor Oil
w/ Compounding
1.5 x Base Rate

or Various
Synthetics

1.25 x Base Rate

Synthetic - Diester
1.5 x Base Rate

Contact Lubricant
Supplier

Contact Lubrican
Supplier

BLE 4-2: CYLINDER/PACKING LUBE OIL RECOMMENDATIONS FOR VARIOUS GAS 
REAM COMPONENTS

AS STREAM

CYLINDER DISCHARGE PRESSURE

 < 1000 PSIG
< (70 barg)

1000 TO 2000
PSIG

(70 to 140 barg)

2000 TO 3500
PSIG

(140 TO 240 
barg)A

3500 TO 5000
PSIG

(240 to 345 
barg)A

> 5000 PSIG
> (345 barg)A
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Wet Air
(Water

Saturated)

SAE 40 - 50 wt.
ISO  150 - 220

Air Compressor Oil
w/ Compounding

1 x Base Rate
or Various
Synthetics

1 x Base Rate

Synthetic - Diester
1.5 x Base Rate

Synthetic - Diester
2 x Base Rate

Contact Lubricant
Supplier

Contact Lubrican
Supplier

Nitrogen
(Bone Dry - 
ontact Ariel)

SAE 40 wt.
ISO 150

1 x Base Rate
or Various
Synthetics

1 x Base Rate

SAE 40 - 50 wt.
ISO 150 - 220
1 x Base Rate

or Various
Synthetics

1 x Base Rate

SAE 50 wt.
ISO 220

1 x Base Rate
or Various
Synthetics

1 x Base Rate

SAE 60 wt.
ISO 320

1 x Base Rate
or Various
Synthetics

1 x Base Rate

Cylinder Oil
ISO 460 - 680
1 x Base Rate

or Various
Synthetics

1 x Base Rate

PropaneC

(Refrigerant)
SAE 40 wt.

ISO 150
or Refrigerant Oil
0.5 x Base Rate

or Various
Synthetics

0.5 x Base Rate

SAE 40 wt.
ISO 150

or Refrigerant Oil
1 x Base Rate

or Various
Synthetics

1 x Base Rate

Refrigerant Oil
Contact Lubricant

Supplier

Refrigerant Oil
Contact Lubricant

Supplier

Refrigerant Oil
Contact Lubrican

Supplier

A. Also requires water cooled packing (except cylinders on JG, JGA, JGM, JGN, JGP, JGQ & JGI).
B. Lean burn engine oils contain detergents, dispersants and ash additives, which hold water in suspension. This 

suspension does not provide adequate lubrication in the cylinder and packings.
C. Verify oil pour point temperature is below inlet gas temperature.
D. Reference Table 4-3 for base rate.

TABLE 4-3: CYLINDER/PACKING LUBE OIL BASE RATE

FRAME MODEL
US PINTS/DAY/
INCH OF BORE 

DIAMETER

LITERS/DAY/mm 
OF BORE 

DIAMETER
JG:A:I:M:P:N:Q:R:S:W 0.3 0.0056

JGH:E:J:ACF 0.4 0.0074
JGK:T:C:D:Z:U:B:V 0.5 0.0093

BLE 4-2: CYLINDER/PACKING LUBE OIL RECOMMENDATIONS FOR VARIOUS GAS 
REAM COMPONENTS

AS STREAM

CYLINDER DISCHARGE PRESSURE

 < 1000 PSIG
< (70 barg)

1000 TO 2000
PSIG

(70 to 140 barg)

2000 TO 3500
PSIG

(140 TO 240 
barg)A

3500 TO 5000
PSIG

(240 to 345 
barg)A

> 5000 PSIG
> (345 barg)A
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
RATE CALCULATION NOTES: 
Packing Lube Rate - Piston rod diameter is doubled and treated like a cylinder for calculating 
packing lube rate. For cylinders with a tail rod, the lube rate for each of the (two) packings is to 
be calculated separately and both values added toward the recommended total daily lube 
rate.

Lube Points - Cylinders for JG:A:I:M:P:N:Q:R:W:H:E:J and ACF frames with bore diameters 
less than 13" (<330 mm) have one point bore lube as standard; top and bottom bore lube is 
available as an original purchase option, (except for all Class T cylinders and 1-3/4JG-FS-HE 
class cylinders, which have multi-point lube as standard). For all other frames, the cylinders 
have multiple bore lube points as standard. Piston rod packings for high-pressure cylinders 
have two point lube. For multiple lube points, the required lubricant for the cylinder or packing 
is divided equally among the lube points.

Break-in Lube Rate - The break-in lube rate should be approximately twice the recom-
mended daily rate (150% minimum); i.e. the break-in cycle time should be approximately half 
the normal cycle time (67% max.) to increase lube rate. Break-in rate should be maintained 
for 200 hours of operation for new equipment, or when replacing packing and/or piston rings.

Lube Rate and Speed - The recommended lube rates for break-in or normal operation, in 
cycles per second (as stamped on the lubricator box information plate and in Lube sheets), 
are calculated at maximum rated compressor speed (as stamped on the compressor informa-
tion plate). The lube rate is reduced with speed, (as compressor actual running speed is 
reduced, cycle time increases to reduce lube rate):

(RPMmax ÷ RPMactual) x cycle time seconds from lube plate = cycle time seconds, running1.

Or reference the “Lubrication sheets” in the Ariel "Parts Book" for the Cycle Time (seconds) 
vs. RPM (compressor speed) Table at various running speeds for your unit, at the stated gas 
operating conditions and lubricant.

Special Lubricant Certification - Special lubricant formulations are available from lubricant 
suppliers for specific applications. Suppliers who will certify suitability of the formulation for 
site conditions should provide appropriate documentation. Contact Ariel for verification of war-
ranty coverage.

Calculation Example, recommended daily lube rate:

     JGJ/2, with Pipeline Quality Natural Gas, and following cylinder bore diameters, and 1.5 
inches (38.1 mm) diameter piston rod, with mineral oil type lubricant:

          13.00"J (330 mm) at 100 psi discharge pressure (6.89 bar)

          9.75"J-CE (248 mm) at 577 psi discharge pressure (39.8 bar)

          5.125"J-HE (130 mm) at 1636 psi discharge pressure (112.8 bar)

1. Actual running speed.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Legend: 

ppd = US pints/day

psi = pounds/square inch

CE = Crank End

HE = Head End

L = Liters

" = inches (actual inch bore diameter as shown on cylinder data name plate)

sec = seconds

Water Cooled Packing
Water cooled packing cases are required for compressor cylinders based upon the average 
piston speed and average cylinder pressure. Cooled packing cases are supplied to help 
remove heat generated as the piston rod/packing friction increases with the higher pressures 
and piston speed.

Cooled packing cases are required for cylinders in accordance with the following chart:

TABLE 4-4: EXAMPLE CYLINDER & PACKING LUBE CALCULATION

ppd (US pints per day) L/day (Liters per day)

Cylinder Bore Packing Sub Cylinder Bore Packing Sub
13.00 x 0.4 = 5.2 2 x 1.5 x 0.4 = 1.2 6.4 330 x 0.0074 = 2.4 2 x 38.1 x 0.0074 = 0.56 3.0

9.75 x 0.4 = 3.9 2 x 1.5 x 0.4 = 1.2 5.1 248 x 0.0074 = 1.8 2 x 38.1 x 0.0074 = 0.56 2.4

5.125 x 1.25 x 0.4 = 2.6 N/A 2.6 130 x 1.25 x 0.0074 = 1.2 N/A 1.2

Recommended Total, ppd = 14.1 Recommended Total, L/day = 6.6
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
1. All cylinders capable of reaching Region 2 of the above chart are supplied with water 
cooled packing as standard equipment. If operating in Region 2, a lubricant consideration 
must be made or water cooling applied.

2. If a separate lube supply is required due to the gas analysis (H2S, CO2, wet gas, air, etc.) 
this chart is not valid and approval from Ariel Field Service must be obtained if water cooling is 
not connected.

3. Cooling water quality and treatment is to be maintained to prevent corrosion and mineral or 
other deposits. Cooling water must be treated with appropriate anti-freeze if subject to freez-
ing (treated 50/50% water/glycol solution).

FIGURE 4-6: COMPRESSOR PACKING APPLICATION GUIDELINES FOR PIPELINE 
QUALITY NATURAL GAS

Region 1 - Stan-
dard Packing 
and Lubrication

Region 2 - 
Separate 
Lube Oil 
Supply or 
Water 
Cooled 
Packing

Cooled Packing and 
Separate Lube Oil 
Supply

Region 3 - 
Water

Cylinders are not to be 
applied in this region with-
out prior Ariel approval.

Mean Pressure, psi (Pd + Ps) / 2

Pi
st

on
 S

pe
ed

, f
pm
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Coolant System Requirements
The coolant flow is to be number of packing cases x 1 US gallon per minute, minimum for 
each inch of piston rod diameter (No. cases x 0.149 L/min for each mm of piston rod diame-
ter). Based on using a treated 50/50% water/glycol solution. 

Example: JGJ/2 with 1.5 inches (38.1 mm) diameter piston rod. 2 x 1 x 1.5 = 3 gallons per 
minute (2 x 0.149 x 38.1 = 11.3 L per minute). 

The cooler should be sized for number of cases x 70 BTU/minute/inch of rod diameter (No. 
cases x 31.3 kW/mm of rod diameter). The pressure drop across the system is to be greater 
than 30 psi (2.1 bar). The coolant into the packing is not to exceed 130°F maximum (54°C 
max.). A lower coolant temperature will increase the amount of heat that can be transferred to 
the coolant. A lower coolant temperature is better in high pressure applications. 

The following is a schematic of a typical packing cooling system:

FIGURE 4-7: WATER COOLED PACKING CASE

Cool Out

Cool In

Cool In

Coolant Flow

Cool Out
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Dry Sump Applications
Compressor applications subject to roll and yaw on board a ship or a floating platform may 
require a dry sump (“dry” crankcase and separate oil reservoir); see table below for limits. The 
table limits are based on the angle where running gear will contact the oil level causing foam-
ing with the running oil level being maintained between one half and two-thirds the height of 
the sight glass if the frame was level.

FIGURE 4-8: PACKING COOLING SYSTEM - TYPICAL

TABLE 4-5: LIMITS REQUIRING A DRY SUMP IN TRANSIENT MOTION

FRAMEA

A.  The JGI frame, vertical non-balanced compressor, is not to be applied offshore.

MAXIMUM ANGLE DEGREES FROM LEVELTOLERABLE WITHOUT 
DRY SUMP

THROWS: 1 OR 2 4 6
JGM:N:P:Q 4° N/A N/A

JG 4° 2.5° N/A
JGA 6.5° 3.5° 2°

JGW:R 1° Use Dry Sump N/A
JGJ 4° 1° Use Dry Sump
JGH 3.5° 2° N/A

JGE:T 4° 1.5° 1°
JGK 1° Use Dry Sump Use Dry Sump
JGC 4° 1° Use Dry Sump
JGD 5.5° 2.5° 1°

JGZ:U 7° 4° 2.5°
JGB N/A 4° 2.5°
JGV N/A 3° 1.5°

Packing 
Case

Packing 
Case

PI = Pressure Indicator
TI = Temperature Indicator
FI = Flow Indicator

Coolant Circu-
lating Pump

Cooler

Throttling/Iso-
lation Valves
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
With a dry sump, drains are supplied at each end of the compressor frame and an additional 
oil pump chain oiler is provided by Ariel. The packager must provide a lube oil reservoir sized 
and located so that the oil pump has oil suction regardless of the tilt of the ship or floating plat-
form. An oil sump strainer must be installed in the pump suction line at the outlet of the sepa-
rate lube oil reservoir (unmounted strainer is provided by Ariel with a new dry sump 
compressor). Refer to the Ariel outline drawings for connection sizes and locations.

FIGURE 4-9: FRAME LUBE OIL SYSTEM SCHEMATIC - TYPICAL OPTIONAL DRY 
SUMP

Typical Dry Sump Design (“Dry” Crankcase) - 
All Piping, Components & Design By Packager

- From Drive End of Frame
Piping & Components By 
Packager

Install Check Valve (8) if 
over 3 Ft. (0.9 m) Vertical 
Run to Oil Sump (9)

By Ariel
By Packager

Oil Connections (See Ariel Outline Drawing for Details)
A1 Packager Connection from Compressor Driven Oil Pump
A2 Packager Connection to Oil Filter
A3 Packager Connection - Oil from Compressor Crankcase
A4 Lube Oil Compressor-Inlet-Connection to Gallery Tube. Oil 

Flows to the Crankshaft Main Bearings and through Drilled 
holes in the Crankshaft to Connecting Rod Bearings. From 
there, through Drilled Holes in the Connecting Rods to the 
Crosshead Pins and Crosshead Bushings.

A5 Pressure Regulating Valve Return Connection to Crank-
case, when applicable on some models

A6 Filter Vent Return Connection to the Crankcase, when appli-
cable on some models

A7 Oil Tubing Connections from Frame Gallery Tube to Top & 
Bottom of the Crosshead Guides to Lubricate Crossheads

A8 Compressor Crankcase Oil Drain

System Components
1. Y - Strainer - Required (supplied unmounted by Ariel)
2. Compressor Driven Oil Pump (w/ Safety Relief Valve - 

used as a pressure regulating valve, or for some 
models when a separate regulating valve (6) is pro-
vided, as a relief valve)

3. Thermostatic Control Valve, 170°F (77°C) nominal 
rating - Required (available as an option from Ariel)

4. Pre-Lube Oil Pump - Required (with oil heating circuit 
when applicable)

5. Oil Filter
6. Pressure Regulating Valve (w/ Overflow Return to 

Crankcase), when applicable for some models
7. Oil Cooler - Required
8. Check Valve
9. Separate Lube Oil Reservoir (Oil Sump) - Required

Thermostatic control valve (3) 
configuration may vary from this 
schematic, depending on valve 
size. In mixing mode, B connec-
tion is lube oil from main oil 
pump with tee connection to 
lube oil cooler inlet, C is from 
lube oil cooler outlet and A is to 
main oil filter. Valve connections 
A-B-C are marked on the valve.

Packager Connection to Compressor 
Driven Oil Pump
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Oil System Cleanliness
The compressor frame oil piping system and components are to be free of foreign matter 
including, but not limited to dirt, sand, rust, mill scale, metal chips, weld spatter, grease and 
paint. It is recommended that a commercial pipe cleaning service be used to clean the oil pip-
ing system. If that is not practical, proper cleaning procedures using cleaners, acids, and/or 
mechanical cleaning are to be used to meet the cleanliness requirements. Cleaning by-prod-
ucts are to be properly disposed; a disposal service is recommended. It is also recommended 
that all oil-piping systems be flushed using an electric or pneumatic driven pump and filtered 
clean production oil. All compressor frame cavities are thoroughly cleaned prior to assembly 
and compressors are test run with a filtered closed loop lube system at the Ariel factory.

For all compressors that are installed with an electric or pneumatic powered pre-lube pump, 
which have less than 50 feet (15 m) of oil piping are to be flushed as follows, prior to starting 
the compressor. The cooler oil passages are to be included in the flushing loop. Oil systems 
for compressors without an electric or pneumatic powered pre-lube pump, which have less 
than 50 feet (15 m) of oil piping, must be clean and while oil flushing is desirable for these sys-
tems, it is not a requirement.

Prior to assembling the lube oil piping remove scale, weld slag, rust and any other matter that 
could contaminate the lube oil.

Confirm:

• The entire lube oil system is complete and closed.
• The crankcase is filled to the correct level with the appropriate oil.
• The proper lube oil filters are installed correctly.
• The oil pressure transducer or gauge, oil filter differential-pressure transducers or 

gauges, and oil temperature RTD or indicator are operational and values are viewable.
Start the pre-lube pump, record the oil pressure, oil filter differential-pressure and oil tempera-
ture. Minimum measured oil pressure should be 30 psig (2.1 barg) for effective flushing. Do 
not exceed 90 psig (6.2 barg). 

A continuous hour of pre-lube flushing time must be achieved with an oil filter differential-pres-
sure increase less than 10% of the measured oil pressure into the filter. Record the oil pres-
sure, oil filter differential pressure and oil temperature at 15 minute intervals. If the oil 
temperature increase is greater than 10°F (5.5°C) during an hour of run time, it is not a valid 
test of system cleanliness, due to oil viscosity change.

If the differential pressure or temperature increases exceed the limits in the paragraph above, 
after an hour of pre-lube flushing, continue the flushing operation. Whenever the lube oil filter 
differential pressure exceeds the change filter limits, stop the pre-lube pump and change the 
oil filter. Re-set time and continue the flushing operation until a continuous hour of flushing 
time is achieved within the differential pressure and temperature increase limits to ensure sys-
tem cleanliness.

For all compressors with an oil piping system greater than 50 feet (15 m), cleaning and flush-
ing must result in a cleanliness level to ISO-4406, Grade 13/10/9 and/or NAS-1638, Class 5 
(reference Tables below), prior to starting the compressor. 
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
See Tables below and ISO-4406 "International Standard - Hydraulic fluid power - Fluids - 
Method for coding level of contamination by solid particles" and/or NAS-1638 "National Aero-
space Standard, Aerospace Industries Association of America, Inc. - Cleanliness Require-
ments for Parts Used in Hydraulic Systems" for complete information. Utilize a competent oil 
laboratory for sample testing.

Force Feed Lubrication System - Description
The force feed lubrication system provides oil to the compressor cylinders and the piston rod 
packings.

Oil is supplied to the 150 micron sintered bronze filter on the suction side of the force feed lu-
bricator pump directly from the pressure side of the frame lube oil system, or from an overhead 
tank. Oil from the filter is supplied to a header and to the lubricator pumps on the lubricator box.

The lubricator box has its own oil reservoir to lubricate the worm gear and cam. The reservoir 
is self-contained and is not fed by the lube oil system. A sight glass on the lubricator box will 
show the oil level in the lubicator reservoir.

There are 1/4 inch tube fitting connections in the discharge lines near the force feed lubricator 
pumps through which the force feed lubrication system may be primed.

Next in the discharge lines are blow-out (rupture) disks. If there is a blockage in the system, 
the pressure build-up will rupture the disks. Venting the system through the blow-out disk caus-
es the no-flow shutdown switch to close.

The oil then travels to the distribution blocks. It is here that the lubricating oil is apportioned to 
provide the exact amounts to the cylinders and packings. The pistons in the intermediate sec-
tions of the distribution block move back and forth in a continuous cycle, forcing lubricant suc-
cessively through the several outlets as long as lubricant is supplied under pressure at the inlet. 

TABLE 4-6: OIL FLUSHING CLEANLINESS REQUIREMENTS

ISO-4406 Grade 13/10/9
Grade Requirements Particle Size

µm/mL Oil Sample
Number Particles Allowed

/13 Greater than 4 40 to 80
/10 Greater than 6 5 to 10
/9 Greater than 14 2.5 to 5

NAS-1638 Grade 5
Particle Size Range

µm/100mL Oil Sample
Grade 5

Maximum Number Particles
5 to 15 8,000
15 to 25 1,424
25 to 50 253

50 to 100 45
Over 100 8
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Each outlet has a check valve to prevent oil from backing up in the block. An indicator on the 
block shows the rate at which the block is cycling.

From the distribution blocks, oil travels to the cylinders and packings. The system provides 1 
inch min. (25 mm) of head at the guide and cylinder inlets to help ensure long check valve life.

Some of the oil to the packing travels through to the cylinders, but the bulk of it is drained out 
through the pressure vent/drain fitting on the bottom of the crosshead guide and through the 
atmospheric drain also in the bottom of the guide.

An oil level control valve, supplied by the packager and mounted on the skid, maintains proper 
level in the crankcase sump to replace oil used in cylinder lubrication.

Force Feed Lubricator Adjustment
See instructions under “Force Feed Lubricator Adjustment” in Technical Manual Section 3.

NOTE: THE FORCE FEED SYSTEM MUST HAVE A BLOW-OUT FITTING WITH A PROP-
ERLY RATED RUPTURE DISK, INSTALLED BETWEEN THE FORCE FEED 
LUBRICATOR PUMP AND THE NO-FLOW SHUTDOWN. THE DISK COLOR 
SHOULD SHOW AT THE FITTING BLOW-OUT HOLE. THE FORCE FEED SYS-
TEM MUST HAVE A WORKING NO-FLOW SHUTDOWN SET TO ACTUATE 
WITHIN THREE TO FIVE MINUTES AFTER INTERRUPTION OF THE LUBRICA-
TOR OIL FLOW.

CAUTION!: USE A MIRROR TO VISUALLY INSPECT FOR RUPTURE DISK COLOR, IF 
THE FORCE FEED SYSTEM IS PRESSURIZED. A RUPTURING DISK OR 
HIGH PRESSURE OIL CAN POTENTIALLY CAUSE PERSONAL INJURY. 

Blow-Out Fittings, Rupture Disks and Tubing
TABLE 4-7: BLOW-OUT FITTINGS, REPLACEMENT RUPTURE DISKS & TUBING

BLOW-OUT 
FITTINGA

A. Be sure to apply the proper rupture disk to match your blow-out fitting type (see Figure 4-10: on 
page 4-29 and Figure 4-11: on page 4-29), and application pressure. Generally the rupture disk 
should be rated about 1000 psig (70 barg) greater than the highest MAWP cylinder.

REPLACEMENT RUPTURE DISKB

B. See Technical Manual Section 1, Fastener Tightening Values Table or the toolbox torque tables 
(ER-63) for blow-out fitting cap tightening torque. Do not over tighten cap or blow-out pressure 
can be reduced.

STANDARD TUBING - 304 SSC

TYPE ARIEL
P/N

RATING
psig (barg) ARIEL P/N COLOR SIZE

in. (mm)
RATING

 psig (barg)
ARIEL

P/N

Lincoln A-0080 3250 (224) A-0124 Purple 1/4 x 0.035
wall

(6.4 x 0.9)
5100 (352) PT0200CBLubriquip A-3531 3700 (255) A-3536 Yellow

Lubriquip A-3532 4600 (317) A-3537 Red
Lubriquip A-3533 5500 (379) A-3538 Orange 1/4 x 0.065

wall
(6.4 x 1.7)

10,200 (703) PT0201CDLubriquip A-3534 6400 (441) A-3539 PinkD

Lubriquip A-3535 7300 (503) A-3540 Blue
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C. All tubing down stream from a force feed pump for a pump circuit rated 5500 psig (380 barg) or 
greater (orange, pink and blue disks), that is circuits with any cylinders greater than 3600 psig 
MAWP (248 barg), should be 1/4 inch x 0.065 (6.4 x1.7 mm) heavy wall stainless steel high pres-
sure tubing. Rated tubing pressures are calculated from equations in ASME/ANSI B31.3 code 
for pressure piping, based on maximum outside diameter and minimum wall thickness. When 
grade 316 stainless steel tubing is specified on new compressor sales orders, 1/4 inch x 0.065 
(6.4 x 1.7 mm) tubing is provided, regardless of rupture disk or cylinder ratings.

D. Color code changed to pink (3/20/05) was uncoated aluminum.

FIGURE 4-10: LINCOLN ST. LOUIS BLOW-OUT FITTING ASSEMBLY

FIGURE 4-11: LUBRIQUIP BLOW-OUT FITTING ASSEMBLY

1/4 inch (6 mm) Diameter 
Blow-Out Hole

Fitting

Cap

Rupture Disk

1/8 inch (3 mm) Diameter 
Blow-Out Hole

Cap

Fitting

Rupture Disk
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Divider Valves

NOTE: REFER TO PARTS BOOK FOR THE FRAME BEING SERVICED FOR ASSEMBLY 
DRAWINGS, PARTS LIST AND REPAIR KITS THAT ARE AVAILABLE FOR 
DIVIDER VALVES.

Description
Divider valves are comprised of three to eight valve blocks fastened to a segmented baseplate. 
O-rings are used to seal between the valve blocks and the base plate and between the base 
plate segments. These divider valves are used in a single line, progressive lubrication system 
and can be used for dispensing oil or grease. Valves and base plate segments are supplied 
with Viton O-rings (90 Durometer).

Check valves are installed at the outlets of all lube ports.

Valve blocks containing metering pistons discharge a predetermined amount of lubricant with 
each cycle. Valve blocks can be single or twin and can be externally singled or cross-ported. 
Outlets not to be used when singling or cross-porting must be plugged.

A by-pass block can be used in any position on the base plate. The use of a by-pass block al-
lows the addition or deletion of lubrication points without disturbing existing tubing. Both outlets 

FIGURE 4-12: DIVIDER VALVES DISTRIBUTION BLOCK - TYPICAL

Inlet Block

Intermediate 
Blocks

Discharge Port (Outlet)  
Correct Port Position is Off-
Center Toward Inlet Block

End Block

Inlet

Cross 
Port Plate

Divider Valve 
Block

Piston

O-Rings

Check Valve

Tie Rod

Distribution Block Divider 
Valve - Cap Screw
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
under a by-pass block must be plugged.

The valve blocks and by-pass blocks are fastened to a base plate mounted on the machine to 
be lubricated. The base plate contains the divider valve's inlet and outlet connections, interre-
lated passageways and built-in check valves. All piping of lubricant to and from the divider 
valve is connected to the base plate.

The base plate consists of one inlet block, three to eight intermediate blocks, one end block 
and three tie rods. O-ring seals are included with the base plate segments. The valve block 
capacity of each base plate is dependent upon the number of intermediate blocks in the base-
plate. There must be a minimum of three working valves on each valve and base plate assem-
bly.

Divider Valve Block Assembly Instructions
1. Screw three tie rods into inlet block until ends are flush with surface of block. Ref-

erence Figure 4-12: on page 4-30.
2. Slide intermediate blocks onto tie rods being sure that all O-rings are installed, 

and the discharge ports are off center toward the inlet block.
3. Slide end block onto tie rods.
4. Lay base plate assembly on flat surface and tighten nuts to the torque value given 

in Section 1.
5. Mount divider valves with O-rings onto base plate and tightening mounting cap 

screws to the torque value given in Section 1, in alternating steps.

Operation - (see Figure 4-13: and Figure 4-14:)
The inlet passageway is connected to all piston bores at all times with only one piston free to 
move at any one time. All outlets are provided with check valves. 

As section 3 piston moves to the right, to position all pistons at the far right, lubricant flows to 
Outlet 6, see illustration 1. In this position, high pressure lubricant from the inlet through inter-
connecting passages flows against the right end of the section 1 piston.

Lubricant flow shifts section 1 piston from right to left dispensing lubricant to Outlet 1 (see illus-
trations 2 & 3). Section 1 piston shift directs lubricant flow against the right side of section 2 
piston (see illustration 3).

Lubricant flow shifts section 2 piston from right to left dispensing lubricant to Outlet 2 (see illus-
trations 4 & 5). Section 2 piston shift directs lubricant flow against the right side of section 3 
piston (see illustration 5)

Lubricant flow shifts section 3 piston from right to left dispensing lube to Outlet 3 (see illustra-
tions 6 & 7). Section 3 piston shift directs lubricant flow against the left side of section 1 piston 
(see illustration 7).

Lubricant flow against left side of section 1 piston begins the second half-cycle which shifts pis-
tons from left to right dispensing lubricant through Outlets 4, 5 and 6 of the divider valve (see 
illustrations 8 through 12 and illustration 1).
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If pistons refuse to move, bleed off pressure on divider block and check for air lock in one or 
more valve ports by manually shifting a piston from right to left. Remove end plug and push 
piston with a clean soft rod that will not damage the bore.
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FIGURE 4-13: DIVIDER VALVE OPERATION SCHEMATIC - 1 THROUGH 6
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FIGURE 4-14: DIVIDER VALVE OPERATION SCHEMATIC - 7 THROUGH 12
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Pressure Testing For Divider Valve By-Passing
Divider valve piston to bore are metal to metal sealing surfaces. Lubricant by-passing can 
result from excessive clearance between the piston and bore due to wear. Pressure test all 
divider blocks that are in service yearly, and replace any divider valves that fail to pass. Test-
ing helps to ensure the piston to bore clearances are close enough to build adequate pres-
sure to force oil into the injection point. All new Ariel divider valves are provided pressure 
tested by the supplier.

To test divider blocks for valve by-passing, a manual purge pump equipped with a pressure 
gauge, and capable of developing 5000 psig (350 barg) is necessary. Such a force feed lubri-
cation hand purge pump with a pressure gauge is available from Ariel as an optional purchase 
tool. For pressure testing the divider block use a 10-weight oil at room temperature to simu-
late a hot lubricant. Test each divider block assembly complete with pin indicators installed. 
Test only one divider valve at a time. 

Place the divider block assembly in an open container with all base outlets open. Connect the 
purge pump to the inlet of the divider block assembly. Operate the purge pump to cycle the 
divider block several times to purge air from the assembly and verify that oil will flow freely 
from all outlets. Divider blocks should cycle at less than 300 psig (21 barg). See Figure 4-15: 
“Divider Block All Outlets Open”.

Divider valves stamped with a “T” are to have only one outlet on the base plugged during test-
ing of that side of the piston. Each base outlet of the divider valves stamped with a “T” must 
be plugged and tested one side at a time. See Figure 4-15: “Testing “T” Divider Valve”. Indi-
vidual testing of each outlet ensures both sides of the piston will build adequate pressure. All 
divider valves stamped with an “S” on the front are to have both outlets on the base plugged 
to test for by-passing. See Figure 4-15: “Testing “S” Divider Valve”. This will test both sides of 
the piston at the same time.

Plug the outlet on the base behind the divider valve being tested with a 1/8 inch pipe plug. If a 
tubing fitting is installed in the base, plug the fitting with a tubing plug. Leave all other outlets 
open. Operate the purge gun until the pressure gauge indicates 3000 psig (207 barg). The 
block may cycle once or twice, but should pressurize to 3500 psig (241 barg) immediately. 
Stop pumping oil into the divider block at 3500 psig (241 barg). Check the plug(s) in the dis-
charge outlet(s) to confirm there are no external leaks. If the pressure gauge on the purge gun 
drops suddenly and oil squirts from the other outlets, a by-pass condition exists. The piston is 
worn and is allowing oil to by-pass. The pressure gauge should not lose more than 1000 psig 
(69 barg) during a 30-second test period. Note: Testing the divider blocks at higher pressures 
is necessary if the application dictates a higher system operating pressure.

If a divider valve does not pass, it must be replaced. Discard worn divider valves. If the tested 
valve does not lose more than 1000 psig (69 barg) in 30 seconds, relieve the pressure, move 
the plug to the next outlet and repeat the test for all divider valves. When divider valves have 
passed pressure testing to this procedure or have been replaced, a divider block may be 
reassembled, purged with the proper force feed lubricant being used and put into service.

By the nature of this divider block pressure testing procedure, in a static position through the 
divider valves above, it is not infallible. Periodic testing for proper lubrication rates in the cylin-
der bore and/or aftermarket devices that measure flow are recommended.
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Electronic Lubricator Fluid-Flow Monitor/No-Flow Timer 
Switch - Proflo
The Proflo is a battery powered programmable electronic microprocessor-based switch used 
to sense slow-flow or no-flow conditions in the compressor cylinder force feed lubrication sys-
tem to facilitate alarm and/or shutdown. It also has many features that can help ease the oper-
ation of the force feed lube system by allowing accurate monitoring of the cycle time and 
system performance. This information may be used to optimize force feed lube and reduce 
operating costs. The Proflo fluid-flow monitor is shown in Figure 4-16: below.

If a DNFT (electronic-lubricator digital no-flow timer switch) is supplied in lieu of a Proflo, see 
“Electronic-Lubricator Digital No-Flow Timer Switch - DNFT” on Page 4-46.

The Proflo monitor works through a magnetic pin that cycles back and forth as the divider valve 
piston moves. The magnetic pin housing is normally screwed into the divider valve block, the 
monitor box housing slides on to the pin housing and is held in place by two (2) hexagon-socket 
set screws.

FIGURE 4-15: PRESSURE TESTING DIVIDER BLOCKS

Testing “T” Divider ValveDivider Block All Outlets Open Testing “S” Divider Valve

Base Outlets 
Open - Oil Flow-
ing Freely

Manual Purge Pump

Divider Block w/
     “S” Valve

Divider Block 
Inlet

Plugged to 
Test One Side 
of a “T” Valve - 
All Other Out-
lets Open

Both Sides 
Plugged to 
Test a “S” 
Valve - All 
Other Out-
lets Open
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The front face of the monitor box housing has a liquid crystal display (LCD) window to provide 
a visual indication of the following:

1. Total operating time of the force feed lube system in hours.
2. "Average", "Last" and "Current" cycle time of the divider block in seconds.
3. Total divider block cycles.
4. Remaining battery power life in percent.
5. Alarm set time for no-flow indication (programmable 30 to 240 seconds).
6. Alarm wiring mode: Normally Open or Normally Closed.

Proflo Monitor wiring identification and instructions for elec-
tronic indication:
NOTE: IF THE PULSE OUTPUT (BLUE WIRES) AND ALARM CIRCUIT (RED WIRES) 

ARE TO BE USED AT THE SAME TIME, PLEASE REFER TO “Proflo - Using 
Pulse Output and Alarm Circuit at Same Time:” on Page 4-43.

Blue Wires: 

Pulse output. The two (2) blue wires can be used to send a transistor pulse output for each 
divider block cycle to a PLC (Programmable Logic Controller), Scada System, Digital Counter 
or Digital Control Panel. Maximum switching load is 36 Vdc @ 500mA. Insulate blue wire 
ends from each other and conduit or compressor ground when not in use. Pulse duration 
is 500 milliseconds. Switch output operation: Pulse represents 1 divider block cycle or period. 

White Wires: 

FIGURE 4-16: Electronic Lubricator Fluid-Flow Monitor & No-Flow Timer 
Switch - Proflo

Magnetic Pin Housing - 
Attaches to Divider Block

 

(2) 1/4” x 20 Set Screws

Liquid Crystal Display 
(LCD) Window

Infrared Wireless Connection 
IrDA Port for Downloading 
Data to a Palm Pilot Type 
Hand Held Computer

Ariel Part Number 
A-11295

Mode Button

Set Button
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Switch input. Remote mounting Proflo display. The two (2) white wires can be connected 
to a dry contact proximity switch. This allows remote mounting of the monitor box housing in a 
convenient location on the compressor frame or in the control panel. Ariel recommends dis-
tance between proximity switch and the panel mounted Proflo should not exceed 600 feet (183 
m). Please refer to Proflo operating notes for more information.   Insulate white wire ends, 
from each other and from ground, when not in use. For panel mount kit, see “Proflo Acces-
sories Available From CCT:” on Page 4-45. 

Red Wires: 

Alarm switch output. The two (2) red wires are for a no-flow alarm contact. This can be used 
for alarm or shutdown no-flow indication at a control panel. When the divider block cycles this 
contact closes when in Normally Closed (NC) operation and opens when in Normally Open 
(NO) operation. The contact returns to static state when the preset timer times out. Switching 
Capacity: 36 Vdc @ 500 mA max. Insulate red wire ends from each other and from ground 
when not in use. This output operation is programmable as NO or NC. Ariel recommends us-
ing a NC system for fail-safe operation. Red wires are not polarity sensitive. See “Proflo Nor-
mally Open and Normally Closed Definition:” on Page 4-42.

Green Wire:

The green wire must be securely grounded to an "earth ground" on the compressor frame or 
in the control panel. Do not ground to the electrical conduit. Improper grounding can result in 
unreliable operation of the monitor.

NOTE: TO SWITCH TO 120/240 VAC LOAD USING THE PROFLO OUTPUTS, A RELAY 
INTERFACE MUST BE USED. SEE “Proflo Accessories Available From CCT:” 
ON PAGE 4-45.

Proflo Button Operation:
Following is a description of how an operator can use the Proflo buttons.

1. First push set button on the front of the monitor box housing to clear ALARM and 
the LCD will display LAST and AVE.   When this is done the alarm output contact 
will go to the as running state. If the operation is set to NC then the output alarm 
contact will close.
LAST is the last divider block cycle time in seconds. 
AVG is the average time of the last six (6) divider block cycles in seconds.

2. Push the mode button once and the LCD will display NOW. 
NOW is the current divider block cycle time in seconds.
This mode allows the operator to accurately change the cycle time by adjusting 
the force feed lubricator pump. Break-in and normal lube timing in seconds per 
cycle is given on the force feed lubricator data plate on the lubricator box at maxi-
mum rated speed, based on the gas operating conditions provided to Ariel (or 
clean, dry 0.65 S.G. sweet natural gas, rated speed and discharge pressures if no 
conditions were provided), when plate was installed. At reduced compressor 
speeds cycle time may be increased in a directly proportional relationship. At 50% 
rated speed the lube cycle time is doubled (see lube sheets provided in the Ariel 
Parts Manual for table of speeds vs. cycle timing). 

3. Push the mode button again and the LCD will display RUN TIME.
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RUN TIME is the total run time of the lube system in hours since the last reset.
4. Push the mode button a third time and the LCD will display CYCLE TOTAL.

CYCLE TOTAL is the total divider block cycles since the last reset.
5. Push the mode button a fourth time and the LCD will display BATTERY - PCNT If 

battery voltage drops below safe operating levels the monitor will go into ALARM 
mode.
BATTERY - PCNT indicates percent of remaining battery life. 

The display mode will change to alarm when the Proflo goes into alarm. The display will default 
to LAST and AVG display when the divider block is cycling.

Downloading Proflo Data:
A hand held Palm operating system computer equipped with an infrared (IrDA) port and run-
ning Palm Operating System can be used to interface with the Proflo. CCT Fluid Flow Trending 
(FFT) software can be used to download operating data. Using this feature is not essential for 
compressor operation, but recommended for evaluating the force feed lube operation and re-
ducing operating costs. See “Proflo Accessories Available From CCT:” on Page 4-45, for more 
info on the FFT software. The following information may be obtained: 

1. Oil consumption for each 30-minute interval, of compressor operation. 
2. Days of over and under lubrication. 
3. Total oil consumption of compressor lube system
4. Daily and total lost dollars (US) for over lubricating. 
5. Total divider block cycles, 
6. Total run time of the compressor. 

The Proflo monitor can store one year’s worth of operating data in a first in, first out (FIFO) 
memory.

The FFT software can be used to reset Proflo memory. The reset time and date is recorded to 
the Proflo's Electrical Erasable Programmable Read Only Memory, (EEPROM).

To start the download push the SET button then push the mode button 5 times until the LCD 
displays SEND DATA? then push the SET button.   Set the FFT software to accept the Proflo 
data and hold the handheld computer in a position to communicate with the IrDA port. The LCD 
will display SENDING. If there is no devise to receive the data the LCD will display FAILURE 
and after 30 seconds return to LAST and AVG default display.

The software provides for conversion to Microsoft Excel files for trending and graphing.

Hand held Palm operating system computers are available at most electronic or discount 
stores or on the Internet.

For more details on this product and other Proflo accessories, see the Ariel web at          
www.arielcorp.com and/or contact your packager or Ariel.

Proflo Setup Alarm Time and Mode:
To setup the Alarm contact output operation, red wires, first push the SET button. Push mode 
button six (6) times until LCD displays SETUP?. Push SET button and the LCD will scroll to 1. 
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SET ALARM TIME. Push and release set button to change alarm-shutdown from 30 to 240 
seconds. When the compressors leave Ariel this time is set to 120 seconds. Ariel recom-
mends setting the alarm time to 2 times the normal cycle time rounded up to the nearest 
5 seconds. This time should not be less than 30 seconds or greater than 180 seconds. 
Normal design cycle time can be found on a nameplate on the lube oil pump box.

The control system must be configured to shutdown the compressor for a no-flow indication. 
Push the mode button, two (2) more times and the LCD will scroll to SET ALARM MODE. Push 
set button to toggle from N/O normally open or N/C normally closed. Ariel recommends using 
the NC operation.

After wiring mode is set the monitor will automatically return to the LAST and AVG display in 
30 seconds.

Proflo Battery Replacement:

Remove the six (6) Phillips 4-40 x 3/16 screws located in the battery cover on the back of the 
monitor box housing. The hole drilling will also accept 4-40 x 1/4 screws. Remove cover and 
gasket. Remove old batteries; remove clear plastic protective sleeves from old batteries and 
save sleeves. Discard old batteries in a responsible manner. Reinstall the plastic sleeves on 
two (2) new standard AA alkaline batteries and insert new batteries into the battery holder at 
the back of the monitor. Be sure that batteries are fresh, not scratched, and the negative/pos-
itive orientation is correct as installed. Re-assemble gasket, cover and screws. Do not over 
tighten screws. After replacing the batteries, press the mode button until LCD displays BAT-
TERY, to allow monitor to check battery power and reset to actual remaining battery power.

All trending and configuration data are stored in the Proflo's EEPROM. Memory is not lost due 
to battery failure or battery replacement.

Proper battery installation is important. The outer case of AA batteries is the positive terminal 
of the battery. If the outer cover of the battery is scratched and touches the metal battery holder 
the battery will run down very quickly.   The Proflo will display LOW BATT. Under this condition 
it is possible for one battery to completely run down and the second battery to reverse charge. 
To correct this, ensure installed batteries are not scratched and the plastic covers are installed 
on the new batteries. The protective plastic cover on the batteries and the gasket on the bottom 
of the cover ensure a tight battery fit. If the batteries are not installed tightly the vibrating com-
pressor can cause a premature battery failure.

Warranty will be voided if the Proflo faceplate is removed. This does not apply to the bat-

CAUTION
EXPLOSION HAZARD. DISCONNECT/LOCKOUT ELECTRICAL 
POWER TO CONTROL CIRCUITS BEFORE REMOVING BAT-
TERY COVER. BATTERIES MUST ONLY BE CHANGED IN A 
NON-HAZARDOUS AREA.

!
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tery cover.

Proflo Display Errors:
ALARM - Displayed when divider blocks are not cycling. This is normal when the divider block 
is not cycling. Programmed divider block cycle time has expired.

OVERLOAD - The Proflo electronics are protected using self-resetting fuses on the inputs. 
This error indicates there is a short in the wiring or the circuit is switching too large a load. To 
correct this, check wiring insulation for bare wires that are touching ground or each other. In-
sulate un-used wires or re-terminate wires. Proflo fuses will auto reset 45 seconds after a short 
is corrected.

LOW BATT - Indicates the batteries need to be changed.   Refer to “Proflo Battery Replace-
ment:” on Page 4-40.

RESET x - This is an internal Proflo fault, the alarm condition will not be issued. The Proflo is 
still counting divider block cycles and controlling the inputs and outputs. When the divider block 
is cycling the Proflo counts pulses and measures the time between divider block cycles. At 30-
minute intervals the processor takes the data stored in memory and writes this to the on board 
EEPROMS. If there is a problem with this the Proflo will issue a Reset error.

Try to correct the problem by: 

1. Removing Proflo batteries.
2. Hold down the set button for 45 seconds. Holding the set button discharges inter-

nal capacitors and ensures a complete reset.
3. Re-insert the batteries to reboot the Proflo.

*If the error was a one-time problem the Proflo will reboot as normal.
*If on reboot the diagnostics detect an error, the Proflo will display the constant 
RESET error again. Replace the Proflo and contact Ariel Corporation. Sometimes 
on reboot the Proflo will flash reset. This is normal.

RESET 1 -The Proflo processor was not able to determine if the EEPROM contains valid con-
figuration information. Reset 1 is most likely to occur after a RESET 3 is reported.   Upon Proflo 
reboot the stored configuration data will be lost and the programmed information will need to 
be reentered.

RESET 2 - The Proflo processor was not able to determine if any data has been stored or 
where the next data should go. Upon Proflo reboot the stored data will be lost. Configuration 
data will still be there and the programmed information will not need to be reentered.

RESET 3 - This is an internal Proflo fault. The Proflo processor tried and failed three resets. 
The most likely cause is failure to write to the EEPROM.

NOTE: THE MOST LIKELY CAUSE OF RESET ERRORS IS MOISTURE ON THE PROFLO 
CIRCUIT BOARD. SEVERAL DESIGN PRECAUTIONS HAVE BEEN TAKEN TO 
KEEP WATER AND MOISTURE OUT OF THE CIRCUIT BOARD CHAMBER. 
THESE INCLUDE: 

1. The Proflo housing has been completely sealed in a low humidity room and will 
survive a 2300 psi (160 bar) power wash.   
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2. There is a desiccant pack in the circuit board chamber.
3. The circuit boards have a protective conformal coating.   

Proflo Operation Notes:
1. If the alarm output is set for NC operation and the batteries are removed or go 

dead the Proflo will open the alarm contact. If the alarm operation is set to NO 
operation and the batteries are removed the alarm contact will remain in the open 
condition and the control system will not be told to alarm. For this reason Ariel rec-
ommends using the NC contact operation.

2. Proflo Default programmable settings.   
This is as delivered to Ariel or reset using the FFT software. 
Alarm trip time = 120 seconds
NC/NO settings = NO or non-fail safe
Ariel shop work instructions set outputs to:
Alarm trip time = 120 seconds
NC/NO settings = NC or fail-safe
Please see “Proflo Normally Open and Normally Closed Definition:” on Page 4-42.
Also see “Proflo Setup Alarm Time and Mode:” on Page 4-39.

3. Remote mounted Proflo and proximity switch. The Proflo will excite the proximity 
switch circuit with 3 volt battery power to detect the state of the proximity switch.   
Ariel has defined a maximum wire distance between the proximity switch and the 
remote mounted Proflo:
Maximum DistanceCondition
600 feet (183 m)Using standard Proflo batteries
10,000 feet (3050 m)Powering Proflo from other power source
The above distances are conservatively calculated based on the following 
assumptions/considerations:
1. Standard 22 gage instrumentation wire at 68°F (20°C) in a continuous run.
2. Not significantly degrading battery life.
No electrical noise injected into wire run.
If the Proflo is to be panel mounted, Ariel recommends removing the batteries and 
using the power supply from CCT. See “Proflo Accessories Available From CCT:” 
on Page 4-45.

4. The Proflo will record any setup changes to the EEPROM. 
5. The white wires on the Proflo can be used for other applications than reading 

divider block cycle times. The Proflo can record history of any dry contact switch. 
Example: history of a liquid dump valve, history of a high temperature switch, his-
tory of a valve limit switch. 

6. The Proflo electronics is equipped with reverse polarity protection/correction. The 
electronics will automatically correct a reverse polarity output connection on both 
the pulse and alarm outputs.

Proflo Normally Open and Normally Closed Definition:
There has been some confusion among PLC programmers and electrical people over the def-
inition of Normally Open (NO) and Normally Closed (NC) as applied to the DNFT.   Most elec-
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trical components define NO or NC operation as the default state or on the shelf state. 
Example: A NO solenoid valve is open when the coil is not energized. When the coil is ener-
gized the valve will close. A NC solenoid valve is closed when the coil is not energized. When 
the coil is energized the valve will open. This logic is not used when defining the DNFT or Proflo 
electrical contacts. The DNFT and the Proflo use the same definition of NO and NC switch con-
tacts. Definitions for Proflo and DNFT contact are switch states after the divider block has cy-
cled. 

NO = Normally Open when Running. Switch is open when the divider block is 
cycling. This is a non-fail-safe operation because if the unit is running and a wire 
falls off, the control system will not alarm/shutdown.
NC = Normally Closed when Running. Switch is closed when the divider block is 
cycling. This is the fail-safe operation because if the unit is running and a wire falls 
off the control system will alarm/shutdown.

Ariel recommends using Normally Closed (NC) configuration. The Ariel Proflo is provided 
from the Ariel factory programmed for NC operation. 

The reason NO and NC are defined this way is that it is easier for mechanics and operators 
who do not have an electrical background to understand the switch state when the divider block 
is cycling.

Proflo - Using Pulse Output and Alarm Circuit at Same Time:
If the control system needs to read both the block cycling, proximity switch, and the alarm con-
tact the following things must be taken into consideration.

1. The Proflo has an on board processor and data acquisition system (DAQ). The 
DAQ system records the time for each divider block cycle and stores this data to 
EEPROM. The data is accessible and can be downloaded through the Proflo 
infrared port to a Palm Operating System handheld computer with FFT software. 
Therefore, it may not be necessary to have the control system read and count the 
number of times the divider block cycles. 

2. If a PLC is used to read the pulse output, the PLC may be programmed to watch 
for the divider block cycling and issue a shutdown if the block does not cycle for a 
given time. This may eliminate the need to wire to both Proflo outputs and save on 
field wiring connections.

3. The Proflo alarm output, red wires, and the divider block cycle output, blue wires, 
are not isolated from each other. If it is necessary to read both Proflo outputs, the 
isolation must take place on the equipment that is reading the contacts. If the PLC 
input card is not isolated between channels both the alarm and pulse outputs will 
act as the alarm contact. These contacts must also be isolated from other inputs. 
See Figure 4-17: 
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4. If Isolated inputs are not an option, another way to achieve the output signal isola-
tion is to connect the alarm/shutdown contact to the safety system and install 
another proximity switch for the control system to read and calculate oil consump-
tion. Refer to the “Proflo accessories available from CCT” section below for a CCT 
proximity switch part number.

5. If Isolated PLC inputs are not an option, yet another method of achieving isolation 
between the Proflo outputs and the PLC is to wire the Proflo to the "coil" side of a 
relay. Then use the contact side of the relay to the control system. There are 
relays on the market that are very cost effective. Ariel recommends using a solid 
state type relay for long life. See Figure 4-18: 

Some relays may require a current limiting resistor to keep from shorting the power supply 
through the relay coil. Many relays have a built in current limiting circuit. It is the responsibility 
of the control system designer to choose proper relay components.

FIGURE 4-17: EXAMPLE DIAGRAM TO READ BOTH PULSE & ALARM CONTACTS

FIGURE 4-18: EXAMPLE DIAGRAM TO READ BOTH PULSE & ALARM CONTACTS - 
USING RELAYS
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Proflo - Using PLC to Calculate Oil Consumption:
Using the blue wires or the pulse output, it is possible for the control system to calculate the 
amount of oil the system uses. Following is an example of how to do this. 

0.144 x 0.0346 = 0.004987 pints/cycle
Blocks are numbers stamped into the divider blocks mounted on the compressor.
Block numbers divided by 1000 = volume, In3 (cubic inches).
x 2 are for each block moving in 1 full cycle.
0.0346 is the conversion from in3 to pints, US liquid (pints/in3).
(Divide pints by 8 = gallons, US liquid)
(Multiply gallons (US liquid) X 3.78541 = liters)
(Multiply pints (US liquid) X 0.47318 = liters)

The above calculation can be entered as a constant for each Proflo. 

The PLC can then calculate a running total by adding 0.00497 pints, in this example, to a to-
talizer the whole time the compressor is running. This information can be used to track how 
much oil the compressor is using.

Proflo Accessories Available From CCT:
The following parts are available from CCT direct. 

1. AC power supply for panel mount. 
Panel mount power supply is for safe area only.

2. Panel mount kit. This kit includes the panel mount bracket and a proximity switch.
3. Relay interface module. Use this module if you want to switch an AC load 120/240 

VAC @ 10 Amps. 
4.  Additional proximity switch.
5. Palm interface Fluid Flow Trending (FFT) software.

For more details on the Proflo and available accessories, see the vendor literature CCT on the 
Ariel web site at www.arielcorp.com and/or contact your packager or Ariel.

Example divider block:

BLOCKS IN3 X 2

12T 0.012 0.024
18T 0.018 0.036
18T 0.018 0.036
6S 0.006 0.012
18T 0.018 0.036
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Protection of Electronics & the Compressor When Arc 
Welding
Any arc welding on the skid and/or associated equipment and piping can permanently dam-
age solid-state electronic equipment. Welding can cause immediate failure or reduced life of 
such electronic equipment.

Protect the force feed lube flow monitor(s) prior to doing any arc welding (including repair 
welding) as follows: Disconnect all connections to the flow monitor including ground, and 
remove the batteries. Or completely remove the flow monitor from the compressor.

It is good practice to attach the welding ground clamp as close as possible to the area where 
the welding will occur and to use the lowest practical welder output setting. Welding must not 
cause a current flow across any compressor bearing surface, including but not limited to 
crankshaft and crosshead bearing surfaces.

Electronic-Lubricator Digital No-Flow Timer Switch - 
DNFT
When an Ariel DNFT is a microprocessor-based switch is supplied, it is used to sense no-flow 
or slow-flow conditions in the compressor cylinder lubrication system to facilitate alarm and/or 
shutdown. The DNFT also contains an amber light-emitting diode (LED) cycle indicator to pro-
vide a positive visual indication of system operation. The Ariel DNFT includes a proximity 
switch. The Ariel DNFT, usually supplied, is factory set for (3) three minutes from no-flow to 
alarm/shutdown signal and is not adjustable. Optional programmable models are also avail-
able. Introduced in September of 1996, the DNFT replaced the traditional mechanical no-flow 
switch and is optional on all new units. Since its introduction, the DNFT has undergone a 
series of design enhancements and several versions are in service. The current DNFT is 
shown in Figure 4-19:

The DNFT works through a magnetic pin which cycles back and forth as the divider valve pis-
ton moves, flashing the amber LED and indicating a complete cycle of the divider valve. The 
DNFT operates on a field-replaceable lithium battery. If battery voltage drops below normal 
operating levels, the DNFT goes into shutdown mode and compressor can not be re-started 
until battery is replaced. 

Replacing the (Field-Replaceable) Battery in the DNFT:
1. Shut down the compressor
2. Disconnect wiring and loosen set screws. Remove DNFT housing to a safe atmo-

sphere.
3. Use 3/8 inch ratchet wrench to remove the pipe plug.
4. Remove battery from the DNFT and disconnect from the polarized connector. 
5. Connect the new battery (Ariel part number A-10807 or Radio Shack 960-0418) to 

the attached polarized plug.
6. Reinsert the battery and reinstall pipe plug.
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7. Replace DNFT control housing on the magnet housing to original position and 
tighten set screws. Reattach wiring and conduit.

8. Verify the DNFT is working by pre-lubing the system and check for LED blink
See the Ariel web site - vendor literature - Whitlock for more details on DNFT’s.

Oil Head at Lube Points
The force feed system provides a minimum of 1-inch (25 mm) of oil head at lube points to ex-
tend check valve life. Where the 1-inch (25 mm) of head is not inherent, an oil trap fitting is 
provided, see Figure 4-20: below.

 NOTE: PRESSURE IN FORCE FEED LUBE LINES IS, AS A MINIMUM, 110% OF THE 
CYLINDER SUCTION GAS PRESSURE.

FIGURE 4-19: DIGITAL NO-FLOW TIMER SWITCH - (DNFT)

FIGURE 4-20: OIL HEAD TRAP FITTING
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Force Feed Lubrication System and Running Conditions

Force Feed Lubrication System
1. Check sight glass on lubricator reservoir to make sure it is properly filled with oil. 

The oil in the reservoir is used to lubricate the worm gear and cam; it does not 
flow through the system. The reservoir also catches lube pump overflow. Oil is 
added only if it becomes necessary to raise the reservoir oil level.

2. The force feed system has been filled with mineral oil at the factory. If piping has 
been removed, or if the system has been drained, it can be filled and primed 
through a 1/8 inch plug on the discharge end of the lubricator pump. 

3. Prime the force feed lubrication system just prior to starting the compressor using 
of a proper priming pump; refer to “Ariel Tools - Purchased Separately” in Techni-
cal Manual Section 7. Use clean force feed lubricating oil of same type and grade 
as being used in service. Do not use any other type or grade of fluid for priming.

4. If the unit has just been overhauled, adjust the lubricator for maximum delivery. 
Reference Technical Manual Section 5. Loosen the adjusting screw locknut. Turn 
the plunger stroke adjustment screw to the full up position. Tighten the adjusting 
screw locknut. Proper feed rate may be set after the machine is started.

5. When there are two or more pumps manifolded and feeding one distribution 
block, the best way to adjust them is equally. Start with pumps wide open, and 
adjust them together so that when the break-in cycle time is set, the pumps are 
stroking about the same. After break-in period, adjust the pumps in the same 
manner, provided that the final pump stroke is not too short. Try and keep the 
stroke greater than 20% of maximum; if set for less, the pump is not very reliable. 
If need be, one pump can be closed to stop its flow and the other pump(s) opened 
to make the “normal” cycle time, to maintain a stroke greater than 20% in the func-
tioning pump(s).

Running Conditions
When the machine is running, make sure that the oil level in the lubricator reservoir is at least 
one-half way up the sight level, but does not exceed two-thirds.

See your packager's specific data to determine the normal operating conditions, the cylinder 
working pressures, and the rated speed.

TABLE 4-8: FORCE FEED LUBRICATOR RESERVOIR OIL CAPACITY

LUBRICATOR TYPE - 
ARIEL DESIGNS US GALLONS LITERS

Single Pump 0.25 1
Dual Pump 0.5 1.75
Four Pump 0.8 3
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System Design Considerations and Operating Parameters
To optimize force-feed lubrication system operation, Ariel uses the following general guide-
lines:

1. Minimal use of “master/slave” distribution blocks in favor of lubricator pumps ded-
icated to an individual distribution block.

2. Maintain lube ratios within prescribed limits and cycle times as low as possible 
(normally 10 sec minimum) to provide each point with lubrication as frequently as 
possible.

3. Multiple pumps with manifolding are used to ensure that 150% of the normal lubri-
cation rate can be provided during break-in.

4. Pumps are not allowed to operate below 20% of full stroke, the point at which they 
become unreliable.

5. In some applications, to optimize operation of the lubrication system, a single 
divider section is used to deliver lubrication to both a packing and a cylinder.

6. In some applications, cross-porting of divider valves is used to deliver the proper 
proportion of lubricant to a given point.

Force Feed Balance Valves
Balance Valves may be used in high differential-pressure distribution-block applications to 
reduce system problems such as bypassing, no-flow switch errors or blown rupture discs. The 
force feed balance valve is shown in the figure below.

Setting and Maintaining Balance Valves
Balance valves cannot be set prior to operating the unit. Ensure that all fittings are tight and 
any known leaks have been fixed.

Purge the force feed lube system with a high-pressure hand pump, using the same injection oil 
that is used in service, to remove any trapped air or gas in the system. See Technical Manual 

FIGURE 4-21: FORCE FEED BALANCE VALVE
1/06 PAGE 4 - 49



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Section 7 for pump illustration and part number. DO NOT USE ANY OTHER FLUIDS FOR 
PURGING!

Start up the compressor and bring up to normal operating pressure. After the operating pres-
sures have stabilized, adjust the cap on the top of the balance valve if necessary. Loosen the 
locking nut on the top of the balance valve directly under the cap. Turn the cap clockwise to 
increase the pressure and counter clockwise to decrease the pressure. Retighten the locking 
nut against the cap.

Set the balance valves and maintain at approximately same pressure on each pressure 
gauge in the injection lines of the pump system affected. A system should be set and main-
tained within 500 psi (3400 kPa) total or less. The closer the individual line pressures are 
maintained, the more reliable the system will become.

Once the balance valves have been set, they should be checked 4 to 6 hours later to ensure 
the pressures have not changed and caused another imbalance. If readjustment is necessary 
the gauges should be checked again in 4 to 6 hours. If a pressure gauge in a line with a bal-
ance valve is reading more than 500 psi (3400 kPa) higher than the others, try to reduce the 
pressure on that particular injection line. If reducing the balancing pressure on the balance 
valve does not drop the pressure, then the other balance valves will need to be adjusted to 
match the highest pressure.

To set balance valves equipped with a distribution block inlet gauge only:

1. Start up the compressor and bring up to normal operating pressure. After the 
operating pressures have stabilized, with all balance valves backed off (zero 
spring load), note the highest gauge pressure reached in a complete block cycle.

2. Slowly increase the spring load on one balance valve, being careful to not exceed 
rupture disk rated pressure. Watch the gauge and if the maximum pressure 
increases, reduce the spring load until the highest pressure falls to the pressure 
noted in step 1, above. Tighten the lock nut against the cap, hand wrench tight.

3. Repeat step 2, for the remaining valve(s).
Maintain the system by recording the pressures and cycle times of the lubrication system at 
least once a day.

Checking/Adjusting Balance Valves on Subsequent Start-up
Ensure that all fittings are tight and any known leaks have been fixed. Purge the force feed 
system with a high-pressure hand pump, using the same injection oil that is used in service.

Start the compressor and bring up to normal operating pressure. After the operating pres-
sures have stabilized, check the pressure gauges to ensure the system is still balanced. If one 
or more line pressures are out of balance, wait for 2 to 3 hours to see if they become bal-
anced. DO NOT adjust the balancing valves immediately. It is possible that some lube points 
will increase in injection pressure after a short period of run time and the system will become 
balanced if it is not balanced on start up.

If a balance valve(s) was installed, but is not required, leave (or set) the spring adjustment at 
zero. If back-pressure on an unused balance valve is high enough, it may eventually begin to 
leak oil. In this case, replace the balance valve internal assembly with a plug assembly, Ariel 
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Part Number A-10330. DO NOT RUN UNIT WITH LEAKY BALANCE VALVES. A valve seal 
repair kit, Ariel Part Number A-8005-K, is also available.

Maintain the system by recording the pressures and cycle times of the lubrication system at 
least once a day. Readjust valves as required to keep pump systems pressure balanced for 
best results.

Frame Lubricating System - Description
The frame lubricating system supplies oil to the internal frame running gear. The cylinders are 
supplied with lubrication by the force feed system (see “Force Feed Lubrication System - De-
scription” on Page 4-27). The oil level regulator outside of the crankcase, or separate oil sump 
in the case of a dry sump crankcase, maintains the proper oil level in the sump.

Frame lubrication is drawn from the sump through the suction strainer into the oil pump that is 
mounted on the crankcase auxiliary end cover. The pump's discharge is piped to an oil cooler 
mounted on the compressor skid and is temperature controlled with a thermostatic control 
valve. Oil returns from the cooler to the oil filter mounted on the auxiliary end of the crankcase. 
Pressure gauges are provided on the filter inlet and outlet. Normal pressure drop through a 
clean filter is 2 to 6 PSID (0.15 to 0.4 bard), at normal operating temperature.

From the filter, oil travels through a pressure regulator to an oil gallery cast in the crankcase 
and running the length of the crankcase.

Drilled holes from the gallery through the bearing saddles deliver oil to the crankshaft bearings.

Passages drilled diagonally through the crankshaft from the crank journals to the crank pins 
deliver oil to the connecting rod bearings.

Holes drilled through the length of the connecting rods deliver oil to the connecting rod bushing.

Oil travels from the bushing through holes drilled in the middle of the crosshead pin to the hol-
low crosshead pins, and from there to the crosshead bushings.

Drilled passages from the oil gallery deliver oil at full system pressure through external tubing 
to lubricate the top and bottom of each crosshead. Run-off from the shoes, crosshead, and 
connecting rod bushings collects in the crosshead guide and drains back to the crankcase.

Lube Oil Strainer, Filter & Filter Installation Instructions

Lube Oil Strainer
The strainer is located on the auxiliary end of the crankcase below the oil level. It is provided 
to protect the oil pump from debris that might cause damage. The strainer basket should be 
taken out and washed in an appropriate solvent whenever the lubricating oil is changed. For 
dry sump frames the lube oil strainer is shipped loose (not installed) from the Ariel factory.
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Lube Oil Filter
Ariel recommends replacing the lube oil filter every 6 months, or 4000 hours, or when oil filter 
differential pressure reaches the value given in Table 4-9 or on the oil filter information plate 
located on the compressor frame top cover, at normal operating temperature; whichever 
comes first. Also clean the sintered element in the small oil filter supplied on the force feed lu-
brication system on the same schedule or every time main oil filter is changed.

Filter Installation for Spin-On Filters
1. Remove old filter, clean filter base surfaces, and be certain that old gasket is 

removed.
2. Fill filter with clean oil using same grade oil as in sump.
3. Apply clean oil to filter gasket.
4. After the filter gasket contacts the base, tighten one turn.
5. After starting the unit, check for leaks, and retighten if necessary.
6. Do not run unit with a damaged filter can. It can fracture or leak. Replace only with 

an Ariel approved filter.

Filter Element Installation Instructions for Cartridge Type Filters
1. Remove drain plug and drain completely.
2. During draining, open vent and remove top cover. Remove spring plate assembly 

and strainer tube.
NOTE: REMOVAL OF THE ELEMENT PRIOR TO DRAINING THE HOUSING COM-

PLETELY, WILL ALLOW TRAPPED DEBRIS TO ENTER THE OIL HEADER AND 
CAN CAUSE SEVERE DAMAGE TO THE COMPRESSOR. 

3. After oil has drained completely, remove old element and inspect interior of ves-
sel. Clean as required.

4. Visually inspect the interior/exterior of the new element to ensure that it is free of 
any packaging/shipping materials.

5. Place new element over seat in bottom of vessel.
6. Insert strainer tube and reinstall spring plate assembly.

TABLE 4-9: MAXIMUM DIFFERENTIAL PRESSURE TO CHANGE OIL FILTER OR ELE-
MENT(S)

TYPE FILTER
MAXIMUM PD TO CHANGE FILTER A

A.  Or every six months, or 4000 hours, whichever comes first.
B.  On start-up differential pressure may exceed the tabled limits until the oil reaches operating tem-

perature.

PSID  bard

Spin-On Filter 10 (0.7)
Cartridge Type Element(s) 15 (1.0)
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7. Inspect cover O-ring. Install cover. Tighten nuts to a torque setting of 70-80 lb-ft 
(95-110 N·m).

8. When changing the oil filter, remove flowing vent line and 1/16 in. (2 mm) orifice 
fitting, when supplied and blow out line with compressed air. Clean orifice with   1/
32 in. (1 mm) diameter wire or standard paper clip (20/21 gage wire). Re-assem-
ble vent line and orifice fitting.

9. Close drain and fill vessel with clean oil using the same grade oil as in the crank-
case. Release trapped air through vent. 

10. Check for leaks. 
NOTE: FAILURE TO FILL FILTER VESSEL WITH OIL, PRIOR TO STARTING, CAN 

CAUSE SEVERE DAMAGE TO THE COMPRESSOR.

FIGURE 4-22: OIL FILTER FLOWING VENT TO PREVENT AIR ENTRAPMENT                
- TYPICAL WHEN PROVIDED

Orifice Location
Side ViewEnd View
1/06 PAGE 4 - 53



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 4 - LUBRICATION
Lube Oil Pump & Lube Oil Pressure

Description & Adjustment
If there is a separate regulating valve, the spring loaded safety relief within the pump head is 
set at the Ariel factory to approximately 75 psig (5.2 barg) to prevent high oil pump discharge 
pressures that could damage the pump. In this case, do not adjust pump safety relief valve ex-
cept when installing a new pump. 

If there is no separate regulating valve, the pump safety relief valve is set by the factory to reg-
ulate pressure at 60 psig (4.1 barg) into the compressor when crankshaft speed equals or ex-
ceeds minimum normal operating speed. If oil pressure into the compressor while running at 
minimum operating speed and normal operating temperature does not read approximately 60 
psig (4.1 barg) adjust the pump safety relief valve. With compressor running at minimum rated 
speed, remove the dust cap and adjust the screw to provide oil pressure into the compressor 
at 60 psig (4.1 barg), (turning the adjustment screw clockwise increases the pressure setting).

Lube Oil Pressure Regulating Valve
If there is a separate lube oil pressure regulating valve, normal oil pressure into the compressor 
is set at the regulating valve by the factory at 60 psig (4.1 barg) when crankshaft speed equals 
or exceeds minimum normal operating speed.

NOTE: IF OIL PRESSURE DROPS BELOW 50 PSIG (3.5 barg) WHEN CRANKSHAFT 
SPEED EQUALS OR EXCEEDS MINIMUM RATED OPERATING SPEED, THE 
CAUSE MUST BE FOUND AND CORRECTED.

FIGURE 4-23: LUBE OIL PUMP - TYPICAL

Suction

Discharge

Remove Dust Cap to Expose Safety Relief 
Valve Adjusting Screw (Turning Screw 
Clockwise Increases Pressure Setting)

Smaller Compressor Models 
Have Threaded Connections
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Low Oil Pressure Shutdown
The low oil pressure shutdown is normally mounted by the packager and is supplied to custom-
er specifications. Ariel provides an oil pressure pickup fitting on the oil gallery located after the 
cooler and filter. The electric or pneumatic oil pressure switch is to be set to actuate when oil 
pressure falls below 35 psig (2.4 barg). An alarm set to actuate when oil pressure falls below 
50 psig (3.4 barg) is desirable.

NOTE:
1. THE COMPRESSOR MUST HAVE A WORKING LOW OIL PRESSURE SHUT-

DOWN. WHEN SHUTDOWN AS RESULT OF LOW OIL PRESSURE, DO NOT 
ATTEMPT TO RE-START UNTIL FAULT IS FOUND AND CORRECTED.

2. DO NOT ATTEMPT TO ADD OIL TO THE CRANKCASE THROUGH THE 
BREATHER HOLE WHILE THE UNIT IS RUNNING. THIS WILL CAUSE OIL 
FOAMING, AND UNNECESSARY NO-FLOW SHUTDOWNS IN THE FORCE 
FEED LUBRICATION SYSTEM.

3. WHEN THE FORCE FEED LUBRICATION SYSTEM HAS A COMMON SUP-
PLY (FROM THE CRANKCASE), IT IS CONSTANTLY USING OIL FROM THE 
CRANKCASE, A WORKING OIL SUMP LEVEL CONTROLLER IS NECES-
SARY. THIS MUST BE DESIGNED TO ALLOW OIL TO FLOW INTO THE 
CRANKCASE FROM AN OVERHEAD TANK AT ALL AMBIENT TEMPERA-
TURE CONDITIONS.
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SECTION 5 - MAINTENANCE

General Introduction
The major components of the frame assembly are the crankcase, crankshaft and bearings, 
connecting rods, chain drive system, crossheads and guides, and distance pieces.

A cast-in oil gallery runs the length of the crankcase. Drilled oil passages feed lubricating oil 
to the running gear.

Removable end covers, a top cover, and crosshead guide side covers provide generous 
access for inspecting and removing internal components. The top cover is made of alumi-
num for easy handling.

Absolute cleanliness, including the use of lint-free wiping cloths, is a necessity during any 
maintenance on the compressor. When access covers have been removed, keep the frame 
covered to protect the interior from dust except when actually working within it. Any compo-
nents that have been removed should be protected from falling objects that might mar or 
chip running surfaces and protected from corrosion.

Whenever the machine is dismantled, gaskets at non-pressure positions are to be carefully 
inspected before reuse, if damaged they should be replaced. Gaskets at pressure locations 
should be replaced. During major overhauls, drain and flush the crankcase.

If replacing any major reciprocating component, that is; a connecting rod assembly, piston, 
piston and rod assembly, crosshead-balance nuts or crosshead, weigh component parts 
and compare to the Compressor Balancing Record sheet that comes in the parts manual 
with each compressor. If there are weight changes, recalculate opposing throw reciprocating 
weight differential. See “Opposed Throw - Reciprocating Weight Balancing” on Page 1-1.

 CAUTION
TO PREVENT PERSONAL INJURY, BE SURE THAT COMPRESSOR CRANKSHAFT 
CANNOT BE TURNED BY THE DRIVER OR COMPRESSOR CYLINDER GAS PRES-
SURE DURING MAINTENANCE: -- ON ENGINE-DRIVEN COMPRESSORS, REMOVE 
THE CENTER COUPLING OR LOCK THE FLYWHEEL. -- ON ELECTRIC 
MOTOR-DRIVEN COMPRESSORS, IF IT IS INCONVENIENT TO DETACH THE 
DRIVER FROM THE COMPRESSOR, THE DRIVER SWITCH GEAR MUST BE 
LOCKED OUT DURING MAINTENANCE.

BEFORE STARTING ANY MAINTENANCE OR REMOVING ANY COMPONENTS, 
RELIEVE ALL PRESSURE FROM THE COMPRESSOR CYLINDERS. (SEE PACK-
AGER’S INSTRUCTIONS FOR COMPLETELY VENTING THE SYSTEM.)

!
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Connecting Rod
NOTE: UTILIZE A DIAL INDICATOR WITH MAGNETIC BASE TO INDICATE THE 

LOCATION OF THE CROSSHEAD WHEN FINDING EXACT INNER AND OUTER 
DEAD CENTER.

Connecting Rod - Removal
1. Remove the top cover from the crankcase and the side covers from the cross-

head guides.
2. Remove the middle spacer bar on a 2-throw frame and the middle bar of each 

set of three on a 4- or 6- throw frame. Spacer bars are a sliding fit and should be 
capable of being removed by hand, without falling out or hammering to remove. 
If too loose or too tight contact your packager or Ariel before proceeding.

3. Move the throw to the outer dead center position
4. Remove the lock nut, bolt, end plates, and crosshead pin from the crosshead. 

Discard old lock nut.
5. Remove the crosshead as described in “Crosshead” on Page 5-8. Before 

removing the crosshead, refer to the CAUTION on page 5-8. (CAUTION: 
CROSSHEADS ARE HEAVY. CARE MUST BE TAKEN WHEN HANDLING 
TO AVOID PERSONAL INJURY. THE WEIGHT OF EACH CROSSHEAD IS 
LISTED IN THE BALANCE SHEET THAT COMES IN THE MANUAL WITH 
EACH COMPRESSOR.)

6. While supporting the connecting rod so it does not drop and damage the cross-
head guide, turn the crankshaft until the throw is at its highest point. Loosen the 
connecting-rod-cap bolts and unscrew part way. Using the connecting rod cap 
removal tool (see Figure 7-2: on Page 7-3), jack against the bolt heads to pull 
the cap free from the dowels. Remove the top two connecting rod bolts and the 
rod bearing cap. The bottom two bolts remain in the cap while the cap is being 
removed.

NOTE: DO NOT PRY OR USE A CHISEL TO SEPARATE THE CAP FROM THE CON-
NECTING ROD OR DAMAGE WILL RESULT.

7. Half of the bearing shell will come out with the cap. The other half can be 
removed by sliding it out.

8. Turn the crankshaft until the rod can be taken out through the side cover open-
ings in the crosshead guide.

9. After the removal of the connecting rods, be sure to protect the crank pins from 

 CAUTION
AFTER PERFORMING ANY MAINTENANCE, THE ENTIRE SYS-
TEM MUST BE PURGED WITH GAS PRIOR TO OPERATION, TO 
AVOID A POTENTIALLY EXPLOSIVE AIR/GAS MIXTURE.

!
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being nicked or scratched.
NOTE: IF ALL CONNECTING RODS ARE TO BE REMOVED, IT MAY BE MORE EXPE-

DIENT TO REMOVE THE CRANKSHAFT PRIOR TO REMOVING THE RODS 
FROM THE FRAME. ALL CONNECTING RODS MUST BE DETACHED FOM 
THE CRANKSHAFT AND RETRACTED INTO THE CROSSHEAD GUIDES 
PRIOR TO REMOVING THE CRANKSHAFT.

Connecting Rod (Crank Pin) Bearing - Removal & Installation
This bearing is a tri-metal (steel, bronze, and babbitt with a tin flash coat) precision split 
(2-shell) bearing. There are notches in the rod and rod cap for the bearing tabs in order to 
position and maintain the position of the bearing halves. See Connecting Rod Removal 
above for bearing removal.

1. Do not remove the connecting rod cap to check for bearing wear, if cap is 
removed it is recommended that a new bearing is installed, i.e. DO NOT REUSE 
BEARING SHELLS. 

2. Determine bearing wear by checking actual jack and side clearances against the 
clearance limits given in Table 1-6 on Page 1-15. Also after installing a new 
bearing, check jack and side clearances against the clearance limits. Use cali-
brated dial indicators with 0.0005 inches (0.005 mm) increments and magnetic 
stands to check clearances. Check Jack clearance as follows:
• Turn crankshaft pin up, install a magnetic stand on the top of adjacent crank-

shaft web, with a needle type dial indicator placed against the top of the con-
necting rod near the cap seam, as shown in Figure 5-1: on page 5-4.

• Pry connecting rod up, use a large bar to pry against the frame and on an 
eye bolt installed in the rod, until needle on the face of the dial indicator stops 
moving. 

3. Check thrust clearance as follows:
• Install a magnetic stand on the side of crankshaft web, with a button type dial 

indicator placed against the side of the connecting rod, as shown in Figure 
5-2: on page 5-5. 

• Use a large screw driver or pry bar to pry against the crankshaft web and 
thrust connecting rod (do not pry on rod cap) tight toward dial indicator, then 
pry on the connecting rod to thrust it tight in the opposite direction to deter-
mine clearance, repeat to be sure reading is accurate.

4. Be sure to remove eye bolts, magnetic stands, dial indicators and pry bars after 
taking readings.
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5. Connecting rods need not be removed from the compressor to replace the crank 
pin bearings.

NOTE: CRANK PIN BEARINGS AND MAIN BEARINGS ARE NOT FUNCTIONALLY 
INTERCHANGEABLE. CRANK PIN (CONNECTING ROD) BEARINGS HAVE A 
NARROWER GROOVE. DO NOT PUT A CRANK PIN BEARING IN A MAIN 
BEARING LOCATION.

6. Refer to “Connecting Rod - Installation” on Page 5-6 for bearing shell installa-
tion. If clearance readings are not within tolerance after installing new bearings, 
contact your packager or Ariel before proceeding.

FIGURE 5-1: MEASURING CONNECTING ROD BEARING VERTICAL JACK         
CLEARANCE - TYPICAL

Dial Indicator Magnetic Stand Placement on Top of 
Crankshaft Web, & Showing Eye Bolt and Pry Bar

Using Pry Bar to Check Jack Clearance

Needle Type Dial Indicator Placement 
on Top of Connecting Rod
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Connecting Rod Bushing - Removal & Installation
1. Check crosshead pin to bushing clearance (see Table 1-6 on Page 1-15 for rec-

ommended clearance.) Wear on the pin can be determined by a visual inspec-
tion. Replace the pin if necessary. 

2. If a replacement bushing is needed, the existing bushing should be filed or hack-
sawed to reduce the tightness of the shrink fit. From the inside diameter file or 
saw across the length of the bushing to within 1/32 inches (1 mm) of its radial 
thickness. It can then be easily drifted out. Be very careful, not to file or saw into 
the connecting rod, as any bore damage makes the rod unusable.

3. A hydraulic press in a qualified machine shop is recommended to install the new 
bushing. Do not use a hammer to force the bushing into place as this will distort 
the bushing's bore. 

4. Before installation, the new bushing must be cooled in a 95% alcohol with dry 
ice and solution. The bushing needs to be left in the solution long enough to 
reach the same temperature as the solution, about -110°F (-80°C).

FIGURE 5-2: MEASURING CONNECTING ROD THRUST (SIDE) CLEARANCE - TYPI-
CAL

Dial Indicator Magnetic Stand Placement Button Dial Indicator Placement

Rod Thrust Tight Away from Dial IndicatorRod Thrust Tight Toward Dial Indicator
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5. Position the connecting rod on the press table so that the chamfered edge of the 
rod bushing hole is on top. Be sure to locate the bushing oil hole at the connect-
ing rod oil passage before pressing it in. The bushing has an annular groove 
around its outside diameter in line with the oil hole; therefore, if the bushing 
should shift in the connecting rod during operation, oil can still travel to the bush-
ing inside diameter and to the crosshead pin. However, during installation of a 
new bushing, no more than 1/3 of the oil passage hole in the rod should be cov-
ered by the bushing after installation.

CAUTION: DO NOT TOUCH COLD SURFACES WITHOUT PROPER INSULATION TO 
PREVENT INJURY. ALCOHOL IS FLAMMABLE AND SHOULD ONLY BE 
USED IN OPEN AIR OR A WELL VENTILATED BUILDING. AVOID SPARKS 
AND OPEN FLAME. AVOID ALCOHOL VAPORS WHICH MAY CAUSE 
INJURY TO THE TISSUES OF THE NOSE AND EYES. DO NOT RETURN 
SOLUTION TO A CLOSED CONTAINER UNTIL IT HAS REACHED ROOM 
TEMPERATURE OR THE CONTAINER MAY EXPLODE.

NOTE: ABSOLUTE CLEANLINESS IS REQUIRED OF BOTH THE BUSHING AND THE 
CONNECTING ROD TO PREVENT DIRT FROM ACCUMULATING BETWEEN 
THE BUSHING AND CONNECTING ROD. ASSEMBLY MUST BE IMMEDIATE 
SO THAT BUSHING DOES NOT WARM-UP AND STICK BEFORE IT IS IN 
PLACE. IF STICKING A BUSHING, REMOVE BUSHING BY NOTCHING AS IN 
THE REMOVAL INSTRUCTIONS ABOVE.

Connecting Rod - Installation
1. If installing a new replacement connecting rod, stamp match mark numbers on 

the tops of the connecting rod and bearing cap, (with notches up), matching its 
throw location. See Figure 5-3: on Page 5-7. 

2. Check new bearing shells to see they are free of handling damage, scratches, 
burrs, and loose material at the tabs. DO NOT RUB BEARING SURFACE 
WITH FINGERNAIL. New bearing shells and crankshaft crank pin bearing sur-
faces must be absolutely clean. Snap a new, dry half bearing shell into the rod 
with the bearing tab properly located in the notch in the rod. With the crankcase 
top cover off, turn the throw to the inner dead center position and slide the rod 
into the crosshead guide space. Oil crankshaft crank pin bearing surfaces with 
new clean lubricating oil, same type as is used in the frame, before installing 
connecting rod caps.

NOTE: MAIN BEARINGS AND CONNECTING ROD BEARINGS ARE NOT FUNCTION-
ALLY INTERCHANGABLE. MAIN BEARINGS HAVE A WIDER GROOVE. DO 
NOT PUT A MAIN BEARING IN A CONNECTING ROD BEARING LOCATION. 

NOTE: THE CAPS AND RODS ARE NUMBERED BY THROW BEGINNING WITH NUM-
BER ONE AT THE DRIVE END. FOR THROW NUMBERING SEQUENCE, REF-
ERENCE FIGURE 1-1: ON PAGE 1-3. ALWAYS INSTALL RODS WITH THE 
NUMBERS UP. BE SURE TO PROTECT CRANK PIN AT ALL TIMES.

3. Fit the connecting rod to the crank pin and turn to the highest position. Replace 
the cap, with a new half bearing shell properly located in the notch, and the 
bolts. Snug up all bolts. Do not tighten bolts to full torque at this point.

4. Reconnect the rod and the crosshead with the pin. Install the end plates, the 
through bolt and a new lock nut. Tighten the lock nut to the value listed in Table 
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1-15 on Page 1-25.
5. Tighten the connecting rod cap screws in an alternating (criss-cross) pattern in 

25% increments for each cap to the recommended torque value, and then 
tighten the bolts in an alternating (criss-cross) pattern to the recommended turn 
value. See Table 1-15 on Page 1-25 and Figure 5-3: on Page 5-7. Utilize the 
turn indicator tool provided in the Ariel toolbox, as shown in Figure 7-1: on Page 
7-2. 

6. Measure each connecting rod bearing to crankshaft jack clearance and connect-
ing rod thrust (side) clearance, see “Connecting Rod (Crank Pin) Bearing - 
Removal & Installation” on Page 5-3. Record readings on a copy of the form on 
page 5-21. If readings are not within tolerance after installing new bearings, con-
tact your packager or ariel before preceding.

7. Reinstall the spacer bars. All spacer bars are match-marked for proper location. 
They must be reinstalled in their original location. Tighten all spacer bar bolts to 
the value listed in Table 1-15 on Page 1-25.

8. Examine the removed top cover and side cover gaskets. If there is any doubt 
that they are not in a good usable condition, install new gaskets. Gaskets are 
provided with a non-stick coating to ease removal; additional lubrication is not 
required. Replace the top cover and crosshead guide cover. Tighten all cap-
screws hand wrench tight.

FIGURE 5-3: CONNECTING ROD -TYPICAL

Correct orientation of the rod is with bearing notches on top joint.

Socket

Tighten connecting rod bolting to torque values in Table 1-15 on Page 1-25. Then, 
start with first level vial facing up with bubble centered. Tighten thumb screw on to 
wrench socket and turn bolts with socket an additional 1/4 turn, until the second vial 
is horizontal and the bubble is centered.

Note: Install joint match marks up

1/4 Turn
(90°)
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Crosshead

Crosshead - Removal
1. Remove crosshead guide side covers and (head end) cylinder head or unloader.
2. Move the crosshead to its inner dead center position and back off, but do not 

remove, the crosshead nut set screws. 
3. Loosen the crosshead nut with the special slugging Peg or Open End Wrench 

FIGURE 5-4: CROSSHEAD - TYPICAL

 CAUTION
BEFORE REMOVING THE CYLINDER HEAD, BACK OFF ALL 
CAPSCREWS 1/8 INCH (3mm). MAKE SURE THAT THE HEAD 
IS LOOSE AND THE CYLINDER IS VENTED. SEE IMPORTANT 
SAFETY INFORMATION PLATES ON UNIT TOP COVER, 
(REFERENCE FIGURE 1-3: ON PAGE 1-8 FOR LOCATION.)

 CAUTION
CROSSHEADS ARE HEAVY. CARE MUST BE TAKEN WHEN 
HANDLING TO AVOID PERSONAL INJURY. THE WEIGHT OF 
EACH CROSSHEAD IS LISTED IN THE BALANCE SHEET 
THAT COMES IN THE MANUAL WITH EACH COMPRESSOR.

End Plate

Through Bolt
Lock Nut

Crosshead Nut

Set Screw - Loosen
Before Turning Nut

End PlateThru Bolt
Roll Pin

Shoe Area

Thru BoltRoll Pin

End Plate

Crosshead
      Pin

Bushing

!

!
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(for hex nuts only) shown in Figure 7-1: on Page 7-2, depending on nut style. Or 
use purchased separately hydraulic crosshead nut torque tool, see Figure 5-8: 
on Page 5-13

4. Use the Piston Nut Torquing Adapter shown in Figure 7-1: to screw the piston 
rod out of the crosshead. The two dowels on the Adapter fit holes in the piston 
nut. Turn the crosshead nut off the piston rod. Push the rod end forward to the 
edge of the packing to provide a clearance for crosshead removal.

5. With the crosshead in its outer dead center position, remove the crosshead pin 
through bolt, lock nut, end-plates and pin. Discard the old lock nut.

6. Turn the crankshaft to its inner dead center position. Move the crosshead to its 
outer dead center position to be free of the connecting rod. Make sure the con-
necting rod does not drop and damage the crosshead guide surface.

7. Remove the oil wiper packing from the crosshead guide diaphragm. 
8. Install the Crosshead Installation/Removal Tool as shown in Figure 5-6:.
9. Push the crosshead onto the Crosshead Installation Tool (see Figure 5-6:) and 

rotate the crosshead 90 degrees.
10. Slide a 3/16 inch (5 mm) thick plate into the gap between the crosshead and the 

crosshead guide (as shown in Figure 5-6:)
11. Remove the Diaphragm from the crosshead guide and slide the crosshead out 

of the crosshead guide on the plate.
12. Check the crosshead pin to bushing clearance. (See Table 1-6 on Page 1-15.) 

Wear on the pin can be determined by a visual inspection. 
13. Replace the pin if necessary. If the bushings need to be replaced, hacksaw or 

file to within 1/32 inches (1 mm) of their thickness. They can be easily drifted 
out. 

14. A press will be needed to install new bushings. The bushing can be installed in 
the crosshead by cooling the bushing in 95% alcohol with dry ice solution. The 
bushing needs to be left in the solution long enough to reach the same tempera-
ture as the solution, about -110°F (-80°C).

CAUTION: DO NOT TOUCH COLD SURFACES WITHOUT PROPER INSULATION TO 
PREVENT INJURY. ALCOHOL IS FLAMMABLE AND SHOULD ONLY BE 
USED IN OPEN AIR OR A WELL VENTILATED BUILDING. AVOID SPARKS 
AND OPEN FLAME. AVOID ALCOHOL VAPORS WHICH MAY CAUSE 
INJURY TO THE TISSUES OF THE NOSE AND EYES. DO NOT RETURN 
SOLUTION TO A CLOSED CONTAINER UNTIL IT HAS REACHED ROOM 
TEMPERATURE OR THE CONTAINER MAY EXPLODE.

NOTE: THE SIDE OF THE CROSSHEAD RECEIVING THE NEW BUSHING SHOULD BE 
SUPPORTED DIRECTLY TO PREVENT POSSIBLE CRUSHING OF THE 
CROSSHEAD BY THE PRESS. (SEE Figure 5-5:.)
ABSOLUTE CLEANLINESS IS REQUIRED OF BOTH BUSHING AND CROSS-
HEAD TO PREVENT DIRT FROM ACCUMULATING BETWEEN THE BUSHING 
AND CROSSHEAD BORE.

15. Visually inspect the shoe surfaces for scoring. Since they are constantly lubri-
cated under pressure during operation, there should be virtually no wear.
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Crosshead - Installation
NOTE: BE SURE CROSSHEADS ARE RETURNED TO THEIR ORIGINAL THROW 

LOCATION. USE FRAME OIL FOR LUBRICATION WHERE NEEDED.
1. Lay a 3/16 inch (5 mm) thick plate in the bottom of the crosshead guide and lay 

the crosshead on its side as shown in Figure 5-6: on Page 5-12. Lubricate 
crosshead and guide surfaces with oil.

2. Mount the Crosshead Installation Tool onto the crosshead guide diaphragm and 
lubricate tool bearing surfaces with oil. Refer to Figure 5-6: on page 5-12. Install 
the diaphragm with this tool mounted into the crosshead guide. Slide the cross-
head onto the tool.

3. Remove the 3/16 inch (5 mm) thick plate. Rotate the crosshead 90°. Slide the 
crosshead into the guide and off of the installation tool. Make sure it does not 
become cocked. Should the crosshead become wedged, do not force it. Ease it 
off and start again. Be careful not to damage the crosshead shoe surface during 
installation. 

4. Remove the crosshead installation tool and reinstall the wiper packing.
5. Lift the crosshead end of the connecting rod and turn the crankshaft to its outer 

dead center position to locate the connecting rod in position and insert the 
crosshead pin. Use the Crosshead Pin Alignment Tool shown in Figure 5-7: on 
Page 5-12 on the opposite side of the crosshead to assist the insertion of the 
pin. Lubricate the crosshead pin and alignment tool with oil prior to installing. 
Install the crosshead pin end-plates, through cap screw, and a new lock nut. 
Tighten the through cap screw and lock nut to the value listed in Table 1-15 on 
Page 1-25. (TIP: If it is difficult to insert the pin, chill it first.)

6. The piston rod threads are to be lubricated with “Never-Seez” Regular Grade 
and the crosshead-balance nut seating surfaces are to be well lubricated with 
clean, fresh oil for proper assembly. Reinstall the crosshead-balance nut onto 

FIGURE 5-5: CROSSHEAD BUSHING REPLACEMENT

Approximately 3 Tons (27kN) Force Required

Bushing

Inner
Support

Do Not Support Here

Crosshead
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the piston rod. Turn nut on to rod threads to allow enough clearance to attach 
the rod to the crosshead. Be sure to have setscrew cup points on the crosshead 
side of the nut. Position the crankshaft in the inner dead center position of the 
throw. Utilize a dial indicator with a magnetic base to indicate the location of the 
crosshead when finding exact inner and outer dead center positions. Remove a 
crank end bottom valve. 

NOTE PISTON END CLEARANCE MUST NOW BE SET OR SERIOUS DAMAGE 
COULD OCCUR. (SEE REQUIRED PISTON CRANK END CLEARANCE AS 
SHOWN ON THE CYLINDER IDENTIFICATION PLATE. REFER TO TABLE 1-7 
ON PAGE 1-16).

7. Insert a feeler gage, equal to the required crank end clearance, through an open 
bottom valve pocket. Use the tools illustrated in Figure 5-26: on Page 5-40 to 
screw the piston rod into the crosshead until piston is tight against the feeler 
gage, so that the feeler gage can not be removed by hand. 

8. Tighten the crosshead-balance nut:
• Use the special slugging peg or open end wrench shown in Figure 7-1: on 

Page 7-2 and a dead blow semi-soft faced hammer. Strike the wrench with 
the hammer until an audible difference can be heard, and/or on seeing the 
wrench “bounce” indicating that the nut is tight. Some mechanics can obtain 
the desired tightness in 3 to 4 strikes, while others may require more ham-
mer blows. 

• Or tighten using the purchased separately crosshead-balance nut hydraulic 
torque tool and hand pump kit, see Figure 5-8: on Page 5-13. See Table 
1-15 on Page 1-25 for the hydraulic pressure to be applied to the torque tool. 
When initially installing the tool, position the spanner wrench adapter open 
area toward the spanner wrench as shown in the Figure. Apply hydraulic 
pressure to the ram to tighten the crosshead-balance nut. When the ram 
moves to the end of its travel, release the pressure and index the ram to the 
spanner wrench slot and/or spanner wrench to adapter, until the nut stops 
moving at the specified hydraulic pressure. If during tightening, the adapter 
open area turns 90° before nut is tight, remove the spanner wrench. Remove 
the bolting in the spanner wrench adapter to the crosshead-balance nut and 
reposition the adapter so the open area again faces the spanner wrench.

CAUTION: DO NOT ALLOW THE OPEN AREAS OF THE SPANNER WRENCH AND 
THE ADAPTER TO OVERLAP AS THE SPANNER WRENCH CAN BE 
SPRUNG. IF THE SPANNER WRENCH BECOMES SPRUNG, DESTROY IT 
AND REPLACE IT.
• When the nut is tight, the feeler gage can be removed by hand. Be sure that 

all tools have been removed from the cylinder and crosshead. 
9. With the head end head or unloader (closed position) properly installed and fas-

teners tightened, rotate the crankshaft 180° to the outer dead center position of 
the throw. Remove a top head end valve. Determine the required piston head 
end clearance limits from the cylinder identification plate, refer to Table 1-7 on 
Page 1-16. Measure head end clearance at the top of the head end. Using 
feeler gages through the open valve pocket, check the head end clearance. 
Determine that the measured clearance is within the required clearance limits. 
Tighten the set screws in the crosshead-balance nut. Re-install the valve 
assemblies and properly tighten the fasteners. See  “Valves - Reassembly” on 
Page 5-57 and  “Bolt Tightening for Valve Caps” on Page 5-59.
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10. Check piston rod runout and crosshead clearances upon re-assembly, any time 
a piston rod is removed. See  “Piston Rod Run Out” on Page 5-40, and Table 
1-6 on Page 1-15 for crosshead clearances and checking procedure.

11. Replace the crosshead guide side covers and gaskets, tighten all capscrews 
hand wrench tight. Cover gaskets are provided with a non-stick coating to ease 
removal, additional lubrication is not required.

FIGURE 5-6: CROSSHEAD INSTALLATION

FIGURE 5-7: CROSSHEAD PIN ALIGNMENT TOOL (B-1989) - TYPICAL

Crosshead Installation 
Tool (A-1858)

3/16” (5 mm) Thick Plate

Crosshead

Connecting Rod

Crosshead Pin

Alignment Tool
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Main Bearings - Checking Clearances
1. Do not remove main bearing caps to check for bearing wear, if a cap is removed 

it is recommended that a new bearing be installed, i.e. DO NOT REUSE BEAR-
ING SHELLS. 

2. Determine main bearing wear by checking actual journal bearing vertical jack (at 
each bearing), and crankshaft thrust clearances against the clearance limits 
given in Table 1-6 on Page 1-15. Use calibrated dial indicators with 0.0005 
inches (0.005 mm) increments and magnetic stands to check clearances. Mea-
sure main bearing vertical jack clearances:
• Turn an adjacent throw up, as shown in Figure 5-9: on Page 5-14.
• Place lifting strap completely around the crankshaft at the adjacent web and 

attach strap to a crane. 
• Install a magnetic stand on the top of the main bearing cap, with a needle 

type dial indicator placed against the top of the crankshaft web of the adja-
cent turned up throw. 

• Gently lift crankshaft with the crane until needle on dial indicator stops mov-
ing. 

• Repeat for each main bearing. 

FIGURE 5-8: CROSSHEAD-BALANCE NUT HYDRAULIC TORQUE TOOL (G-7583) - 
SHOWN IN TIGHTENING POSITION - TYPICAL

Spanner 
Wrench

(3) Special High Strength 
Shoulder Bolts

Spanner Wrench Adapter - mounted on the 
Balance Nut with (3) Special Shoulder Bolts. 
Position the Open area toward the Spanner 
Wrench. Do not index open area greater than 
90°or spanner wrench can become sprung. 
SEE CAUTION ON PAGE 5-11.

Ram-5 Ton (45kN) Cylinder 
with 1” (25 mm) Stroke Sin-
gle Acting/Spring Return

Cross-
head-Balance 
Nut
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3. Measure the crankshaft thrust clearance as follows:
• Install a magnetic stand on the top of #1 main bearing cap, with a button type 

dial indicator placed against the side of the adjacent crankshaft web, as 
shown in Figure 5-10: on page 5-15. 

• Thrust crankshaft back & forth using a large screwdriver or pry bar against 
the compressor frame, until an accurate reading is obtained. 

• If thrust clearance is out of limits, replace thrust plates at #1 main bearing 
cap. 

4. After installing new bearings, check jack and thrust clearances against the clear-
ance limits.

FIGURE 5-9: MEASURING CRANKSHAFT JOURNAL BEARING VERTICAL JACK 
CLEARANCE - TYPICAL

Dial Indicator Magnetic Stand Placement
on Top of the Main Bearing Cap

Needle Type Dial Indicator Placement 
on Top of Crankshaft Web

Lifting Strap Placement, Completely around Crankshaft Web - Attach Lifting Straps to Crane
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Crankshaft - Removal
1. Remove the coupling disk pack. Remove the coupling hub. (In order to remove 

the coupling hub it may be necessary to heat it. Use insulated gloves to protect 
hands.) If the coupling hub is not removed, the drive end cover cannot be 
removed and will need to be lifted out with the crankshaft.

2. Remove the top cover, spacer bars, and drive end cover. Tip: If the spacer bar 
bolts are difficult to loosen, use a 12 point hammer wrench.

3. Be careful not to damage the sharp corners on each end of the top of the crank-
case. These corners form the junction between the end covers, top cover, and 
base; thus they must be kept sharp and unmarred to prevent oil leaks.

4. Detach the connecting rods. (See “Connecting Rod” on Page 5-2.) Move the 
rods to their full outer position.

FIGURE 5-10: MEASURING CRANKSHAFT THRUST CLEARANCE

Dial Indicator Magnetic Stand Placement
on Top of Main Bearing Cap

Button Type Dial Indicator Placement 
against the side of Crankshaft Web

Use Large Screwdriver or Pry Bar against Compressor 
Frame, Thrusting Crankshaft Back & Forth
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5. Remove the capscrews on the chain adjustment cap. Turn the cap to loosen the 
chain. Slip the chain off the crankshaft sprocket.

6. Remove the capscrews from the bearing caps. Pull the caps straight up to pre-

FIGURE 5-11: CRANKSHAFT

FIGURE 5-12: MAIN BEARING CAP PULLER

Counterweights

Crank Pins

Drive End

Sprocket

Main Bearing Journals

Oil Slinger

5/8-11 UNC
Puller Hole

5/8-11 UNC
Lock Nut

Crankshaft

11” (28cm) Long
5/8-11 UNC
Threaded Rod

20-1/2” (52cm) Long
Steel Bar

Drill 11/16” (18mm) Hole

5/8-11 UNC 
(Jack Nut)

Turn this nut to jack 
bearing cap straight up.
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vent damage to the dowel fit. If the cap is tight, use a Bearing Cap Puller as illus-
trated.

7. Before removing the crankshaft from the crankcase, wooden saddles or a 
notched wooden crate with sides high enough to prevent the webs or oil slinger 
from touching bottom should be prepared in order to store the crankshaft during 
maintenance - even though it may be out for only a short time. In addition, the 
crankshaft should be adequately protected from above so that dropped tools or 
equipment cannot mar the surface of pins and journals.

8. Turn the crankshaft so that sling lifting points are above the center of gravity of 
the shaft, so that it does not want to rotate when lifted. Lift straight up with the 
ends of the crankshaft parallel to the frame. Two men will be needed to safely 
remove the crankshaft as well as a crane or lift due to the weight of the crank-
shaft (see Table 1-1 on Page 1-2). Appropriate sized nylon slings should be 
used during this operation so as not to mar the running surface of the crank-
shaft. Great care must be taken during this operation since the shaft could bind 
and become damaged.

NOTE: THE LOWER HALF BEARING SHELLS SOMETIMES HAVE A TENDENCY TO 
STICK TO THE SHAFT JOURNALS BECAUSE OF THE CLOSE FITTING OILY 
SURFACES OF THE TWO PARTS. THEREFORE, WHEN THE SHAFT HAS 
BEEN LIFTED CLEAR OF THE SADDLES (APPROXIMATELY 1/4 inches OR 
6mm) CHECK TO MAKE SURE THAT THE LOWER HALF BEARING SHELLS 
HAVE NOT COME OUT WITH THE SHAFT. IF SO, THE BEARING SHELLS 
SHOULD BE TAPPED BACK ONTO THE SADDLES BEFORE LIFTING THE 
SHAFT ANY FURTHER.

9. While one person operates the crane, raising it very slowly, the second person 
must grasp the crankshaft at the drive end with one hand on the counterweight 
or one of the throws and the other hand on the end of the shaft to keep the 
crankshaft level. Wear gloves to avoid being cut by the slinger and to achieve a 
good grip. (As with each operation, the gloves should be clean to avoid marring 
the running surface.) As the shaft is being slowly raised, the drive and auxiliary 
ends should be lifted at the same rate. Again, care must be taken to avoid mar-
ring the crankshaft surfaces by carefully guiding the crankshaft.

Oil Slinger - Removal:
Although the slinger should last indefinitely with proper care, it can become nicked. Should it 
need replacing, suspend the crankshaft as in the CRANKSHAFT REMOVAL PROCEDURE 
and heat the slinger to 400°F (240°C), it will attain a yellow glow at this temperature. When it 
has expanded it should fall off by itself. DO NOT TOUCH HOT SURFACES WITHOUT 
PROPER INSULATION TO PREVENT INJURY.

Oil Slinger - Installation:
Put a rod at least 1/2 inches (13mm) in diameter through the slinger. (Special care should be 
exercised when handling the slinger, not only to keep its surfaces unmarred, but to avoid 
being cut by the outer sharp edge.) After the slinger is suspended heat it with a small torch. 
When it has attained a yellow glow, approximately 400°F (240°C) it can be slipped over the 
drive end of the crankshaft. Hold the slinger in position with high temperature gloves or two 
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pieces of clean wood, rotating it slightly to make sure it is square, until it has cooled enough 
to shrink onto the crankshaft. DO NOT TOUCH HOT SURFACES WITHOUT PROPER 
INSULATION TO PREVENT INJURY.

Chain Sprocket - Removal:
Examine the sprocket carefully for signs of wear. If it has been in operation for five years or 
more, it may be convenient to replace it if the crankshaft is removed from the frame.

Drill a hole in the sprocket hub. This hole should be parallel to the shaft centerline and big 
enough that it removes most of the hub cross section. (See Figure 5-13:) Be careful not to 
touch the shaft with the drill. Mark the drill with tape so you do not drill through the sprocket 
and into the crankshaft face.

The drilled hole will relieve most of the shrink, and a couple of good radial hits with a ham-
mer and chisel will open the sprocket enough so it can be easily removed.

Chain Sprocket - Installation:
Encircle the sprocket with wire. Suspend the sprocket from the wire and heat it with a small 
propane torch. When it has attained a yellow glow, approximately 400°F (240°C) it can be 
slipped over the auxiliary end of the crankshaft. Hold the sprocket in position with high tem-
perature gloves or two pieces of clean wood, rotating it slightly to make sure it is square, 
until it has cooled enough to shrink on the crankshaft. DO NOT TOUCH HOT SURFACES 
WITHOUT PROPER INSULATION TO PREVENT INJURY.

Main Bearings - Removal/Installation w/Crankshaft Removed
Do not remove a main bearing cap to check for bearing wear, if cap is removed it is recom-
mended that a new bearing is installed, i.e. DO NOT REUSE BEARING SHELLS. Determine 
bearing wear by checking actual jack and crankshaft thrust clearances against the clearance 
limits given in Table 1-6 on Page 1-15. See Figure 5-9: on Page 5-14 and Figure 5-10: on 
Page 5-15.

There are notches in the frame and bearing cap for the bearing tabs in order to position and 

FIGURE 5-13: CRANKSHAFT CHAIN SPROCKET - TYPICAL

Hit Here With Chisel 
and Hammer
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maintain the position of the bearing halves. Check the new bearing shells for handling dam-
age, scratches, burrs, and loose material at the tab. DO NOT RUB BEARING SURFACE 
WITH FINGERNAIL. The bearing shells must be absolutely clean. New bearing shells are 
marked with ink stamp pictographs of a frame or connecting rod, for main and connecting 
rods bearings respectively. 

The old bearings halves are easily slid out, tab end first. Be sure both the main bearing sad-
dles and crankshaft are absolutely clean, and free from nicks and burrs. New bearings are to 
be slid in (untabbed end first), and snapped into place. Locate tabs in the notches in the bear-
ing saddles and bearing caps. 

NOTE: MAIN BEARINGS AND CONNECTING ROD BEARINGS ARE NOT FUNCTION-
ALLY INTERCHANGABLE. MAIN BEARINGS HAVE A WIDER GROOVE. DO 
NOT PUT A MAIN BEARING IN A CONNECTING ROD BEARING LOCATION. 

Main Bearings - Removal/Installation w/Crankshaft In Place
1. Follow instructions in Caution page 5-1. Remove coupling spacer or otherwise 

lockout.
2. Remove the top cover and spacer bars. Tip: If the spacer bar bolts are difficult to 

remove, use a 12 point slugging wrench and hammer. Spacer bars are a sliding 
fit and should be capable of being removed by hand, without falling out or ham-
mering to remove. If too loose or too tight, contact your packager or Ariel before 
proceeding.

3. Detach the connecting rods. (See “Connecting Rod” on Page 5-2.) Move the 
rods to their full outer position, being careful not to damage the crosshead guide 
surfaces.

4. Remove the capscrews from the main (journal) bearing caps. Pull the caps 
straight up to prevent damage to the dowel fit. If the cap is tight, use a Bearing 
Cap Puller as illustrated in Figure 5-12: on Page 5-16.

5. If necessary, attach clean nylon lifting straps around the crankshaft and lift 
slightly to take some of the weight off the bearings and allow for easier disas-
sembly of bearing shells.

6. Remove shells from the main bearing caps. Remove the main journal bearing 
shells from under the crankshaft one at a time, by rotating out. Start rotating 
shells under the crankshaft tab side out first, by pushing or tapping with a 
non-metallic tool on the opposite split face side. Once the bearing shell is com-
pletely loose, use Ariel optional tool (part number B-3340 or may be made from 
a print supplied by Ariel) to push out bearing shells. Once started the shell may 
be rotated out, by releasing the lifting straps and turning the crankshaft. Be care-
ful not to damage the crankshaft bearing surfaces. (Replace with new bearing 
shell, prior to rotating out the next main bearing shell, see steps below).

7. Clean and dry main bearing cap to bearing surfaces.
8. Check the new bearing shells for handling damage, scratches, burrs, and loose 

material at the tab. DO NOT RUB BEARING SURFACE WITH FINGERNAIL. 
The bearing shells must be absolutely clean. New bearing shells are marked 
with ink stamp pictographs of a frame or connecting rod, for main and connect-
ing rods bearings respectively. Do not mix up. Install bearing shells in caps, and 
frame journals, properly located in the tab notch, (rotate in the untabbed end 
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first), keeping the backs of the shells dry and clean.
9. Replace thrust plates on bearing cap #1, if crankshaft thrust clearance is not 

within tolerance.
10. Oil crankshaft bearing surfaces with new clean lubricating oil, same type as is 

used in the frame, before installing main bearing caps.
11. Install the bearing caps containing the new top halves of bearings with the cap-

screws lightly snugged, in their proper locations. Install thrust plates on #1 bear-
ing cap. Starting at the thrust end, tighten the bearing cap bolts to Table 1-15 on 
Page 1-25. Tighten in an alternating (criss-cross) pattern in 25% increments for 
each cap to the recommended torque value. Bearing caps are match-marked to 
their position, correspond with the spacer bar and spacer bar bosses on the 
frame. 

12. Be sure the dowels in the bearing caps are aligned with the holes in the crank-
case base. A set screw on top of each dowel prevents it from backing out.

13. Check crankshaft journal bearing jack (at each bearing) and crankshaft thrust 
clearances to values in Table 1-6 on Page 1-15. See and Figure 5-10: on Page 
5-15. Record readings on a copy of form on page 5-21. 

14. Install new connecting rod bearings and reattach the connecting rods (See 
“Connecting Rod - Installation” on Page 5-6), packing diaphragms, and unload-
ers/head end heads. Tighten fasteners to the torque values given in Table 1-15 
on Page 1-25. Check connecting rod bearing jack and thrust clearances, see 
“Connecting Rod (Crank Pin) Bearing - Removal & Installation” on Page 5-3. 
Record readings on a copy of form on page 5-21.

15. If readings are not within tolerance after installing new bearings, contact your 
packager or Ariel before proceeding. 

16. Replace the spacer bars. Install the spacer bar so that the match mark is up and 
next to the spacer bar boss with the same marking. Tighten all spacer-bar cap 
screws to value in Table 1-15 on Page 1-25.

17. Account for all tools, measuring and lifting equipment, supplies, replaced parts, 
etc. to be sure they have all been removed from inside the crankcase and then 
reinstall the gaskets and top cover(s). Tighten cover bolts hand wrench tight.

NOTE: MAIN BEARINGS AND CONNECTING ROD BEARINGS ARE NOT FUNCTION-
ALLY INTERCHANGABLE. MAIN BEARINGS HAVE A WIDER GROOVE. DO 
NOT PUT A MAIN BEARING IN A CONNECTING ROD BEARING LOCATION. 

18. Replace coupling spacer to packager’s recommendations or remove lockout.
19. After replacing bearings, thoroughly pre-lube compressor to be sure that bear-

ings are lubricated and to help remove foreign materials from the lube system.
20. When starting the compressor after the first 10 minutes of run time, after one 

hour and after 4 hours, shutdown compressor and remove the frame top cover. 
Check the bearing cap temperatures using a temperature probe (hand held ther-
mocouple probe or infrared thermometer), record on a copy of form on 
page 5-22. DO NOT PLACE ANY PART OF YOUR BODY INSIDE THE 
CRANKCASE WITHOUT OBSERVING THE CAUTION ON PAGE 5-1. Com-
plete remaining information on the two pages of the “Bearing Log / Conditions 
After Replacing Bearings” form and fax copy to Ariel Field Service.
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BEARING LOG / CONDITIONS AFTER REPLACING BEARINGS

SERIAL NO. F-                                   MODEL                                    Date                          

If measured clearances exceed the tolerances in Table 1-6 on Page 1-15, after installing new 
bearings, contact your packager or Ariel before proceeding.

CRANKSHAFT THRUST (END) CLEARANCE:
CRANKSHAFT SERIAL 

NUMBER
THRUST CLEARANCE,

Inches : mm

CONNECTING ROD THRUST (SIDE) CLEARANCE, Inches : mm:
THROW 

NUMBER:
1 2 3 4 5 6

JACK CLEARANCES, Inches : mm:
THROW 

NUMBER:
1 2 3 4 5 6

MAIN

BEARINGS
CONN. ROD 
BEARINGS

DATE TIME RPM

OIL PRESSURE 
FILTER INLET

psig: barg

OIL PRESSURE 
FILTER OUTLET

psig: barg

OIL TEMPERATURE 
INTO FRAME

°F : °C
REMARKS
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BEARING LOG / CONDITIONS AFTER REPLACING BEARINGS, continued

SERIAL NO. F-                                   MODEL                                    Date                          

Crankshaft - Installation
1. Be sure that the correct new main bearing half shells are in place in the frame 

saddles, absolutely clean and bearing surfaces lubricated with new clean crank-
case oil.

2. Move the connecting rods to their full outer position. If the piston rods are still 
attached to the crossheads, the heads and wiper packing gland may have to be 
repositioned so the rods will clear the crankshaft. While the crankshaft is being 
lowered very slowly into the crankcase (suspended by a crane with a clean 
nylon sling), one man should grasp the drive end and slowly maneuver the drive 
end and auxiliary end straight down into the crankcase, wearing clean gloves as 
during removal. Both drive end and auxiliary end journals should touch the bot-
tom bearing shells at the same time.

3. When the crankshaft is resting on the bottom bearing shells, lubricate upper 
crankshaft pin bearing surfaces with new clean crankcase oil and install the 
bearing caps (with their correct bearing half shells in place) with the capscrews 
lightly snugged. Then, starting at the thrust end, tighten the bolts in an alternat-
ing (criss-cross) pattern in 25% increments to the recommended torque value 
given in Table 1-15 on Page 1-25. Bearing caps are match-marked to corre-
spond with the spacer bar and spacer bar bosses on the frame.

4. Be sure the dowels in the bearing caps are aligned with the holes in the crank-
case base. A set screw on top of each dowel prevents it from backing out.

5. Measure each crankshaft journal bearing jack clearance, with a dial indicator 
and magnetic stand (see page 5-13 and the allowable clearance values in Table 
1-6 on Page 1-15). To measure main bearing clearance, turn the adjacent 
crankshaft pin up and mount the indicator stand on the main bearing cap, with 
the indicator stem touching the web of the crank adjacent to the bearing cap. 
Push down on the crank, set indicator to zero, pry up, observe and record read-
ing. This is best done before the connecting rods are installed by pulling a clean 
lifting strap around the adjacent pin and pulling up on the crankshaft with a 

BEARING CAP TEMPERATURES, °F : °C, AFTER RUN TIME OF:

THROW

10 MINUTES 1 HOUR 4 HOURS
MAIN ROD MAIN ROD MAIN ROD

1
2
3
4
5
6
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crane or bar on the strap.
6. Reattach the connecting rods (See “Connecting Rod - Installation” on Page 5-6), 

packing diaphragms, and unloaders/head end heads.
7. Reinstall the chain drive. (See “Chain Drive System” on Page 5-26).
8. Replace the spacer bars. Locate the match mark on the spacer bar. Install the 

spacer bar so that the match mark is up and next to the spacer bar boss with the 
same marking.

9. Install new end cover gaskets. Gaskets are provided with a non-stick coating to 
ease removal; additional lubrication is not required. Trim the excess from the 
new end cover gaskets flush to the base with a knife after end covers have been 
re-bolted.

10. Examine the top cover gasket. If there is any doubt that it is not in good usable 
condition, install a new gasket. Reinstall the top cover. Reinstall the coupling 
hub (if removed) and the coupling disk pack to coupling manufactures instruc-
tions.

Torsional Vibration Detuners - Installation on Crankshaft
Torsional vibration in reciprocating compressors is a critical consideration. In a given appli-
cation the drive train may require tuning to avoid resonance that can occur at the natural 
frequencies of the system, as determined by a qualified torsional vibration analysis provider, 
working closely with the packager, the driver manufacturer and Ariel. 

Depending on the results of a torsional vibration analysis (TVA), the compressor may be 
equipped with or require the addition of torsional vibration detuners (donuts) on the com-
pressor crankshaft. Detuner donuts are sized specifically for the compressor and applica-
tion, and are custom bored for installation on a specific compressor crankshaft spreader 
section, see Figure 5-14: on page 5-24. Do not order or install detuner donuts unless 
specifically required by the TVA report. An improperly tuned compressor package 
could cause severe damage to the compressor, coupling, and/or driver, and could 
potentially lead to personal injury.

When the addition of detuner donut(s) is required, contact the Ariel Response Center and 
request Ariel Engineering Reference ER-42 "Determining Detuner Inside Diameter" so that 
properly fitted detuner donut(s) can be ordered. One or more detuners may be required for a 
specific application.

Detuner installation is a 2-person operation. Detuner parts are heavy and cumber-
some and at least 2 persons are recommended for several of the following 
steps to avoid personal injury or damage to the equipment.
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The following steps are used to install torsional vibration detuners on Ariel crankshafts:

1. Verify the correct number, type and mounting location(s) of the detuner(s) for 
the specific application. Ariel, the driver manufacturer, the packager and the tor-
sional analysis provider cooperatively develop this information. The detailed 
location is to be provided by the report provider.

2. A finished detuner will have a custom finished bore with identification stamping 
as shown in Figure 5-15: on page 5-25. The stamping includes part number, the 
instruction "mount this face toward coupling" on both halves, final bore dimen-
sions and frame serial number (or crankshaft serial number and nominal crank-
shaft diameter). Verify that this information is on the detuner and that it 
correlates with the compressor and crankshaft. If this information is in question 
or missing, contact Ariel Engineering before proceeding. Detuner donuts are 
not interchangeable for use on other crankshafts, including replacement 
crankshafts.

FIGURE 5-14: LOCATING DETUNER(S) ON THE CRANKSHAFT SPREADER SECTION - 
TYPICAL

One Detuner Centered1 in Spreader Section

Three Detuners Symmetrically Centered1 in Spreader Section
1 Unless dictated otherwise by the Torsional Vibration Analysis report.
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3. Remove and discard the two shims that are located between the joints of a 
new detuner donut.

4. Clean each of the detuner parts thoroughly to remove any dirt or foreign mate-
rial.

5. Remove the crankcase top cover.
6. Wipe crankshaft spreader section clean and dry.
7. For handling the detuners, an overhead crane is recommended. A forged steel 

eyebolt can be installed in one half of the detuner for easy handling by the over-
head crane. The eyebolt should be installed in the side that is notched for the 
bolt head(s) as shown in Figure 5-15: on page 5-25. When a crane is not avail-
able, a second person is strongly recommended to help lift, lower into place and 
hold the detuner halves during installation.

8. Remove the bolts from both halves of the detuner and lower one half onto the 
crankshaft. Extreme care should be taken to prevent damage, such as nicks or 
scratches, to the crankshaft. Care must be taken to prevent personal injury 
during this operation. Position the piece into place on the top of the crank-
shaft.

9. Use the same procedure to position the other half of the detuner onto the top of 
the crankshaft, beside the first half. The two halves will now be side-by-side on 
top of the crankshaft. 

10. Rotate one half of the detuner around the crankshaft by ninety degrees (90°). A 
crane will be useful to hold this half securely while the second half of the detuner 
is being rotated around the crankshaft, in the opposite direction, by ninety 

FIGURE 5-15: DETUNER DONUT - TYPICAL

Bolt Head Notch

Bolt Head Notch

Remove Shim

Remove Shim

Identification 
Stamping
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degrees (90°).
11. Move one or both detuner halves axially along the crankshaft until they are 

exactly matched together and the bolt holes are aligned. Lubricate threads and 
bolt-head seating surfaces with lubricating oil or Lubriplate 630. Then install the 
top bolt to finger tight.

12. If only one detuner is required, it should be placed at the center of the crankshaft 
spreader section as shown in the top diagram of Figure 5-14: on page 5-24. If 
two or more detuners are to be used, position them centered symmetrically 
along the crankshaft spreader section, in contact with each other, as shown in 
the bottom diagram of the Figure.

13. Rotate the detuner 180° and install the remaining bolt. Tighten the bolt to finger 
tight. Remove lifting eyebolts from detuner halves, if used.                                                                                   

14. Tighten each of the bolts to the Section 1 “Fastener Tightening Values” table or 
the appropriate value on the Tool Box Chart "Ariel Bolting Required Tightening 
Torque", column 60 (Ariel part number ER-63; complete chart data also avail-
able on Ariel web site). Rotate the crankshaft 180° for easy access to the bolts 
as each bolt is tightened.

15. Check to be sure all tools and other materials have been removed, then replace 
the crankcase top cover.

Chain Drive System

Description - JGE/2/4, JGH/2/4, JGK/2/4 & JGT/2/4

The chain drive system is crankshaft-driven at the auxiliary end of the frame. The chain runs 
the lube oil pump and force feed lubricator. Chain tightness is controlled by an idler sprocket 
attached to the eccentric adjustment cap. The chain dips into the crankcase oil and, as a 

FIGURE 5-16: CHAIN DRIVE SYSTEM JGE:H:K:T/2/4

Plastic Dust
Plug
Eccentric
Adjustment

Chain

Force Feed Lubricator

Inspection
Plug

Crankshaft
Sprocket

Lube Oil
Pump

Optional
Crankcase
Oil Level
Regulator

Crankcase Oil Level Sight Gauge
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result, is constantly lubricated. See Figure 5-16: for the auxiliary end components and chain 
drive system for the JGE/2/4, JGH/2/4, JGK/2/4 & JGT/2/4 Models.

Description - JGE/6, JGK/6 & JGT/6
The chain drive system is crankshaft-driven at the auxiliary end of the frame. Two chains run 
the lube oil pump and force feed lubricator, respectively. Chain tightness is controlled by 
idler sprockets attached to the eccentric adjustment caps. The lube oil drive chain dips into 
the crankcase oil and the splash action provides oil to the force feed lubricator chain, as a 
result, both are constantly lubricated. See Figure 5-17: for the auxiliary end components and 
chain drive system for JGE/6, JGK/6 & JGT/6 Models.

Replacement of any parts that can change the position of the drive sprocket on the crank-
shaft (i.e. crankshaft, drive sprocket, thrust plates), and/or loss of the as built sprocket posi-
tion on driven components, can require repositioning the eccentric, lube oil pump and force 
feed lubricator sprockets. Center crankshaft in end play. With a good straight edge, check to 
see that sprockets are aligned within 1/32 inch (1mm). Or measure the distance between the 
inside face of the auxiliary end cover to the near faces of the drive sprockets on the crank-
shaft with a good machinist rule. Check the driven sprockets in the chain drive system 
against the measured dimensions at crankshaft drive sprockets. Special care must be taken 
when measuring and adjusting the force feed idler sprocket. This sprocket is thinner than the 
force feed lubricator and drive sprockets. To compensate, add a value of one half (1/2) of 
the difference between the drive sprocket thickness and the force feed idler sprocket thick-
ness to the measurement from the inside face of the auxiliary end cover to the outside face 
of the force feed idler sprocket. Adjust the driven sprockets to the drive sprocket measure-
ments to be aligned within 1/32 inch (1mm). If not in alignment, disassembly and shimming 
the eccentrics may be required.

FIGURE 5-17: CHAIN DRIVE SYSTEM JGE:K:T/6 - TYPICAL (STANDARD ROTA-
TION)
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Chain

Force Feed 
Sprocket
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Chain
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Chain Adjustment
1. Roll the crankshaft to the tightest position of the chain. This prevents snugging 

up on the chain at a slack position and breaking rollers, or ruining the pump and 
lubricator bearings when the chain goes through its tightest position.

2. Measure the length of the longest most easily accessible span with a tape mea-
sure (sprocket center to center), where the deflection will be gauged. Determine 
the allowable deflection limits defined by the shaded areas in Figure 5-18: or 
Figure 5-19:, for the measured span (3 to 5% of the span). 

3. Measure chain deflection from a straight edge held on the chain rollers where it 
wraps over the two sprockets of the span. Use a machinist’s scale with 0.01 inch 
or (0.5 mm) increments to measure the deflection distance from the straight 
edge to a chain roller at the center of the span. Apply a force of 2 to 10 lb (9 to 
45 N) finger pressure to take the slack out of the chain. Do not apply excessive 
force since a force feed lube box drive shaft can bend and provide an inaccurate 
deflection measurement. Finger pressure is adequate.

4. If adjustment is required, remove the capscrews and plastic plugs from the 
eccentric cap. Rotate the cap clockwise, facing cap from outside, to line up the 
first two new capscrew holes. If this makes the chain too tight, try turning the cap 
around in a counterclockwise direction for a different hole lineup.

5. Replace and tighten the two capscrews hand wrench tight. 
6. Roll the crankshaft to check the tightness in a number of positions. At its tightest 

position, the chain is to be adjusted so that the deflection is within the shaded 
graph limits in the figures. Replace the plastic caps to keep the holes clean.
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FIGURE 5: CHAIN DEFLECTION MEASUREMENT - TYPICAL
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FIGURE 5-18: ALLOWABLE CHAIN DEFLECTION, INCHES

FIGURE 5-19: ALLOWABLE CHAIN DEFLECTION, (MILLIMETERS)
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Chain and Sprocket Replacement
The chain(s) should be replaced if the elongation exceeds 0.084 inches (2.13 mm) over a 10 
pitch length. The section of chain to be measured should be stretched tight, in place, in the 
compressor and measured with vernier calipers. A reading made outside of the rollers at 10 
pitches should be added to a reading between the inside of the same rollers and then be 
divided by two. If the resulting calculation exceeds 5.084 inches (129.1 mm) for 1/2 pitch 
chain, the chain should be replaced. Sprockets showing any undercutting should be 
replaced.

Chain Idler Sprockets Replacement - (Eccentric Adjustment 
Caps)

1. The chain idler sprocket for the JGE:H:K:T/2/4 is shown in Figure 5-20: and the 
two chain idler sprockets for the JGE:K:T/6 & are shown in Figure 5-21:. Also, 
the location of the chain idler sprockets will vary for standard rotation versus 
reverse rotation with standard rotation defined as clockwise when viewed at the 
drive end (standing at the coupling).

2. Remove the frame top cover. Remove the two capscrews that hold the eccentric 
adjustment cap to the end cover. Rotate the eccentric cap to loosen the chain 
for removal. After dropping the chain off the idler sprocket, the entire assembly 
can be removed from the end cover.

3. Remove the lock nut, hex capscrew, and Stat-O-Seal washer. Discard all three 
items since they must be replaced with new parts. Remove and discard the cap 
O-ring.

4. Reassemble all parts using a new capscrew, Stat-O-Seal washer, sprocket, and 
lock nut. Tighten the idler lock nut to the recommended torque given in Table 
1-15 on Page 1-25

5. Apply oil and install a new O-ring. Install the assembly and chain. Adjust the 
chain according to the instructions given in “Chain Adjustment” on Page 5-28.

FIGURE 5-20: JGE:H:K:T/2/4 CHAIN IDLER SPROCKET (ECCENTRIC)
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Lube Oil Pump Chain Sprocket Replacement
1. Remove all piping from the pump. Remove fasteners from pump mounting 

flange and the pump with sprocket will come free through the hole in the end 
cover after the removal of the chain.

2. With a good machinist rule, measure the exact distance from the sprocket drive 
face to the pump mounting flange face, in order to position the new sprocket. 
Note this measurement for future reference.

3. With the oil pump on a bench, use an Allen Wrench to remove the sprocket set 
screws; then, pull the sprocket from its shaft.

4. Remove the square key, 3/16 x 1 inches (4.8 x 25 mm) long, from the shaft and 
file the shaft to smooth out any burrs raised by the cup point of the set screw.

5. Install a new square key, 3/16 x 1 inches (4.8 x 25 mm) long, after first checking 
to make sure the key will fit into the new sprocket. If the key is too thick, it can be 
polished with an emery cloth on a flat surface until it can easily slide into the 
notch. It may also be a little high and require filing of the top edge.

6. Install a new sprocket to the original measurement between the sprocket drive 
face and the pump mounting flange face. When it is in position, tighten the set 
screws.

7. Install new gaskets. Gaskets are provided with a non-stick coating to ease 
removal; additional lubrication is not required.

8. Reinstall the pump onto the end cover. Check the alignment to crankshaft drive 
sprocket, with crankshaft centered in end play, using a straight edge to within    
1/32 inch (1 mm). If not in alignment, adjust sprocket position as necessary.

9. Adjust the chain according to the instructions in “Chain Adjustment” on Page 
5-28.

FIGURE 5-21: JGE:K:T/6 CHAIN IDLER SPROCKETS (ECCENTRICS)
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10. Reinstall all piping to the pump

Force Feed Lubricator Chain Sprocket Replacement 
1. For the following steps, refer to Figure 5-23: on Page 5-34.
2. With a good machinist rule, measure the exact distance from the inside face of 

the auxiliary end cover to the near face of the lubricator sprocket. Note the mea-
surement for proper positioning of the new sprocket. Remove chain.

3. Remove the sprocket set screw and sprocket. Detach all tubing to the lubricator.
4. Remove the four mounting bracket capscrews and remove the lubricator.
5. With the lubricator on the bench, remove the Woodruff Key from the shaft and 

file the shaft to remove any burrs raised by the cup point of the set screw. Oil 
and install a new O-ring.

6. Install a new Woodruff Key after first checking to make sure the key will fit into 
the new sprocket. If it is too thick, it can be polished with an emery cloth on a flat 
surface until it can easily slide into the notch. It may also be a little high and 
require filing of the top edge.

7. After the new key has been installed and it has been determined that the new 
sprocket will fit, oil the new O-ring and remount the lubricator to the end cover.

8. Put the new sprocket onto the shaft and set to measured dimension. Tighten the 
set screw.

9. Check alignment to the crankshaft drive sprocket with crankshaft centered in 
end play, using a straight edge, to within 1/32 inch (mm). When aligning this 
sprocket with the idler sprocket, be sure to take into account that the idler 
sprocket is thinner than the other sprockets. If not in alignment, adjust sprocket 
position as necessary.

FIGURE 5-22: LUBE OIL PUMP CHAIN SPROCKET - TYPICAL
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10. Install chain and adjust using the instructions given in “Chain and Sprocket 
Replacement” on Page 5-31.

11. Re-attach all tubing to the lubricator.

FIGURE 5-23: FORCE FEED LUBRICATOR CHAIN SPROCKET - TYPICAL
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Piston And Rod - Removal

1. For non-lube cylinders, reference “Cleaning Components & Thread Lube for 
Non-Lube Compressor Cylinders” on Page 5-64.

2. Remove the crosshead guide side covers and the cylinder head. The cylinder 
head bolts should be loosened first to the Caution above.

3. Move the crosshead to its inner dead center position. Back off, but do not 
remove, the crosshead-balance nut set screws. Loosen the crosshead-balance 
nut with the special slugging wrench, see Figure 7-1: on Page 7-2. Use the open 
end wrench for hex nuts and the peg wrench for round nuts. Or use the sepa-
rately purchased hydraulic crosshead-balance nut torque tool, G-7583, see Fig-
ure 5-8: on Page 5-13.

4. Remove the cylinder head. In the case of tandem cylinders where the outboard 
cylinder bore is smaller than the inboard bore, it is necessary to remove the out-
board cylinder. Support such cylinders during removal and installation, as to not 
put excessive weight on the piston and rod assembly which might cause bend-
ing.

5. Use the Piston Nut Spanner or Turning Tool to screw the piston and rod assem-
bly out of the crosshead, see Figure 5-26: on Page 5-40. The two dowels on the 
tool fit the holes in the piston nut. Turn the crosshead nut off the piston rod.

6. As the piston leaves the cylinder, be careful in handling the piston rings. Despite 
their toughness in service, rings are fragile with regard to removal. Always han-
dle them with clean tools and hands protecting the rings from nicks, marring, 
and bending. Move the piston out of the cylinder until a fraction of the first ring 
clears the cylinder. Encircle the ring by hand (use a band for larger sizes) until it 
is clear and remove it. Use this same procedure to remove the succeeding rings 
and wear band.

7. Slide the piston rod out of the head end. The threaded crosshead end of the rod 
is 1/4 inches (6 mm) smaller in diameter than the inside diameter of the packing. 

CAUTION
TO PREVENT PERSONAL INJURY, BE SURE THAT COMPRESSOR CRANKSHAFT 
CANNOT BE TURNED BY THE DRIVER OR COMPRESSOR CYLINDER GAS PRES-
SURE DURING MAINTENANCE: -- ON ENGINE-DRIVEN COMPRESSORS, REMOVE 
THE CENTER COUPLING OR LOCK THE FLYWHEEL. -- ON ELECTRIC 
MOTOR-DRIVEN COMPRESSORS, IF IT IS INCONVENIENT TO DETACH THE 
DRIVER FROM THE COMPRESSOR, THE DRIVER SWITCH GEAR MUST BE 
LOCKED OUT DURING MAINTENANCE.

BEFORE PERFORMING ANY MAINTENANCE, COMPLETELY VENT SYSTEM. 
BEFORE REMOVING A CYLINDER HEAD, BACK OFF ALL CAPSCREWS 1/8 
INCHES (3 mm). MAKE SURE THE HEAD IS LOOSE AND THE CYLINDER IS COM-
PLETELY VENTED.

!
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Using extreme care, slowly slide the piston rod through the packing so as not to 
damage the rod threads or the packing rings.

Piston And Rod

Piston and Rod - Disassembly
Older rods not drilled and threaded for the hydraulic torquing tool (see Figure 5-25: on Page 
5-39), require a clamping fixture (see Figure 5-24: on Page 5-37) for proper piston and rod 
disassembly/reassembly. Rods which do not have the threaded hole may be reworked by a 
qualified machine shop. Contact your Distributor or Ariel for details. Remove the piston nut 
set screws (2) and reference the instructions in “Reassembly” below, before disassembly.

Piston and Rod - Reassembly
1. Clean all piston and rod assembly parts thoroughly. Be sure piston is internally 

clean and dry.
2. Inspect parts for nicks, burrs or scratches and dress surfaces with a fine grit 

stone as required. 
3. Inspect the piston rod threads and collar shoulder. Threads are to be clean and 

free of burrs. Fit the collar and nut into the piston to verify the outside diameter 
fits and rotates freely. Install the collar and nut onto the piston rod to verify that 
the inside diameter fits and rotates freely. Run the piston nut down by hand until 
the rod threads protrude to verify freedom of thread engagement. Remove nut 
and collar.

4. Check piston rings and wear band to determine wear (see “Determining Ring 
Wear:” on Page 5-42 and “Determining Wear Band Wear:” on Page 5-42). 
Replace piston rings and wear bands as required.

5. If the piston rod is not drilled and threaded for hydraulic torquing tool (see Figure 
5-25: on Page 5-39), clamp the piston rod in a proper holding device, using 
clean and oil free PVC liners (see Figure 5-24: on Page 5-37). Clamp the piston 
rod as close to the collar as possible, but where holding device will not interfere 
with the piston. Older rods not drilled and threaded for the hydraulic torquing tool 

 CAUTION
TRAPPED GAS PRESSURE IN HOLLOW PISTONS CAN 
PRESENT A PERSONAL SAFETY HAZARD WHEN SERVIC-
ING THE PISTON AND ROD ASSEMBLY. WORK IN A WELL 
VENTILATED, NON SPARKING AREA. DO NOT BREATHE 
GAS EMITTED FROM PISTONS WHEN VENTING TRAPPED 
GAS.

!
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are best done by a qualified service center.
6. Apply a thin coating of “Never-Seez” Regular Grade (anti-seize and lubricating 

compound) to the piston rod shoulder and rod collar locating bands, and collar 
face in contact with the piston, then slide collar onto rod. “Never-Seez” is manu-
factured by Bostick, Boston Street, Middleton, MA 01949 USA, Telephone: 
508-777-0100.

7. Apply a thin coating of “Never-Seez” Regular Grade to piston rod threads at the 
piston end, then slide piston in place onto rod and collar. For two-piece pistons 
install a new O-ring between the piston halves.

NOTE: ONE END OF SINGLE PIECE PISTONS IS MACHINED 0.002 INCHES (0.05 mm) 
UNDERSIZE ACROSS A 3/4 INCH (20 mm) WIDE BAND FOR MANUFACTUR-
ING PURPOSES. IF THE PISTON IS SYMMETRICAL AND CAN BE INSTALLED 
IN EITHER DIRECTION, ASSEMBLE WITH THE UNDERSIZE BAND TOWARD 
THE HEAD END.

8. Apply a thin coating of “Never-Seez” Regular Grade to the piston nut threads 
and piston mating face. Install nut and hand tighten.

9. For piston rods not drilled and threaded for the hydraulic torquing tool, tighten 
the piston nut to the recommended torque found in Table 1-15 on Page 1-25, 
using the piston nut spanner (see Figure 7-1: on Page 7-2) and piston torquing 
fixture (see Figure 5-24:). It may be necessary to use a hydraulic torque wrench 
to achieve the required torque. Loosen nut without disassembling and retighten 
to required torque. Repeating the tightening procedure properly seats the com-
ponents.

FIGURE 5-24: PISTON AND ROD CLAMPING FIXTURE (D-0961)

Piston Rod Clamping 
Fixture for Wrench 
Torquing Piston Nut
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. 

10. For piston rods drilled and threaded for the hydraulic torquing tool (see Figure 
5-25: on Page 5-39). Properly configure the separately purchased hydraulic 
torquing tool with the 7/8”-9 puller-bolt insert, the smaller dowel drive pins and 
the 4.120 inches (106 mm) inside diameter adapter-base-plate installed, except 
4-5/8ET class pistons use the 3.570 inches (91 mm) base plate. Other small 
diameter pistons may require special base plates. Put the torquing tool in place, 
with the two dowel drive pins placed into the piston rod nut. Tighten the puller 
bolt until torquing tool is tight against the piston rod assembly. CAUTION! 
TIGHTEN A MINIMUM OF EIGHT TURNS TO PREVENT PISTON ROD TO 
PULLER-BOLT THREAD FAILURE. SUCH FAILURES CAN RESULT IN PER-
SONAL INJURY. TOOL MUST BE PROPERLY CONFIGURED. Then back off 
1/4 turn. Note that the puller bolt-nut is provided with barring holes to insert a 
3/8” (9.5 mm) rod, to assist in tightening or loosening the puller bolt, if neces-
sary. A hydraulic pressure of 3,500 psig (241 barg) is to be applied to the torqu-
ing tool to stretch the piston rod. Then 50 lb-ft (68 N·m) of torque is to be applied 
to the 9/16 inch hex pinion gear drive. The hydraulic pressure is then released. 
Re-apply hydraulic pressure and completely loosen piston nut without disas-
sembling and release hydraulic pressure; repeat the tensioning/tightening pro-
cedure. Repeating the tightening procedure properly seats the components. The 
hydraulic torquing tool is also used and pressurized to disassemble a piston and 
rod.

11. After tightening, the piston rod should not protrude more than 0.010 inches (0.25 
mm) past the piston face. If it does contact your packager and/or Ariel.

12. Apply a thin coating of “Never-Seez” Regular Grade to two new Allen set 
screws. Two new Allen wrenches are also required per nut at each tightening 
and are discarded after their one time destructive use. Install the set screws and 
tighten so that the Allen wrench is permanently deformed by tightening past its 
yield point (twisted through a 15 degree arc).

13. Prick-punch the piston nut, within 1/16 inches (1.5 mm) of the set screw threads, 
to lock the set screws in place.

14. Weigh the piston rod assembly with the piston rings and wear bands included. 
Weigh parts on a calibrated scale to 0.1 pounds (0.05 kg). Stamp the weight on 
the piston’s head end. Flatten any raised lips to avoid end clearance measure-
ment errors. Record this weight for future reference.

 CAUTION
DO NOT OVERPRESSURE THE HYDRAULIC TORQUING 
TOOL. OVERPRESSURE CAN CAUSE THE TORQUING TOOL 
TO FAIL AND/OR RESULT IN EXCESSIVE PRE-LOAD OF THE 
PISTON ROD. PISTON ROD FAILURE CAN OCCUR DUE TO 
EXCESSIVE PRE-LOAD. SUCH FAILURES CAN RESULT IN 
PERSONAL INJURY.

!
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Piston and Rod - Installation
1. Install the piston/rod assembly with piston rings and wear band into the cylinder. 

The threaded crosshead end of the rod is 1/4 inches (6mm) smaller than the 
inside diameter of the packing. It is not necessary to use an entering sleeve if 
reasonable care is taken, but a plastic sleeve may be helpful to be sure that the 
packing rings are not damaged. A piston rod entering sleeve is provided in the 
Ariel tool box, see Figure 7-3: on Page 7-3. See  “Piston Rings - Installation” on 
Page 5-42 and  “Wear Band - Installation” on Page 5-44.

2. See “Crosshead - Installation” on Page 5-10 for details to re-attach piston rod to 
crosshead, check piston end clearance, piston rod runout and crosshead clear-
ances, and re-assemble to close cylinder and crosshead guide.

FIGURE 5-25: HYDRAULIC PISTON NUT TORQUING TOOL - TYPICAL 

9/16” Hex 
Pinion Gear Drive

Separately Purchased 
Manual Hydraulic Pump 
Kit may be used to Power 
the Tool at this connec-
tion.

Bevel
Gear

Puller-Bolt 
Stem

Adapter-Base-Plate 
(3 Provided with Tool)

Compressor 
Piston

Collar

Piston Nut w/(2) 
Set Screws

Dowel Drive Pins (2) 
(4 Provided with Tool)

Tool
Piston

Compressor
Piston
Rod

Torquing Tool (Not Part 
of Standard Tool Box - 
Must be Separately Pur-
chased from Ariel)

Puller-Bolt Insert 
(2 Provided)

Taper Roller 
Bearing

Piston Return 
Springs

If Piston has 3/4” (20 mm) Under-
cut, Assemble toward Head End

Puller-Bolt
Nut

O-ring (Two-Piece 
Pistons Only)
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Piston Rod Run Out
Check piston rod run out after installing a new unit, after relocating a unit or after any main-
tenance that could affect rod run out.

Verify that the crosshead guides are properly shimmed to level. See “Procedure For Setting 
and Aligning” on Page 2-1. Verify that the crossheads are in direct contact with the bottom of 
the crosshead guide. A 0.0015 inches (0.04 mm) feeler stock should not be able to be 
inserted more than 1/2 inches (13 mm) at all four corners of the crosshead.

Position the dial indicator1 stem against the piston rod, close to the packing case. Set the 
indicator to zero with the piston toward the crank end. Readings are to be taken in both the 
vertical and horizontal directions. When measuring vertical rod movement, upward move-
ment will be recorded as positive, downward movement will be recorded as negative. When 
measuring horizontal rod movement, rod movement toward the auxiliary end of the frame, 
will be recorded as a positive reading, movement toward the drive end of the frame will be 
recorded as a negative reading. Copy Table 5-1 to record readings. Bar over crankshaft by 
hand and record readings at mid-stroke and with piston at the head end.

FIGURE 5-26: PISTON AND ROD INSTALLATION - TYPICAL

1. Use a 0.0001 inches (0.001 mm) increment calibrated dial indicator.

Ratchet Extension
Support Tool
B-1240

Set ScrewCrosshead Nut

Crosshead

Piston Nut Spanner
B-1410 (or Turning 
Tool A-1678)
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Compare readings to Table 5-2.

If a vertical reading is greater than the maximum acceptable reading, the following proce-
dure is to be used to determine acceptability: With the piston at the head end, use feeler 
gages to determine clearance at the top of the piston. On wear band or rider ring pistons, 
this clearance is over the rings or band. Feeler top clearance is to be divided by two (/2) and 
then subtract (-) 0.005 inches (0.13 mm). Place a feeler of this calculated thickness under 
the bottom of the piston. Place the feeler under the wear band or rider ring on wear band or 
rider ring pistons. This feeler is to be long enough to stay under the piston as the piston is 
moved throughout its stroke. Re-measure vertical run out and compare to acceptable limits 
in the table above. The horizontal readings, taken without the use of feelers are to be used 
for acceptance. Copy Table 5-3 and record calculations and readings.

If readings are not within acceptable limits after replacing worn parts and correcting any pip-
ing misalignment, the piston rod assembly should be replaced.

TABLE 5-1: PISTON ROD RUN OUT

THROW NUMBER: 1 2 3 4 5 6

VERTICAL
Piston @ CE 0 0 0 0 0 0
Mid-Stroke

Piston @ HE

HORIZON-
TAL

Piston @ CE 0 0 0 0 0 0
Mid-Stroke

Piston @ HE

TABLE 5-2:  MAXIMUM ACCEPTABLE PISTON ROD RUN OUT 
READINGS

DIRECTION INCHES (mm)
Vertical 0.0020 (0.051)

Horizontal 0.0010 (0.025)

TABLE 5-3: FEELER THICKNESS TO CORRECT FOR PISTON WEIGHT

LINE THROW 
NUMBER: 1 2 3 4 5 6

1 Top Feeler Clearance
2 Line 1 (/2)

3 Line 2 - 0.005 inches 
(-0.13mm)

 - 0.005”
(-0.13mm)

 - 0.005”
(-0.13mm)

 - 0.005”
(-0.13mm)

 - 0.005”
(-0.13mm)

 - 0.005”
(-0.13mm)

 - 0.005”
(-0.13mm)

4 Bottom Feeler
Thickness

5 Vertical, Piston @ CE 0 0 0 0 0 0
6 Vertical, Piston @ HE
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Piston Rings
Most JGE:H:K:T cylinders use one-piece angle cut filled Teflon piston rings. High-pressure 
cylinders use two-piece thermoplastic rings, reference Figure 5-28: on Page 5-43. 

Determining Ring Wear:
Ariel recommends replacing rings when the end gap has increased to three times the new 
dimension. To measure the end gaps, insert the rings in the cylinders without pistons. (See 
Table 1-13 on Page 1-20 for new and maximum end gap dimensions.)

Removal:
See paragraph 5. at “Piston And Rod - Removal” on Page 5-35 for piston ring removal.

Wear Bands
Most JGK and JGT pistons use one, one-piece angle cut filled Teflon wear band. High-pres-
sure cylinders use two-piece thermoplastic wear bands, reference Figure 5-28: on Page 
5-43.

Determining Wear Band Wear:
Since the wear band does not work as a sealing ring, end gap is not critical. The amount of 
wear band projection beyond the outer diameter of the piston is important. Wear band pro-
jection can be checked by measuring piston to cylinder bore clearance at the bottom of the 
bore. This can be done without removing the piston from the cylinder. Replace the wear 
band before it has worn enough to allow the piston to touch the cylinder bore.

Piston Rings - Installation
1. Place the rings in the grooves in the piston. Compress the rings by hand.
2. For seal-joint piston rings, be sure stamped side is toward pressure, reference 

Figure 5-27: on Page 5-43. For two-piece high-pressure face cut piston rings, be 
sure notches face toward the pressure (notches face away from wear band), ref-
erence Figure 5-28: on Page 5-43.

3. With the rings fully compressed in the grooves, insert the rod and piston into the 
cylinder. Make sure the rings stay in place while inserting the piston and rod.

NOTE: RING GAPS ARE TO BE STAGGERED AROUND THE PISTON, RATHER THAN 
IN LINE.

4. Follow the steps under “Piston and Rod - Installation” on Page 5-39.
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FIGURE 5-27: SEAL-JOINT PISTON RING INSTALLATION ORIENTATION

FIGURE 5-28: HIGH-PRESSURE FACE-CUT PISTON RING ORIENTATION
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Toward Pressure

Typical Tandem Cylinder

Seal-Joint Ring
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with or without Wear Band

Stamped Side 
Toward Pressure
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Toward Pressure

Stamped Side 
Toward Pressure

Stamped Side 
Toward Pressure

Notches

PressurePressure

Wear Band

Notches
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Wear Band - Installation
Install the wear band as if it were another piston ring as above.

Piston Rod Pressure Packing - Removal
1. Remove the piston and piston rod. See “Piston And Rod - Removal” on Page 

5-35.
2. Remove packing diaphragm (if applicable) and oil wiper packing.
3. Disconnect all tubing and instrumentation (if applicable) from the packing flange. 

Remove the twelve point capscrews that hold the pressure packing gland to the 
crank end of the cylinder/head.

4. At this point do not remove the small nuts from the studs. These studs hold the 
entire packing case together so it can be removed as an assembly.

5. Pull the entire pressure packing out into the crosshead guide. It will then come 
out through the large side opening of the guide. The pressure packing may now 
be taken to a clean place for disassembly.

6. Set the pressure packing on a clean surface on its nose cup or cylinder end. 
Match mark the outside diameter of the cups for proper reassembly. Three long 
tie studs hold the pressure packing together. The stud holes are not equally 
spaced. This prevents the stack of parts from being aligned incorrectly. Remove 
the stud nuts and the pressure packing can be unstacked. Replace these nuts 
each time the pressure packing is serviced.

7. Ring wear can be determined by placing the assembled rings, (note 
match-marks), on the piston rod. Check end gap clearance. If the ends butt, or 
nearly butt, they should be replaced by new rings.

8. Fins or wire edges on the rings due to wear should be carefully filed off so that 
all matching edges will be square.

9. The metal gasket on the end cup can be pried loose with a sharp awl. Be careful 
not to scratch the sides of the gasket groove.

10. Before reassembly be certain all parts are perfectly clean.

Piston Rod Packing - Reassembly
1. Be sure to refer to the pressure packing assembly in your parts book. Ariel sup-

plies parts books with each unit. Please contact your distributor if you do not 
have a parts book. A pressure packing assembly drawing also is packaged with 
each pressure packing re-build kit.

2. Care must be taken to prevent scratching the mating surfaces of the cups, which 
can cause problems. Cup surfaces must be clean and dry when being 
re-assembled.

3. If installing a new set of rod rings in an existing packing case, the case parts 
need to be inspected for wear. Cups should be smooth and flat on the back side 
where the rod rings must seal. If the cups or grooves have worn concave or 
tapered, they should be reground or relapped. Do not reduce the cup thickness 
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to less than the rework dimension shown on the packing assembly drawing in 
the Ariel Parts Book. It is rarely necessary to alter the crosshead side of the 
cups, however, if this is found necessary, care must be taken so that the correct 
side clearance for the renewal rings is not destroyed.

NOTE:   IF PREMATURE WEAR IS SUSPECTED, REFER TO THE ARIEL “Cylinder And 
Packing Lubrication Requirements” in Section 4.

4. Before a packing case is installed, it should always be disassembled and thor-
oughly cleaned in an appropriate solvent for the intended service.

5. Before assembling the rings into the case, following is recommended: Put each 
ring set individually onto the rod and check the total end gap. See “Types of Pis-
ton Rod Packing Rings” on Page 5-47 for end gap tolerances. File at a gap to 
restore total end gap within tolerance. With the ring set on the rod, shine a light 
from behind the ring, if any light is observed between the ring and the rod, the 
ring set is not acceptable.

6. Make sure that each rod ring and cup is properly positioned and, unless 
non-lube, that rings are liberally coated with new clean lubricant before reas-
sembly. Only use the same lubricant that is used in the force feed lube system. If 
non-lube, see “Cleaning Components & Thread Lube for Non-Lube Compressor 
Cylinders” on Page 5-64. Make sure the tie studs are completely screwed into 
the end cup. Examine all parts for unusual nicks or burrs which might interfere 
with the free floating of the rod ring in the cups. Particular care should be taken 
with rod rings made of soft materials, such as bronze or TFE, and it is extremely 
important that wiper rings be handled and installed so as to prevent damage to 
the scraping edges. If packing case is “water”-cooled, see “Water-Cooled Piston 
Rod Packing” on Page 5-54.

FIGURE 5-29: PISTON ROD PACKING CASE LUBE CUPS

Lube Cup Identification 
Axial Groove (after 2005)

1/4 in. (6 mm)

Plastic Quill must 
be in Place (Ariel 
P/N A-12801)

Original Lube 
Cup Style

High-Pressure Plastic 
Quill Oil-Drip Lube Cup

Grooved Oil-Drip Lube 
Cup (All- starting in 2006)
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7. Parts should be laid out on a work bench so that they can be installed progres-
sively with each in its correct position and the rod rings with their proper faces 
toward the pressure. Three long tie studs hold the pressure packing together. 
The stud holes are not equally spaced. This prevents the stack of parts from 
being aligned incorrectly. Note that all rod ring segments are carefully lettered 
and must be assembled accordingly. This is most important for proper sealing. 
Center side-loaded WAT and AL rings prior to tightening tie stud nuts. Install tie 
stud-nuts and tighten to the values given in Table 1-15 on Page 1-25. Make sure 
that all rings move freely, radially, in their grooves using fingers. Side loaded 
rings will be snug, but should still move using your fingers. Be sure these rings 
are centered.

8. For new installations, care must be given to the cleaning of all accumulated dirt 
in the lines and compressor because foreign material will lodge in the packing to 
become destructively abrasive.

9. Prior to installing the packing case into the cylinder, the end cup gasket must be 
inspected for nicks and damage that would cause it to leak in service. When in 
doubt, replace the gasket with a new one.

10. Before installing the packing case into the cylinder, be sure the gasket surface in 
the packing counter bore on the crank end of the cylinder/head is clean and not 
scratched.

11. Reinstall the complete packing case assembly with the oil supply point on top. 
Using the rod packing bolts, pull the packing into place.

12. Reinstall the packing diaphragm (if applicable) and wiper packing.
13. Reinstall the piston and rod. Follow the steps under “Piston and Rod - Installa-

tion” on Page 5-39.
14. After the crosshead nut has been tightened, tighten the rod packing bolts evenly 

to the recommended torque in Table 1-15 on Page 1-25. This procedure will 
bring the pressure packing up square on its nose gasket. Alignment is accom-
plished by the use of feelers to maintain a uniform clearance all around between 
the case bore and the rod. Rod packing bolt tightening on high pressure cylin-
ders requires the use of a torque multiplier.

NOTE: THE FINAL TORQUE FOR THE ROD PACKING BOLTS SHOULD BE 
REPEATED UNTIL NO TURNING OF THE FASTENERS IS OBSERVED. THE 
TORQUE ON THESE FASTENERS SHOULD BE RE-CHECKED AT THE NEXT 
SERVICE INTERVAL.

15. Retighten the small tie stud nuts. Reinstall the tubing connections and instru-
ments (if applicable). Take care not to cross-thread the tubing nuts. Tubing nuts 
must be tight.

NOTE: AFTER INSTALLING THE PRESSURE PACKING, REFER TO “Force Feed 
Lubrication System” on Page 4-48 FOR INSTRUCTIONS FOR PRIMING THE 
FORCE FEED LUBE SYSTEM. PRIMING SHOULD BE REPEATED EACH TIME 
A COMPRESSOR IS STARTED BECAUSE OIL LINES MAY HAVE BEEN BLED 
DURING DOWN TIME. FOLLOW INSTRUCTIONS IN “Force Feed Lubricator 
Adjustment” ON PAGE 3-10 FOR LUBRICATION RATES THAT ARE RECOM-
MENDED FOR BREAK-IN OF A NEW MACHINE. BREAK-IN LUBE RATES ARE 
APPROXIMATELY TWICE THE NORMAL RATES - OR ONE-HALF THE NOR-
MAL INDICATOR PIN CYCLE TIME.
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Long Two-Compartment Intermediate Packing
Compressors supplied with long two-compartment distance pieces include an intermediate 
packing assembly that seals around the rod between the outboard and inboard distance 
pieces. This packing assembly includes a single AL ring set.

For lubricated service, force feed lube oil is supplied to the top of the ring set. The lube rate 
is very low because this ring set is not subjected to cylinder pressures and temperatures. 
Since the AL ring set seals end-to-end in the cup and with the low lube rate, newly installed 
rings could run virtually dry for the first few hours of operation. To avoid damage to the rings 
and rod, copiously oil the ring set during installation, before the rod is installed. Only use the 
same lubricant that is used in the force feed lube system. If non-lube, see “Cleaning 
Components & Thread Lube for Non-Lube Compressor Cylinders” on Page 5-64. 

Types of Piston Rod Packing Rings

Type "P" Pressure Breaker
This is a single ring. It is cut radially into three equal segments. This ring breaks down or 
slows the gas flow without sealing it completely. See Figure 5-30:

FIGURE 5-30: TYPE “P” PRESSURE BREAKER

Radial CutLetters toward pressure/cylinder

Total End Gap - Installed:
0.040 to 0.046” (1.0 / to 1.2 mm) for 
PEEK
0.020 to 0.026” (0.5 to 0.7 mm) for 
Bronze & Cast Iron

End gap should be maintained by 
adjusting the ring gap or replacing the 
ring.
1/06 PAGE 5 - 47



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 5 - MAINTENANCE
Type "UP" Pressure Breaker
This is a single solid ring. This ring breaks down or slows the gas flow without sealing it com-
pletely. See Figure 5-31:

Type “P1U” Pressure Breaker
This set is made up of two rings. It allows controlled leakage in one direction only, and is 
installed in the first or second packing cup (closest to the piston). The first ring (pressure 
side) is one-piece with a single radial cut. The second ring is uncut (solid). The bore in the 
second ring is larger than the rod diameter. See Figure 5-32:

FIGURE 5-31: TYPE “UP” PRESSURE BREAKER

FIGURE 5-32: TYPE “P1U” PRESSURE BREAKER
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Type "BTR" Single Acting Seal Set
This set is made up of three rings. It seals in one direction only. The first ring (pressure side) 
is radially cut. The second ring is a tangentially step cut ring and is made of the same mate-
rial as the first ring. The first two rings are doweled so the cuts are staggered from one ring 
to the other. The total end gap installed is 3/8 to 13/32 in. (9.5 to 10.3 mm) for PEEK, Bronze 
& Cast Iron, and 3/16 to 7/32 in. (4.8 to 5.6 mm) for Teflon. The end gap should be main-
tained by adjusting the ring gap or replacing the ring. The third ring is called a back-up ring 
and is radially cut. The bore in this ring is larger than the rod diameter. This allows the radial 
joints to be tight together forming a gas seal. No dowel is necessary for this ring. See Figure 
5-33:

Type "BD" Double Acting Seal Set
This set consists of two tangentially step cut rings. The rings are doweled so the tangential 
cuts are staggered from one ring to the other. The total end gap installed is 3/8 to 13/32 in. 
(9.5 to 10.3 mm) for PEEK, Bronze and Cast Iron, and 3/16 to 7/32 in. (4.8 to 5.6 mm) for 
Teflon. The end gap should be maintained by adjusting the ring gap or replacing the ring. 
The set is double acting in that it will seal in either direction. It is used in cylinders operating 
near atmospheric pressure to prevent air from entering the cylinder. Install with the match 
mark letters facing the pressure. See Figure 5-34:

FIGURE 5-33: TYPE “BTR” SINGLE ACTING SEAL SET

FIGURE 5-34: TYPE “BD” DOUBLE ACTING
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Type "WAT" Double Acting Seal Set
This set is made up of three rings. The first two rings (pressure side) are radially cut. The 
third ring is a tangentially step cut ring. The last two rings are doweled so the cuts are stag-
gered from one ring to the other. The total end gap installed is 3/16 to 7/32 in. (4.8 to 5.6 
mm) for Teflon. The end gap should be maintained by adjusting the ring gap or replacing the 
ring. The first ring, along with the center ring, forms a wedge that overcomes rod friction and 
holds the ring set against both groove faces during either direction of rod travel. This ring set 
is intended primarily for low pressure application. WAT rings must be centered when 
installed in the packing case. See Figure 5-35:

Type “AL” Double Acting Seal Set
This set is made up of five rings which function like a double ended “WAT” design ring set. 
The total end gap installed is 3/16 to 7/32 in. (4.8 to 5.6 mm) for Teflon. The end gap should 
be maintained by adjusting the ring gap or replacing the ring. It is meant to be used in a 
groove into which low-pressure fluid is supplied which serves to totally block leakage. AL 
rings must be centered when installed in the packing case. See Figure 5-36:

FIGURE 5-35: TYPE “WAT” DOUBLE ACTING SEAL SET

FIGURE 5-36: TYPE “AL” DOUBLE ACTING SEAL SET
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Type “BTU” Single Acting Seal Set
This set is made up of three rings. It seals in one direction only. The first ring (pressure side) 
is radially cut. The second ring is a tangentially step cut ring. The first two rings are doweled 
so the cuts are staggered from one ring to the other. The total end gap installed is 3/8 to 
13/32 in. (9.5 to 10.3 mm) for PEEK, Bronze and Cast Iron, and 3/16 to 7/32 in. (4.8 to 5.6 
mm) for Teflon. The end gap should be maintained by adjusting the ring gap or replacing the 
ring. The third ring is called a back-up ring and is uncut (solid). The bore in this ring is larger 
than the rod diameter, allowing the radial joints to be tight together forming a gas seal. See 
Figure 5-37:

Type BTUU Single Acting Seal Set
This set is made up of four rings. It seals in one direction only. The first ring (pressure side) 
is radially cut. The second ring is tangentially step cut. The first two rings are doweled so the 
cuts are staggered from one ring to the other. The total end gap installed is 3/8 to 13/32 in. 
(9.5 to 10.3 mm) for PEEK, and 3/16 to 7/32 in. (4.8 to 5.6 mm) for Teflon. The end gap should 
be maintained by adjusting the ring gap or replacing the ring.The third and forth rings are un-
cut (solid). The bore in these last two rings is larger than the rod diameter and allow the radial 
joints of the sealing rings to be tight together forming a gas seal. See Figure 5-38: 

FIGURE 5-37: TYPE “BTU” SINGLE ACTING SEAL SET

FIGURE 5-38: TYPE “BTUU” SINGLE ACTING SEAL SET
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Type “CU” Single Acting Seal Set
This set is made up of three rings. It seals in one direction only. The first ring (pressure side) 
is radially cut. The total end gap installed is 3/8 to 13/32 in. (9.5 to 10.3 mm) for PEEK, 
Bronze and Cast Iron, and 3/16 to 7/32 in. (4.8 to 5.6 mm) for Teflon. The end gap should be 
maintained by adjusting the ring gap or replacing the ring. The second ring is a tangentially 
cut ring. The first two rings are doweled so the cuts are staggered from one ring to the other. 
The third ring is called a back-up ring and is uncut (solid). The bore in this ring is larger than 
the rod diameter. See Figure 5-39:

Type “STU” Single Acting Seal Set
This set is made up of three rings. It seals in one direction only. The first ring (pressure side) 
is uncut (solid), with radial groves on the pressure side. The second ring is tangentially cut. 
The third ring is uncut (solid). See Figure 5-40:

FIGURE 5-39: TYPE “CU” SINGLE ACTING SEAL SET

FIGURE 5-40: TYPE “STU SINGLE ACTING SEAL SET
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Type “CR” Single Acting Seal Set
This set is made up of three rings. It seals in one direction only. The first ring (pressure side) 
is radially cut. The total end gap installed is 3/8 to 13/32 in. (9.5 to 10.3 mm) for PEEK, 
Bronze and Cast Iron, and 3/16 to 7/32 in. (4.8 to 5.6 mm) for Teflon. The end gap should be 
maintained by adjusting the ring gap or replacing the ring. The second ring is tangentially 
cut. The first two rings are doweled so the cuts are staggered from one ring to the other. The 
third ring is called a back-up ring and is radially cut. The bore in this ring is larger than the 
rod diameter. This allows the radial joints to be tight together forming a gas seal. See Figure 
5-41:

Type "3RWS" Oil Wiper Set
This set uses three radial cut rings. They are doweled to provide a staggered arrangement. 
Their purpose is to keep crankcase oil out of the packing and cylinder. Assemble with the 
blank face towards the oil (crankcase) and the slotted side towards the pressure packing. 
The total end gap installed is 3/16 to 7/32 in. (4.8 to 5.6 mm). The end gap should be main-
tained by adjusting the ring gap or replacing the ring. See Figure 5-42:

FIGURE 5-41: TYPE “CR” SINGLE ACTING SEAL SET

FIGURE 5-42: TYPE “3RWS” WIPER SET
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Arrangement of Piston Rod Packing Rings
Ariel supplies JGE:H:K:T packings in five pressure ranges. The general arrangement of the 
oil supply, seal ring and vent locations is shown below:

The type of rings used will depend upon the pressure application.

The oil wiper rings and one seal ring set are carried on a separate diaphragm in the cross-
head guide.

NOTE: SEE THE PACKING ASSEMBLY IN YOUR PARTS BOOK. SEE SECTION 4 FOR 
PACKING LUBRICATION AND SECTION 2 FOR VENTING.

Piston Rod Packing Ring Material
Some years ago bronze was the standard material for all Ariel packings. Bronze, however, is 
totally unsatisfactory for sour gas service, (hydrogen sulfide in the gas). PEEK, cast iron and 
Teflon provide outstanding service with sour gas, and since they perform equally well with 
sweet gas, they are now standard materials.

A typical packing will have a PEEK pressure breaker, Teflon/cast iron single acting rings, all 
Teflon double acting rings, and a cast iron wiper set. The Teflon is glass reinforced and 
impregnated with molybdenum disulfide. This provides a strong, slick material to reduce fric-
tion and wear.

Water-Cooled Piston Rod Packing
When any disassembly of (optional) “water”-cooled rod packing cases is required from the 
as supplied - as received condition from the manufacturer, proper re-assembly and testing is 
required. This is to test the cases for leaks.

Re-assembly
Reference “Piston Rod Packing - Reassembly” on Page 5-44 and “Types of Piston Rod 
Packing Rings” on Page 5-47.
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Be sure to refer to the pressure packing assembly in your parts book. Ariel supplies parts 
books with each unit. Please contact your distributor if you do not have a parts book. A pres-
sure packing assembly drawing also is packaged with each pressure packing re-build kit.

“Water”-cooled cases are lapped, and special care must be taken to prevent scratching the 
mating surfaces of the cups, which can cause significant problems. Cup surfaces must be 
clean and dry when being re-assembled.

The cups are numbered on the outside diameter and are to be assembled in consecutive 
order, starting with the end cup. Reference the pressure packing assembly in your parts 
book and Figure 5-43: The studs are offset so the cups will only fit one way.

Make sure the tie studs are completely screwed into the end cup. Put the proper ring in the 
groove and facing the proper direction. Three long tie studs hold the pressure packing 
together. The stud holes are not equally spaced. This prevents the stack of parts from being 
aligned incorrectly. Three long tie studs hold the pressure packing together. The stud holes 
are not equally spaced. This prevents the stack of parts from being aligned incorrectly. Be 
careful when sliding parts onto the tie studs to be sure that no scratching occurs to the 
lapped faces. Unless non-lube, rings are to be lightly coated with new clean lubricant before 
reassembly. Only use the same lubricant that is used in the force feed lube system.

Install second cup next, put the rings in place, and make sure the two (2) small O-rings are 
in place around the coolant holes.

Continue assembling the remaining parts in the proper configuration to the packing case 
drawing, in consecutive order, by repeating the above step.

Install tie stud-nuts and tighten to the values given in Table 1-15 on Page 1-25. Make sure 
that all rings move freely, radially, in their grooves using fingers. Side loaded WAT and AL 
rings will be snug, but should still move using fingers.

FIGURE 5-43: “WATER”-COOLED PACKING CASE TURNAROUND CUP

Coolant Turnaround Cup Circumferential 
Identification Groove (All - beginning in 2006)

O-Ring 
Groove
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Testing
100% verification of function is required for all internal passages.

The passages are to be checked by blowing dry compressed air thru the connection taps on 
the flange and verifying that air is exiting at the proper holes. When air is applied to the con-
nection tap stamped “Coolant In”, air should be exiting the connection tap stamped “Coolant 
Out”, or if air is applied to the tap stamped “Lube”, air should be exiting at the appropriate 
cup on the inside diameter of the case.

Pressure leak test packing cases as follows:

1. Apply 60 to 100 psi (4 to 7 bar) dry, compressed air pressure to the “Coolant In” 
connection. For water cooled rod packing cases in non-lube service, com-
pressed air is to be oil free. Air should exit at connection tap “Coolant Out”. Air 
applied to the tap stamped “Lube” should exit at the appropriate cup on the 
inside diameter of the case.

2. Plug the “Coolant Out” connection and apply 60 to 100 psi (4 to 7 bar) dry, com-
pressed air pressure to the “Coolant In” connection through a ball valve with a 
calibrated pressure gauge located between the ball valve and packing case. 
Close the ball valve and disconnect the air supply. There should be no pressure 
drop for five minutes, minimum. Cases which fail this testing procedure are to be 
disassembled, inspected, repaired, re-assembled and re-tested. Packing cases 
may be bolted into place in a cylinder head to aid sealing, using proper bolting 
and tightening torques.

Valves
Most valves used in cylinders on JGE, JGH, JGK and JGT frames use non-metallic plates.

Valves - Removal
1. Loosen all of the cap screws slightly, on each valve cap. With all the cap screws 

loose, the cap should stay in its original position. If it pushes out on its own 
accord, stop! Take steps to completely vent the cylinder. See Caution above. A 
typical valve assembly is shown in Figure 5-45: on Page 5-59. 

2. After all the above safety checks and with cap screws still in place but loosened, 

 CAUTION
BEFORE ATTEMPTING TO REMOVE ANY VALVE CAP, BE CERTAIN THAT ALL
PRESSURE HAS BEEN VENTED FROM THE COMPRESSOR CYLINDER. THE PRES-
SURE MUST BE COMPLETELY VENTED FROM BOTH THE SUCTION AND DIS-
CHARGE PASSAGES OF THE CYLINDER. SEE FIGURE 1-3: ON PAGE 1-8 FOR 
LOCATION OF IMPORTANT SAFETY INFORMATION PLATES.

!
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move the valve-cap out until the O-ring clears the cylinder to be sure that the cyl-
inder is properly vented. A pair of pry bars (or screwdrivers), one on each side of 
the cap, will help pry it out. 

3. Remove cap screws and valve cap. 
CAUTION! BE CAREFUL TO PREVENT THE VALVE CAP, RETAINER AND/OR VALVE 

FROM FALLING OUT OF BOTTOM VALVE POCKETS TO PREVENT THE 
POTENTIAL OF PERSONAL INJURY.

4. With the retainer still in place, screw a valve tool over the valve center bolt. See 
Figure 7-1: on Page 7-2. 

5. It may be necessary to loosen the plastic thumb screw retainer-keeper in the 
valve retainers. 

6. For high pressure applications that use a metallic wire gasket seal, the cylinder 
will vent when cap screws are first loosened. Use the valve removal tool shown 
in Figure 7-4: on Page 7-3 to unseat the metallic wire gasket. 

7. Now the valve and retainer can be pulled out together. 
8. For cylinder class 2-5/8K-FS-HE and 2-5/8T-FS-HE tandem cylinders, the suc-

tion and discharge piping and cylinder head must be removed to gain access to 
the concentric valve. A concentric valve combines the suction and discharge 
valves in one assembly. See Caution at “Piston And Rod - Removal” on Page 
5-35.

9. In most cases the flat metal gasket will remain in the pocket. It is difficult to see. 
A flashlight and a small mirror on an adjustable rod are the best tools to see the 
gasket clearly. On cylinders with horizontal valves, the gasket may fall into the 
gas passage. A small magnet on a flexible extension rod will help fish it out. This 
gasket should be replaced if damaged.

Valves - Maintenance
Ariel uses valves manufactured by Hoerbiger Corporation. Before servicing any valve refer 
to the correct valve assembly drawing and parts list and Hoerbiger's literature in the Parts 
Book. On the valve assembly drawing you will notice that valves have different springing for 
different pressure levels. The cylinder cover sheet in the Parts Book lists the valve originally 
supplied with each cylinder. If different operating pressures are encountered, then different 
springing may be required.

The suction valve must be selected on the basis of operating suction pressure and the dis-
charge valve for operating discharge pressure. Proper valve spring selection is also based 
upon the operating speed (RPM), gas specific gravity and the suction temperature of the 
gas.

Contact your Packager and/or Ariel, Mount Vernon, for assistance in valve selection.

Valves - Reassembly
1. The 1/32 inch (0.8 mm) or 1/16 inch (1.6 mm) thick soft metallic flat gasket 

should be coated with an anti-seize lubricant. It can then be either inserted into 
the valve pocket or stuck on the valve. In either case, care must be taken to 
keep this gasket from falling into the gas passage.
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2. Be sure that suction valves are installed only in suction pockets and discharge 
valves only in discharge pockets. The valve pockets have identification plates, 
see Figure 5-44: All valves are installed with the valve fastener(s) positioned 
away from the cylinder bore. If a valve is not marked for suction or discharge, or 
to verify the type, depress the valve plate by hand. It is recommended that a tool 
which is softer than the valve plate material be used or care be exercised to pre-
vent damage to the plate. A suction valve plate can only be depressed from the 
valve fastener (bolting) side of the valve, and a discharge valve plate can only 
be depressed from the side of the valve that goes toward the cylinder bore. Ref-
erence Figure 5-45: on Page 5-59.

3. Using the proper Valve Installation Tool, reference Section 7, the valve and the 
retainer may be inserted into the pocket together. Be sure that the valve is 
seated properly in the pocket. When installed correctly, the valve should rotate 
freely when turned by hand, and the distance from the outer retainer face to the 
surface of the valve boss on the cylinder will be 1/8 inches (3 mm) shorter than 
the length of the nose on the valve cap.

4. A plastic thumb screw is used as a retainer-keeper in a threaded hole in valve 
retainers. These screws should be tightened just enough to provide friction so 
that retainers and valves in bottom pockets will not fall out while the valve caps 
are being installed.

5. Lubricate and install a new O-ring in the groove on the nose of the valve cap. 
Some high pressure cylinders use a soft metallic wire gasket in lieu of the O-ring 
design. Insert the valve cap and tighten the bolts evenly to the recommended 
torque in Table 1-15 on Page 1-25.  “Bolt Tightening for Valve Caps” on Page 
5-59 If the assembly is correct, the distance from the underside of the cap to the 
valve boss surface on the cylinder will be a uniform 1/8 inches (3 mm).

NOTE: BE CERTAIN ALL PARTS, GASKET FACES, AND MATING SURFACES ARE 
ABSOLUTELY CLEAN AND ALWAYS USE CLEAN, FRESH OIL (EXCEPT FOR 
STAINLESS STEEL BOLTING, USE NEVER-SEEZ) ON THE THREADS 
BEFORE REINSTALLING BOLTS.

FIGURE 5-44: COMPRESSOR CYLINDER VALVE POCKET IDENTIFICATION PLATES

Suction

Discharge
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Bolt Tightening for Valve Caps
Proper fastener tightening technique is essential for sealing of valve caps with soft metallic 
wire gaskets used in some high pressure cylinders. It is important to draw up bolting to full 
torque in even and gradual steps. Do not allow the valve cap to be tightened with bias on 
one bolt or to become cocked in the bore. Such bias or cocking can cause uneven crush of 
a wire gasket that could cause a leak, and could also cause bolt failure. This step tightening 
procedure is also necessary for all valve caps.

Install the valve assembly (and high clearance spacer, when applicable), with the metallic 
preformed gasket and valve retainer, in the valve pocket. See “Valves - Reassembly” on 
Page 5-57. Lubricate and install a new O-ring, or for high pressure applications place a new, 
proper, soft metallic wire gasket on the retainer or cap and install the valve cap. Be careful 
not to gouge the bore, distort or damage the metallic wire gasket. Always use a new metallic 
wire gasket; wire gaskets are not reusable.

FIGURE 5-45: TYPICAL VALVE ASSEMBLIES
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Lubricate threads and bolt seating surfaces with petroleum type lubricant (except for stain-
less steel bolting, use Never-Seez), and install bolts. Do not use anti-seize compounds on 
valve cap bolting. Tighten each bolt until snug using an alternating (criss-cross) pattern. 
Next, tighten each bolt to 25% of full torque, moving across from bolt to bolt, in an alternating 
(criss-cross) pattern. See Figure 5-46: 1-2-3-4-5-6. Repeat this step for 50%, 75% and 
100% of full torque. If the assembly is correct, the distance from the underside of the cap to 
the valve pocket boss surface on the cylinder will be a uniform 1/8 inches (3 mm).

Proper tighten and torque procedures are important for all valve caps, but are particularly 
important for high pressure valve cap assemblies. High pressure applications have caution 
plates on the cylinders. These plates are stamped with proper torque values:

FIGURE 5-46: HIGH PRESSURE VALVE CAP ASSEMBLY

 CAUTION
SEVERE PERSONAL INJURY AND PROPERTY DAMAGE 
CAN RESULT IF VALVE CAP BOLTING IS NOT INSTALLED 
TO PROPER TORQUE OF ______ FT.-LBS. ______ N·m. 
REFER TO TECHNICAL MANUAL FOR PROPER TORQUING 
PROCEDURE.
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VVCP - Variable Volume Clearance Pocket Head End 
Unloader

Removal
Disconnect the VVCP packing vent. Remove the VVCP from the cylinder using similar pro-
cedures as when removing a cylinder head. The approximate weights of VVCP’s for han-
dling purposes can be found in the Ariel Data Book. The Electronic Data Book is available in 
the Ariel Performance Program.

Disassembly
Unsnap the thread protector bellows from the slot in the adjusting handle. Reference Figure 
5-47: on Page 5-62. With the locking handle locked, remove lock nut and hand adjusting 
handle. A hammer or puller may be required to break adjusting handle to stem tapered fit. 
Loosen locking handle and unscrew to remove handle. Remove fasteners at inside of bolt 
flange and separate the halves of the VVCP. Unscrew the VVCP stem and piston assembly 
to remove.

 CAUTION
TRAPPED GAS PRESSURE CAN PRESENT A PER-
SONAL SAFETY HAZARD WHEN SERVICING THE 
VVCP. WORK IN A WELL VENTILATED, NON SPARK-
ING AREA. DO NOT BREATHE GAS EMITTED FROM 
VVCP WHEN VENTING TRAPPED GAS.

!
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Maintenance
To replace or clean the VVCP packing, remove the capscrews, flange, spring and v-packing, 
or mechanically depress the packing assembly spring and remove the snap ring depending 
on the design. A piece of all thread rod, two hex nuts and two heavy washers may be used 
to compress the packing assembly. The inner washer must be large enough to catch the 
packing assembly, and small enough to allow the snap ring to be compressed and removed. 
Use proper snap ring pliers. Replace the VVCP packing when excessive leakage is noted at 
the vent. Remove the VVCP piston ring; replace as necessary.

Clean all parts to remove all debris, rust, etc. The stem and piston are permanently assem-
bled with an interference fit, do not attempt to disassemble. When replacing the VVCP pack-
ing, place new packing between two flat surfaces, such as two pieces of wood and tap wood 
with hammer to relax the packing elements prior to assembly.

Reassemble the VVCP in reverse order, lubricate and install a new O-ring at the bolt flange. 
Be sure that thread protector bellows are properly aligned when installing adjusting handle. 
Lubricate stem with 3-4 pumps of all-purpose petroleum grease with a hand pump grease 
gun at the grease fitting. 

FIGURE 5-47: COMPRESSOR CYLINDER WITH VVCP - TYPICAL
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To re-install the VVCP on the cylinder, use a new head gasket. Lubricate threads and bolt-
ing seating surfaces with petroleum type lubricant and install bolting. Tighten each fastener 
until snug using an alternating (criss-cross) pattern. Next tighten each fastener to 25% of full 
torque, moving from fastener to fastener in an alternating (criss-cross) pattern. Repeat this 
step for 50%, 75% and 100% of full torque. See Table 1-15 on Page 1-25 for tightening 
torque value. Reconnect VVCP packing vent. When installing a new VVCP, check total pis-
ton end clearance and re-set crank end/head end feeler clearances with VVCP completely 
closed. See Table 1-7 on Page 1-16 for clearances.

Adjustment
VVCP clearance volume may be changed with the compressor running or stopped. Consult 
the Packager’s instructions regarding where to set the VVCP. Also reference the VVCP data 
sheet in the Ariel Technical Manual Parts Book.

The VVCP piston ring is designed not to be gas tight, to allow a nearly balanced gas pres-
sure for ease of VVCP adjustment with the cylinder pressurized. Gas pressure behind the 
VVCP piston normally vents when cylinder is vented. Process debris or rust around the pis-
ton ring can make a seal that takes some time to vent. If gas is trapped behind the piston, 
the VVCP can be adjusted when the cylinder is pressurized, but difficult to turn when the cyl-
inder is vented. This problem is corrected by disassembling the VVCP and cleaning.

To adjust the volume, loosen the stem locking handle, so that stem is free to turn. Turn the 
stem by use of the adjusting handle on the outboard end of the shaft. Turn adjusting handle 
clockwise to load; counterclockwise to unload. See the VVCP instruction plate on the equip-
ment for the dimensional positions for fully closed (load) and fully open (unload). Reference 
Figure 1-9: on Page 1-14. Re-tighten the stem locking handle to approximately 150 lbs-ft 
(203 N·m) torque.

Ethylene Glycol Contamination
Ethylene glycol contamination of a compressor can result from water-cooled compressor rod 
packing or oil cooler.

Ethylene glycol anti-freeze coolant mixture leaking into the compressor crankcase oil can 
cause crankshaft seizure due to lack of adequate lubrication. Crankcase oil should be 
changed as recommended in Section 6, while being routinely sampled and analyzed by a 
qualified laboratory to verify suitability for continued use, including checking for ethylene gly-
col contamination.

Even small quantities of ethylene glycol in the oil can be detrimental. If contamination is less 
than 5%, drain oil, replace filters and flush oil system with a 50-50 mixture of butoxyethanol 
(Dow Chemical Co. Dowanol EB or equal) and 10W oil using a motor driven pump. Flushing 
should be done on a warm compressor. Bearings should be continuously flushed for 1/2 
hour while barring over compressor. All surfaces that come in contact with crankcase oil are 
to be flushed which includes spraying all interior surfaces in the crankcase. Completely drain 
cleaning mixture, being sure to drain all components of the oil system. Repeat flushing oper-
ating using a 60/40 mixture of 10W oil and kerosene or fuel oil. Completely drain system, 
install new filters and fill crankcase with proper oil. Coolant leak is to be found and repaired.
1/06 PAGE 5 - 63



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 5 - MAINTENANCE
If sampling indicates that glycol contamination is greater than 5% or compressor has seized 
due to contamination, the unit is to be torn down, cleaned with 100% butoxyethanol, flushed 
with kerosene or fuel oil and repaired as required. All surfaces that come in contact with 
crankcase oil must be cleaned with butoxyethanol, including all passages and piping, and 
then flushed with kerosene or fuel oil. Oil and filters must be changed. Coolant leak is to be 
found and repaired.

Butoxyethanol presents health and safety hazards. Use proper eye and skin protection and 
adequate ventilation. Do not use near open flame or sparks. See manufacturer's Material 
Safety Data Sheet for complete details.

Ethylene glycol, butoxyethanol, contaminated oils and solvents must be properly disposed. 
A chemical disposal service should be used.

Cleaning Components & Thread Lube for Non-Lube 
Compressor Cylinders
Complete non-lube cylinders ordered and shipped from Ariel are provided cleaned and pro-
tected to non-lube service requirements. Internal parts shipped loose, contaminated internal 
surfaces and all repair parts are to be cleaned prior to installation, thus providing long life of 
non-lube compressors and extending life of rings.

Clean the cylinder bore thoroughly with denatured alcohol until a clean, alcohol soaked, 
white "Bounty" paper towel does not remove anymore debris. This includes all surfaces of 
the bore, counter bore, valve pockets, etc. Do not use “Never-Seez” on steel gaskets. Apply 
only a very light film of oil to the cylinder seating surfaces to seal O-rings.

Denatured alcohol presents health and safety hazards. Keep alcohol away from heat, 
sparks, flame and all other ignition sources. Use adequate ventilation, neoprene or butyl 
gloves, mono-goggles or face-mask and impermeable apron. It contains methyl alcohol and 
is poisonous if ingested. Avoid eye and skin contact. Materials resulting from clean-up are to 
be handled and disposed in a proper manner. See manufacturer's Material Safety Data 
Sheets for more details.

Do not use any lubricants or anti-seize compounds on parts that can come into contact with 
the gas stream.

Use very small amounts of “Never-Seez” Regular Grade on the nut and collar when assem-
bling the piston assembly.

Thoroughly clean the piston with denatured alcohol until a clean, alcohol soaked towel does 
not remove anymore debris. This includes cleaning the ring grooves exceptionally well.

Disassemble the packing case. Wipe all surfaces clean with denatured alcohol. Re-assem-
ble. When the packing case is water cooled, re-assemble and test to “Water-Cooled Piston 
Rod Packing” on Page 5-54. Handle cleaned parts with new or clean "rubber" or new white 
cotton gloves.

Before installing the piston rod into the unit, wipe the piston rod with denatured alcohol. Be 
careful not to leave any fingerprints on the rod before it contacts the packing case-rings.

Make sure the piston rod is wiped down with denatured alcohol after the rod is installed.
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Clean the head end head or unloader components with denatured alcohol. Use minimal 
amounts of oil for the bolt-holes to make sure the oil does not run down into the cylinder. 
Also install the head end steel gasket without “Never-Seez”.

The valves are to be disassembled, cleaned with denatured alcohol, re-assembled, wiped 
down again, and installed. Clean the retainers and high clearance assemblies with dena-
tured alcohol. Use only a thin film of oil for the valve cap O-rings and bolt-holes.

Cleaned parts are to be assembled immediately to avoid contamination and corrosion. If cyl-
inder is not to be put into immediate service, contact Ariel for preservation instructions to 
ER-34.
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NOTES:
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SECTION 6 - MAINTENANCE INTERVALS & TROU-
BLE SHOOTING

Recommended Maintenance Intervals
For latest available Recommended Maintenance Intervals, see ER-8.2 at 
www.arielcorp.com.

Like all equipment, Ariel compressors do require maintenance. The frequency of mainte-
nance is dictated by the environment in which the compressor is placed, the loads the user 
imposes on the compressor and the cleanliness of the gas.

First and foremost on the preventative maintenance list is the completion and compliance 
with the Ariel Corporation Packagers Standard and Compressor Start Up Check List. All 
items must be adhered to, both before and after start up.

The following is a guide only and, as stated above, may vary due to operating conditions. 
The time intervals start from the start up date of the unit. If your oil supplier's recommended 
oil service changes are more frequent than the Ariel recommendations, the supplier’s inter-
vals should be followed. Regular oil analysis is recommended. If problems develop the oil 
should be changed immediately and the cause of the problem determined and corrected.

A log book should be kept with each unit. Every maintenance item can be entered with 
exacting detail in order that records will be available for tracking maintenance costs per unit 
and for trouble-shooting.

Operator logs should be reviewed by qualified personnel to determine trends in compressor 
performance and/or maintenance.

CAUTION: BE SURE THAT THE COMPRESSOR IS COMPLETELY VENTED TO 
RELIEVE ALL GAS PRESSURE, AND THE DRIVER WILL NOT EXERT 
TORQUE ON THE COMPRESSOR CRANKSHAFT THAT COULD RESULT IN 
INJURY, PRIOR TO TAKING COUPLING READINGS, RE-CHECKING 
BOLTING TORQUES ON PRESSURE CONTAINING COMPONENTS OR 
REMOVING ACCESS COVERS FOR PERFORMING INTERNAL 
INSPECTION OR MAINTENANCE ON THE COMPRESSOR. IN THE CASE 
OF A DIRECT DRIVE MOTOR, THE BREAKER IS LOCKED OUT. FAILURE 
TO FOLLOW THESE STEPS CAN RESULT IN SERIOUS PERSONAL 
INJURY OR DEATH.

Daily1

1. Check frame oil pressure. It should be 50 to 60 psig (3.5 to 4.2 barg) when at 
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operating temperature. Compressor inlet oil temperature is 190°F (88°C) maxi-
mum.

2. Check frame oil level. It should be visible in the sight glass and approximately 
mid-level when running, if not, determine and correct cause. Do not overfill. 
Check oil makeup tank for sufficient oil supply.

3. Check lubricator block cycle movement indicator. Refer to information plate on 
top of lubricator box for correct cycle time. Very dirty or wet gas may require a 
more frequent cycle time than normal.

4. Check primary and secondary packing vents for blowing. If blowing, determine 
cause and, if necessary, replace packing internal parts.

5. Check and correct any gas leaks.
6. Check and correct any oil leaks.
7. Check operating pressure and temperatures. If not normal, determine cause of 

abnormality and correct. It is recommended that a daily log of operating temper-
atures and pressure be kept for reference.

8. Check shutdown set points.
9. Low oil pressure shutdown 35 psig (2.4 barg) minimum.
10. High temperature shutdown to be set within 25°F (14°C) of actual operating tem-

perature.
11. High and low pressure shutdowns set as close as practical. Consideration 

should be given to rod load capacity of machine.
12. Check lubricator box oil level.
13. Check for unusual noises or vibrations.

Monthly1 (in addition to Daily Requirements)
1. Check and confirm safety shutdown functions.

Every 6 Months or 4,000 Hours (plus Daily/Monthly)
1. Drain and replace lubricator box oil.
2. Change oil filter or when oil filter differential pressure exceeds the filter change 

value, see filter information plate on the top cover or Technical Manual, Section 
4 for value.

1. After running a new compressor (or after a re-location, re-configuring or major overhaul) for 
the first 24 hours, shutdown, vent gas system and perform a hot alignment check at coupling 
within 30 minutes, while barring driver shaft to packager’s recommendations. Realign if nec-
essary to hold coupling alignment within 0.005 inch (0.13 mm) TIR. Also check fastener 
torque on gas nozzle flanges, valve caps, cylinder heads and compressor rod packing 
flanges. Reference Technical Manual, Section 1, Fastener Torque Tightening Values or Tool-
box Torque Chart, ER-63. After the first week or 150 hours, repeat this fastener torque check. 
Repeat after the first month or 650 hours. Fasteners that turn at the first month check, 
should be re-checked after the second month or 1300 hours. If loosening persists, consult 
your packager or Ariel to help determine the cause and recommend the correction.
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3. Change oil. A more frequent oil change interval may be required if operating in 
an extremely dirty environment or if the oil supplier recommends it or if an oil 
analysis dictates it. A less frequent oil change interval may be allowed If the oil is 
replenished on a regular basis due to force feed lubricator usage.

4. Clean sintered element in the small oil filter supplied on the force feed lubrica-
tion system or every time main oil filter is changed.

5. Clean strainer when oil is changed.
6. Open frame when oil is changed and visually inspect for foreign material. Disas-

sembly is not recommended unless a reason for it found.
7. Check fluid level in torsional vibration damper (if applicable). Take fluid sample 

for viscosity testing.
8. Re-tighten hold down stud-nuts to proper torque values and perform a soft foot 

check. More than 0.002 inch (0.05 mm) pull down requires re-shimming. If re-
shimming is required, realign if necessary to hold hot coupling alignment within 
0.005 inch (0.13 mm) TIR.

9. Check cylinders for the proper lubrication rates. Reference Technical Manual, 
Section 4 for a practical indication using the paper test method.

Yearly or 8,000 Hours (plus Daily/Monthly/6 Months)
1. Check main bearing clearance, connecting rod bearing clearance, and crank-

shaft thrust clearance with a pry bar and dial indicator1. Any time bearing clear-
ances are outside the limits listed in the Technical Manual, Section 1, 
Clearances Table, replace the affected bearings. Disassembly to check clear-
ances is not recommended. Disassembly should be performed if the pry bar 
check indicates excessive clearance.

2. Check crosshead guide clearance with feelers and if outside the limits listed in 
the Technical Manual, Section 1, Clearances Table, replace the affected parts.

3. Inspect valves for broken plates and loose center bolts, replace broken parts 
and tighten center bolts. Reference Technical Manual, Section 1, Fastener 
Torque Tightening Values or Toolbox Torque Chart, ER-63. 

4. Inspect cylinder bores for damage or wear. If the cylinder bore surface is blem-
ished or gouged, affecting efficiency or causing rapid ring wear, or is more than 
0.001 inch per inch of cylinder bore diameter (0.001 mm/mm) out of round or 
tapered, the cylinder body should be replaced or the bore restored. Contact Ariel 
for re-boring and bore restoration guidelines.

5. Inspect piston ring end gap. Replace rings that are outside the maximum limit 
listed in the Technical Manual, Section 1.

6. Inspect piston rods for damage and excessive wear. If gouged or scratched, 
replace the rod. If the rod is more than 0.005 inch (0.13 mm) under size, out of 
round more than 0.001 inch (0.03 mm), or tapered more than 0.002 inch (0.05 
mm) replace the rod.

7. Rebuild cylinder packing cases.

1. Check main, connecting rod and crankshaft thrust bearing clearances anytime if a periodic 
oil analysis indicates lead, tin or copper particles in oil, if bearing temperature increases or if 
visual inspection of crankcase indicates bearing wear.
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8. Inspect for frame twist or bending by checking shimming of compressor feet.
9. Realign if necessary to hold coupling hot alignment within 0.005 inch (0.13 mm) 

TIR.
10. Check and re-calibrate all temperature and pressure gauges.
11. Check and record compressor rod run out.
12. Grease VVCP stem threads at grease fitting, with 2 to 3 pumps of multi-purpose 

grease using a standard hand pump grease gun.
13. Clean crankcase breather filter.
14. Adjust drive chains.
15. Pressure test distribution blocks.
16. Check gas nozzle flange, valve cap, compressor rod packing, crosshead pin 

through bolt, crosshead guide to frame, crosshead guide to cylinder, cylinder 
mounting flange to forged steel cylinder, distance piece to cylinder, distance 
piece to crosshead guide and tandem cylinder to cylinder fastener torque.

17. If the compressor is equipped with crankcase over-pressure relief valves, 
inspect and exercise valves to the manufacturer’s recommendations.

Every 2 Years or 16,000 Hours (plus Daily/Monthly/6 Months/
Yearly)

1. Check auxiliary end chain drive for sprocket teeth undercutting and chain for 
excessive stretching.

2. Rebuild oil wiper cases.

Every 4 Years or 32,000 Hours (plus Daily/Monthly/6 Months/1 & 
2 Years)

1. Check crosshead pin to crosshead pin bore and connecting rod bushing bore by 
removing crosshead pins.

2. Check for excessive wear in the auxiliary end drive chain tightener.
3. Check for excessive ring groove wear in pistons.

Every 6 Years or 48,000 hours (plus Daily/Monthly/6 Months/1, 2 
& 4 Years)

1. Replace lubricator distribution blocks.
2. Replace crosshead bushings.

Trouble Shooting
Minor problems can be expected during the routine operation of an Ariel compressor. These 
troubles are most often traced to liquid, dirt, improper adjustment or to operating personnel 
being unfamiliar with Ariel compressors. Difficulties of this type can usually be corrected by 
PAGE 6 - 4 1/06



FOR MODELS: JGE, JGH, JGK AND JGT SECTION 6 - MAINTENANCE INTERVALS & TROUBLE 
SHOOTING

Low

 No

Exc

Pac
cleaning, proper adjustment, elimination of an adverse condition, replacement of a relatively 
minor part or proper training of the operating personnel.

Major problems can usually be traced to long periods of operation with unsuitable lubrica-
tion, careless operation, lack of routine maintenance or the use of the compressor for pur-
poses for which it was not intended.

Recording of the interstage pressures and temperatures on multistage units is valuable 
because any variation, when operating at a given load point, indicates trouble in one of the 
stages. Normally, if the interstage pressure drops the trouble is in the lower pressure cylin-
der. If it rises, the problem is normally in the higher pressure cylinder.

While it would be impossible to compile a complete list of every possible problem, listed 
below are some of the more common ones with their possible causes.

Problem Possible Causes

 Oil Pressure Oil Pump pressure regulating valve set too low or sticking.
Oil pump or oil pump drive failure.
Oil foaming from counterweights striking oil surface (oil level too high).
Cold oil.
Dirty oil filter.
Interior frame oil leaks.
Excessive leakage at bearings.
Improper low oil pressure switch setting.
Oil pump relief valve set too low.
Defective pressure gauge.
Plugged oil sump strainer.
Improper end clearance in oil pump.

ise in Cylinder Loose piston.
Piston hitting cylinder head end head or crank end head.
Loose crosshead balance nut.
Broken or leaking valve(s).
Worn or broken piston rings or wear bands.
Valve improperly seated or damaged seat gasket.
Liquids in cylinder.

essive Packing Leakage Worn packing rings.
Improper lube oil and or insufficient lube rate.
Dirt in packing.
Packing rings assembled incorrectly.
Improper ring side or end gap clearance.
Plugged packing vent system.
Scored, tapered or out of round piston rod.
Excessive piston rod run-out.
Packing not seated or properly run in.

king Over Heating Lubrication failure.
Improper lube oil and/or insufficient lube rate.
Worn packing rings.
Dirt in packing.
Improper ring side or end gap clearance.
Scored, tapered or out of round piston rod.
Excessive piston rod runout.
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Oil 
Con
essive Carbon on Valves Excessive lube oil.
Improper lube oil.
Oil carry-over from inlet system or previous stage.
Broken or leaking valves causing high temperature.
Excessive temperature due to high pressure ratio across cylinders.

ief Valve Popping Faulty relief valve.
Leaking suction valves or rings on next higher stage.
Obstruction, closed or faulty valve in discharge line.

h Discharge Temperature Excessive ratio across cylinder due to leaking inlet valves or rings on next 
higher stage.
Fouled intercooler piping.
Leaking discharge valves or piston rings.
High inlet temperature.
Improper lube oil and or lube rate.

me Knocks Loose crosshead pin or pin caps.
Loose or worn main, crankpin or crosshead bearings.
Low oil pressure.
Cold oil.
Incorrect oil.
Knock is actually from cylinder end.
Low fluid level in damper.

e End of Crankshaft Oil 
k

Clogged vent or vent piping.
Excessive cylinder packing leakage.

on Rod Oil Wiper Leaks Worn wiper rings.
Wipers incorrectly assembled.
Worn/scored rod.
Improper fit of rings to rod/side clearance.

ce Feed Lubrication Shut-
n

Force feed pump or lubricator block failure.
Loss of oil supply to F.F. pump.
Lubricator box drive failure.
Proflo not programmed correctly.
Proflo battery failure or power lose.
Loose or grounded control wiring.
Pin assembly not completely pushed into the Proflo housing for reliable 
operation.

Leaks at Pipe Threaded 
nections 

Joint not tight.
Pipe sealant was omitted.
Defective or damaged pipe threads.
NPTF Dryseal threads not being used.
Pressure too high to be using pipe threaded connection.
Type of pipe thread sealant used is not compatible with the type of syn-
thetic oil being used.
Cracked pipe or fittings.

Problem Possible Causes
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SECTION 7 - APPENDICES

Ariel Tools

Ariel Furnished Tools
Ariel provides the following tools with each compressor (see Figure 7-1: on Page 7-2).

• Tool Kit (G-8631), containing the following:
• Tool Box (A-0798). Not illustrated).
• 1/4” x 3/8” UNF Valve Tool for Installing or Removing Valves (A-0409).
• 5/16” x 1/2” UNF Valve Tool for Installing or Removing Valves (A-0135).
• 5/8” x 3/4” UNF Valve Tool for Installing or Removing Valves (A-0626).
• Peg Wrench for Round Crosshead Balance Nuts (A-4996).
• Ratchet Wrench Extension Support for Turning Piston and Rod Assembly            

(B-1240).
• 3/4” x 1” UNC Valve Tool for Installing or Removing ‘CT’ Type Valves (A-2289).
• Connecting Rod Bolt 90° Turn Indicator Tool (B-1495).
• Piston Nut Spanner for 1” Square Drive Ratchet (B-1410).
• Cylinder Bolt Torque Adapter (A-6393).
• Crosshead Installation Tool (A-1858).
• Fastener Tightening Torque Chart (ER-63).
• Connecting Rod Cap Removal Tool (C-2106) (See Figure 7-2:).
• Crosshead Pin Alignment Tool (B-1989).
• Piston Rod Entering Sleeve (A-11341) (See Figure 7-3:).

Ariel provides the following tools with each compressor when applicable, as required:

• Piston Turning Tool for 9/16” Socket (A-1678) provided with small cylinders only 
(not illustrated).

• 4-Inch Open End Wrench for Hex Crosshead Balance Nuts (C-0618)1.
• Valve Removal Tool for forged steel cylinders 2. (See Figure 7-4: on Page 7-3).
• Piston Ring Entering Sleeves for forged-steel, tail-rod compressor cylinders with 

step to bore, not illustrated.

Ariel provides these tools with every compressor. Please contact your Distributor if you do 
not have these tools.

1.  Provided only when original equipment compressor is provided with any hex crosshead balance 
nuts.

2. Provided only when original equipment compressor is provided with forged steel cylinders. Used to 
remove the metallic wire gasket in high pressure applications.
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These tools are specifically designed for use on Ariel units. Clean all tools before use. Be 
sure that the tool and the part being removed or installed are fully engaged during the pro-
cess. If a tool is missing, worn or broken, please call your distributor for a replacement. Do 
not use worn or broken tools, or substitutes for Ariel furnished tools.

Also included in the tool box are standard commercial tools as follows:

• Forged Eyebolts: 3/8" - 16, UNC and 1/2" - 13 UNC
• Allen Wrenches: 5/32", 3/16", 3/8", 1/2" & 3/4"
• (6) Hex Capscrews, Grade 5, 1/4 - 20 UNC x 1 (A-1858 to crosshead guide dia-

phragm)       

FIGURE 7-1: ARIEL TOOLS

Peg Wrench 
for Crosshead 
Nuts A-4996

Open End Wrench for a 
Hex Crosshead Nuts       
C-0618

Ratchet Extension
Support B-1240

Valve Tool
A-0135
A-0409
A-0626
A-2289

Connecting 
Rod Bolt Turn 
Indicator
B-1495

Piston Nut 
Spanner
B-1410

Cylinder Bolt 
Torque Adapter 
A-6393

Crosshead 
Installation 
Tool A-1858

Crosshead Pin 
Alignment Tool 
B-1989

a.) Provided only when original equipment compressor is provided with any hex crosshead balance nuts.
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FIGURE 7-2: CONNECTING ROD CAP REMOVAL TOOL - TYPICAL (C-2106)

FIGURE 7-3: PISTON ROD ENTERING SLEEVE (A-11341)

FIGURE 7-4: VALVE REMOVAL TOOL - TYPICAL

Alternate Tool End Connection for Center 
12-Point Cap Screw and Threaded Washer

For Valves with Center Stud

This tool is used to remove the metallic wire gasket in high pressure applications. See the Ariel Parts Book for G- part 
number for ordering this tool. Provided only when original equipment compressor is provided with forged steel cylinder
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Ariel Tools - Purchased Separately
• Hydraulic Piston Nut Torquing Tool (G-12643). See Figure 5-25: on Page 5-39).
• Piston Rod Clamping Fixture for Wrench Torquing Piston Nut (D-0961). See Figure 5-

24: on Page 5-37.
• Piston Rod Support for Installing Piston and Rod Assembly (G-8325). See Figure 7-5: 

on Page 7-4.
• Hydraulic Crosshead Balance Nut Torquing Tool (G-7583), includes tool and ram. 

See Figure 5-8: on Page 5-13.
• Hand Pump Kit for Hydraulic Piston Nut and Crosshead Balance Nut Torquing Tools, 

includes hand pump, hose, coupler and gauge (G-12639). Not illustrated.
• Force Feed Lubrication Hand Purge Pump (G-7162). See Figure 7-6: on Page 7-4
• Plastic Main Bearing Plastic Removal Tool (B-3340). Used to push (rotate) out bot-

tom half of bearing shell with crankshaft in place. See Figure 7-7: on Page 7-5.
• Force Feed Lubricator Bearing Housing Spanner Wrench (A-8158). See Figure 7-8: 

on Page 7-5.
    

FIGURE 7-5: PISTON ROD SUPPORT (G-8325)

FIGURE 7-6: FORCE FEED LUBRICATION HAND PURGE PUMP (G-7162)
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Minimum Hand & Commercial Tools Required
The following standard tools are normally all that is required to work on Ariel reciprocating 
compressors. These tools are in addition to the Ariel furnished and optional tools listed 
above. Acquiring high-quality tools and user-friendly, secure tool storage facilities are cost 
effective. Please contact Ariel if you have questions about tools on Ariel units.

• Tool box for hand tools
• 15 - 18” Adjustable Wrench (Crescent Type)
• Combination Open/Boxed End Wrench Set - including sizes up through 1-1/8”.
• Screw Driver Set, Flat and Phillips - including 2 - Medium; 1 - Extra Large; 1 - Extra 

Long Sizes.
• 3/8" Square Drive Wrench Set, including:

1. 12 Point Socket Set w/ Breaker Bar, Ratchet, Speed Wrench, Extensions.
2. Universal Joint, Impact Type (Ball).
3. Adapter to 1/2" Drive.
4. 12 Point Box-End “Torque Adapter” Extension Wrench Set, including 1/2” & 5/8” 

sizes, for tandem forged steel cylinder mounting bolts on smaller frame sizes.
5. Calibrated Torque Wrench, 10 LB-IN to 250 LB-IN (1 to 30 N·m) range.

• 1/2" Square Drive Wrench Set, including:
1. 12 Point Socket Set w/ Breaker Bar, Ratchet, Speed Wrench, Extensions.

FIGURE 7-7: PLASTIC MAIN BEARING REMOVAL TOOL (B-3340)

FIGURE 7-8: FORCE FEED LUBRICATOR BEARING HOUSING SPANNER WRENCH  
(A-8158)

Flexible Plastic 
Bearing Pusher Tab
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2. Universal Joint, Impact Style (Ball).
3. Adapters to 3/8" and 3/4" Drive.
4. 1-1/4" Open End Crows Foot.
5. 1/4”, 1/2”, 5/8" Hex Key (Allen) Socket.
6. Calibrated Torque Wrench, 50 LB-FT to 250 LB-FT (65 to 350 N·m) range.

• 3/4" Square Drive Wrench Set, including:
1. 12 Point Socket Set w/ Breaker Bar, Ratchet, Extensions.
2. Adapters to 1/2" and 1" Drive.
3. Calibrated Torque Wrench to 600 LB-FT (800 N·m) range.

• 1" Square Drive Wrench set, including:
1. 12 Point Socket Set (w/ Sockets up through 2-5/8").
2. Calibrated Torque Wrench to 1000 LB-FT (1400 N·m) range.

• Two (2) Dead Blow Semi-Soft Faced Hammers, Primarily for Slugging the Cross-
head-Balance Nut Wrench, approximately 100 ounce or 6 lb (3 kg) for JGC:D frames 
and 56 ounce or 3.5 lb (1.5 kg) for smaller frames.

• Long Blade Feeler Gage Pack in Assorted Thickness’.
• Pry Bar - 3’ (1 m) Long.
• Hexagon Allen-Type Key-Wrenches (to ANSI/ASTM B18.3) for Piston-Nut Set-

Screws. 2 Hex Wrenches are Consumed (Destroyed) with each Tightening of a Pis-
ton Nut. A quantity of hex wrenches needs to be kept on hand, considering the con-
sumption during maintenance. Hex Allen-type-wrench sizes for piston-nut screws - 
nominal inch sizes:
1. JG:A:M:N:P:Q:I  3/32
2. JGR:J:W:B:V   1/8
3. JGH:E:K:T   5/32
4. JGC:D;Z;U   3/16

• Tape Measure.
• Machinist scale with 0.01 inch or 0.5 mm increments.
• Calibrated Button and Needle type Dial Indicators with 0.0005 inches (0.005 mm) 

increments, magnetic stands and mounting hardware.
• Torque Multiplier and/or Hydraulic Torque Wrench for larger frame sizes.

Terms, Abbreviations1 and Conversion to SI Metric2

Area
in2 or square inch x 0.00064516 = meter2, or m2

in2 or square inch x 6.4516 = centimeter2, or cm2

1. US units of measure can appear abbreviated in upper or lower case.
2. Maintain upper and lower case letters in SI Metric as shown.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Flow - Gas
MMSCFD or million standard cubic feet per day (at 14.696 psia & 60°F) x 0.310 = normal 
meter3/second (at 1.01325 bar & 0°C), or   m3/sn

SCFM or standard cubic feet per minute (at 14.696 psia & 60°F) x 1.607 = normal meter3/
hour (at 1.01325 bar & 0°C), or m3/hn

Flow - Liquid
GPM or US gallons per minute x 0.0630902 = liter/second, or L/s = dm3/s

GPM or US gallons per minute x 0.227125 = meter3/hour, or m3/h

Force
lbf or pound (force) x 4.44822 = Newton, or N

Heat
BTU or British Thermal Units x 1.05506 = kilojoule, or kJ

Length
in. or " or inches x 25.4000 = millimeters, or mm

ft or feet x 0.304800 = meter, or m

Mass
lbm or pound (mass) x 0.453592 = kilogram, or kg

Moment or Torque
LB x FT or pound-foot (force) x 1.35583 = Newton-meter, or N. m

LB x IN or pound-inch (force) x 0.112985 = Newton-meter, or N. m

Power1

HP or Horsepower x 0.745700 = kilowatt, or kW

1. Horsepower based on 550 ft-lb/sec.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Pressure1 or Stress
psi x 6894.757 = Pascal, or Pa

Pa x 0.000145 = psi

psi x 6.894757 = kiloPascal, or kPa

kPa x 0.145 = psi

bar x 100 000 = Pascal, or Pa

Pa x 0.00001 = bar

bar x 100 = kPa

kPa x 0.01 = bar

psi x 68.94757 = mbar or millibar

mbar x 0.0145 = psi

psi x 0.06894757 = bar

bar x 14.5 = psi

Speed
FPM or feet per minute x 0.005080 = meter per second, or m/s

RPM or r/min or revolutions per minute x 60 = revolutions per second, or rev/s

Temperature
°F or degrees Fahrenheit. (°F - 32)/1.8 = degrees Celsius, or °C

Time
sec = second, or s

min or minute x 60 = second, or s

hr or h or hour x 3600 = second, or s

Viscosity
SSU, SUS or Saybolt Universal seconds x 0.22 - (180/SSU) = mm2/s = centistoke, or cSt

(for a range of 33 through 200,000 SUS)

1. “G” or “g” suffix indicates gauge pressure; “A”, “a” indicates absolute; “D”, “d” indicates differential.
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Volume
gal or gallons (US liquid) x 3.78541 = liter, or L 

Other Abbreviations
AC = Alternating Current (Electrical)

ACT = Actuator

ADI = Austempered Ductile Iron

ADPTR = Adapter

AFC = Added Fixed Clearance

AISI = American Iron and Steel Institute

AL = Aluminum

ANSI = American National Standards Institution

API = American Petroleum Institute

ASME = American Society of Mechanical Engineers

ASSY = Assembly

ASTM = American Society of Testing and Materials

ATEX = ATmosphère EXplosible

AUX = Auxiliary

AVG = Average

AWS = American Welding Society

BAL = Balance

BHN = Brinell Hardness Number

BLK = Block

BPS = Bypass

BR = Brass

BRKT = Bracket

BRST = Burst Test

BS = Bottom Suction

BW = Butt-Welded

BZ = Bronze

C/CERT = Chemical Certification

CCT = CC Technology
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
 = European Conformance Marking to European Union Directives 

CE = Crank End

CERT = Certification

CGA = Compressed Gas Association

CHR = Chrome

CI = Cast Iron

CIP = Cycle Indicator Pin

CIU = Compressor Interface Unit

 = Centerline

CL = Clearance or Class

CL PKT = Clearance Pocket

CNTR = Center

COMP or COMPR = Compressor

CONC = Concentric

CONN or CON = Connecting or Connection

CRK or C’SHAFT = Crankshaft

CSA = Canadian Standards Association

CSTG = Casting

CT = Calcium Treated

CTB = Ariel Customer Technical Bulletin

CU = Cubic

CVR = Cover

CYL = Cylinder

DAQ = Data Acquision System

DC = Direct Current (Electrical)

D/D = Double Deck

D/S = Drilled-Seat Valves

DI = Ductile Iron

DIA or D = Diameter

DIS = Discharge

DNFT = Digital No-Flow Timer Switch

DPI = Dye Penetrant Inspection

DUPLX = Duplex

CL
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
DS = Dry Sump

EEPROM = Electrical Erasable Programmable Read Only Memory

ELEC or ELECT = Electric

ELEM = Element

ESNA = Registered Trade Mark of Elastic Stop Nut Division, Harvard Industries

EN = European Union

EX = Explosion Protection

EXT = External

EXTB = External Thrust Bearing

EXTN = Extension or Extended

FAB = Fabricated

FEM = Female

FFT = Fluid Flow Trending (software)

FIN = Finished

FLG = Flange

FPT = Female Pipe Tap

FS = Forged Steel

FTG = Fitting(s)

FVCP = Fixed Volume Clearance Pocket

FW = Fillet-Welded

GI = Gray Iron

GPSA = Gas Producers Suppliers Association

GRHT = Gerhardt

GR = Grooved Nozzle or Grade

H/S = Half Shell

H-COM = Hydro-Com

HCL = High Clearance

HE = Head End

HES = Head End Support(s)

HEX = Hexagonal

HL = High Lift or High Level

HP = High Pressure or Horsepower, see Power above

HRC = Hardness Measurement on Rockwell C Scale
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
HTP = Hydrostatic Test Pressure

IEC = International Electric Congress

ID = Inside Diameter

IDP = Integral Distance Piece

IFI = International Fasteners Institute

IH = Integral Head

IN = Ion-Nitrided or Inches, see Length above

ISO = International Standards Organization

IT = Indicator Tap(s)

J BOX = Junction Box

JIC = Joint Industry Conference

KEMA = NV tot Keuring van Elektrotechnische Materialen (Electrical Engineering Equip-
ment Testing Company)

LCD = Liquid Crystal Display

LED = Light Emitting Diode

LG = Long

LHP = Low Horsepower

LL = Low Lift or Low Level

LO = Lubricating Oil

LOSD = Lube Oil Shutdown

LXD = Higher Temperature Liquid Crystal Display

LS = Long Single Compartment Distance Piece

LUBE = Lubricating or Lubricated

L2 = Long Two Compartment Distance Piece

M/CERT = Mechanical Material Certification

M/S = Milled-Seat Valve(s)

MAWP = Maximum Allowable Working Pressure

MAX = Maximum

MC = Medium Temperature Carbon Filled Nylon

MIL = Military

MIN = Minimum

MPI = Magnetic Particle Inspection

MPPT = Mini-Poppet Valve
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
MPT = Male Pipe Thread

MT = Medium Temperature Glass Filled Nylon

MTD = Mounted

MTG = Mounting

N/A = Not Applicable

N/H = Not Hydrostatically Tested

NAC or NACE = (National Association of Corrosion Engineers), now NACE International 
Corrosion Society

NAS = National Aerospace Standard

NC or N/C = Normally Closed

NEC = National Electric Code

NFPA = National Fire Protection Association

NL = Non-Lubricated

NMC = Nimonic (Valve Spring)

NO. or # = Number

NO or N/O = Normally Open

NOZ = Nozzle

NP = No Pumps (Force Feed Lubrication)

NPT = National Pipe Thread

OD = Outside Diameter

OVRFLO = Overflow

P/N = Part Number

PC = Piece or Personal Computer

PCT or PCNT or % = Percent

PEEK or PK = Poly-Ether-Ether-Ketone (plastic material)

PIST = Piston

PL = Plastic

PLC = Programmable Logic Controller

PLT = Plate

PPA = Proprietary Polymer Alloy

PPT = Poppet

PR/PKG = Propane Package

PRC = Process
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
PRS = Pressure

PT = Point

PU = Purge

R/R = Reverse Rotation

RD NOZZ = Round Nozzle

RED = Reducing

RET = Retainer

RFO = Radial Force Only

RNG = Ring

RTD = Resistance Temperature Detector

RTRN = Return

S&D = Suction and Discharge

S/F = Semi-Finished

S/R = Seal Ring

SAE = Society of Automotive Engineers

SBB = Steel Backed Bronze

SD or S/D = Shutdown

SF = Stainless Steel Tubing and Fittings

SG = Specific Gravity

SI = International System, as applied to the modern metric system

SJ = Seal Joint Piston Rings

SM = Small

S. N. or S/N = Serial Number

SOC = Socket (Head)

SPCL = Special

SPCR = Spacer

SPEC = Specifications

SPR = Spring

SS = Stainless Steel

STD = Standard

STL = Steel

STR = Straight

SUC = Suction
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
SVU = Suction Valve Unloader

SW = Switch

T&B = Top and Bottom (Cylinder Lubrication)

T’CPL = Thermocouple

TFE = Teflon

THD or THRD = Thread

THK = Thick

THRM = Thermostatic Valve

TIR = Total Indicator Reading

TMC = Thomas Coupling

TPI = Threads Per Inch

TR = Tail Rod

TRAV = Travel

TS = Tapered Seat

TVA = Torsional Vibration Analysis

TW = Thermowell Connection

UL = Underwriters Laboratory

UNC = Unified (Inch) National Coarse Screw Threads

UNF = Unified (Inch) National Fine Screw Threads

UNL = Unloader

UNMTD = Unmounted

UNT = Unit

UPS = United Parcel Service

UT = Ultrasonic Inspection

VIB = Vibration

VLV = Valve

VOL = Volume

VRN = Vernier

VS2 = VS2 Type Shutdown

VS = Vertical forged Steel (Cylinder)

VSPCR = Valve Spacer

VTR = Vertical Tail Rod (Cylinder)

W/ = With
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
W/P = With Clearance Plug

WB = Wear Band

WD = Wideland Valve Seat

WELDMENT = Welded Assembly

WN = Welded Nozzle

WR2 or WR2 = Weight times Radius Squared (Inertia)

WTRPMP = Water Pump

WT(S) = Weight(s)

XHD = Crosshead

Z/PL = Zinc Plated

2/L = Two Lube Points

2ND = Second (Two)

2SHT = Two Sheet Drawing
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Gas Analysis Common Abbreviations
TABLE 7-1: GAS ANALYSIS COMMON ABBREVIATIONS

COMMON ABBREVIATION COMPONENT NAME 
(SYNONYM)

CHEMICAL
FORMULA

C1 Methane CH4
C2 Ethane C2H6
C3 Propane C3H8
IC4 Iso-Butane (2-Methyl Propane) C4H10
NC4 N-Butane C4H10
IC5 Iso-Pentane (2-Methyl Butane) C5H12
NC5 N-Pentane C5H12

NEOC5 Neopentane C5H12
NC6 Hexane C6H14
NC7 Heptane C7H16
NC8 Octane C8H18
NC9 Nonane C9H20
NC10 N-Decane C10H22
NC11 N-Undecane (Hendecane) C11H24
NC12 N-Dodecane C12H26
C2- Ethylene (Ethene) C2H4
C3- Propene (Propylene) C3H6

BENZ Benzene C6H6
TOL Toluene C7H8

EBNZ Ethylbenzene C8H10
CO Carbon Monoxide CO
CO2 Carbon Dioxide CO2
H2S Hydrogen Sulfide H2S
H2 Hydrogen H2
O2 Oxygen O2
N2 Nitrogen N2
H20 Water H20
He Helium He
Ar Argon Ar
--- Air ---
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Technical and Service Schools on Ariel Compressors
Ariel schedules several in plant schools each year, which include classroom and hands on 
training. Ariel can also arrange to send a representative to provide a customized training 
school at your location. Contact Ariel for details.

Ariel Customer Technical Bulletins
Ariel Customer Technical Bulletins provide important technical information, including 
changes, corrections and /or additions to the Technical Manual, for Packagers and End 
Users. Be sure to refer to this material before operating or servicing the equipment.

For a listing of the latest available editions of Ariel Customer Technical Bulletins, see the 
Ariel Website (www.arielcorp.com), or copies may be obtained from the Packager or from 
Ariel.

To view the Ariel Customer Technical Bulletins from the Ariel Website, “Acrobat Reader” 
software must be installed on your computer. If your computer does not have “Acrobat 
Reader”, or to get a current version, go to “Downloads” at the Ariel Home Page (www.ariel-
corp.com) and follow the links via “Computer Tools” to obtain the free software. To view and 
print Ariel CTB’s (with “Acrobat Reader” installed), go to the Ariel Home Page, and follow the 
links to get to the CTB’s. To download a CTB electronic pdf file to your computer, hold cur-
sor over the desired CTB number in the listing and right mouse click, then right click on 
“Save Target As...” in the pop up window. After using printed or downloaded copies of CTB’s 
to satisfy the purpose at hand, destroy all prints and files. Seek the latest CTB information 
from the Ariel Website.

TABLE 7-2: USEFUL SI METRIC MULTIPLE AND SUBMULTIPLE FACTORS

MULTIPLICATION FACTOR PREFIX SI SYMBOLA

a. Maintain upper and lower case letters as shown.

1 000 000= 106 mega M

1 000 = 103 kilo k

100 = 102 hectob

b. Not Recommended, but occasionally used. 

h

10 = 101 dekaB da

0.1 = 10-1 deciB d

0.01 = 10-2 centiB c

0.001 = 10-3 milli m

0.000 001 = 10-6 micro µ
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
Vendor Literature
When available, vendor literature on purchased parts used in Ariel Compressors is provided 
on the Ariel Website (www.arielcorp.com), or copies may be obtained from the Packager or 
from Ariel.

Ariel Telephone, Fax, E-Mail and Web Site Numbers

• Ariel Response Center Technicians or Switchboard Operators will answer telephones 
during Ariel business hours, Eastern Time - USA or after hours by voice mail.

• The after Hours Telephone Emergency System works as follows:
1. Follow automated instructions to Field Service Emergency Technical Assistance 

or Spare Parts Emergency Service.
2. Calls are answered by voice mail.
3. Leave Message: caller’s name, telephone number, serial number of equipment 

in question (frame, cylinder, unloader) and brief description of emergency.
4. Your voice message is routed to an on-call representative, who will respond as 

soon as possible.
• Users are to contact an Authorized Distributor for purchase of Ariel parts.

CONTACT TELEPHONE FAX EMAIL
Ariel Response Center 888-397-7766

(toll free USA & Canada) or 
740-397-3602 (International)

740-397-1060 arc@arielcorp.com
Spare Parts 740-393-5054 spareparts@arielcorp.com
Order Entry 740-397-6450 ---

Ariel World Headquarters
740-397-0311 740-397-3856

info@arielcorp.com
Technical Field Service fieldservice@arielcorp.com

Web Site: www.arielcorp.com
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FOR MODELS: JGE, JGH, JGK AND JGT SECTION 7 - APPENDICES
NOTES:
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  6/29/06               ARIEL CORP. - BLACKJACK DIV.    C/N: 001        RHCOVP02
                            SALES ORDER COVER SHEET

 SERIAL NUMBER:        F-23790

 PART: JGH:E:K CLASS   DESCRIPTION: JGH-JGE-JGK-JGT FRAME CLASS

        PART NUMBER    QUANTITY   DESCRIPTION                       DRAWING NO.

        A-10585-SS            1   9T-9T-9T-9T-6T              SF    N.A.

        A-10955-SS            1   9T-9T-6T-6T-6T              SF    N.A.

        B-0781                2   CROSSHEAD NUT,10.0#,RND, H:E:K    B-0781

        D-0868                2   CROSSHEAD,LGT,DI, 74.9#,E:K:T     D-0868

        D-0870                2   CROSSHEAD,MED,DI,131.8#,E:K:T     D-0870

        G-14167               1   FRAME ASSY,JGH:E:K:T/4,SF         A-8554

        G-1522                1   CRANKSHAFT ASSY,JGK/4,STD         A-11864

        G-7661                4   GUIDE ASSY,K:T,L2,PU,SF           A-6847

        G-2658                4   SUPPORT,GUIDE,CROSSHEAD,JGK:T     A-3621

        G-5118                4   CONN ROD ASSY,FS,E:K:T,NEW BRG    A-3093

        G-1322                4   X-HEAD ASSY,JGK:E:T,STD           A-6871

        G-0978                1   DRIVE END COVER,JGH:E:K:T/2:4     A-6330

        G-2360                1   AUX.END COVER ASSY,HEKT/4 SF      A-6328

        G-0986                1   LO LEVEL GLASS,J6>,STD            A-4068

        G-1721                1   LO PUMP ASSY,JGH:E:K:T/4,SF       A-8599

        G-3589                1   FF LUBR,3/8,3/8,HEKT2/4,SF        D-1107

        G-5299                1   DST.BLK.MTG.SINGL,JKCBR/4:6       N.A.

        G-2708                2   RUPTURE DISC ASSY, 3250 PSI       N.A.

        G-2205                4   FLUSHING OIL HDWR,ANY CYL.,SF     N.A.

        G-2860                1   FF TUBING,JGK:T:C:D/4,SF          N.A.

        G-7982                1   CHAIN ASSY,HEKT/2:4 STD OR R/R    A-9639

        G-1073                1   TOP COVER ASSY,JGH:E:K:T/4        A-7072

        G-7626                2   FF GAGE,3000PSI/BLK,SF            A-9020

        G-4830                2   FF S/D,DIGITAL NO FLOW,DC,PRG     A-6423

        G-8631                1   TOOL KIT ASSY, JGH:E:K:T          N.A.





  6/29/06
                            PARTS LIST

 FRAME, SPACER BARS AND MAIN BEARING CAPS      PART NO. G-14167
 STAINLESS STEEL TUBING AND FITTINGS.          REF DRAWING A-8554
 JGH/4, JGE/4, JGK/4 AND JGT/4

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-4447                1   FRAME,JGH:E:K/4

   2    A-0938                4   MALE CONN,SS,      1/4T X 1/4P

   3    FC0125LY             12   12 PT,1-1/8-12 X 7          G8

   4    A-3887               12   WASHER,SPACER BAR,FRAME/GUIDE

   5    A-3763                1   CHK VLV,1/8MX1/8F,SS,PPT/14PSI

   6    FP0500FE              0   DOWEL PIN, 1/4 X 3/4    +.0002

   7    A-0948                1   PLUG-TUBE FIT,FEMALE,SS, 1/4T

   8    A-3512               12   O-RING,VT, 1.318 O.D. X .103

   9    FC0120JY             16   12 PT,7/8-9 X 7             G8

  10    PP0810KE              2   PIPE PLUG,1 NPT,HEX HD,SS

  11    A-3871                1   END PLT,OIL GALLERY,HEK/2/4/6

  12    A-3507                2   O-RING,VT, 2.012 O.D. X .139

  13    FC0102EL              4   HEX HD CAP,3/8-16 X 2-1/4   G5

  14    FS0420JS              6   SQ.HD.SETSCREW,7/8-9X4 OVAL PT

  15    A-3877                1   END PLT,H:E:K/2/4

  16    FC0102EI              4   HEX HD CAP,3/8-16 X 1-1/2   G5

  17    A-0812                1   MALE ELBOW,SS,     1/4T X 1/8P

  18    FP0500GE              0   DOWEL PIN,5/16 X 3/4    +.0002

  19    FS0400EG              0   CUP PT.SET-SCREW, 3/8-16 X 1

  20    A-3876                2   END PLT,HTR MTG,H:E:K/2/4

  21    A-3508                3   O-RING,VT, 2.762 O.D. X .139

  22    FC0102EH              8   HEX HD CAP,3/8-16 X 1-1/4   G5

  23    A-0824                1   HEX RED BUSH,SS, 1/4M X 1/8F

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

  24    A-2193                1   STREET ELBOW,SS, 1/8P, 90

  25    A-2245                1   STREET TEE,SS, 1/8P

  26    A-0813                1   MALE CONN,SS,      1/4T X 1/8P

  29    PP0810CE              4   PIPE PLUG,1/4NPT,HEX HD,SS

  42    FC0102EJ              4   HEX HD CAP,3/8-16 X 1-3/4   G5

  44    A-3929                1   THREADED FLG,RECT.H:E:K:T:C:D

  45    C-0641                2   FRAME SIDE COVER,JGH:E:K

  46    C-0642                2   GSKT,RET,15-5/8 X 7 X 1/32

  47    FS0450HC              4   CUP PT.S-SCRW,NY, 5/8-11 X 1/2

  49    PP0810GE              5   PIPE PLUG,1/2NPT,HEX HD,SS

  54    A-10201              28   SEMS BOLT, 3/8-16 X 1-1/2

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 CRANKSHAFT AND MAIN BEARINGS                  PART NO. G-1522
 JGK/4, 5-1/2" STROKE                          REF DRAWING A-11864

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    AD-0991               1   CRANK ASSY,FS,JGK/4

   2    B-0778                0   OIL SLINGER,JGH:E:K & JGJ/6

   3    A-3872                0   SPKT,RLR.CHAIN,CSHAFT,#40-24T

   4    B-0770                8   SLEEVE BRG,H/S,MAIN,H:E:K:T

   5    B-0776                2   THRUST PLATE,BZ,JGH:E:K:T

   6    FP0505JK              4   ROLL PIN, 1/2 X 2

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 JGK:T CROSSHEAD GUIDE, STAINLESS STEEL        PART NO. G-7661
 TUBING AND FITTINGS, LONG TWO                 REF DRAWING A-6847
 COMPARTMENT DISTANCE PIECE, PURGE
 CONNECTION.

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-2926                1   X-HD GUIDE,L2,JGK

   2    B-0835                1   GSKT,NST,17-3/4 X15-7/8X1/64

   3    FC0120JO             12   12 PT, 7/8-9 X 3            G8

   4    B-1834                2   GUIDE COVER,CAST,JGH:E:ET:K:T

   5    B-0832                2   GSKT,RET,15-5/16X10-13/16X1/32

   6    B-1858                4   GUIDE COVER,L2,CSTG,JGK

   7    B-1805                4   GSKT,RET,10.813X7.5/8X1/32

   8    A-6830               84   SEMS BOLT,  3/8-16 X 1-1/4

  10    A-0158                6   LUBE FITTING, 3/4-10 X 3

  11    FW0550IA              9   STAT-O-SEAL, 3/4 DIA., NITRILE

  12    A-0812                6   MALE ELBOW,SS,     1/4T X 1/8P

  13    A-6484                2   MALE ELBOW,SS,   3/4T X   3/4P

  14    PT0201HD            12. " TUBING,316 SS 3/4 OD X .065

  15    PP0802RD              2   PIPE PLUG,1/8NPT,SQ HD,PLASTIC

  16    PP0802ID              2   PIPE PLUG,3/4NPT,SQ HD,PLASTIC

  17    A-8725                2   OMNI OIL TRAP,STEM,SS,1/8NPT

  18    A-2206                1   EYEBOLT,1-1/2-6  UNC, SHORT

  19    A-2188                2   HEX RED BUSH,SS,1M X 3/4F

  20    A-0943                1   MALE BRANCH T,SS,  1/4T X 1/4P

  21    A-0941                3   MALE ELBOW,SS,     1/4T X 1/4P

  22    PT0201CD            90. " TUBING,316 SS 1/4 OD X .065

  23    B-1793                2   X-HD GUIDE,GLAND,JGH:E:K,PU

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

  24    A-3509                2   O-RING,VT, 7.762 O.D. X .139

  25    FC0102EG             12   HEX HD CAP,3/8-16 X 1       G5

  26    B-1807                1   X-HD GUIDE,GLND,ADPTR,L2,HEKT

  27    B-1806                1   PKG,2.0, OIL WIPER,AL,L2

  28    A-2688                1   O-RING,VT,10.145 O.D. X .210

  29    A-3780                2   CHK.VLV,DOU.BALL SOFT SEAT SS

  30    A-6058                2   HEX PIPE NIPPLE,SS,1/4 X 1/4

  32    FC0103IM              1   HEX HD CAP,3/4-10 X 2-1/2   G2

  33    A-8724                2   OMNI OIL TRAP,BODY,SS,1/4NPTF

  34    FC0160CJ              6   SOC HD CAP,1/4-20 X 1-3/4   NY

  35    FC0103KO              3   HEX HD CAP,1-8 X 3          G2

  36    FW0550KA              3   STAT-O-SEAL,   1"DIA., BLACK

  38    A-0813                3   MALE CONN,SS,      1/4T X 1/8P

  41    A-4905                2   O-RING,VT, 3.637 O.D. X .139

  43    FC0160CE              6   SOC HD CAP,1/4-20 X 3/4     NY

  44    PP0810RE              5   PIPE PLUG,1/8NPT,HEX HD,SS

  53    FC0103IO              2   HEX HD CAP,3/4-10 X 3       G2

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 CROSSHEAD GUIDE SUPPORT                       PART NO. G-2658
 JGK AND JGT                                   REF DRAWING A-3621

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-1523                1   X-HD GUIDE,SUPPORT,JGK:T

   2    FC0100KQ              2   HEX HD CAP,1-8   X 3-1/2    G9

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 CONNECTING ROD, FORGED STEEL                  PART NO. G-5118
 JGE, JGK & JGT, NEW STYLE BEARING H/S.        REF DRAWING A-3093

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    AD-0973               1   CONN ROD ASSY,FS,JGE:K:T

   2    A-3941                0   12 PT, 1-14 X 7-1/4         G8

   3    FP0500GG              0   DOWEL PIN,5/16 X 1"     +.0002

   4    B-0772                0   SLEEVE BEARING,BZ,ROD,H:E:K:T

   5    B-2082                2   SLEEVE BRG,H/S,ROD,H:E:K:T

   6    B-1495                0   TURN INDICATOR,JGH:E:K:T

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 CROSSHEAD, PIN AND BALANCE NUT                PART NO. G-1322
 JGE, JGK & JGT                                REF DRAWING A-6871

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    CROSSHEAD             0   FOR PART NO. SEE COVER SHEET

   1    D-0868                0   CROSSHEAD,LGT,DI, 74.9#,E:K:T

   1    D-0869                0   CROSSHEAD,MED,DI,105.2#,E:K:T

   1    D-0870                0   CROSSHEAD,MED,DI,131.8#,E:K:T

   1    D-0871                0   CROSSHEAD,HVY,DI,153.3#,E:K:T

   1    D-0949                0   CROSSHEAD,XHV,BZ,189.4#,H:E:K

   1    D-0995                0   CROSSHEAD,BAL,CI,198.0#JGH:E:K

   1    D-0996                0   CROSSHEAD,BAL,CI,237.0#JGH:E:K

   1    D-0997                0   CROSSHEAD,BAL,CI,276.0#JGH:E:K

   1    D-0998                0   CROSSHEAD,BAL,CI,336.0#JGH:E:K

   1    D-2299                0   CROSSHEAD,BAL,CI,426.0#,HEK

   1    D-3277                0   CROSSHEAD,XLT,ADI,59#,E:K:T

   2    B-0773                1   CROSSHEAD PIN,JGH:E:K:T

   3    A-3870                2   END PLATE,CROSSHEAD PIN, H:E:K

   4    A-3869                1   12 PT, 1/2-20 X 10          G8

   5    FN0461GA              1   SELF-LOCK NUT,ESNA,1/2-20

   6    FP0505FE              2   ROLL PIN, 1/4 X 3/4

   7    B-0781                0   CROSSHEAD NUT,10.0#,RND, H:E:K

   7    B-0782                0   CROSSHEAD NUT,14.0#,RND, H:E:K

   7    B-0783                0   CROSSHEAD NUT,18.0#,RND, H:E:K

   7    B-0784                0   CROSSHEAD NUT,22.0#,RND, H:E:K

   7    B-0785                0   CROSSHEAD NUT,26.0#,RND, H:E:K

   7    B-0786                0   CROSSHEAD NUT,30.0#,RND, H:E:K

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

   7    B-1325                0   CROSSHEAD NUT,34.0#,RND, H:E:K

   7    B-1573                0   CROSSHEAD NUT,38.0#,RND, H:E:K

   7    B-1574                0   CROSSHEAD NUT,42.0#,RND, H:E:K

   7    B-1575                0   CROSSHEAD NUT,46.0#,RND, H:E:K

   7    B-1576                0   CROSSHEAD NUT,50.0#,RND, H:E:K

   7    B-1577                0   CROSSHEAD NUT,54.0#,RND, H:E:K

   7    CROSSHEAD NUT         0   FOR PART NO. SEE COVER SHEET

   8    FS0455EK              2   CUP PT.S-SCRW,NY, 3/8-24 X 2

   9    B-0787                0   SLEEVE BEARING,BZ,X-HD,JGE:K:T

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 DRIVE END COVER                               PART NO. G-0978
 JGH, JGE, JGK AND JGT, 2 AND 4 THROWS.        REF DRAWING A-6330

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-0587                1   DRIVE END COVER, JGH:E:K:T

   2    B-0844                1   GSKT,RET,23-1/2X20-5/16X1/32

   3    FC0102EK             21   HEX HD CAP,3/8-16 X 2       G5

   4    C-0594                1   SHAFT SEAL HOUSING, JGH:E:K

   5    A-3875                1   GSKT,RND,12-13/16, X 1/32

   6    A-10186              16   SEMS BOLT,  5/16-18 X 1-1/4

   8    FP0512EF              2   THD.TAPER PIN,#4 X 1"LG

   9    A-0245-B              1   DUST SEAL,TFE,JGH:E:K:T,J/6

  10    FP0512FJ              2   THD.TAPER PIN,#5 X 2"LG

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 AUXILIARY END COVER                           PART NO. G-2360
 WITH STAINLESS STEEL FITTINGS                 REF DRAWING A-6328
 JGH/4, JGE/4, JGK/4 & JGT/4

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-2593                1   AUX END COVER,JGH:E:K:T/4

   2    B-0844                1   GSKT,RET,23-1/2X20-5/16X1/32

   3    FC0102EI             21   HEX HD CAP,3/8-16 X 1-1/2   G5

   4    FP0512FH              2   THD.TAPER PIN,#5 X 1-1/2LG

   5    PP0810ME              1   PIPE PLUG,1-1/4NPT,HEX HD,SS

   6    A-0938                1   MALE CONN,SS,      1/4T X 1/4P

   7    A-0490                3   PUSH IN PLUG,PL, 5/16,YELLOW

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 SIGHT GLASS ASSEMBLY STD                      PART NO. G-0986
 JGE:K:T, JGC:D, JGB:V, & JGJ/6                REF DRAWING A-4068

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    B-3322                1   FLANGE,SIGHT GLASS,HEKT:CD:BV

   2    A-5375                1   GSKT,RND,2-1/4,X 1/32,INNER

   3    FC0102EG              2   HEX HD CAP,3/8-16 X 1       G5

   4    A-5376                1   GSKT,RND,2-1/4 X 1/8,OUTER

   5    A-5378                1   SIGHT GLASS,2"REFLECTOR

   6    A-0745                1   O-RING,VT, 2.756 O.D. X .103

   7    A-5374                1   SIGHT GLASS,2-1/4"LENS

   8    A-9870                1   O-RING,VT, 2.250 O.D. X .063

   9    FW0501DA              2   FLAT WASHER, 3/8 ID  PLAIN

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 LUBE OIL PUMP, STRAINER, FILTER               PART NO. G-1721
 STAINLESS STEEL FITTINGS                      REF DRAWING A-8599
 JGH/4, JGE/4 AND JGK/4 JGT/4

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-0752                1   L O PUMP,VIKING,HEKT/4,JGC:D/2

   2    A-3918                1   SPKT,RLR.CHAIN,LO,PUMP,21T

   3    FK0361EG              1   SQR KEY,3/16 X 1"LG

   4    FS0455DG              2   CUP PT.S-SCRW,NY,5/16-24 X 1

   5    B-0779                2   GSKT,SQ,5-15/16X5-15/16X1/32

   6    FD0212GDI             4   1/2 DOG PT.STUD,1/2-13 X 3-1/2

   7    B-0777                1   L O PUMP ADPTR,VIK,JGH:J/6

   8    A-8249                1   L O STRAINER, 1-1/2"NPT

   9    A-2319                2   HEX PIPE NIPPLE,SS, 1-1/2P

  10    D-0744                1   L O FILTER HEAD,3 ELEMENT

  11    A-4230                1   TUBE,PREF,316,LO,SUC,H/4:C/2

  12    A-0661                3   LO FILTER ELEMENT,SPIN-ON

  13    A-0660                0   STUD,SPIN-ON L O FILTER

  14    FC0102GH              2   HEX HD CAP,1/2-13 X 1-1/4   G5

  15    A-5257                1   DRIVE PLUG, VIKING WEEPHOLE

  16    FN0460GA              4   SELF-LOCK NUT,ESNA,1/2-13

  23    A-0261                2   L.O.PSI GAUGE,ASHCROFT,1/4 NPT

  25    A-2472                1   STREET TEE,SS, 1"P

  27    PP0810KE              1   PIPE PLUG,1 NPT,HEX HD,SS

  28    PP0802KD              2   PIPE PLUG,1"NPT,SQ HD,PLASTIC

  37    A-2378                2   STREET ELBOW,SS, 1"P-90

  44    A-2320                2   MALE CONN,SS, 1T X 1P

  45    A-2321                2   MALE ELBOW,SS, 1 1/2T X 1-1/2P

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

  47    PT0201JC            40. " TUBING,316 SS 1" OD X .049

  49    A-2317                1   FEMALE ELBOW,SS, 1-1/2P

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 FORCE FEED LUBRICATOR, ARIEL                  PART NO. G-3589
 TWIN 3/8" DIA. PUMPS JGH:E:K:T 2/4 WITH       REF DRAWING D-1107
 STAINLESS STEEL TUBING AND FITTINGS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-2001                1   FF LUBR,2 PUMP TANK ASSY

   2    A-9478                2   FF LUBR PUMP 3/8 PREMIER

   3    A-2347                0   TOP CVR DOUBLE FF LUBE BOX

   4    A-2349                0   GSKT,ARL DBL LUBE BOX CVR,1/32

   5    A-2360                0   WORM SHAFT,FF LUBR 1/2D E

   6    A-5638                0   HSG BRG FF LUBE BOX LH

   7    A-3911                0   SHAFT OIL SEAL

   8    A-0030                0   O-RING,VT, 1.637 O.D. X .139

   9    FK0360AA              1   WOODRUFF KEY,#204,1/2D X 1/16

  10    A-3873                1   SPKT,RLR.CHAIN,FF LUBR,28T

  11    FS0455DH              1   CUP PT.S-SCRW,NY,5/16-24X1-1/4

  12    A-2353                0   ADJ SHAFT-DOUBLE LUBE BOX

  13    B-1177                0   CAM/WORM GEAR,2-PUMP FF LUBR

  14    PP0810CE              2   PIPE PLUG,1/4NPT,HEX HD,SS

  15    FN0457KA              0   HEX NUT,JAM,STL,1"-14

  16    A-2359                0   SNAP RING,STL,RADIAL ASSYO.625

  17    A-2358                0   FLAT WASHER,SUPPORT,518,HARD

  18    A-5641                0   SIGHT GLASS,3/4" NPT

  19    FC0120DF              4   12 PT CAP,5/16-18 X 7/8     G8

  20    FC0102CG              0   HEX HD CAP,1/4-20  X 1      G5

  21    FC0102CE              0   HEX HD CAP,1/4-20  X 3/4    G5

  22    A-3928                1   DATA PLATE,2 PUMP FF LUBR

  23    A-0938                2   MALE CONN,SS,      1/4T X 1/4P

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

  24    A-2245                2   STREET TEE,SS, 1/8P

  25    A-0812                2   MALE ELBOW,SS,     1/4T X 1/8P

  26    PP0810GE              1   PIPE PLUG,1/2NPT,HEX HD,SS

  27    A-0941                1   MALE ELBOW,SS,     1/4T X 1/4P

  28    A-9631                0   FF LUB PUMP GASKET

  29    PT0201CD            28. " TUBING,316 SS 1/4 OD X .065

  30    A-2952                1   STREET ELBOW,SS, 1/2P 90

  31    A-9619                0   SPRING,FF PUMP,PREMIER

  32    A-9618                0   SPRING RETAINER,FF PUMP,PREM

  33    A-0813                1   MALE CONN,SS,      1/4T X 1/8P

  34    A-9181                1   UNION TEE ,SS         ,   1/4T

  35    A-0948                2   PLUG-TUBE FIT,FEMALE,SS, 1/4T

  36    A-8723                1   FF LUBR FILTER, 150 MIC

  37    A-8729                1   BRKT, FF INLET FILTER

  38    A-8826                2   FEMALE BRANCH TEE 1/4TX1/8P SS

  39    A-8829                3   MALE ADAPTR,SS, 1/4T X 1/8P

  40    FC0102CC              2   HEX HD CAP,1/4-20  X 1/2    G5

  45    FW0500CA              0   WASHER, 1/4" I.D., SAE

  99    A-8723-K              0   FILTER KIT, LUBRICATOR 150 MIC

  99    AD-2894               0   FF LUBR,SF,3/8,3/8        1/2S

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

 DISTRIBUTION BLOCK, MOUNTING BOLTS            PART NO. G-5299
 JGA:H:E:K:T:C:D:B:V/4:6, SINGLE BLOCK         REF DRAWING N.A.

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    FC0102CI              8   HEX HD CAP,1/4-20  X 1-1/2  G5

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

 RUPTURE DISC ASSEMBLY                         PART NO. G-2708
 3250 PSI                                      REF DRAWING N.A.

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-0080                1   BLOW-OUT ASSY,SPECIFY DISC.

   2    A-0124                0   BLOW-OUT DISC,3250 PSIG,PURPLE

   3    A-2570                1   PLUG PLASTIC, 7 X RED

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

 FLUSHING OIL HARDWARE, ANY CYLINDER           PART NO. G-2205
 WITH STAINLESS STEEL FITTINGS                 REF DRAWING N.A.

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-0401                1   BRACKET,BULKHEAD UNION

   2    A-0949                1   BULK.UNION,SS,     1/4T X 1/4T

   3    FC0134CC              1   BUT HD CAP,1/4-20 X 1/2  316SS

   4    PT0201CD            70. " TUBING,316 SS 1/4 OD X .065

   5    A-2570                1   PLUG PLASTIC, 7 X RED

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

 FORCE FEED LUBRICATION TUBING,                PART NO. G-2860
 WITH STAINLESS STEEL FITTINGS                 REF DRAWING N.A.
 JGK:T:C:D/4

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    PT0201CD           900. " TUBING,316 SS 1/4 OD X .065

   2    A-0949                8   BULK.UNION,SS,     1/4T X 1/4T

   3    A-0401                8   BRACKET,BULKHEAD UNION

   4    FC0134CC              8   BUT HD CAP,1/4-20 X 1/2  316SS

   5    A-0831                9   TUBING CLAMP,  1/4 TUBE

   6    FM0400BC              9   SLTD.MACH.SCREW, #10-24 X  1/2

   7    FW0500AA              9   FLAT WASHER, #8 SAE

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 CHAIN DRIVE ASSY,STANDARD OR REVERSE          PART NO. G-7982
 ROTATION.  JGH:E:K:T/2;4 THROW UNITS          REF DRAWING A-9639

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    B-0030                1   ECC VERNIER CAP

   2    A-9598                1   IDLER SPACER,K/2:4

   3    A-9599                1   SPKT ASSY,RLR CHAIN #40-15T BZ

   4    A-0109                8   MACHINE SCREW PLUG,PL, 7/16-14

   5    FC0107GQ              1   HEX HD CAP,1/2-20 X 3-1/2   G5

   6    FW0550GA              1   STAT-O-SEAL, 1/2 DIA., BLACK

   7    FN0468GA              1   HEX NUT,STOVER TYPE C ,1/2-20

   9    A-0010                1   O-RING,VT, 2.625 O.D. X .139

  10    FC0100DH              2   HEX HD CAP,5/16-18 X 1-1/4  G9

  11    A-3884                1   ROLLER CHAIN,40-1 X114,JGH:E:K

  12    FW0501CA              2   FLAT WASHER, 5/16 I.D. PLAIN

  13    FW0502HA              2   WASHER,1/2 STEEL

  14    A-9600                0   SLEEVE BUSHING,BZ,1/2 LG

  15    A-9601                1   SLEEVE BEARING,STL,5/8 LG

  16    FW0500GA              1   FLAT WASHER, 1/2 SAE

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 TOP COVER, BREATHER                           PART NO. G-1073
 JGH/4, JGE/4, JGK/4 & JGT/4                   REF DRAWING A-7072

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-0644                1   TOP COVER, JGH:E:K:T/4

   2    C-4367                1   GSKT,RET,77-5/8 X20-3/8X1/32

   3    FE0300EA              0   EYEBOLT,3/8-16 UNC

   4    A-0467                4   PUSH IN PLUG,PL,  3/8,YELLOW

   5    B-2567                2   BREATHER,1"NPT,FRAME

   6    A-6830               56   SEMS BOLT,  3/8-16 X 1-1/4

   7    A-0464                1   CAUTION PLT,COMPRESSOR VLV

   8    A-0138                1   NAME PLATE,ARIEL LOGO

   9    FC0134BC              4   BUT HD CAP,10-24 X 1/2   316SS

  10    A-0713                1   INFO PLATE,L O FILTER,SPIN-ON

  11    A-0459                1   DATA PLATE,FRAME SPECIFICATION

  12    FR0570CC             15   DRIVE SCREW, #6 X  1/4  U-TYPE

  13    A-0719                1   INFO PLATE,ROTATION ARROW

  14    A-0463                1   CAUTION PLATE,CYLINDER VENTING

  15    A-7655                2   PIPE PLUG,1"NPT,SLOTTED HEAD

  16    A-0009                2   O-RING,VT, 1.375 O.D. X .139

  20    FC0134BB              2   BUT HD CAP,10-24 X 3/8   316SS

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 FORCE FEED PRESSURE GAUGE                     PART NO. G-7626
 WITH STAINLESS STEEL FITTINGS                 REF DRAWING A-9020
 3000 PSI, PER BLK.
 JG:I:RJ:H:E:K:T:C:D:B:V

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-8727                1   GAUGE, 3000 PSI, BACK MOUNT

   2    A-0941                1   MALE ELBOW,SS,     1/4T X 1/4P

   3    A-7318                1   STREET TEE,SS,  1/4P

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 FORCE FEED LUBRICATOR PROGRAMMABLE            PART NO. G-4830
 DIGITAL NO FLOW TIMER WITH PROXIMITY          REF DRAWING A-6423
 SWITCH FOR TRABON DISTRIBUTION BLOCKS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-10754               1   FF.S/D,DNFT,PS,TRAB,DC     PRG

  99    A-6506                0   DNFT MAGNET ASSY,TRAB, 7/16-20

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

 SPECIAL TOOLS                                 PART NO. G-8631
 JGE, JGK & JGT                                REF DRAWING N.A.

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-0798                1   TOOL BOX

   2    A-0135                1   VALVE PULLER, 5/16 X 1/2 UNF

   3    A-0409                1   VALVE PULLER, 1/4 X 3/8 UNF

   4    A-0626                1   VLV PULLER, 5/8 X 3/4 UNF

   5    A-2289                1   VLV PULLER TOOL FOR'CT'VALVE

   6    A-1858                1   CROSSHD INSTALL.TOOL,JGH:E:K

   7    ER-63                 1   TORQUE CHART, ALL UNITS

   8    A-4996                1   PEG WRENCH,1-3/8"

   9    B-1240                1   PISTON TURNING TOOL SUPT. ASSY

  10    B-1410                1   PISTON NUT SPANNER, JGH:E:K

  11    B-1495                1   TURN INDICATOR,JGH:E:K:T

  13    FE0300EA              6   EYEBOLT,3/8-16 UNC

  14    FE0300GA              2   EYEBOLT,1/2-13 UNC

  15    TA0100GA              5   ALLEN WRENCH, 5/32 SHORT ARM

  16    TA0100HA              5   ALLEN WRENCH, 3/16 SHORT ARM

  17    TA0100LA              1   ALLEN WRENCH,  3/8 SHORT ARM

  18    TA0100NB              2   ALLEN WRENCH,  1/2 LONG ARM

  19    TA0100QB              1   ALLEN WRENCH,  3/4 LONG ARM

  20    A-6393                1   CYL. BOLT TORQUE ADAPTER

  21    C-2106                1   CONN.ROD CAP REMOVAL TOOL, HEK

  22    B-1989                1   X-HD/PIN ALIGN. TOOL,JGH:E:K

  23    FC0102CG              6   HEX HD CAP,1/4-20  X 1      G5

  24    A-8158                0   BRG HSG SPANNER WRENCH

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.



  6/29/06
                            PARTS LIST

  25    A-11341               1   ENTER SLEEVE,PIST RD,2PC HEKT

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06               ARIEL CORP. - BLACKJACK DIV.    C/N: 001        RHCOVP02
                            SALES ORDER COVER SHEET

 SERIAL NUMBER:        C-82051 & 53

 PART: 6-1/4K CLASS    DESCRIPTION: 6-1/4" JGK CYLINDER CLASS

        PART NUMBER    QUANTITY   DESCRIPTION                       DRAWING NO.

        G-12469               1   CYL ASSY, 5-7/8K:T,HES,SF 2050    D-1109

        G-1744                2   SUC VLV ASSY, 6-1/4KT             A-6267

        G-1745                2   DIS VLV ASSY, 6-1/4KT             A-6267

        G-5544                1   PIST. 5-7/8K,WB,L2,PU,SR/F        A-6230

        B-1945-T              2   SUC VLV,102CT ,NY,SS,M/S          A-9265

        B-3325-CC             2   DIS VLV,102CT ,SS,MT,M/S          A-9264

        G-1775                1   HCL VLV ASSY,SUC, 6-1/4K:T        A-12945

        G-1776                1   HCL VLV ASSY,DIS, 6-1/4K:T        A-12945





  6/29/06
                            PARTS LIST

 5-7/8" JGK:T CYLINDER BODY, HEAD END          PART NO. G-12469
 SUPPORTS, STAINLESS STEEL TUBING AND          REF DRAWING D-1109
 FITTINGS. RDP 1864#, MAWP 2050#

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-4176                0   CYL, 5-7/8K,HES           2050

   2    C-0944                0   CE HEAD, 5-7/8K:K-HP

   3    A-2331                1   STL GASKET, 6.813 X 6.375 X 60

   4    FC0120JO             14   12 PT, 7/8-9 X 3            G8

   5    B-3549                1   GSKT,RND,22-1/2 X 1/64,18 HOLE

   6    FC0120JW             12   12 PT, 7/8-9 X 6            G8

   7    PP0810GE              4   PIPE PLUG,1/2NPT,HEX HD,SS

   8    A-0640-A              2   INFO PLATE,SUCTION

   9    A-3780                2   CHK.VLV,DOU.BALL SOFT SEAT SS

  10    A-0640-B              2   INFO PLATE,DISCHARGE

  11    A-0824                2   HEX RED BUSH,SS, 1/4M X 1/8F

  12    A-2193                2   STREET ELBOW,SS, 1/8P, 90

  13    FR0570CC             12   DRIVE SCREW, #6 X  1/4  U-TYPE

  14    A-0465                1   DATA PLATE,CYLINDER SPEC   STD

  15    A-0941                2   MALE ELBOW,SS,     1/4T X 1/4P

  16    PT0201CD            96. " TUBING,316 SS 1/4 OD X .065

  17    A-3563                2   HEX PIPE NIPPLE,SS, 1/4 X 1/8

 100    HD-4176               1   CYL ASSY, 5-7/8K,HES

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 SUCTION VALVE, RETAINER AND CAP               PART NO. G-1744
 6-1/4" JGK:T CLASS                            REF DRAWING A-6267

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    SUCTION VALVE         0   FOR PART NO. SEE COVER SHEET

   2    A-2126                1   STL GASKET, 4.861 X 4.543 X 30

   3    B-1078                1   VLV RET,S&D, 6-1/4K,9-5/8K-CE

   4    B-1138                0   VLV CAP, 6-1/4K:K-HP:C CL

   5    A-2336                1   O-RING,VT, 4.887 O.D. X .139

   6    FC0171GKL             6   12 PT,7/8-9 X 3-1/2 X 1-1/16G8

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 DISCHARGE VALVE, RETAINER, CAP                PART NO. G-1745
 6-1/4" JGK:T CLASS CYLINDER                   REF DRAWING A-6267

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    DISCHARGE VALV        0   FOR PART NO. SEE COVER SHEET

   2    A-2126                1   STL GASKET, 4.861 X 4.543 X 30

   3    B-1078                1   VLV RET,S&D, 6-1/4K,9-5/8K-CE

   4    B-1138                0   VLV CAP, 6-1/4K:K-HP:C CL

   5    A-2336                1   O-RING,VT, 4.887 O.D. X .139

   6    FC0171GKL             6   12 PT,7/8-9 X 3-1/2 X 1-1/16G8

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 5-7/8"JGK PISTON, TFE RINGS, TFE WEAR         PART NO. G-5544
 BAND, PURGE PACKING,LONG TWO COMPARTMENT      REF DRAWING A-6230
 DISTANCE PIECE, STAINLESS STEEL PISTON
 ROD,TUBING AND FITTINGS. 5-1/2"STROKE

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-1010                1   PISTON, WB,STD, 5-7/8K:K-HP

   2    A-2332                5   PISTON RING, 5-7/8K:T:C:D-HP

   3    C-1473                1   P ROD,SS,5.50STK/51.440LG

   4    B-2186                1   PISTON COLLAR,SS,K:K-HP&22.5H

   5    B-1221                1   PISTON NUT, JGK:T, 3.5"OD

   6    FS0405DH              2   CUP PT.SET-SCREW,5/16-24X1-1/4

   7    B-1590                1   PKG,2.0,2500,S2:L2,PU, BTR

   8    FC0120IO              6   12 PT,3/4-10 X 3            G8

   9    A-0938                3   MALE CONN,SS,      1/4T X 1/4P

  10    PT0201CD          45.00 " TUBING,316 SS 1/4 OD X .065

  11    A-2334                1   WEAR BAND, 5-7/8K:K-HP:C:C-HP

  99    B-1589-K              0   RBLD KIT,PIST ROD PKG,2.000

  99    B-1806-K              0   RBLD KIT,WIPER PKG,2.000,L2

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06
                            PARTS LIST

 0.3940=A                                      PART NO. B-1945-T
 1.4570=B                                      REF DRAWING A-9265
 4.8760=C
 0.1020=LFT

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-5991                1   SUC VLV SEAT,102CT ,SS,M/S

   2    A-4499-A              1   SUC VLV GUARD ASSY,102CT ,SS

   3    A-4585                1   CNTR.BLT,12PT,3/8-24X2-1/2,SS

   4    A-4654                1   VLV PLT,102CT.236THK,NY

   5    A-4500                1   GUIDE RING,102CT,378 THK,SS

   6    A-4430               10   SPRING(.354X.669 BLUE)NMC 90

   7    A-2039                2   SPIROL PIN,.118D X .591L

  10    A-5994                1   WAFER SPR,102CT,NAC

  12    A-2155                1   VLV WASHER,3/8ID X 1"-8 THD

  99    KB-1945-T             0   KIT,VLV,102CT ,NY,SS,M/S

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 0.2750 =A                                     PART NO. B-3325-CC
 1.4570 =B                                     REF DRAWING A-9264
 4.9010 =C
 0.0750 =LFT

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-5992                1   DIS VLV SEAT,102CT ,SS,M/S

   2    A-4502-A              1   DIS VLV GUARD ASSY,102CT ,SS

   3    A-4682                1   CNTR.BLT,12PT,3/8-24X2-1/8,SS

   4    A-8186                1   VLV PLT,102CT.256THK,MT

   5    A-4376                1   GUIDE RING,90CT,.370 THK,SS

   6    A-4434               20   SPRING(.354X.610 WHITE)NMC 90

   7    A-2039                2   SPIROL PIN,.118D X .591L

  10    A-5994                1   WAFER SPR,102CT,NAC

  12    A-2155                1   VLV WASHER,3/8ID X 1"-8 THD

  99    KB-3325-CC            0   KIT,VLV,102CT ,SS,MT,M/S

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 HIGH CLEARANCE SUCTION VALVE SPACER           PART NO. G-1775
 AND RETAINER                                  REF DRAWING A-12945 2 SHT
 6-1/4" JGK CYLINDER CLASS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    SUCTION VALVE         0   FOR PART NO. SEE COVER SHEET

   2    A-2126                2   STL GASKET, 4.861 X 4.543 X 30

   3    B-1171                1   HCL VLV RET,S&D, 6-1/4K     CL

   4    B-1138                0   VLV CAP, 6-1/4K:K-HP:C CL

   5    A-2336                1   O-RING,VT, 4.887 O.D. X .139

   6    FC0171GKL             0   12 PT,7/8-9 X 3-1/2 X 1-1/16G8

   9    A-2382                1   HCL VLV SPCR,SUC, 6-1/4K:C  CL

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06
                            PARTS LIST

 HIGH CLEARANCE DISCHARGE VALVE SPACER         PART NO. G-1776
 AND RETAINER                                  REF DRAWING A-12945 2 SHT
 6-1/4" JGK:T CYLINDER CLASS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    DISCHARGE VALV        0   FOR PART NO. SEE COVER SHEET

   2    A-2126                2   STL GASKET, 4.861 X 4.543 X 30

   3    B-1171                1   HCL VLV RET,S&D, 6-1/4K     CL

   4    B-1138                0   VLV CAP, 6-1/4K:K-HP:C CL

   5    A-2336                1   O-RING,VT, 4.887 O.D. X .139

   6    FC0171GKL             0   12 PT,7/8-9 X 3-1/2 X 1-1/16G8

   7    A-0145                2   THUMB SCREW,NYLON,1/4-20 X 3/4

   9    A-2383                1   HCL VLV SPCR,DIS, 6-1/4K:C  CL

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06               ARIEL CORP. - BLACKJACK DIV.    C/N: 001        RHCOVP02
                            SALES ORDER COVER SHEET

 SERIAL NUMBER:        U-51912 & 14

 PART: G-11813         DESCRIPTION: VVCP, 5-7/8K:C:K-HP:T

 5-7/8" JGK:T:K-HP:C UNLOADER ASSEMBLY,        PART NO. G-11813
 STAINLESS STEEL TUBING AND FITTINGS.          REF DRAWING D-1134

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-0979                1   UNL.HEAD, 5-7/8KU:C

   2    C-0975                1   HE UNL ADPTR, 6-1/4K:C CL

   3    B-3861                0   UNL PIST, 6-1/4 & 5-7/8KCZ

   4    C-3983                0   UNL.STEM,7-1/4 & 6-1/4KCZ

   5    A-0028                1   O-RING,VT, 5.645 O.D. X .210

   6    A-2331                1   STL GASKET, 6.813 X 6.375 X 60

   7    A-2357                1   UNL.PISTON RING, 4-1/4 O.D.

   8    C-0369                1   LOCKING HANDLE,UNL,2"THD

   9    A-2388                1   UNL SPRING RETAINER

  10    A-0643                1   BACK-UP RING, PACKING

  11    A-0629                1   COMPRESSION SPRING, UNL.

  12    A-0639                1   V PACKING, UNL

  13    FC0120JV             14   12 PT,7/8-9 X 5-1/2         G8

  14    A-2389                1   SELF-LOCK NUT,ESNA,TN,1-3/8-12

  15    A-2391                1   SNAP RING,SS,INT,3-1/4 BORE

  16    FC0110EK              2   SOC HD CAP,3/8-16 X 2       G8

  17    A-0500                1   GREASE FITTING CAP, PLASTIC

  18    A-0938                1   MALE CONN,SS,      1/4T X 1/4P

  19    PZ0230BA              1   STRAIGHT GREASE FITTING,1/4-18

  20    A-2387                1   BELLOWS, UNL.THREAD PROTECTOR

  21    A-0642                1   BACK-UP RING, BELLOWS



  6/29/06
                            SALES ORDER COVER SHEET

  22    FC0134CC              3   BUT HD CAP,1/4-20 X 1/2  316SS

  23    PT0201CD             5. " TUBING,316 SS 1/4 OD X .065

  24    C-0982                1   HANDLE,UNL,3 PRONG

  25    A-0467                1   PUSH IN PLUG,PL,  3/8,YELLOW

  26    A-0755                1   DATA PLATE,UNLOADER SPEC

  26    A-12927               1   DATA PLATE,UNLOADER POSITION

  27    FR0570CC              2   DRIVE SCREW, #6 X  1/4  U-TYPE

  28    AC-3984               1   UNL PIST ASY,6-1/4 & 5-7/8KCZ







  6/29/06               ARIEL CORP. - BLACKJACK DIV.    C/N: 001        RHCOVP02
                            SALES ORDER COVER SHEET

 SERIAL NUMBER:       C-82052 & 54

 PART: 9-5/8K CLASS    DESCRIPTION: 9-5/8" JGK:T CYLINDER CLASS

        PART NUMBER    QUANTITY   DESCRIPTION                       DRAWING NO.

        G-12500               1   CYL ASSY, 9-1/8K:T,SF,HES 1270    A-4083

        G-1646                4   SUC VLV ASSY,9-5/8KC,K-CE,C-CE    A-6700

        G-1647                4   DIS VLV ASSY, 9-5/8K:C,KC-CE      A-6700

        G-9033                1   PIST. 9-1/8K,WB,2PC,PU,L2,SR/F    A-10319

        B-1945-S              4   SUC VLV,102CT ,NY,SS,M/S          A-9265

        B-3325-BB             4   DIS VLV,102CT ,SS,MT,M/S          A-9264

        G-1781                4   HCL VLV ASSY,SUC,9-5/8KC:KC-CE    A-12945

        G-1782                4   HCL VLV ASSY,DIS,9-5/8KC:KC-CE    A-12945





  6/29/06
                            PARTS LIST

 9-1/8" JGK:T CYLINDER BODY, W/HEAD END        PART NO. G-12500
 SUPPORTS,STAINLESS STL TUBING & FITTINGS      REF DRAWING A-4083
 RDP 1155#, MAWP 1270#

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    D-4209                0   CYL, 9-1/8K:C,HES         1270

   2    C-0915                0   CE HEAD, 9-1/8K:K-CE

   3    A-2125                1   STL GASKET,10.063 X 9.750 X 60

   4    FC0100IP             16   HEX HD CAP,3/4-10 X 3-1/4   G9

   5    B-3549                1   GSKT,RND,22-1/2 X 1/64,18 HOLE

   6    FC0120JW             12   12 PT, 7/8-9 X 6            G8

   8    FW0550ID              2   STAT-O-SEAL,VT,75DUR. 3/4 DIA

   9    A-0813                2   MALE CONN,SS,      1/4T X 1/8P

  10    A-0812                2   MALE ELBOW,SS,     1/4T X 1/8P

  11    A-0824                2   HEX RED BUSH,SS, 1/4M X 1/8F

  12    PT0201CD           100. " TUBING,316 SS 1/4 OD X .065

  13    A-3780                2   CHK.VLV,DOU.BALL SOFT SEAT SS

  16    A-0465                1   DATA PLATE,CYLINDER SPEC   STD

  17    FR0570CC             12   DRIVE SCREW, #6 X  1/4  U-TYPE

  18    PP0810GE              6   PIPE PLUG,1/2NPT,HEX HD,SS

  19    A-0640-A              2   INFO PLATE,SUCTION

  20    A-0640-B              2   INFO PLATE,DISCHARGE

  21    A-0938                2   MALE CONN,SS,      1/4T X 1/4P

  23    A-3210                2   LUBE FITTING, 3/4-10 X 5

  25    A-3563                2   HEX PIPE NIPPLE,SS, 1/4 X 1/8

  33    A-3990                2   STREET ELBOW,45,1/8P        SS

 100    HD-4209               1   CYL ASSY, 9-1/8K,HES

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 SUCTION VALVE, RETAINER AND CAP               PART NO. G-1646
 9-5/8" JGK:C:D CYLINDER CLASS                 REF DRAWING A-6700

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    SUCTION VALVE         0   FOR PART NO. SEE COVER SHEET

   2    A-2126                1   STL GASKET, 4.861 X 4.543 X 30

   3    B-1078                1   VLV RET,S&D, 6-1/4K,9-5/8K-CE

   4    B-1104                0   VLV CAP, 9-5/8K:C CL

   5    A-2124                1   O-RING,VT, 4.895 O.D. X .210

   6    FC0171FIJ             4   12 PT,3/4-10 X 3 X 15/16    G8

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 DISCHARGE VALVE, RETAINER, CAP                PART NO. G-1647
 9-5/8" JGK:C:D:T CYLINDER CLASS               REF DRAWING A-6700

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    DISCHARGE VALV        0   FOR PART NO. SEE COVER SHEET

   2    A-2126                1   STL GASKET, 4.861 X 4.543 X 30

   3    B-1078                1   VLV RET,S&D, 6-1/4K,9-5/8K-CE

   4    B-1104                0   VLV CAP, 9-5/8K:C CL

   5    A-2124                1   O-RING,VT, 4.895 O.D. X .210

   6    FC0171FIJ             4   12 PT,3/4-10 X 3 X 15/16    G8

   7    A-0145                2   THUMB SCREW,NYLON,1/4-20 X 3/4

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 9-1/8" JGK PISTON, 2 PIECE, TFE RINGS &       PART NO. G-9033
 WEAR BAND, PURGE PACKING, STAINLESS           REF DRAWING A-10319 2 SHT
 STEEL PISTON ROD, TUBING, & FITTINGS,
 LONG TWO COMPARTMENT DISTANCE PIECE.
 5-1/2" STROKE.
 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-3176                1   PISTON ASSY, 9-1/8K,2PC

   2    A-2127                4   PISTON RING, 9-1/8KTCD&HP:ZU

   3    C-1473                1   P ROD,SS,5.50STK/51.440LG

   4    B-2185                1   PISTON COLLAR,SS,K,4"OD

   5    B-1249                1   PISTON NUT, JGK:T, 4"OD

   6    FS0405DH              2   CUP PT.SET-SCREW,5/16-24X1-1/4

   7    B-1589                1   PKG,2.0,1500,S2,PU, BTR

   8    FC0120IU              4   12 PT,3/4-10 X 5            G8

   9    A-0938                3   MALE CONN,SS,      1/4T X 1/4P

  10    PT0201CD            45. " TUBING,316 SS 1/4 OD X .065

  11    SC-3174               0   PISTON,   ,STD,CE/PC, 9-1/8K

  12    SC-3175               0   PISTON,   ,STD,HE/PC, 9-1/8K

  13    A-7381                0   O-RING,VT, 7.390 O.D. X .070

  14    FP0505EE              0   ROLL PIN,3/16 X 3/4

  15    A-2129                1   WEAR BAND, 9-1/8K&CE:C:Z  2.0W

  99    B-1589-K              0   RBLD KIT,PIST ROD PKG,2.000

  99    B-1806-K              0   RBLD KIT,WIPER PKG,2.000,L2

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.









  6/29/06
                            PARTS LIST

 0.3940=A                                      PART NO. B-1945-S
 1.4570=B                                      REF DRAWING A-9265
 4.8760=C
 0.1020=LFT

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-5991                1   SUC VLV SEAT,102CT ,SS,M/S

   2    A-4499-A              1   SUC VLV GUARD ASSY,102CT ,SS

   3    A-4585                1   CNTR.BLT,12PT,3/8-24X2-1/2,SS

   4    A-4654                1   VLV PLT,102CT.236THK,NY

   5    A-4500                1   GUIDE RING,102CT,378 THK,SS

   6    A-12176              10   SPRING(.354DX.630 GREEN),NMC

   7    A-2039                2   SPIROL PIN,.118D X .591L

  10    A-5994                1   WAFER SPR,102CT,NAC

  12    A-2155                1   VLV WASHER,3/8ID X 1"-8 THD

  99    KB-1945-S             0   KIT,VLV,102CT ,NY,SS,M/S

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 0.2750 =A                                     PART NO. B-3325-BB
 1.4570 =B                                     REF DRAWING A-9264
 4.9010 =C
 0.0750 =LFT

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    A-5992                1   DIS VLV SEAT,102CT ,SS,M/S

   2    A-4502-A              1   DIS VLV GUARD ASSY,102CT ,SS

   3    A-4682                1   CNTR.BLT,12PT,3/8-24X2-1/8,SS

   4    A-8186                1   VLV PLT,102CT.256THK,MT

   5    A-4376                1   GUIDE RING,90CT,.370 THK,SS

   6    A-4430               20   SPRING(.354X.669 BLUE)NMC 90

   7    A-2039                2   SPIROL PIN,.118D X .591L

  10    A-5994                1   WAFER SPR,102CT,NAC

  12    A-2155                1   VLV WASHER,3/8ID X 1"-8 THD

  99    KB-3325-BB            0   KIT,VLV,102CT ,SS,MT,M/S

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.





  6/29/06
                            PARTS LIST

 HIGH CLEARANCE SUCTION VALVE SPACER &         PART NO. G-1781
 RETAINER                                      REF DRAWING A-12945 2 SHT
 9-5/8" K:K-CE & C:C-CE CYLINDER CLASS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    SUCTION VALVE         0   FOR PART NO. SEE COVER SHEET

   2    A-2126                2   STL GASKET, 4.861 X 4.543 X 30

   3    B-1194                1   HCL VLV RET,S&D, 9-5/8K:C   CL

   4    B-1104                0   VLV CAP, 9-5/8K:C CL

   5    A-2124                1   O-RING,VT, 4.895 O.D. X .210

   6    FC0171FIJ             0   12 PT,3/4-10 X 3 X 15/16    G8

   9    A-2424                1   HCL VLV SPACER,SUC, 9-5/8K:C

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06
                            PARTS LIST

 HIGH CLEARANCE DISCHARGE VALVE SPACER &       PART NO. G-1782
 RETAINER                                      REF DRAWING A-12945 2 SHT
 9-5/8" K:K-CE & C:C-CE CYLINDER CLASS

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    DISCHARGE VALV        0   FOR PART NO. SEE COVER SHEET

   2    A-2126                2   STL GASKET, 4.861 X 4.543 X 30

   3    B-1194                1   HCL VLV RET,S&D, 9-5/8K:C   CL

   4    B-1104                0   VLV CAP, 9-5/8K:C CL

   5    A-2124                1   O-RING,VT, 4.895 O.D. X .210

   6    FC0171FIJ             0   12 PT,3/4-10 X 3 X 15/16    G8

   7    A-0145                2   THUMB SCREW,NYLON,1/4-20 X 3/4

   9    A-2425                1   HCL VLV SPACER,DIS, 9-5/8K:C

     WHEN A ZERO APPEARS IN THE QUANTITY COLUMN IT
     DOES NOT REPRESENT THE QUANTITY REQUIRED.







  6/29/06               ARIEL CORP. - BLACKJACK DIV.    C/N: 001        RHCOVP02
                            SALES ORDER COVER SHEET

 SERIAL NUMBER:       U-51913 & 15

 PART: G-11012         DESCRIPTION: VVCP, 9-1/8KC

 9-1/8" JGK:T:C:D UNLOADER ASSEMBLY,           PART NO. G-11012
 STAINLESS STEEL TUBING AND FITTINGS.          REF DRAWING A-7213

 ITEM
 NUMBER PART NUMBER    QUANTITY   DESCRIPTION

   1    C-0992                1   UNL.HEAD, 9-1/8KC

   2    C-0997                1   HE UNL ADPTR, 9-5/8KCZ CL

   3    C-1373                0   UNL PIST, 9-5/8K:C:Z CL

   4    C-3719                0   UNL.STEM,KCZ,2-1/2-8 THD.

   5    A-0473                1   O-RING,VT, 9.145 O.D. X .210

   6    A-2125                1   STL GASKET,10.063 X 9.750 X 60

   7    A-0477                1   UNL.PISTON RING, 7-1/2 O.D.

   8    C-0983                1   LOCKING HANDLE,UNL,2-1/2-8 THD

   9    A-2397                1   UNL PACKING RETAINER, KCZ

  10    A-2395                1   BACK-UP RING, PACKING

  11    A-2400                1   COMPRESSION SPRING,UNL,3-7/16D

  12    A-2399                1   V PACKING, UNL. 2-3/4 X 3-1/2

  13    FC0120IV             16   12 PT,3/4-10 X 5-1/2        G8

  14    A-2390                1   SELF-LOCK NUT,ESNA,TN,1-1/2-12

  15    A-2392                1   SNAP RING,SS,INT,3-3/4 BORE

  16    FC0110EK              2   SOC HD CAP,3/8-16 X 2       G8

  17    A-0500                1   GREASE FITTING CAP, PLASTIC

  18    A-0938                1   MALE CONN,SS,      1/4T X 1/4P

  19    PZ0230BA              1   STRAIGHT GREASE FITTING,1/4-18

  20    A-2394                1   BELLOWS, UNL.THREAD PROTECTOR

  21    A-2398                1   BACK-UP RING, BELLOWS



  6/29/06
                            SALES ORDER COVER SHEET

  22    FC0134CC              3   BUT HD CAP,1/4-20 X 1/2  316SS

  23    PT0201CD             6. " TUBING,316 SS 1/4 OD X .065

  24    C-0984                1   HANDLE,UNL,3 PRONG

  25    A-0467                1   PUSH IN PLUG,PL,  3/8,YELLOW

  26    A-0755                1   DATA PLATE,UNLOADER SPEC

  26    A-12927               1   DATA PLATE,UNLOADER POSITION

  27    FR0570CC              2   DRIVE SCREW, #6 X  1/4  U-TYPE

  28    AC-3721               1   UNL PIST ASSY, 9-5/8K:C:Z CL
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Enerflex Systems
6
144EF-102-24

DESCRIPTION OF PARTS
FAN(S) MAKE MODEL

DIAMETER 144" BLADES 10 ROTATION
ANGLE 16º @ Mark BORE 2-15/16" KEYWAY

SHAFTS
FAN: 2-15/16" DIA PER DRAWING NO. 64468  SHD

IDLER: 2-3/16" DIA PER DRAWING NO. 64468  SHD
NOTE: All shaft material to be C1045 Turn, Ground and Polished

BEARINGS
FAN: DIA 2-15/16" MAKE Dodge MODEL TAF PB PN 037588

IDLER: DIA 2-3/16" MAKE Dodge MODEL TAF PB PN 037583
12

JOB NUMBER(S):
CUSTOMER:

QUANTITY:
MODEL:

RECOMMENDED SPARE PARTS

3/4" X  3/8"
LEFT

QUANTITY
MOORE CLASS 10000HD, SERIES 48, VT6

6
6

12

AXH air-coolers
401  E.  Lowry Road, Claremore, Oklahoma  74105

(918) 283-9200   Fax (918) 283-9237 
www.airxhemphill.com



Date
Page

1      Purchaser Ultimate User
2      Inquiry / PO# Destination
3      # Units Model Reference
4      Assembly Draft Overall Size (WxL) , Ft Est Wt 23500 LBS

THERMAL & MECHANICAL DESIGN
5 Service EJW AUX-W IC-1 IC-2 AC
6      Flow 465GPM 80GPM 16.3MMSCFD 7.42MMSCFD 7.42MMSCFD
7      Fluid 50%GLY 50%GLY .65SPGR .65SPGR .65SPGR
8      Temp. In / Out, °F 180.0 / 165.0 164.7 / 130.0 195.0 / 120.0 237.0 / 120.0 238.0 / 120.0
9      Pressure, PSI 615PSIG 1400PSIG 1400PSIG

10      Pressure Drop, PSI 4.8 13.1 4.2 4.6 4.6
11      Heat Load, BTU/HR 3237250 1241630 1511228 1201805 1211973
12      True LMTD 54.2 38.6 45.5 56.8 57.1
13      Overall Rate, U 166.3 159.0 97.2 105.2 105.2
14      Fouling Factor .0005 .0005 .0020 .0020 .0020
15      Surface, Tube / Total, Sq Ft 359 / 5350 205 / 3057 350 / 5561 205 / 3057 205 / 3057
16 Sections, # (1)  - COMBINED (1) - COMBINED (1) (1) (1)
17      Design Temp, °F Max / Min 300 / -20 300 / -20 350 / -20 350 / -20 350 / -20
18      MWP / Test Press, PSIG * 14 / 75 * 14 / 75 1292 / 1680 1935 / 2516 1935 / 2516
19      Pass Arrangement CROSSFLOW CROSSFLOW CROSSFLOW CROSSFLOW CROSSFLOW
20      # Tube Rows 3 3 4 3 3
21      # Tube Passes 1 3 1 2 2
22 Tubes, OD x BWG 3/4X16 3/4X16 5/8X16 3/4X16 3/4X16
23      Material SA214 STEEL SA214 STEEL SA179 STEEL SA179 STEEL SA179 STEEL
24      # Per Section / Length, Ft 77 / 24 44 / 24 90 / 24 44 / 24 44 / 24
25      Turbulators
26      Accelerators
27 Fins, Type HI-EFF HI-EFF HI-EFF HI-EFF HI-EFF
28      Material AL AL AL AL AL
29 Nozzles, Rating / Type STUB STUB 600RF 900RF 900RF
30      Material SA105 SA105 SA105
31      #-Inlets / Size In  (1) 6  (1) 2  (1) 6  (1) 4  (1) 4
32      #-Oulets / Size In  (1) 6  (1) 2  (1) 6  (2) 4  (2) 4
33 Headers, Type REC TUBE REC TUBE BOX BOX BOX
34      Material A500 A500 SA516-70 SA516-70 SA516-70
35      Corrosion Allow, In .1250 .1250 .1250
36      Grooved Tubesheet SGL SGL DBL DBL DBL
37      Plugs, Type TAPER TAPER SHOULDER SHOULDER SHOULDER
38      Plugs Material STEEL STEEL A105 STEEL A105 STEEL A105 STEEL
39      PWHT YES YES YES
40      ASME Code & Nat'l Board YES YES YES
41      CRN AB, BC AB, BC AB, BC
42 Add'l Specs & Options
43      API
44      Louvers / Hail Screen MAN / MAN / AUTO / AUTO / AUTO /
45 Inspection / NDT BX, UT BX, UT BX, UT

     FX= 100% X-Ray of all header seam, attachment & nozzle butt welds.  SX=  Spot X-Ray of 1 long seam & 1 end closure, per header
     BX=  100% X-Ray of all nozzle butt welds.  UT =  100% UT of all header seam, attachment & nozzle butt welds. H  = Hardness testing.

46 Ambient Air Temp, In °F 90 Fan(s) (1) MOORE48-10K/VT Type Guards
47 Elevation, Ft 2500 Blade Material ALUMINUM
48 Air Flow, SCFM 203,580 HP / Fan 54
49 Outlet Air Temp, °F 127.5 Dia, In / # Blades 144 / 10
50 Min Air Temp, °F -20 RPM 275
51 Tipspeed, FPM 10367
52 Est. Noise Data: Pitch, Deg 16
53 Additional Info. *-BUILT TO STANDARD 150# DESIGN BUT DESIGNATED 14# TO AVOID THE NEED FOR PROVINCIAL REGISTRATION
54
55
56
57
58

FORCED
144EF-102-245

PACKAGED

AXH air-coolers
air-x-limited
ENERFLEX/060XXX 7042GL-JGK4
0640045, 46, 47, 48, 49

info@axh.com

SOFT BUGSCREEN
DISCHARGE GUARD

AIR-SIDE PERFORMANCE FAN DATA

87dBA @1m, 69dBA @ 15m.

Proposal / Job No.

1 OF 1

64468
3/24/2006

FAN

ENCANA-AB,BC

DRIVER DATA STRUCTURAL

V-BELT BY OTHERS

www.axh.com

Tulsa, OK 74105

2230 East 49th Street

Fax (918) 712-8269

Phone (918) 712-8268



Duraflow Industrial Louvers 
 
 

• Aluminum or Galvanized Steel Construction 
• Built to Heavy Duty Airtech Standards 
• Optional API 661 Compliance 
• Bolted or Welded Construction 
• Internal Mechanism / Actuation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Bug Screens & Hail Guards 
• Wire Cloth 
• Expanded Metal 
• Vinyl 

• Fan Guards 
• Recirc Doors with Frames 

 
 
 
• Short Lead Times 
• Built to Customer Specifications 
• Competitive Pricing 
• Domestic or Export Crating 
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A IRTECH Products,  Inc.
P.O. Box 790 
Sand Springs, OK  74063 
Phone: 918-241-0264 
Fax: 918-241-0270 
Email: info@airtechinc.biz 



Technical Information / Standard Configurations 
 

Aluminum Frame (extrusion): 6063-T5 
Aluminum Frame (folded sheet): 3003-H14 
Galvanized Steel Frame: A653-G90 Carbon Steel 
 (Mechanical Galvanized Finish) 
Blades: 6063-T6 Aluminum 
Blade Pins:  
 Aluminum: 6061-T6 Aluminum 
 Stainless Steel: 303 Stainless Steel 
Torque Tube: 6063-T6 Aluminum 
Actuator Rod: 6063-T6 Aluminum 
Actuator Lever Arm: 6061-T6 Aluminum 
Clevis: 1018 Carbon Steel 
Clevis to Arm Connecting Link: 6061-T6 Aluminum 
 
Assembly Hardware: 
 Cap Screws: ANSI/ASME 18.2.1  Grade 5, Zinc Plate 
 Nuts: Locking nut, Performance Spec IFI/100, 
  MIL/N/25027, Light Hex, Standard Height, Zinc Plate 
 Bearings: Glass Filled Nylatron, (Per API Specification 661)   
 
  

4"

3-3/4"

4"

4"

6 1/2"

7 1/2" 6 1/2"
10 1/2"

Series 300 
• 3 ¾� Frame 
• 4� Blade 

Series 400 
• 4� Frame 
• 4� Blade 

Series 700 
• 7 ½� Frame 
• 6 ½� Blade 

Series 740 
• 7 ½� Frame
• 4� Blade 

Series 1000
• 10 ½� Frame
• 6 ½� Blade 

Airtech Products, Inc., P.O. Box 790, Sand Springs, OK  74063 
Phone: 918-241-0264, Fax: 918-241-0270 

Email: info@airtechinc.biz 

4"
7 1/2"



Duraflow Industrial Louvers 
Installation and Maintenance Instructions 

 
 

PRE-INSTALLATION ACTIVITIES: 
1. With the louver crate resting firmly on either saw horses or a smooth and level area at 

grade, remove packing crate top and sides. 
2. Make a visual inspection of the louver frame, blades and all linkages/drive mechanisms 

to ensure there was no shipping damage.   
3. Various small parts needed to connect the drive linkages are shipped in a separate and 

smaller cardboard box.  Keep this box at hand but out of the way and in a safe place.  
4. Inspect the mounting surface of the cooler giving particular attention to ensure it 

provides uniform support of the louver perimeter and that it is structurally adequate to 
support all static and dynamic loadings.   

a. If the louver is to be mounted in a horizontal configuration, it is CRITICALLY 
IMPORTANT to ensure the mounting surface is uniform and level to +/- .25” over 
20’.  Airtech louvers are manufactured to precise tolerances and bolting to an off-
level surface will cause binding in the moving parts.  This will result in 
inconsistent operation, shorten product life and can cause permanent damage 
that voids the manufacturers warranty. 

b. If the louver is to be mounted in a vertical configuration, the installer must confirm 
there will be uniform support / attachment to the mounting surface at spacing not 
greater than 18” centers on the louver perimeter flange.  Failure to do so may 
result in bending of the louver frame and inconsistent operation, a shortened 
product life and can cause damage that voids the manufacturers warranty. 

5. Take a moment to visualize the installation and plan the placement of individual louver 
sub-assemblies.  Although all louver installations involve essentially the same 
procedure, any given application will have some unique characteristics.  Some projects 
will require louver sections to link together at the side via torque tube connectors while 
others may link together at the ends via end links on the actuator rod.  Small projects 
may require neither type of connection while large projects will require both. 

6. Open the cardboard box of small parts and confirm all the necessary pieces are at 
hand.  Depending on the application, this could be torque tube couplings, actuator rod 
end links, grade level operator components, clevises, etc.  Please note, unless the 
louvers are to be attached via angle clips, the actual attachment hardware won’t be 
included in the louver shipment. 

7. Most of the time, louver installation is easiest done using self-drilling speed screws, ¼” x 
1¼” long, fine thread.  Ensure a screw is in place on all corners and not greater than 18” 
centers around the louver perimeter.  Simply drill through the louver flange into the host 
structure making sure the screw is completely pulled down tight.  If retaining clips is your 
preferred method of attachment, please review to “Reference A” for instructions on use 
and installation. 

 
 

AIRTECH PRODUCTS, INC. 
P.O. Box 790                        918-241-0264 (Phone)               
8101 West 16tth Street          918-241-0270 (Fax)        
Sand Springs, OK  74063 
Email: info@airtechinc.biz 
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MOUNTING & ATTACHMENT 

1. Hoist the louver (or first louver sub-section) into place making sure the lift is well 
supported around the perimeter.  DO NOT ALLOW THE LOUVER TO RACK or 
excessively bend during the lifting process. 

a. For horizontal applications, set the louver onto the mounting surface and 
visually confirm 100% of the perimeter is supported and resting flat upon the top 
of the cooler.  Make sure the operating mechanism travels freely through the 
entire range of motion and there is no interference from complete shut to 
complete open.  If the louver is supplied in multiple sections, install the section 
with the operator first and perform the motion/operation test noted above.  
Square the louver to the cooler as best you can but above all, be sure the louver 
remains square – do not force to the louver out of square to accommodate the 
cooler.  THE LOUVER MUST BE SQUARE to operate properly.   After 
confirming the louver is properly placed relative to the mounting surface (and to 
other subsequent sections, if applicable), install a self-drilling screw at each 
corner and at no greater than 18” centers along all flanges.  If applicable, hoist 
subsequent sections into place and following the above instructions, attach each 
to the host structure.  DO NOT STEP ON LOUVER BLADES AT ANY TIME.  If 
you must step out onto the louver, use dimension lumber or plywood as a 
walking surface.  

b. For vertical applications, hoist the louver (or first louver section) into place and 
after checking for clearance on moving parts, attach to the cooler with a self 
drilling screw at each corner and at no greater than 18” spaces along all flanges.  
Install all attachment screws before releasing hoist cables or hoisting device to 
ensure the louver is fully attached and there is no deflection in the louver frame. 
If applicable, hoist subsequent sections into place and following the above 
instructions, attach each to the host structure. 

2. If the louver is supplied in multiple sections, remove the connecting links / couplers 
from the shipping box and install them as required at the ends of actuator rods and 
torque tubes.  End link installation instructions are detailed as attached “Reference 
B” and Torque Tube coupling installation instructions are detailed as attached 
“Reference C”.  

3. When all sections are installed and connected, test the drive mechanism to ensure it 
moves freely, without binding or interference.  On very large louvers with multiple 
sections, this may require use of a lever.  Small to average size louvers should easily 
operate by hand strength on the torque tube. 

4. Complete the installation by attaching any remaining components such as pneumatic 
actuator or grade level operators.  Detailed installation instructions for actuator can be 
found in its shipping carton.  For instructions on grade level operators, see attached 
“Reference D”. 

5. After installing any remaining operators, complete the installation process by cycling the 
louver several times to ensure it moves freely, without interference and isn’t binding at 
any location.  Some adjustment of end links may be required to ensure all louver blades 
open and shut consistently down the entire length of the louver.  

6. Check all attachment fasteners to ensure all are properly tightened and completely 
engaged to the louver flange. 

7. If applicable, check all end link connections and torque tube couplers to ensure they are 
properly tightened and fasteners are completely engaged. 
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MAINTENANCE INSTRUCTIONS (Annual) 

1. Visually inspect all blade pins to ensure the pin bearings are in place and do not 
have unacceptable wear. 

2. Visually inspect all connections between blade horns and actuator rod to confirm all 
connecting bearing, bolts and nuts are in place and not showing unacceptable 
wear. 

3. Visually inspect all attachment screws to ensure none have backed off or are 
missing. 

4. If dirt or grease buildup is excessive, clean louver blades and operating 
mechanisms with high pressure clear water wash. 

5. Operate any manual levers or grade level operators to confirm all are in good 
working order and move freely without binding or interference. 

6. If actuators are installed, visually inspect the mounting bolts to ensure all are tight 
and in place.  Visually inspect the condition of all connecting links, the clevis and 
clevis pin. 

7. Visually inspect all actuator rod end links and torque tube connectors to confirm all 
are in place and properly engaged. 

8. Remove any leaves or other debris that may have collected in corners or between 
the louver blades and integral hailguards. 

 
 

RECOMMENDED SPARE PARTS LIST 

 Item Description Suggested Quantity 
1. Blade horn bearing, bolt and nut kit  1 per 5 Ft^2 louver area 
2. Actuator rod end link kit 1 per 2 connections 
3. Torque Tube couplings 1 per 2 torque tube connections 
4. Blade Pin and Pin Bearing kits 5 per 10 Ft^2 louver area 
5. Manual handle kits 1 
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Moore keeps records  indexed by serial and job
numbers of all fans produced for at least forty years in
order to provide proper maintenance advice and infor-
mation on spare parts and replacements.

2.1.2  PLANNING THE INSTALLATION
The sequence given for the installation may be

changed if the conditions warrant.  For example, the
air seal may be installed on the hub before the hub is
installed on the drive shaft.  (In fact, for inverted fans,
it is necessary to install the air seal first.)  The instal-
lation should be planned before beginning so that the
steps required are taken in the most convenient order.
If you need information not found here, please contact
Moore.

Class 10000 fans are suitable for horizontal or vertical
mounting, for electric motor or engine drive and may be
designed for clockwise (right hand) or counterclockwise (left
hand) rotation. Some drawings illustrating the installation
assume vertical mounting and need to be mentally rotated
for horizontal mounting. Be sure to refer to the dimensional
drawing(s) provided. These will illustrate the proper orien-
tation of the fan and the rotation direction.

2.0  INSTALLATION
2.1 GETTING STARTED

2.1.1 FAN IDENTIFICATION
Every fan, or group of identical fans, is assigned a Job

Number. This number will be found on the Order Informa-
tion Sheet showing fan specifications. A copy is attached to
this manual.  If non-identical fans are shipped together, a Job
Number is assigned to each fan or group and a set of
Information Sheets will be included for each Job Number.

The Job Number is written in semi-permanent ink on
each blade, hub and air seal.  All fan parts bearing the same
Job Number are entirely interchangeable.  (Blades of the
same Series and Diameter are also interchangeable between
Job Numbers.)

Fan components covered by more than one Job Num-
ber may be crated together.  The Job Number that is written
on each part, however, will make sorting simple.

Each individual fan produced by Moore is assigned a
Serial Number. This Serial Number is embossed on a perma-
nent metal tag and attached to each fan hub.  The Fan
Information Sheet provided for each Job Number lists all of
the individual Serial Numbers of the identical fans
covered by that Job Number so that, in future years,
reference to the fan specifications provided will iden-
tify the characteristics of each individual fan.

ABOUT THIS MANUAL .......
 Moore is as interested as are its customers that Moore

fans operate at top efficiency for many, many years.  This
manual has been written to achieve that result and is based
on more than 50 years of experience as a manufacturer of
axial flow fans.

 Moore fans represent the highest degree of axial fan
development and are in all respects, regardless of price, the
finest obtainable for their intended purpose.  As for any fine
equipment, certain precautions are necessary and certain
abuses must be avoided in order to insure the best perform-
ance over the longest period of time  If you have any
questions regarding the installation or operation of your
Moore fan(s), please contact the Company for assistance.

INSPECTION
 All Moore units are carefully balanced, inspected

and packed at the factory.  If any damage is evident

before or after unpacking, the delivering carrier
should be promptly notified so that an inspection
may be made by the claims adjustor.  It is the
responsibility of the consignee to file damage
claims with the carrier.  Although Moore will not
be responsible for shipping damage, it is requested
that any damage, even of a minor nature, be re-
ported to the factory at once.

IDENTIFY YOUR FAN’S FEATURES
Section 1 consisting of your unit’s specifica-

tions will be found on the Order Information Sheet
attached.  Section 2 Getting Started should be
read carefully before installation begins. Moore
fans have several  unique features.

INSTALLATION



MOORE FANS   LLC,   Marceline, MO 64658     Phone (660) 376-3575     FAX (660) 376-2909TMC-704 Rev G- 09/04 Page 3 

Bushing

Cap Screws

Hub Only Without Air Seal

2.2  INSTALL HUB AND AIR SEAL

Air Seal Installed on Hub

To install the airseal:
          If the airseal is to be installed on the shaft side of the fan,
cut out the center to provide clearance for the bushing.

Locate the air seal installation hardware in the plastic bag
taped to one of the hub tubes. Install the air seal studs on the
appropriate side of the hub tube. Finger tighten.

Place one resilient washer on each stud as shown in the
drawings at left.  Place the air seal onto the studs and install the
remaining hardware, following the sequence shown in the
drawings.  Do not lubricate this end of the studs.

Note that the diameter of the resilient washers, before
they are compressed,  is slightly less than the diameter of the
aluminum washer. Tighten each nut until the resilient washer's
diameter is the same as the aluminum washer.  Do not
overtighten.  Overtighteness exists when the resilient washer
has expanded in diameter larger than the diameter of the
aluminum washer.

Hub installation instructions

Some Moore Class 10000 hubs are shipped with Moore
Hi-Torque (HT) Aluminum Bushings.  The following
paragraph details the installation procedure for these
hubs.

Lubrication:
If the bushing was pre-installed in the hub at the factory,
no further lubrication is required prior to installation.
If the bushing was not installed in the hub at the factory,
it is imperative to apply high quality grease to the
following surfaces:

1. The cap screw threads
2. The underside of the cap screw heads
3. The bushing taper / hub bore

DO NOT apply lubricant between the bushing bore and the
shaft.
Installation:
Install the bushing in the hub by aligning the threaded
holes on the I.D. of the hub with the slots on the OD of the
bushing with the cap screws captured between the bush-
ing and the hub.  Insert the bushing in the hub.  Using  a
hex key wrench, sequentially tighten the  socket head cap
screws until the bushing is almost fully engaged in the
hub.  Leave slight play between the bushing and hub to
facilitate installation on the shaft.
Place the hub/bushing on the shaft. (Preferably cap
screw heads will be towards free end of shaft.)   Insert the
key, and tighten the setscrew to secure the hub and key to
the shaft.  Now begin sequentially tightening the  socket
head cap screws (approximately 2-3 turns per  cap screw
initially)  to firmly engage the bushing in the hub and seat
the bushing on the shaft.   Once the bushing/hub is firmly
seated on the shaft, continue tightening the  cap screws
sequentially until the specified torque, shown in the
following table, is reached.  DO NOT over-tighten cap
screws as this could cause damage to the hub.

Bushing OD

3"
4"

5.5"
5.5 " Long

7"

Allen Head
Bold

12 mm
12 mm
16 mm
16 mm
16 mm

Hex Key
Size

10 mm
10 mm
14 mm
14 mm
14 mm

Required Torque

50 ft-lb   (6.9m-kg)
50 ft-lb   (6.9m-kg)
90 ft-lb   (12.5m-kg)
135 ft-lb   (18.7m-kg)
135 ft-lb   (18.7m-kg)

Caution:
If bushing is expected to see frequent oscillating loads  (Greater
than 50% of nominal expected Static Torque), Fan should be
operated for approximately 15 minutes and then re-torque
bushing cap screws.

FAN
HUB

AIR SEAL INSTALLATION ON HUB

RESILIENT
WASHER

ROD END

AIR SEAL

ALUMINUM    NUT

RESILIENT
WASHER

ALUMINUM
WASHER

HUB TUBE

AIR SEAL STUD

Note: Some air seals are provided with more mounting
holes than may be required. This is done intentionally to
make the air seals more interchangeable between units.
For example, an air seal with 8 mounting holes can be used
with either a 4-blade or an 8-blade unit.

Bushing
TYPE

T
U
W
X
Z

HT BUSHING HUB (ALUMINUM BUSHING) INSTALLATION
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BLADE

H U B
T U B E

R E S I L I E N T
M O U N T

NOTE: MOUNTING BOLT
SUPPLIED WITH GREASE

ON THREADS AND
CONICAL FACE

CLAMP

ROD
END

2.3.1    INSTALL BLADES

2.3   INSTALL AND ADJUST BLADES

the bolt into the second resilient mount lightly. A 3/4" drive
torque wrench with a short extension may be used. The blade
mounting bolt is supplied from the factory with grease on the
threads and conical face. Do NOT clean the grease from
the bolt.

Complete the installation of one blade by holding the
blade so that the blade extends straight out from the hub tube.
Holding the blade in this position, tighten the bolt using a
torque wrench set to 200 ft-lb (28 m-kg) making sure the
rod end and the resilient mounts seat.

After installing the first blade, manually rotate the fan
while moving the blade tip in and out to be sure the blade
clears the ring or throat at all points. When the blade is held
in alignment with the blade tube (that is, straight outward
from the hub), it should clear the fan ring by a distance
adequate to provide for any relative motion between the fan
wheel and the ring. Excess clearance between the blade tips
and the ring, however, should be avoided to prevent backflow
which seriously reduces fan efficiency. If clearance is exces-
sive, the diameter may be adjusted at this time. See Section
2.3.2.

Install the rest of the blades so that they are identical
with the first blade.  Torque all bolts to 200 ft-lbs (28 m-
kg). If blades are installed properly, they will return to their
undisturbed position if the tips are pressed in the axial
direction with moderate force (10 to 20 lb).

BEFORE INSTALLING BLADES. . . .
Check to see that the hub is level. If the drive shaft is not

truly horizontal (or vertical), causing the hub to be cocked, it
will be difficult to  adjust blade angles accurately.  Eccentric ro-
tation of the fan can also cause serious vibration problems.

If misalignment, vibration or unbalance in the system is
present, it will be more easily identified and corrected at this
time.

Moore fan blades are carefully balanced to the same moment at the
factory.  Any Class 10000 blade of the same series and diameter may
be installed on any hub furnished on the job. They are completely
interchangeable.

 Moore Class 10000 Heavy Duty Fans are  de-
signed for engine drive and other applications with
the more severe requirements of this service. Proper
installation, with particular attention to tightening
nuts to the specified torque, is essential to maintain
the design integrity of these units.

 Install one blade: Clean any dirt or grease from the rod end and
the surfaces of the resilient mounts. Align the rod end hole with
the holes in the resilient mounts and insert the blade mount-
ing bolt first through the resilient mount with the recess to
accept the bolt head, then through the rod end hole and screw

BLADE     BOLT

INSTALLATION
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Before starting the fan, manually check all bolts or
nuts to see if they are tightened.  Take care not to exceed
the stated torque limits.

Manually rotate the fan while checking each blade for
proper clearance.

Start the fan and watch it in operation. All blades
should move to the same operating position, indicating that
the blade angles are properly set and that all blades are
equally loaded. If vibration or unbalance is evident, see
Section 3.3.

After the fan has been operating for several minutes,

stop the fan and observe the blades as the fan comes
to rest. All of the blades should  return to their origi-
nal position at the same rate.

Inspect the inner surface of the fan ring and
the blade tips for any indication of scoring.

The horsepower given on the Fan Specifications
is the calculated horsepower (at the fan shaft) that is
required for the specified performance.  Consult the
factory or the fan curve before increasing the blade
angle for the fan to consume more than the speci-
fied horsepower.

2.4   START-UP  PROCEDURES

2.3.2   ADJUST BLADE ANGLE

Hubs are shipped from the factory with the rod end  set
for the blade angle indicated by the design performance.  A
change in blade angle is sometimes necessary, however, to
adjust to actual site conditions.  Failure to adjust the blade angle
when required may result in blade overload. The causes of
improper blade loading are explained in Section 4.3 of this
manual. Section 4.4 "Checking Blade Load" provides a simple
method of determining the maximum blade angle allowable
in terms of static pressure vs blade angle. Please refer to these
sections before increasing blade angle.

To adjust,  loosen the Clamp Nut just enough to allow
the blade to be turned. Place a inclinometer on the flat surface
of the mounts end as shown in the illustration at right.  Turn
the blade until the desired angle is achieved..  Make a
permanent record of the final angle selected and take care
that all blades on the fan are set at the same angle. A typical
adjustment may be +/- 3o. The maximum recommended
blade angle is 30o.

Retighten the Clamp Nut to 18 ft-lbs (2.5 m-kg).
Recheck each blade angle before tightening.

2.3.3   ADJUST DIAMETER IF REQUIRED
At times it may be necessary to adjust the fan

diameter to suit a particular ring. To do so, loosen the
clamp nut so that the rod end can be rotated in the hub
tube. One complete revolution will increase or de-
crease the radius of the fan by .059" (1.5 mm). Take care
that the clevis is returned to exactly the factory-set
angle unless it is intended that the blade loading be

changed as discussed in the previous section. A match
mark may be made at a point on the threads and the tube
before turning to assure that exactly one revolution is
made. Tighten the clamp nut to 18 ft-lbs (2.5m-kg).

Maximum adjustment possible is about +/- 0.75" (19
mm). At least 1.0" (25 mm) of rod end threads must remain
in the tube.

WARNING: The fan is designed to consume the
horsepower stated on the Fan Specification Sheet. The
engine drive typically produces far more power than
the fan can absorb. Too great an increase in blade angle
can cause serious blade overload which will stall the
blades. In this condition, the fan will actually deliver less
air and blade life may be shortened. Blade load consid-
erations are discussed in Section 4.0 Operation in this
manual.

HEAVY  DOTTED  LINE
INDICATES  LOCATION  FOR
MEASURING  BLADE  ANGLE

INSTALLATION
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3.0   MAINTENANCE
3.1  PERIODIC INSPECTION

3.1.4  CRACKS, DENTS AND CORROSION
Skin cracking may be caused by the tips dragging

on the fan ring, or it may be the result of long-term
fatigue due to continued operation under conditions of
vibration or unbalance as discussed in Section 3.3 which
follows. Skin cracking can also be caused by continued
operation under overload conditions as discussed in
Section 4.3 Causes of Blade Overload.

Cracking in air seals can occur if the airseal has
been improperly installed.  See Section 2.2.  Check to be
sure the resilient washers are present and the nuts
properly tightened.

The fatigue strength of materials, whether metal
or plastic, may be lowered by long-term exposure to
water.

Dents in blades are caused by objects falling into
the fan or the fan striking some obstacle.  Minor dents
may sometimes be repaired by drilling a small hole in
the center of the dent  and pulling outward on the blade
skin. Blades may be ordered from the factory for re-
placement. If there is any evidence of this type of
damage, the hub should be carefully inspected as dis-
cussed in Section 3.1.6 which follows.

The Type 5052 aluminum, a marine alloy, used as
the blade material on Moore fans works well with either
fresh or sea water. Waters that are acid, alkaline, or
contain copper salts, however, should be avoided for all
aluminum alloys. If you have questions regarding the
suitability of the fan materials under certain water
conditions, please contact the factory.

3.1.1  PURPOSE
Fan failure is most likely the result of destruc-

tive repetitive stress acting over a period of time.
These stresses may be caused by mechanical abuse,
e.g. rough gears or drive shaft imbalance, or by
aerodynamic abuse such as blade overload or abnor-
mal flow conditions. Fortunately, these stresses mani-
fest themselves in typical ways that may easily be
detected on inspection if one knows what to look for.
The purpose of this section of this manual is to
describe the symptoms of potentially damaging me-
chanical problems and how they can be corrected.
Aerodynamic abuses are covered in Section 4.0 Op-
eration.

3.1.2  FREQUENCY OF INSPECTION
The frequency of inspection varies widely in

accordance with the severity of service and a suitable
inspection schedule should be developed with expe-
rience over time.  During the first week of operation,
at least one inspection should be made. At these
initial inspections, in addition to the items listed
below, check all nuts for tightness to make certain
that all were tightened properly at installation. Take
care not to exceed the stated torque limits.  Following
the first week, it is probable that inspections of the
fan need be made no more freqently than inspection
of the drive.

3.1.3  BLADE ANGLE AND RUNNING POSITION
Turn off the unit and watch the blade tips.  A

looseness in the clamp bolt will permit a blade to
flatten in angle. This usually can be detected by
looking at the tips of the blades while the fan is
slowing down. At the same time, before the unit
comes to a complete stop, watch the track of the
blade tips to see that all blades move to the same
operating position. If one or more blades is at a
substantially different position than the other blades,
or if all of the blades are at a different position than
at the last inspection, investigate further. This condi-
tion may be caused by a damaged resilient mount,
requiring blade replacement.

3.1.5  HUB INSPECTION
If damage to the fan has occurred, the hub should be

carefully inspected since subtle damage may have been
caused that is not readily apparent.  Check the hub for any
sign of bending or twisting of the hub tubes. Hub tubes
cannot be replaced in the field on manual fans and a new
hub should be ordered.

Bushings are frequently cracked during a fan wreck
and should be carefully inspected. Damage may occur to
the studs that attach the hub to the bushing. It is a good idea
to replace the studs when replacing a damaged fan blade.

MAINTENANCE

As with any industrial equipment, before entry into fan chamber, strict adherence to ALL Lock-
out / Tag-out procedures is well advised!
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3.3.1  GENERAL
 No piece of rotating equipment is perfectly bal-

anced.  It is always possible that the minute unbalances
of the various components may combine to provide a
noticeable lack of balance. This rarely occurs, since it is
unlikely that all unbalanced components will become
assembled with their heavy sides in the same direction.
Nevertheless, if unbalance is noted, the various compo-
nents should be rotated into different positions to see if
this might cure the unbalanced condition.

If vibration or unbalance occur, either at the time
of installation or later during the operation of the unit,
its cause may be determined by following the directions
below.

3.3.2  FAN UNBALANCE
Vibration is most likely to be caused by the fan if

the blades are not set at the same angle. If the blades are
properly set, the fan is the least likely cause of vibration.
All fan components are balanced to within ±0.2 ft-lbs.

 If the fan is in an unbalanced condition, the fre-
quency of vibration of the structure will be that of the
RPM of the fan and is quite low.  In the case of large fans,
the frequency is often low enough to be mentally counted
along with the rotation of the fan. A vibration of 500 RPM
or less will be felt as a weave in the structure rather than
a vibration. Below 400 RPM, the vibration may be men-
tally counted and above that point may be read with a
frequency meter.

Before assuming fan unbalance, check for loose
bearing seats or bearings journaling the shaft on which
the fan is mounted. This condition will cause the shaft to
rotate eccentrically, throwing the weight of the fan off-
center, resulting  in unbalance of the frequency of the fan
RPM.

After all checks have been made and the fan is still
determined to be unbalanced, field balancing may be
accomplished as described below in Section 3.3.6.

It should be noted that the loads imposed on the
drive shaft and its supporting bearings by fan unbalance

3.3  VIBRATION AND UNBALANCE

3.2.1  CLEAN BLADES IF INDICATED
A smooth blade surface is essential for efficient

fan performance. If an incrustation forms on the blades
it should be removed. Use steel wool as an abrasive
along with a mild detergent or a very mild form of
solvent.  Lye must not be used because it attacks
aluminum readily.

3.2.2  CHECK SYSTEM PRESSURE
Radiator sections may be effected by the accu-

mulation of dust and dirt in some atmospheres. (Cot-
tonwood seeds are particularly troubling.) These ac-
cumulations may significantly increase the static pres-
sure. Adjust the blade angle if necessary as described
in Section 4.4 Checking Blade Load.

3.2.3  CLOSE INSPECTION
The yearly inspection should be a very thorough

one. All nuts and bolts should be checked and careful
scrutiny given to all highly stressed areas.

Inspect the resilient mounts as follows:  With the
fan turned off, grasp each blade and feel for looseness at
the mount.  If in doubt, the blade should be removed and
the mount assembly visually inspected. Wear is indi-
cated by a fretting effect and the resilient mount material
will show signs of extruding from the cavity.  If these
indications are not apparent, replace the blade and con-
tinue normal operations.

Inspect the blade tips for any signs of cracking and
the fan ring for any scoring that might indicate that the
blades have been striking or rubbing against the fan
ring.

3.2 ANNUAL INSPECTION

are negligible. A rotating centrifugal load of 100 pounds,
due to unbalance, would be extremely objectionable
and possibly even damage the structure on which the
drive was mounted. By contrast, it would be unlikely that
the drive shaft of a fan, of  perhaps 25 HP, would be
supported on bearings rated less than 2000 or 3000 pounds
radial load.  For higher horsepowers, the bearing capacity
would be correspondingly increased. From this it is evi-
dent that speed reducer or drive shaft bearing failure could
never be caused by moderate or even objectionable fan
unbalance.

3.3.3  BELT DRIVE UNITS
The more common causes of vibration in belt drive

units are not the drives themselves but the result of shafts
that are too flexible or non-rigid supporting members.
Vibration can be caused by misalignment of the sheaves or
poorly adjusted belt tension. Consult the manufacturer of
the drives for information. The quickest way to identify the
cause of vibration in belt drive units is to operate the fan
with the blades removed.

3.3.4 ROUGH GEARS
Continued operation on rough gears and bearings is

almost certain to develop cracks in the blade skins. Rough
gears may be of two types:

1. Rough or failed bearings in the drives or gears will
result in a high frequency vibration being transmitted into
the fan where some areas of the skin will respond to the
frequencies applied. Cracks will appear in the blade skin and
eventually, in some areas, the skin may actually fall away.

2. The other type of rough gear occurs when the output
shaft accelerates and decelerates with each pinion tooth
engagement. With a six tooth pinion and a motor speed of
1800 RPM, or 30 cycles per second, this gear misalignment
impresses upon the fan a vibrating frequency of 30 x 6 = 180
cycles per second. If the engagement of teeth is also included,
the frequency is 360 cycles per second.  This type of high
frequency vibration is at least as serious as that caused by bad
bearings.

MAINTENANCE
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3.3.5  THROAT FLUTTER
Any fan that is effectively moving air at the tips

of the blades will develop a reduced pressure area (or
suction) on the fan throat or ring at the tip of the
blade. This suction tends to draw the throat toward
the tip of each blade, which means that a four blade
fan would tend to draw the throat into something
approaching a square while a six blade fan would
draw it into something resembling a hexagon, etc.
Since the fan is rotating, the effect on the throat is that
of continually drawing it into a rotating polygon.
The resulting throat flutter is frequently mistaken
for fan unbalance.

A substantial throat or ring will be sufficiently
rigid that flutter will not exist.  A weak or flexible
throat, particularly when used with a fan of a low
number of blades, will be greatly affected by this
type of vibration. Throat flutter is easily detected due
to the fact that it is invariably of a frequency of the fan
RPM times the number of blades on the fan.

Throat flutter will cause no damage to the fan so
long as the throat does not disintegrate and fall into
the fan blades.  It may be eliminated by stiffening or
bracing the throat.

If in doubt that throat flutter is the cause of
vibration, reduce the angle of the blades until the
fan is doing little or no work. If the vibration ceases
under this condition, it is certain that throat flutter
is present when the blades are loaded.

3.3.6  FIELD BALANCING
Unbalance in older fans may develop because

of some structural change or by installing one new
blade on an old fan where the existing blades had
changed in weight in the course of operation.

 Use wire to attach a small weight in succes-
sion to each of the air seal studs until the best
location for the weight is found.  The weight should
then be increased or decreased until the best bal-
ance is achieved. The permanent weight may then
be secured to the stud or hub tube, whichever is the
most convenient for the type and shape of weight
to be used.  One or more pieces of metal shaped like
a washer could be placed over the stud, on the hub
tube, behind the stud, or over the threaded portion of
the rod end.  Aluminum or stainless weights should be
used and weights should not be attached to the blade
skin.

MOORE FANS LLC (the Seller) warrants only to Buyer,
as its purchaser for resale, that the fans manufactured
and sold by Seller to Buyer under this Agreement will
be free from all defects in material and workmanship
under ordinary use for a period of two (2) years from
the date of shipment or one (1) year from the date the
fan is installed on a customer's premises, whichever
occurs first. This warranty period shall apply only if
Seller receives written notice of any defect within the
warranty period. Upon receipt of such notice, Seller, at
its option, may require Buyer to return the fan at
Buyer's cost to Seller for inspection by Seller. If the fan
is found to be defective on inspection by Seller, as a sole
and exclusive remedy, Seller will, at its option, either
repair or replace the fan. This warranty shall not apply to

damage on account of misuse, neglect or accident or
shipping damage, or if repairs or part replacements have
been made or attempted without Seller's prior written
authorization. SELLER SHALL NOT BE LIABLE IN ANY EVENT FOR ANY

INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR BREACH OF THIS OR ANY

WARRANTY. THIS WARRANTY IS IN LIEU OF ALL OTHER GUARANTEES OR

EXPRESSED WARRANTIES AND ALL IMPLIED WARRANTIES, INCLUDING

THE IMPLIED WARRANTIES OF MERCHANTABILITY AND OF FITNESS FOR

A PARTICULAR PURPOSE. DUE TO THE VARIETY OF CONDITIONS UNDER

WHICH THE FANS MAY BE USED, RISKS OF RESULTS OBTAINED FROM USE

OF THE FANS, WHETHER USED ALONE OR IN COMBINATION WITH OTHER

PRODUCTS, IS ENTIRELY BUYER'S. THE ABOVE LIMITATIONS ON DAMAGE

AND EXCLUSION OR LIMITATION OF IMPLIED WARRANTIES ARE NOT

APPLICABLE TO THE EXTENT PROHIBITED BY STATE LAW.

3.4  WARRANTY

MAINTENANCE
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NOT TO SCALE: SOME DIMENSIONS
AND ANGLES HAVE BEEN

EXAGGERATED FOR CLARITY

3.5 PARTS LIST
MAINTENANCE

5

8

4

3

2

1

6

7

9
12

13

10

11

14

DESCRIPTION

SHOP
PART
NO.

DWG.
NO.

1 2883 ROD END CLASS 10000 HEAVY DUTY
1 4269 ROD END CLASS 10000 STANDARD DUTY

2 2871 RESILIENT MOUNT, THREADED

3 2867 RESILIENT MOUNT, RECESSED

4 2886 24MM ALUMINUM BLADE MOUNTING BOLT

5 3028 8MM X 50MM SS CLAMP BOLT

6 3029 8MM SS CLAMP NUT

7 3081 SS LOCK WASHER

8 3073 ROD END CLAMP

9 52 5/8" RESILIENT WASHER

10 169 16MM  ALUMINUM NUT

11 151 5/8" ALUMINUM FLAT WASHER

12 3033 16MM AIR SEAL STUD

13 4698 12MM HEX BOLT FOR T BUSHING (2)
4153 12MM HEX BOLT FOR U BUSHING (4)
4154 16MM HEX BOLT FOR W BUSHING (4)
4159 16MM HEX BOLT FOR X BUSHING (4)
4159 16MM HEX BOLT FOR Z BUSHING (8)

14 T BUSHING  (3" )
U BUSHING  (4" )
W BUSHING  (5.5")
X BUSHING  LONG (5.5")
Z BUSHING  (7")
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4.0  OPERATION

 4.1.1  ABOUT THIS SECTION . . . .
It is widely acknowledged that the kinds of mechanical

abuse described on the preceding pages are destructive for
all types of operating equipment.  It is less well recognized
that — for fans — aerodynamic stresses are an even more
serious hazard. This section deals with the causes of destruc-
tive aerodynamic stresses and how they can be avoided.

Although this information is given primarily for the
benefit of operators of Moore equipment, it may be applied
to fans of any manufacture.

Unlike smaller fans, which are typically furnished
complete with their surroundings, the large fan wheel is
supplied as an unprotected component of the system and is
installed in innumerable types of surroundings. Not only do
the types and conditions of the drives for these fan wheels
vary widely, but the entrance and exit conditions and the
enclosure for the wheel assume a myriad of possible com-
binations. In designing his product, the manufacturer of fan
wheels must anticipate the operating conditions based upon
his knowledge of what is reasonable and customary for the
industry. He may over-design for abnormal stresses only
until the practical limit is reached to avoid excessive weight,
cost and inefficiency.

4.1.3  ABNORMAL CONDITIONS
Abnormal operating conditions result in destructive

repetitive stresses that can seriously shorten fan life. The
aerodynamic abuses discussed in this section can cause
repeated flexing of the fan blades and hub. Violent displace-
ment of the resiliently mounted Moore fan blades may
occur — a greater displacement than would occur in rigidly
mounted blades. The resilient mounting, of course, mini-
mizes the structural unit stresses which would be transmit-
ted to the root of the blade and into the hub and drive.
Although Moore units may be expected to resist greater
stress than units of conventional design, such repetitive
stresses may exceed the capability of the resilient mounts
to absorb them. If so, fatigue of the mounts and metal may
develop, adjusting linkages may wear, and ultimate failure
becomes a possibility.

 Some of the abuses set out in the following text are
far less important than others. All of them may occur in
varying degrees.

Specifically, abuse due to serious repetitive stresses
can lead to mount failure and, if carried to extremes, can
require blade replacement. In units of other manufacture
with rigidly mounted blades, repetitive stresses of this type
may lead to blade breakage, probably near the root or at
the point of attachment to the hub where stresses are
highest, or may lead to failure of the hub itself. The resilient
mount design, unique with Moore fans, dampens these
vibrational forces and results in a fan that is far less
vulnerable to failure from these conditions than other units
with rigidly mounted blades. Even so, extreme conditions
can cause damage.

A well-designed fan can be expected to operate for
many years without trouble under normal operation as
described above. The extreme repetitive stresses de-
scribed below, however, will certainly reduce the life of
the fan, causing failure many years sooner than would
occur if the fan were operated as intended. Fortunately,
these destructive conditions are readily observable to
someone who is knowledgeable about them, and they
can be corrected with reasonable effort and expense
once they are observed.

4.1.2  NORMAL OPERATING CONDITIONS
The fan manufacturer assumes a fairly reasonable atmo-
sphere for the operation of his product, including the follow-
ing:

The fan selection will be reasonably in line with the
performance the unit is expected to maintain, with an
adequate blade area for the pressure required at the
given RPM. Blades will not be loaded beyond their
capacity to maintain air flow.

A fan ring will be provided that is round, rigid and of
a depth at least sufficient to cover the tips of the blades.
Tip clearances will be uniform and controlled.

The approach air will represent a relatively uniform
and axial flow with, of course, some unavoidable
turbulence expected. Adequate open area will be pro-
vided at the inlet of the fan.

Major obstructions will not be present at either the
inlet or discharge of the fan.

The RPM of the fan will be within the design limits.

The relative direction and velocity of approaching air
to the blades will be fairly constant and protection will
be provided from extreme wind conditions.

Under such conditions, the unit stresses in the blades
would not be expected to vary more than plus or minus
50%. Fan design based on such assumptions is entirely
reasonable and, with proper drives and installation con-
ditions, has proven highly successful.

4.1  AERODYNAMIC ABUSE

OPERATION
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4.2  BLADE OVERLOAD
Of all the aerodynamic abuses to be avoided in the operation
of  a  fan,  the most important is that of  overloading  the  fan
blades. Blade overload occurs because of insufficient blade
area:  In  other  words, when there is an inadequacy in the
number of blades on the fan selected.

The Moore system of rating is based upon the pressure
that each blade will produce at a given RPM with good
efficiency. This pressure is called 100% blade load. When blade
load exceeds 110%, the fan will not only operate at lower
efficiency, it may be subject to structural damage as well.

In selecting a fan, the total pressure divided by the
pressure to be produced by one blade determines the number
of blades required for the anticipated performance. When-
ever information is available, The Moore Company checks the
selection. Even so, underestimation of the pressure require-
ments by the system designer, or changes in the operating
conditions over time, may result in overload conditions.

 Why is a blade overload condition of such concern?  We
are all aware of the fact that an airplane traveling at a given
speed can carry only a certain load. If the speed of the airplane
is decreased or the load increased, stalling flow over the wing
will occur. In the case of an airplane, approximately two-thirds
of the lift provided by the wing is the result of the air flow over
the top or convex portion of the wing. Lift is provided as a
reaction to the flow of air being accelerated and deflected
downward as it passes over the wing. A negative pressure
area is thus formed on the top surface of the wing which tends
to lift it upward.

So long as air flow over the wing is smooth and clings
to the surface of the wing, little turbulence is present. When
the load is increased, or the speed decreased, the angle of the
wing to the air stream must be increased to a point where the
air flow breaks away from the upper surface of the wing.  This
is known as stalling or burbling flow, since the air, instead of
clinging  to the wing, breaks away near the leading edge and
leaves what might be called a turbulent void above the upper
wing surface, nullifying the accelerated flow which was re-
sponsible for the greater part of the lift of the wing.

When this occurs, the wing  loses a large  portion  of its
lift. Flow, however, will re-establish briefly and break again,
the cycle being repeated continuously, resulting in a severe
vibration throughout the aircraft as the flow alternately
makes and breaks.  Anyone who has experienced a stall in an
airplane will be familiar with this violent phenomenon.

A fan blade is no different than an airplane wing except
that the air usually is being deflected upward rather than
downward, the convex side of the blade being the lower
surface rather than the upper surface as in the case of an
airplane.  The result of blade overload is identical: When
blade load exceeds that allowable, a violent vibration will
take place in the blade as the laminar, or uniform, flow makes
and breaks perhaps many times a second.

Another way of looking at this problem is to
consider that the available number of blades are set at
too steep an angle to be able to move air at the axial
velocity which is necessary to maintain a smooth flow
over the convex surface.  In other words, to move air at
the velocity necessary for this blade angle, plus over-
coming the static resistance of the system, the total
pressure which would have to be maintained for an air
flow corresponding to this angle is greater than the
total pressure capability of the given number of blades
at this RPM.  Such a condition can only be corrected by
decreasing the blade angle until smooth flow is ob-
tained or by increasing the number of blades and the
total pressure potential of the fan until the fan’s pres-
sure potential equals the pressure necessary to move
the specified quantity of air through the system.

Continued operation under conditions of stalling
flow, or blade overload, will significantly shorten the
life of the fan. Operation under these conditions will
also reduce efficiency to a ridiculously low figure. See
the chart under Section 4.4 Checking Blade Load which
follows. Note that although air flow remains constant
or decreases, horsepower continues to increase with
increased blade angle.

In conclusion, if a given fan, in a given installation,
can only absorb forty horsepower, for example, the
blades may be pitched up to consume fifty horsepower
without any increase in air delivery, and possibly with a
decrease. As a result, the extra ten horsepower is totally
wasted -- perhaps worse than wasted. It is good practice
to select a sufficient number of blades so that blade load
will amount to slightly less than 100% of full blade load when
consuming 100% of the rated fan horsepower. There are
a number of reasons for allowing this safety factor which
are set out in detail below.

AIRFLOW IN NORMAL FLOW
Downward  flow provides lift to the wing

AIRFLOW IN STALLING FLOW
Note lack of air deflection  downward.

OPERATION



MOORE  FANS   LLC,    Marceline, MO 64658    Phone (660) 376-3575    FAX (660) 376-2909 TMC-704 Rev G- 09/04Page 12 

4.3.1  VARIATION FROM PREDICTED
CONDITIONS

Although those who design air coolers and cooling
towers undoubtedly do their best to accurately state the
calculated static resistance of the system, a number of
factors may cause the actual conditions to vary from
the design conditions. When a variation occurs, it
may be found, upon testing, that the static pressure
for a given volume through the system is higher
than anticipated. In this case, the number of blades
provided may be inadequate to meet the perfor-
mance. On the other hand, the static pressure may
have been overestimated and excess blade area pro-
vided, resulting in a fan with unutilized capacity
operating at low efficiency.

Inadequate Blade Area:  The blade angle is
selected to move the anticipated volume of air and
the number of blades is selected to maintain the
total anticipated pressure required  to move this
volume at a given RPM.  If the static pressure  turns
out do be higher than predicted, the fan may then be
operating in an overload condition. If the RPM
cannot be increased, the only solution to this condi-
tion is to reduce the blade angle until the fan can
carry the then reduced volume at the originally
anticipated pressure.  Since reducing the volume,
while holding the total pressure as originally an-
ticipated, can only reduce the horsepower, it is then
impossible to consume the horsepower originally
intended without overloading the fan. This is one of
a number of reasons for providing some safety
factor in blade loading at the time of original fan
selection.

Excessive Blade Area:  Occasionally, an exces-
sive number of blades may be specified in the inter-
est of making a conservative selection. If the static
pressure has been overstated, the theoretical num-
ber of blades will be greater than needed.  This
theoretical number of blades is usually a fractional
number and the actual number of blades used must,
of course, be the next larger integer, resulting in
some "safety factor" in the selection.  If, in addition,
a blade or two is added as a "safety factor" or in
anticipation of increased future requirements, it
may be impossible to meet the original perfor-
mance requirement efficiently. The only way to
provide the original performance and draw no more
than the original horsepower is to flatten the blade
angle. There is a limit, however, in how far the
blade angle may be reduced before further reduc-
tion will decrease airflow without a further reduc-
tion in horsepower.  For belt drive units, the most
practical solution to this problem is to reduce the
RPM of the fan.

4.3.2  EXCESSIVE TIP CLEARANCE
Unless the fan ring is very close to the tip of the

blade, air from the high pressure surface of the

4.3  CAUSES OF IMPROPER BLADE LOADING
blade will flow around the tip and nullify the negative
pressure on the underside of the blade for some dis-
tance in from the tip. For a fan of, say, 12-ft diameter,
the last 12 to 18 inches of the blade could be producing
no pressure whatever and performing no useful func-
tion.  The balance of the fan blade toward the hub then
must produce a higher pressure to compensate for the
portion near the tip.

Excessive tip clearance also leaves an unswept
area between the tip of the blade and the fan ring. Air
that has been pumped by the fan will return downward
through this unswept area at a velocity greater than
that at which it passed through the fan in the desired
direction.  This condition adds even further to the
requirements of the portion of the blade which is doing
the work and efficiency will be greatly reduced.

With the loss of a foot at the tips of the blades,
plus the back flow between the tips and the ring, the 12-
ft fan in this example might be considered an effective
10-ft fan. It would have to deliver sufficient air to
satisfy the performance requirements of the installa-
tion, plus the amount of air which is returning in the
void between the tips and the throat. Under such
circumstances, excessive blade loading could occur
even though the required system pressure is not
achieved.

4.3.3 POOR ENTRANCE CONDITIONS
Air will approach the fan from all possible direc-

tions, increasing in velocity as it nears the opening,
then accelerating rapidly as it enters. The air approach-
ing from the side must be turned through 90O to enter
a ring whose entrance terminates in a flat plate. If the
inlet end of the ring projects some distance out, with
approach possible from all directions, a portion of the
air must be turned through 180O. The inertia of the
approaching air prevents it from turning sharply and
advancing parallel to the desired flow. It consequently
swoops toward the center, leaving the outer area of the
fan with reduced flow or even reverse flow near the
ring.

The effect of poor entrance conditions is similar
to that previously described for excessive tip clearance
in that the effective diameter has been reduced and
excessive blade loading could occur even though the
required system pressure is not achieved. Efficiency
will be greatly reduced.

4.3.4 EXCESSIVE DEFLECTION
The pressure which the fan can achieve is dependent upon

the square of the velocity of the blades relative to the air. If the
air could be moved into the fan in an axial direction and passed
through the fan into the discharge without changing direction,
the relative velocity of the blades to the air stream would be the
true velocity of the blades at any point.  This, of course, is not
the case. For the blades to accomplish work upon the air, they
must also deflect the air in the direction of rotation of the fan.
The air when rotated with the fan is moving with a certain

OPERATION
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4.4  CHECKING BLADE LOAD

One method of checking blade load is to run a
complete field test on the fan. Although laborious,
this method will provide ample proof so long as
neither excessive tip clearance nor poor entrance
conditions are present.  If either are present,  how-
ever, the conditions set out above under Section
4.3.3  would apply and the fan could be overloaded
even though the total pressure indicated by the test
was within the allowable blade loading.

A better, more convenient and simpler method
of detecting blade overload, or determining maxi-
mum allowable blade angle, is set out below.  The
equipment needed is a wrench, a torque wrench, a
protractor and a draft gauge (or manometer).

All fans are shipped with the blade angle set for
the anticipated performance requirements furnished
to The Moore Company by the purchaser.  This blade
angle is called out on the Fan Specification Sheet.  This
angle refers to the angle measured at the location
shown in Section 2.3.3.  Hubs are shipped with the
clevises set at this angle.

To start the test, adjust the blades to an angle
of approximately half that called out on the speci-
fications or measured on the units.  Connect the
draft gauge to as quiescent a spot in the plenum as
possible, preferably in the corner of the plenum and
either ahead of or following the fan, depending
upon whether the application is induced or forced
draft.  Since the figures obtained are purely rela-
tive, it is not necessary that accurate static pressure
readings be obtained, but rather that the readings
taken represent a consistent series of pressures at
the point of reading chosen.

Start the fan and record on the chart provided
the blade angle and he static pressure indicated.
Advance the blade angle by one or two degrees and
repeat the performance, recording again these read-

ings.  Keep increasing the angle and following this
procedure until the motor is fully loaded, in which
case the fan is able to consume full rated fan horse-
power without overload OR until the curve which will
have started on a definite slope begins to approach the
horizontal.  It will be noted that the static pressure will
be consistently increasing with increased blade angle
until the blade loading reaches maximum, at which
point it will level off.

Subsequent increases in blade angle may have
quite different effects, depending on the individual
installation.  The static pressure curve may merely
stay level or may drop off sharply.  In rare cases, it
may level off and again start rising as the fan begins
operating as a centrifugal blower.

Typical examples are shown in dotted lines on
the chart opposite.  Operation beyond the first point
of levelling, or in the area of the dotted lines, is
indicative of blade overload.  Note that power con-
sumption load will continue to increase even though
the fan has passed into overload condition.  The maxi-
mum blade angle allowable is that which produces  a
static pressure about 5% below the point where the
curve becomes level.  This represents a safe loading,
and the blades may be set and left at this angle regard-
less of the location on the chart, assuming the motor
is not overloaded.

The point so selected will also approximate the
point of the most efficient operation of the fan.  Due
to possible error in static pressure predictions, or in
readings which are intended only to be relative, as
well as other variables, the final blade setting chosen
may fall below or above the specified static pressure.

A typical performance chart is shown opposite
for a fan capable of a higher blade loading than
origianally specified.  A blank chart is also provided
for your use.

OPERATION

velocity in the same direction as the rotation of the fan, which
reduces the relative velocity between the fan blades and the
air by some portion of this rotational velocity.

Moore fans are designed in contemplation of a maxi-
mum deflection of 50o at the hub, decreasing to a very small
value at the tip. This deflection is considered in the determi-
nation of the pressure which may be provided by each blade
over its full length. If fans are selected, or if conditions exist,
which cause the deflection to exceed 50o at the hub, the velocity
of the blades relative to the air is less than anticipated and the
blades will not provide the rated pressure.  The test below,
however, will show the full allowable pressure capability of

the fan, even though it does not reach the full rated pressure.

4.3.5  CONCLUSION
As can be seen by the various points discussed in this

section, there are a number of complex factors which tend to
cause fans to be operated in a condition of improper blade
loading which can shorten fan life or lower efficiency. When
blade angles are set to consume the specified horsepower (at
the fan shaft), the resulting performance should be very close
to the specified performance. If this is not the case and the
problem cannot be identified or corrected, please contact
Moore for assistance.
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4.4.1  SAMPLE GRAPH of BLADE ANGLE IN DEGREES
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Note in the chart above that static pressure (and air flow) has
reached its maximum at an 11 degree blade setting and blade
overload is beginning. With further increase in blade angle,
anything may happen, as indicated by the dotted extensions
into the shaded overload area. Note that the final selected blade

angle is 5% below the point where the static pressure curve
becomes level. The horsepower curve has been added to illus-
trate the point that in an overload condition, horsepower will
increase without increased performance.

BLANK CHART FOR CUSTOMER USE

BLADE ANGLE IN DEGREES

FACTORY-SET BLADE ANGLE
FULL LOAD AMPERES

OPERATION
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THE EFFECT OF AIR LOAD ON HUB AND DRIVE
Moore fan blades are attached to the hub by a pivot.

As the fan rotates, centrifugal force causes the blades to rise
(as do the blades of a helicopter). The air load (FA) is
uniform over the blade, but there is a point (shown on the
blade in the drawing below) where, if the total load were
applied at that point, the effect would be the same. The
resultant of the air load (FA), assumed in this example to
be downward, and the horizontal centrifugal force (FC) is
the force on the blade (FB). The blade automatically posi-

In conventional fans with rigidly attached blades,
the bending moment at the shaft due to the air load is equal
to the load (FA) multiplied by the distance from the fan
centerline to the point of application of the force on the
blade (RF). This moment will be from 2 to 4 times as great
as that produced by the Moore fan under the same condi-

tions.
Also of concern with the conventional fan is the

bending moment due to the air load at the point of
attachment of the blades to the hub since this is usually the
structurally weakest area of the fan. The moment due to
the air load at this point is the load (FA) times the distance
(D).  For the Moore fan, this moment is zero since the
blades are attached at the pivot point.

A more complete discussion of the Moore fan design
can be found in The Moore Company’s General Catalog.

tions itself in the direction of this force with the result that
the force is translated inward to the pivot point, as illus-
trated by the dotted line. The effect of this arrangement is
exactly as if the total air load (FA) were applied at the pivot
point rather than at the point outward on the blade. The
maximum bending moment applied to the shaft by the air
load is equal to the load (FA) multiplied by the distance
from the fan centerline to the pivot point (RP).

4.5.1  GENERAL
Any condition which causes repeated blade loading

and unloading is detrimental to fan performance, both in
terms of efficiency and structural durability.  Normal
obstructions, of course, must be expected in the air stream.
There are certain conditions, however, which may be
avoided by reasonable attention to the points briefly dis-
cussed in this section.  Additional information on the
importance of inlet and discharge conditions can be found
in Moore's General Catalog.

Ideally, air should approach a fan in an axial direc-
tion and at a uniform velocity over the area of the fan.  Air
approaching a fan at an angle tends to increase the relative
velocity of the blades to the air on one side of the fan and
decrease the relative velocity on the other side.  This
means that the fan blade during one-half of its revolution
is picking up a heavier air load due to the higher relative
velocity and, through the other half of its revolution, a
lower air load as it goes "down wind".  The net result is a
repetitive loading and unloading of the blades at each
revolution of the fan.  This condition can be quite serious
if the velocities are high and the angle of approach devi-
ates considerably from axial.

4.5  DAMAGING OPERATING CONDITIONS

4.5.2  WIND
With a vertically mounted fan blowing outward

into the wind and surrounded by a short fan ring or stack,
high winds may cause some concern.  The farther the ring
extends beyond the fan, the less effect would be expected
from wind.  It is a fact, however, that wind across the face
of the ring will affect the direction of air flow well down
into the ring.  In the case of a fan installed near the outlet
of the ring, the direction from axial of the fan discharge
may be increased  by as much as 45O under high wind
conditions.

In the case of a fan blowing inward in a short ring,
the condition is even more critical. In such an installa-
tion, the air on the inlet side of the fan has a horizontal
velocity which may be quite high.  It is necessary for the
fan to pick up this air and direct it inward.  In a strong
wind, the angle of air moving through the fan may be
increased more than 45O.

The illustration above assumes a fan operating with
a tip speed (VB) of 10,000 feet per minute (114 miles per

hour)  with a horizontal component of wind velocity (VW)
of 20 miles per hour. Note that the velocity (VR) of the fan
blade relative to the air varies by a factor of  1.43. The
blade load varies as the square of this velocity, or 2.05.

OPERATION
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In this rather common wind condition, then, it can be
seen that the blade load on the side where the blade is going
against the wind will be double the load on the side where
the blade is going with the wind. In a 40 mile per hour wind,
the blade load would vary by a factor greater than 4. In a 60
mile per hour wind, the load would vary by a factor of more
than 10! It is obvious that operation under such conditions
will impose tremendous repetitive loadings on the fan
blades.

In areas of unusually high wind velocities, it may be
advisable to shield the fan in some manner.

4.5.3 OBSTRUCTIONS
Obstructions of one type or another in the air stream,

ahead of or beind the fan, are to be expected. In fact, it would
be virtually impossible to eliminate all obstructions. Struc-
tural supporting members, foundations and the like, need
not be of serious concern although all obstructions, even
small ones, will increase the static pressure and must be
taken into consideration by the system designer in specify-
ing the fan performance.

The total free area from which the fan can draw air
should be twice the net area of the fan (fan area minus hub
area). In other words, the air approaching the inlet of the fan
should have no more than half the velocity of the air passing

through the fan. This area should be distributed reasonably
uniformly. It would be unwise to attempt to operate a fan
with one-half or one-third of the fan area completely blanked
off. Such a condition would cause stalling of the fan blade
through one-half the revolution but create a condition of
overload in the half which was not blocked off. Excessive
vibration would result. Any condition which forces the air to
approach the fan in a non-axial direction should be avoided.

4.5.4 UNEVEN TIP CLEARANCE
Where fan rings are out of round or not centered with

the fan, the tip clearance of each blade will vary as it makes
a revolution. If tip clearance is tight at one point and excessive
at another, proper flow will establish itself at the tight point,
loading the blade to the very tip, while at the loose point the
air will flow from the high pressure side of the blade through
the opening between the blade tip and the ring and nullify the
negative pressure on the under side of the blade. This will
unload the blade near the tip within the area of excessive
tip clearance. Under this condition, the blade will load and
unload near the tip one or more times per revolution,
resulting in an undesirable repetitive vibration. Every
effort should be made to keep the tip clearance to a
minimum and to have this clearance as constant as pos-
sible around the entire ring.

OPERATION
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FEATURES/BENEFITS

General Features:
¯ Factory assembled, adjusted

and pre-lubricated

¯ Case hardened rollers and
races

¯ Easy installation and
maintenance

¯ 65 degree set screw angle
Springlok collar/flingers—
More holding power than 90
or 120 degree

¯ Single rubber lip contacting
seals

Type E/DOUBLE--INTERLOCK/Type K/TAF

These four product lines have
many common features and
benefits that are shown on this
page. Unique features for each
product are shown on the fol-
lowing pages.

The common components
used by all four lines include:
¯ Bearings

¯ Seals

¯ Locking collars

¯ Bore range

Rolling Elements Never
Exposed to Contaminants
¯ Exclusive “R” Seal features a

combination metal shield and
positive land riding contacting lip
seal. Keeps contaminants out,
lubricants in.

¯ E-TECT Seal option gives extra
protection with a combination face
rubbing seal in addition to the “R” Seal
System. (See page B5--58)

¯ TIMKEN tapered roller bearing inserts allow
for combination radial and thrust loads.

¯ Lip design conforms to cones.
Permits grease to purge.

¯ Close fit oversized collars act as flingers for
added protection in dusty or damp
environments.

EXCLUSIVE SEALING DESIGNS
AND FEATURES

Standard “R” Seal System

E-TECT Seal System



B5--5

FEATURES/BENEFITS

TAF

TAF IS A COST SAVING ALTERNATIVE TO SAF
SPHERICAL BEARINGS
Mounts Fast, Stays Cleaner
And Extends Service Life
¯ Shaft ready - mounts six times faster than SAF

¯ Interchangeable with SAF style pillow blocks

¯ Self-aligning, factory assembled, adjusted and lubricated

¯ Available in 1-7/16″ up to 7″ shaft diameters

¯ Equipped with expansion or non-expansion housing

¯ E-TECT seal option available up to 7″

¯ Optional Smart Housings accomodate speed, vibration and
temperature sensor kits

TAF Is Interchangeable
With SAF Mounting Dimensions

TAF

SAF

Self-alignment provided by
spherically machined housing.

Self-alignment provided by insert,
limited by seal interference.

SAF

SAF

TAF

TAF
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FEATURES/BENEFITS

Type K/DOUBLE--INTERLOCK/TAF

DODGE BEARINGS SAVE YOU TIME AND MONEY

Standard SAF
¯ Four prices

¯ Up to six packages

¯ Open bearing

¯ Feeler gauge required

¯ Grease required

DODGE TAF, Type K and DOUBLE-INTERLOCK
¯ One price

¯ Sealed bearing

¯ Factory adjusted

¯ Factory lubricated

¯̄̄̄ Shaft ready

Compare Standard SAF and DODGE Sealing Designs

Compare These DODGE TAF, Type K & DOUBLE-INTERLOCK Bearing
Advantages Against Standard SAF Pillow Blocks

DODGE TAF, TYPE K, DOUBLE-INTERLOCK

¯ Inner unit carries seal

¯ Up to 5° static
misalignment

¯ Seal and bearing ride
together in inner unit

¯ Seals maintain contact on
cones even with
misalignment

STANDARD SAF
¯ Seals ride

independently of
bearing

¯ Less than 1° static
misalignment

¯ Sealing effectiveness
decreases as
misalignment
increases

¯ Seals distort when
misalignment occurs
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SPECIFICATION

Type E, Type K, DOUBLE--INTERLOCK and TAF
Type E, Type K, DOUBLE-INTERLOCK and TAF mounted
bearings are all general purpose high capacity tapered roller
bearings capable of handling any combination of radial and
thrust load within the capacity of the bearing.

All of these bearings are mounted to the shaft by means
of set screw collars having 65 degree set screw spacing
for optimum clamping force. The Type E, DOUBLE-IN-
TERLOCK, and TAF mounted bearings have a locking
collar at each end of their extended inner races. Type K
has a single locking collar. The tapered roller bearings for
these mounted bearings all have case carburized inner
races (cones), outer races (cups), and rollers.

Bearings are preassembled, prelubricated and factory
adjusted. They are normally equipped with land riding
contact type seals with a metal deflector guard.

The standard housing material for most of these mounted
bearings is ASTM A48 Class 30 Iron having a minimum
tensile strength of 30,000 psi. The outer housing for the
Type K and DOUBLE-INTERLOCK flange bearings thru
4″ bore size utilize housings made of ductile iron (ASTM
A536 Grade 65-45-12) with 65,000 psi tensile strength.
Type E pillow blocks are also available with cast steel
housing having a tensile strength of 70,000 psi for 2 bolt
base thru 3-1/2″ bore size and 4 bolt base from 3-15/16″
thru 5″ bore size on an assembled or order basis.
The Type K, DOUBLE-INTERLOCK pillow blocks and
flange bearings plus the TAF pillow blocks all have split
outer housings used with completely assembled, lubri-
cated and adjusted inner units simplifying replacement of
the bearing in the pillow block or flange bearing. All Type
E mounted bearings, Type K take up units and all D units,
S-1 units, and B-1 units have solid one piece housings.

SELECTION/DIMENSIONS
TYPE E

PAGE B5--11/B5--22

SELECTION/DIMENSIONS
TYPE K

PAGE B5--11/B5--34

SELECTION/DIMENSIONS
DOUBLE-INTERLOCK
PAGE B5--11/B5--44

SELECTION/DIMENSIONS
TAF

PAGE B5--11/B5--52
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NOMENCLATURE

Type E, Type K, DOUBLE--INTERLOCK and TAF

BEARING TYPE OPTIONS

E=TYPE E

K=TYPE K

DI=DOUBLE-INTERLOCK

TAF=TAF

NOMENCLATURE

P2B -- D I -- 207 -- RE*

HOUSING STYLE OPTIONS

P2B=PILLOW BLOCK
2 BOLT, CAST IRON

P4B=PILLOW BLOCK
4 BOLT, CAST IRON

SP2B=PILLOW BLOCK
2 BOLT, CAST STEEL

SP4B=PILLOW BLOCK
4 BOLT, CAST STEEL

F4B=FLANGE BEARING
4 BOLT, CAST IRON

FC=PILOTED FLANGE
BEARING (FLANGED
CARTRIDGE)

B1U=B-1 UNIT, CAST IRON

DU=D UNIT, CAST IRON

S1U=S-1 UNIT, CAST IRON

WSTU=WIDE SLOT TAKE UP
BEARING, CAST IRON

TP=TOP ANGLE TAKE UP
BEARING, CAST IRON

SIZE

INCHES & 16TH
2=2 INCHES
07=7/16 INCHES

OR
207=2-7/16″

METRIC
060M=60

MILLIMETERS

OTHER OPTIONS

R=LAND RIDING
RUBBING SEAL

T= E TECT
SEAL

E=EXPANSION
TYPE BEARING.
IF E DOES NOT
APPEAR AFTER
SEAL TYPE, THEN
BEARING IS NON-
EXPANSION TYPE

H2S=PILLOW BLOCK HOUSING
ONLY 2 BOLT, CAST IRON

H4S=PILLOW BLOCK HOUSING
4 BOLT, CAST IRON

SMART = DRILLED FOR
SENSOR KITS

SELECTION/DIMENSIONS
TYPE E

PAGE B5--11/B5--22

SELECTION/DIMENSIONS
TYPE K

PAGE B5--11/B5--34

SELECTION/DIMENSIONS
DOUBLE-INTERLOCK
PAGE B5--11/B5--44

SELECTION/DIMENSIONS
TAF

PAGE B5--11/B5--52
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SELECTION

Type E, Type K, DOUBLE--INTERLOCK And TAF Tapered Roller
Bearings
DODGE Type E, K, DI and TAF Double Row Tapered
Roller Bearings have the capacity to carry heavy radial
loads and combined radial and thrust loads. The maxi-
mum recommended load which can be applied is limited
by various components in the system such as bearing,
housing, shaft, shaft attachment, speed and life require-
ments as listed in this catalog. DODGE tapered roller
bearings have been applied successfully even when these
limits have been exceeded under controlled operating
conditions. Contact DODGE Application Engineering
(864) 297-4800 for applications which exceed the recom-
mendations of this catalog.

L10 Hours Life --- The life which may be expected from
at least 90% of a given group of bearings operating under
identical conditions.

L10 = C90

P
10∕3 x 1, 500, 000

RPM


Where: C90 = Dynamic Capacity (Table 1, pg.B5--14 ), lbs.
P = Equivalent Radial Load, lbs.

GENERAL
Heavy Service --- For heavy shock loads, frequent shock
loads, or severe vibrations, add up to 50% (according to
severity of conditions) to the Equivalent Radial Load. Con-
sult DODGE Application Engineering for additional selec-
tion assistance.

Thrust load values shown in the table below are
recommended as a guide for general applications that will
give adequate L10 life for pillow blocks. The maximum
thrust load should not exceed values shown on Table 3.
Where substantial radial load is also present, it is
advisable to calculate actual L10 life to assure that it
meets the requirements. The effectiveness of the shaft
attachment to carry thrust load depends on proper
tightening of the setscrews, shaft tolerance and shaft
deflections. Therefore, it is advisable to use auxiliary
thrust carrying devices such as shaft shoulder, snap ring

or a thrust collar to locate the bearing under thrust loads
heavier than shown below, or where extreme reliability is
desired.

RPM RANGE 20-200 201-2000 over 2000

RECOMMENDED E, DI, TAF C90/4 C90/8 C90/12

THRUST LOAD K C90/5 C90/8 C90/12

The shaft tolerances recommended below are adequate
for normal radial and radial/thrust load applications. The
radial load is limited by the attachment to the shaft (see
Table 1). Where the applied radial load (FR) exceeds this
limit (maximum allowable slip fit radial load), a snug-to-
light press fit of the shaft is required. Since the allowable
load, especially at a low speed, is very large, the shaft
should be checked to assure adequate shaft strength.

The magnitude and direction of both the thrust and radial
load must be taken into account when selecting a hous-
ing. When pillow blocks are utilized, heavy loads
should be directed through the base. Where uplift
loads are involved, see Tables 6, 7, and, pg.B5--19 for
maximum values. Where a load pulls the housing away
from the mounting base, both the hold-down bolts and
housing must be of adequate strength. Auxiliary load car-
rying devices such as shear bars are advisable for side or
end loading of pillow blocks and radial load for flange
units.

SHAFT
SIZE

TOLERANCE,
INCHES

UP TO 1-1/2″ +.0000-.0005 ″

1-5/8 TO 4 +.000 -.001″

4-7/6 TO 6 +.000-.0015 ″

6-7/16-8″ +.000-.002 ″

NOTE: The L10 life calculated using the above formula is
subject to life adjustment factors in accordance
with ABMA standards described on page B14--45.
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B5--12

SELECTION

Type E, Type K, DOUBLE--INTERLOCK And TAF Tapered Roller
Bearings
SELECTING BEARINGS SUPPORTING RA-
DIAL LOADS ONLY

1. Define L10 Life Hours desired.

2. Establish bearing radial load, FR
(FR = P for Pure Radial Load Conditions).
The DODGE program BESTt* can be
used to find application loads.

3. Establish RPM.

Using the easy selection Table 2, pg. B5--15 find, under
the RPM column, the equivalent radial load that equals or
is higher than the application radial load for the desired
life. The shaft size on the far left will be the minimum
shaft size that you can use for your application. If the de-
sired life is different than the values shown on the chart,
use alternate Method A shown below.

Example: 1. L10 Life = 30,000 Hours
2. Radial load = 3800 lbs.
3. RPM = 1,000

At the intersection of the 1,000 RPM column and the
30,000 hours L10 life row, the equivalent radial load of
3910 lbs. exceeds the 3800 lbs. radial load for shaft sizes
2-11/16″-3″. A bearing with bore ranging from 2-11/16″ to
3″ may be used for this application.

ALTERNATE METHOD A ---
SELECTING A BEARING FOR AN L10 LIFE
VALUE NOT SHOWN IN THE EASY SELEC-
TION CHART.
The L10 life equation can be rearranged so that the bear-
ing dynamic capacity C90 is identified in terms of L10,
RPM and P.

C90 = L10 x RPM1, 500, 000
0.3 x P

(P = FR for Pure Radial Load Conditions)

Since the L10, RPM, and P are known, solve for C90. Se-
lect from the dynamic capacity column on Table 1,
pg.B5--14 the C90 value equal to or greater than the C90
value just calculated. The bore size on the far left repre-
sents the bore size selection. Check that the application
RPM does not exceed the MAX. RPM on Table 1. Also
check that the radial load does not exceed the Maximum
Allowable Slip Fit Radial Load shown on Table 1. If it
does, a line to line to light press fit of shaft is required.
When selecting an L10 life of less than 30,000 hours, par-
ticular attention must be paid to shaft deflection and prop-
er lubricant selection.

SELECTING BEARINGS SUPPORTING COM-
BINATION RADIAL AND THRUST LOADS
When a bearing supports both a radial load and a thrust
load, the loading on the two rows is shared unequally de-
pending on the ratio of thrust to radial load. The use of the
X (radial factor) and Y (thrust factor) from Table 1 con-
verts the applied thrust load and radial loads to an equiva-
lent radial load having the same effect on the life of the
bearing as a radial load of this magnitude.

The equivalent radial load P = XFR +YFA

Where: P= Equivalent radial load, lbs.
FR= Radial load, lbs.(see Table 1 for allowable
slip fit maximum)
FA= Thrust (axial) load, lbs.
e = Thrust load to radial load factor (Table 1)
X = Radial load factor (Table 1)
Y= Thrust load factor (Table 1)

To find X and Y, calculate FA/FR and compare to e for the
selected bore size. Determine X and Y from Table 1, pg.
B5--14 depending on whether FA/FR is equal to or less
than e, or FA/FR is greater than e. Substitute all known
values into the equivalent radial load equation. P (equiva-
lent radial load) can be used in the life formula to deter-
mine L10, or it can be compared to the allowable equiva-
lent radial load ratings for the speed and hours life desired
in the easy selection Table 2, pg. B5--15.

*The DODGE Bearing Evaluation and Selection Tech-
nique (BEST) is a menu driven computer program that
calculates bearing loads, fatigue life and operating tem-
perature for a two bearing shaft system based on user
supplied input parameters. To order, call (864) 287-4800.
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B5--13

SELECTION

Type E, Type K, DOUBLE--INTERLOCK and TAF
SELECTING BEARINGS SUPPORTING ONLY
THRUST LOADS
Tapered Roller Bearings perform extremely well under pure
thrust load applications. Use P = YFA for the equivalent ra-
dial load. The value of Y is obtained from Table 1, pg.
B5--14 for FA/FR>e. Substitute Y and FA into the equivalent
load equation. P (equivalent radial load) can be used in the
life formula to determine L10 or it can be compared to the
allowable equivalent radial load ratings for the speed and
hours life desired in the easy selection Table 2, pg. B5--15.

LUBRICATION
DODGE E, K, DI, and TAF tapered roller bearings up to 5″
bore are lubricated at the factory with Shell Alvania #2
grease. Above 5″ bore they are lubricated with Mobil Mobi-

lux #2EP. Shell Alvania #2 and Mobil Mobilux #2EP greases
are superior industrial greases using a lithium hydroxystea-
rate thickener and highly refined base oil. These greases will
adequately handle low and medium speeds with low and
medium loads at normal temperatures as defined on Table
5, pg.B5--18. For very low and high speeds, for heavy loads
and for low and high temperatures, special greases must be
used. Contact DODGE Application Engineering
(864) 297-4800. DODGE engineers will recommend bear-
ings and lubricants for the above unusual conditions.
DODGE also has the expertise to custom design and build
special bearings for your needs. The only maintenance re-
quirement for DODGE Tapered Roller Bearings is periodic
relubrication at regular intervals as outlined in the appropri-
ate instruction manuals.

RELUBRICATION SCHEDULE
Hours SUGGESTED LUBRICATION PERIOD IN WEEKS
Run per 1 to 250 251 to 501 to 751 to 1001 to 1501 to 2001 to 2501 to
Day RPM 500 RPM 750 RPM 1000 RPM 1500 RPM 2000 RPM 2500 RPM 3000 RPM
8 12 12 10 7 5 4 3 2
16 12 7 5 4 2 2 2 1
24 10 5 3 2 1 1 1 1

High Speed Operation --- In the higher speed ranges too
much grease will cause overheating. The amount of
grease that the bearing will take for particular high speed
application can only be determined by experience --- see
“Operating Temperature” below. If excess grease in the
bearing caused overheating, it will be necessary to re-
move grease fitting (also drain plug when furnished) to
permit excess grease to escape. When establishing a re-
lubrication schedule, note that a small amount of grease
at frequent intervals is preferable to a large amount at
infrequent intervals.

Operation in Presence of Dust, Water or Corrosive
Vapors --- Under these conditions the bearing should
contain as much grease as speed will permit, since a full
bearing with consequent slight leakage is the best protec-
tion against entrance of foreign material. In the higher
speed ranges too much grease will cause overheating ---
see “High Speed Operation”. In the lower speed ranges, it
is advisable to add extra grease to a new bearing before
putting into operation. Bearings should be greased as
often as necessary (daily if required) to maintain a slight
leakage at the seals.

INSTALLATION AND MAINTENANCE
In nearly all applications good design practice requires
two bearings supporting the shaft. In cases where three
or more bearings are installed, unless precautions are
taken to line the bearings up, both vertically and horizon-
tally, it is possible to induce heavy loads. In the case of
two bearings, alignment is not as critical, especially with
DODGE K, DI, and TAF Tapered Roller Bearings. K, DI,
and TAF bearings are designed to allow as much as 2° to
7° of static misalignment depending on bore size. To en-
sure good alignment, mounting surfaces must be checked
for flatness and must lie in the same plane. When tighten-
ing base bolts and cap bolts, each bolt should be alter-
nately tightened in incremental torque values until full
torque is achieved to prevent the angular shifting of the
pillow block that occurs when one bolt is tightened to its
full torque. Shimming may be required to minimize mis-
alignment.
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B5--14

SELECTION

Type E, Type K, DOUBLE--INTERLOCK and TAF
TABLE 1 -- E, K, DI, AND TAF TAPERED ROLLER BEARINGS RADIAL AND THRUST FACTORS

SHAFT
SIZE e

FA/FR<e FA/FR>e
DYNAMIC CAPACITY

C90*
MAXIMUM

RPM
MAXIMUM

RPM

MAXIMUM ALLOWABLE
SLIP FIT RADIAL
LOAD, FR **, LBSSIZE

X Y X Y LBS. NEWTONS R-SEAL E-TECT E,DI,&TAF K

1-3/16
1-1/4

.49 .87 1.77 .70 2.14 2,980 13,260 4,490 3,100 3,100 2,100

1-3/8
1-7/16

.46 .87 1.89 .70 2.28 4,760 21,180 3,820 2,675 5,000 3,300

1-1/2
1 5/8
1-11/16

.44 .87 1.96 .70 2.37 6,140 27,320 3,320 2,325 6,400 4,300

1-3/4
1-7/8
1-15/16
2

.33 .87 2.64 .70 3.18 8,070 35,908 3,050 2,135 8,400 5,600

2-3/16 .36 .87 2.38 .70 2.87 8,550 38,044 2,730 1,900 8,900 5,900

2-1/4
2-7/16
2-1/2

.40 .87 2.17 .70 2.63 9,090 40,447 2,420 1,700 9,500 6,300

2-11/16
2-3/4
2-15/16
3

.46 .87 1.87 .70 2.26 9,600 42,716 2,060 1,440 10,000 6,700

3-3/16
3-1/4
3-7/16
3-1/2

.50 .87 1.71 .70 2.07 15,300 68,078 1,640 1,145 16,000 10,500

3-15/16
4

.49 .87 1.77 .70 2.14 21,000 93,440 1,530 1,070 22,000 14,600

4-7/16
4-1/2

.53 .87 1.63 .70 1.97 25,800 114,799 1,360 950 27,000 ----

4-15/16
5

.47 .87 1.83 .70 2.21 35,500 157,959 1,200 840 35,000 ----

5-7/16
5-15/16
6

.49 .87 1.76 .70 2.12 40,700 181,097 915 640 42,400 ----

6-7/16
6-1/2
6-15/16
7

.54 .87 1.61 .70 1.95 69,200 307,910 790 550 72,000 ----

Comparing Spherical To Taper Roller Bearings: The
dynamic capacity C (spherical) and C90 (taper) are not to
the same base. To compare basic dynamic capacities,
multiply C x .259 and compare to C90.

* C90 -- Dynamic capacity based on a rated life of 90 mil-
lion revolutions or 3000 hours at 500 RPM.

** If load exceeds maximum allowable slip fit radial load,
(FR), line-to-line, to light press fit of shaft required. Ap-
plication up to maximum slip fit radial load may be applied
if recommended shaft tolerances are used.
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SELECTION

Type E, Type K, DOUBLE--INTERLOCK and TAF
TABLE 2 -- EASY SELECTION TABLE TYPE E, K, DI, AND TAF

Shaft L10
Hours

Allowable Equivalent Radial Load Rating (Lbs.) at Various Revolutions Per MinuteShaft
Size Hours

Life 50 100 150 250 500 750 1000 1250 1500 1750 2000 2500 2700 3000 3500

10,000 4145 3365 2980 2555 2075 1840 1685 1575 1495 1425 1370 1280 1250 1215 1160

1-3/16 30,000 2980 2420 2145 1840 1495 1320 1215 1135 1075 1025 985 920 900 870 835

1-1/4 40,000 2735 2220 1965 1685 1370 1215 1110 1010 985 940 905 845 825 800 765

60,000 2420 1965 1740 1495 1215 1075 985 920 870 835 800 750 730 710 675

100,000 2075 1685 1495 1280 1040 920 845 790 750 715 685 640 625 610 580

10,000 6620 5375 4760 4085 3315 2935 2695 2520 2385 2275 2190 2045 2000 1935 1850

1-3/8 30,000 4760 3865 3425 2935 2385 2110 1935 1810 1715 1640 1575 1470 1440 1395 1330

1-7/16 40,000 4365 3545 3140 2695 2190 1935 1775 1660 1575 1500 1445 1350 1320 1280 1220

60,000 3865 3140 2780 2385 1935 1715 1575 1470 1395 1330 1280 1195 1170 1130 1080

100,000 3315 2695 2385 2045 1660 1470 1350 1260 1195 1140 1095 1025 1000 970 925

10,000 8535 6935 6140 5265 4280 3790 3475 3250 3075 2940 2820 2640 2580 2500

1-1/2 30,000 6140 4985 4415 3790 3075 2725 2500 2335 2215 2115 2030 1900 1855 1795

1-5/8 40,000 5630 4575 4050 3475 2820 2500 2290 2145 2030 1940 1860 1740 1700 1650

1-11/16 60,000 4985 4050 3585 3075 2500 2215 2030 1900 1795 1715 1650 1540 1505 1460

100,000 4280 3475 3075 2640 2145 1900 1740 1630 1540 1470 1415 1325 1290 1250

10,000 11220 9115 8070 6925 5625 4980 4565 4270 4045 3860 3710 3470 3390 3285

1-3/4 30,000 8070 6555 5805 4980 4045 3580 3285 3070 2910 2775 2670 2495 2440 2360

1-7/8 40,000 7400 6010 5325 4565 3710 3285 3015 2820 2670 2545 2445 2290 2235 2165

1-15/16 60,000 6555 5325 4715 4045 3285 2910 2670 2495 2360 2255 2165 2025 1980 1920

2 100,000 5625 4565 4045 3470 2820 2495 2290 2140 2025 1935 1860 1740 1700 1645

10,000 11885 9655 8550 7335 5960 5275 4840 4525 4285 4090 3930 3675 2590

30,000 8550 6945 6150 5275 4285 3795 3480 3255 3080 2940 2825 2645 2585

2-3/16 40,000 7845 6370 5640 4840 3930 3480 3190 2985 2825 2700 2595 2425 2370

60,000 6945 5640 4995 4285 3480 3080 2825 2645 2505 2390 2295 2145 2100

100,000 5960 4840 4285 3675 2985 2645 2425 2270 2145 2050 1970 1840 1800

10,000 12640 10265 9090 7800 6335 5610 5145 4810 4555 4350 4180 3910

2-1/4 30,000 9090 7385 6535 5610 4555 4035 3700 3460 3275 3130 3005 2810

2-7/16 40,000 8340 6770 5995 5145 4180 3700 3395 3175 3005 2870 2755 2580

2-1/2 60,000 7385 5995 5310 4555 3700 3275 3005 2810 2660 2540 2440 2285

100,000 6335 5145 4555 3910 3175 2810 2580 2410 2285 2180 2095 1960

For maximum RPM see Table 1 on page B5--14.
In the shaded area, E, DI, and TAF mounted units require a line-to-line to light press fit of shaft.
In the boxed area, Type K mounted units require a line-to-line to light press fit of shaft.
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SELECTION

Type E, Type K, DOUBLE--INTERLOCK and TAF
TABLE 2 (continued) -- EASY SELECTION TABLE TYPE E, K, DI, AND TAF

Shaft L10
Hours

Allowable Equivalent Radial Load Rating (Lbs.) at Various Revolutions Per MinuteShaft
Size Hours

Life 50 100 150 250 500 750 1000 1250 1500 1750 2000 2500 2700 3000 3500

2 11/16
10,000 13345 10840 9600 8235 6690 5925 5435 5080 4810 4595 4415

2-11/16
2 3/4

30,000 9600 7795 6905 5925 4810 4260 3910 3655 3460 3305 3175
2-3/4
2 15/16

40.000 8805 7150 6335 5435 4415 3910 3585 3350 3175 3030 2910
2-15/16
3 60,000 7795 6335 5610 4810 3910 3460 3175 2970 2810 2685 25803

100,000 6690 5435 4810 4125 3350 2970 2725 2545 2410 2300 2210

3 3/16
10,000 21370 17280 15300 13125 10665 9440 8660 8100 7670 7320

3-3/16
3 1/4

30,000 15300 12425 11005 9440 7670 6790 7230 5825 5515 5625
3-1/4
3 7/16

40.000 14035 11400 10095 8660 7035 5230 5715 5345 5060 4830
3-7/16
3-1/2 60,000 12425 10095 8940 7670 6230 5515 5060 4730 4480 42753-1/2

100,000 10660 8660 7670 6580 5345 4730 4340 4060 3845 3670

10,000 29200 23715 21000 18015 14635 12955 11885 11115 10525

3 15/16
30,000 21000 17055 15105 12955 10525 9320 8550 7995 7570

3-15/16
4

40.000 19265 15645 13855 11885 9655 8550 7840 7335 6945
4

60,000 17055 13855 12270 10525 8550 7570 6945 6495 6150

100,000 14635 11885 10525 9030 7335 6495 5955 5570 5275

10,000 35870 29135 25800 22135 17980 15920 14605 13655

4 7/16
30,000 25800 20955 18555 15920 12930 11450 10500 9820

4-7/16
4 1/2

40,000 23665 19225 17020 14605 11860 10500 9635 9010
4-1/2

60,000 20955 17020 15070 12930 10500 9300 8530 7980

100,000 17980 14605 12930 11095 9010 7980 7320 6845

10,000 49360 40090 35500 30455 24740 21905 20095 18790

4 15/16
30,000 35500 28835 25530 21905 17790 15755 14450 13515

4-15/16
5

40,000 32565 26450 23420 20095 16320 14550 13255 12400
5

60,000 28835 23420 20740 17790 14450 12795 11740 10980

100,000 24740 20095 17790 15265 12400 10980 10070 9420

10,000 56590 45965 40700 34915 28360 25115 23035

5-7/16 30,000 40700 33060 29270 25115 20400 18060 165705 7/16
5-15/16 40,000 37335 30325 26850 23035 18710 16570 152005 15/16
6 60,000 33060 26850 23775 20400 16570 14670 13455

100,000 28360 23035 20400 17500 14215 12585 11545

6 7/16
10,000 96215 78150 69200 59365 48220 42700

6-7/16
6 1/2

30,000 69200 56205 49770 42700 34680 30710
6-1/2
6 15/16

40.000 63480 51560 45655 39170 31815 28170
6-15/16
7 60,000 56205 45655 40425 34680 28170 249457

100,000 48220 39170 34680 29755 24170 21400

For maximum RPM see Table 1 on page B5--14.
In the shaded area, E, DI, and TAF mounted units require a line-to-line to light press fit of shaft.
In the boxed area, Type K mounted units require a line-to-line to light press fit of shaft.
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SELECTION

Type E, Type K, DOUBLE--INTERLOCK and TAF
TABLE 3 -- PERMISSIBLE THRUST LOAD, LBS. *

SHAFT SIZE *E K/DI TAFSHAFT SIZE
INCHES 2-Bolt 4-Bolt 2-Bolt 4-Bolt 2-Bolt 4-Bolt

1-3/16 2000 2000
1-1/4 2000 2000
1-3/8 2590 2100
1-7/16 2590 2100 2100
1-1/2 2590 2100
1-5/8 2590 2100
1-11/16 2590 2100 2100
1-3/4 3454 2900
1-7/8 3454 2900
1-15/16 3454 2900 2900
2 3454 2900
2-3/16 3454 2900 2900
2-1/4 3454 3454 3454 3454
2-7/16 3454 3454 3454 3454 3454 3454
2-1/2 3454 3454 3454 3454 3454 3454
2-11/16 5181 5181 5181 5181 5181
2-3/4 5181 5181 5181 5181 5181
2-15/16 5181 5181 5181 5181 5181 5181
3 5181 5181 5181 5181 5181 5181
3-3/16 5181 5181 5181 5181
3-1/4 5181 5181 5181 5181
3-7/16 5181 5181 5181 5181 5181 5181
3-1/2 5181 5181 5181 5181 5181 5181
3-15/16 6908 6908 6908
4 6908 6908 6908
4-7/16 6908 6908 6908
4-1/2 6908 6908 6908
4-15/16 6908 6908 6908
5 6908 6908 6908
5-7/16 8635 8635 8635
5-15/16 8635 8635 8635
6 8635 8635 8635
6-7/16 8635 12282 12282
6-1/2 8635 12282 12282
6-15/16 8635 12282 12282
7 8635 12282 12282

Note: The limits above apply to set screw shaft mounting or pillow block over turning force. Under heavy thrust loads it is always wise to use shear bars.
At all times the L10 life of the bearing should be checked for proper selection and life requirements. For thrust loads larger than listed or heavy thrus
loading on other style housing, contact DODGE Engineering for recommendation.

* Does not include Piloted Flange.
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SELECTION/DIMENSIONS

TAF Pillow Block -- Inch
2-BOLT BASE

P

D

D

A

C

EXP

L

NON-EXP

3-7/16″ THRU 3-1/2″ CONSTRUCTION

NON-EXP

A

L

C

EXP

J

H

1-7/16″ THRU 3″ CONSTRUCTION

G

M

F BOLT DIA
MAX.

MIN.

65°

B
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SELECTION/DIMENSIONS

TAF Pillow Block -- Inch
2-BOLT BASE

GRAY IRON NON-EXPANSION +

SHAFT
SIZE

INCHES #

SHAFT
SIZE

SYMBOL

SAF
HOUSING
NUMBER

PILLOW
BLOCK
P/N

HSG
ASSEM.
P/N

UNIT
P/N

PIL.
BLK.
WT.
APRX
LBS

1-7/16 107 509 037580 037540 037632 12

1-11/16 111 510 037581 037541 037633 15

1-15/16 115 511 037582 037542 037634 17

2-3/16 203 513 037583 037543 037635 25

2-7/16 207 515 037584 037544 037636 30
2-1/2 208 515 037585 037544 037637 30
2-11/16 211 516 037586 037545 037638 38
2-3/4 212 516 037587 037545 037639 38
2-15/16 215 517 037588 037546 037640 45
3 300 517 037589 037546 037641 44
3-7/16 307 520 037590 037547 037642 71
3-1/2 308 520 037591 037547 037643 70

+ Furnished Unless Otherwise Specified.
Description = P2b-taf-207re For 2-7/16″ Size
# Consult DODGE For Sizes Not Shown

GRAY IRON EXPANSION

SHAFT
SIZE

INCHES #

SHAFT
SIZE

SYMBOL

SAF
HOUSING
NUMBER

PILLOW
BLOCK
P/N

HSG
ASSEM.
P/N

UNIT
P/N

PIL.
BLK.
WT.
APRX
LBS

1-7/16 107 509 037592 037555 037632 12

1-11/16 111 510 037593 037556 037633 15

1-15/16 115 511 037594 037557 037634 17

2-3/16 203 513 037595 037558 037635 25

2-7/16 207 515 037596 037559 037636 30
2-1/2 208 515 037597 037559 037637 30
2-11/16 211 516 037598 037560 037638 38
2-3/4 212 516 037599 037560 037639 38
2-15/16 215 517 037600 037561 037640 45
3 300 517 037601 037561 037641 44
3-7/16 307 520 037602 037562 037642 71
3-1/2 308 520 037603 037562 037643 70

Description = P2b-taf-207re For 2-7/16″ Size
# Consult DODGE For Sizes Not Shown

SHAFT
SIZE SAF A B C

D F
BOLT G H J L M P EXP*SIZE

INCHES

SAF
SERIES A B C

MIN. MAX.
BOLT
DIA

G H J L M P EXP*

1-7/16 509 3 8-1/4 2-3/16 6-1/4 7 1/2 15/16 7/8 5-7/64 2-3/4 2-1/4 5-33/64 3/32

1-11/16 510 3-3/8 8-1/4 2-3/8 6-1/2 7 1/2 7/8 1-1/32 5-5/8 3-3/16 2-1/2 5-13/16 3/32

1-15/16 511 3-1/2 9-5/8 2-3/4 7-3/8 8-1/4 5/8 1-13/64 1-1/32 6-9/64 3-7/16 2-3/4 6-23/64 9/32

2-3/16 513 3-3/4 11 3-1/4 8-21/32 9-1/2 5/8 1-7/16 1-1/32 6-33/64 3-3/4 3 6-61/64 9/32

2-7/16
515 4 11-1/8 3-1/8 8-5/8 9-5/8 5/8 1-17/64 1-1/4 7-1/32 4-1/16 3-1/4 7-3/8 9/32

2-1/2
515 4 11-1/8 3-1/8 8-5/8 9-5/8 5/8 1-17/64 1-1/4 7-1/32 4-1/16 3-1/4 7-3/8 9/32

2-11/16
516 4-1/2 12-19/32 3-1/2 9-7/8 11 3/4 1-7/16 1-1/4 7-43/64 4-23/32 3-1/2 8-5/16 9/32

2-3/4
516 4-1/2 12-19/32 3-1/2 9-7/8 11 3/4 1-7/16 1-1/4 7-43/64 4-23/32 3-1/2 8-5/16 9/32

2-15/16
517 4-1/2 12-19/32 3-1/2 9-7/8 11 3/4 1-7/16 1-1/4 7-59/64 4-23/32 3-3/4 8-5/16 9/32

3
517 4-1/2 12-19/32 3-1/2 9-7/8 11 3/4 1-7/16 1-1/4 7-59/64 4-23/32 3-3/4 8-5/16 9/32

3-7/16
520 5 14-1/4 4-11/32 11-13/16 13-1/8 7/8 1-21/32 1-21/32 9-27/64 5-5/16 4-1/2 10-3/32 9/32

3-1/2
520 5 14-1/4 4-11/32 11-13/16 13-1/8 7/8 1-21/32 1-21/32 9-27/64 5-5/16 4-1/2 10-3/32 9/32

*EXP Total Expansion Divided Equally On Both Sides Of Bearing (Expansion Bearing Only).

Dowel Hole Locations For Precision Positioning -- See Page B9--30 -- B9--31

SELECTION/DIMENSIONS
TYPE E

PAGE B5--11/B5--22

SELECTION/DIMENSIONS
TYPE K

PAGE B5--11/B5--34

SELECTION/DIMENSIONS
DOUBLE-INTERLOCK
PAGE B5--11/B5--44

EASY SELECTION
PAGE B5--15
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RC2000
COMPUTER CONTROL SYSTEM

INSTALLATION AND MAINTENANCE MANUAL

Revision 1
This manual applies to the manufacturer’s operating system release 12.01A# and earlier for the RC2000
and RC2000L Control Systems.  A one -digit number, representing the software version may follow the
descriptor; however, different software versions do not impact this manual’s validity.

This manual is based on engine-driven reciprocating compressors; however, it applies to reciprocating and
screw-type compressors with either engine or electric drivers.



RC 2000 Installation and Maintenance Manual

Important Notes

BTB 960-2 Rev 01  11/99 Important notes, Page 1 of 1
Copyright Enerflex Systems Ltd.

This document contains confidential trade information that is proprietary to Enerflex Systems Ltd.
Enerflex Systems Ltd. is providing the document in strict confidence and for the private use of the
receiver.  By reception and retention of the document, the receiver agrees to use it in confidence
and not to copy or reproduce the document in whole or in part without the prior expressed written
consent of Enerflex Systems Ltd.

WARNING!  The information contained in this Document is the most current at the
time of publication.  It is provided as a guideline to assist Owners, Operators and
Service Personnel with their installation and maintenance procedures on Enerflex
Systems Ltd. units.  Enerflex Systems Ltd. does not take responsibility for the use
of its contents.

CAUTION!  Compressing combustible or toxic gas can be very hazardous.
Take all reasonable precautions to protect personnel and property.
The owner and operator are responsible for site and compressor-unit safety
systems, and must ensure safety procedures are in place and followed.  Only trained
personnel should enter, operate, or maintain the compressor unit and its associated
equipment.
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ABOUT THE RC2000
This modern microprocessor (computer)
control system provides safe, accurate and
reliable control of Enerflex compressor
units.

Featuring an easy-to-use operator’s panel (or
remote actuation), the system includes
automatic startup sequencing and three
levels of stop sequencing.

Using built-in PID control, it provides
automatic control of unit variables.

It has built-in historical and trend recording,
and is capable of remote communication by
land line, cellular telephone, or satellite,
including auto-paging on alarm and/or
shutdown.

ABOUT THIS MANUAL
Intent
This manual assists personnel installing and
maintaining the RC2000 Control System.  It
should be used in conjunction with the Unit
Operating Manual supplied with each unit
and with its companion RC2000 Operating
Manual.  Other important information the
operator needs includes:

� Unit Order
� Unit Component Data
� Instrument Data
� Performance Curve(s)
� Compressor Data Sheet(s)
� Compressor Operator’s Manual
� Engine Operation and Maintenance

Manual

This manual is written for compressor units
with all available options.  It is likely that
some features are not available on a
particular unit, depending on installed
options.

Where this manual refers to the “RC2000”
Control System, it also applies to the
“RC2000L” Control System.  The RC2000L
is effectively a physical and functional
subset of the RC2000 Control System.

Writing Customs
Control panel key selections are shown
inside marks like this:

press <START>.

Operator panel action or commands to the
panel, and operating modes, are shown in
small capital letters in a type style similar to
the menu displayed:

choose PROGRAM.

If another document or a form is mentioned
in the text, it is in Italics (slanted type):

Unit Operating Manual.

Updates
This manual contains the most updated
information available at the time of
publication.

If you require updated information, or wish
to suggest changes or improvements, please
contact Customer Support at (403) 236-
6800.
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1. SYSTEM DESCRIPTION
1.1 Introduction
The RC2000 Control System (Figure 1–1)
consists of a computer control panel, a
number of input modules, and an output
module (located in the auxiliary panel).  The
RC2000L Control System is a scaled-down
version of the RC2000 Control System, and
has the same layout, except the RC2000L
has only one input module.

Control and instrument inputs and outputs
(control devices) connect to standard input
and output modules.  These in turn are
connected to the control panel by
communication cables.

Maintenance personnel can set up,
configure, calibrate and monitor the
compressor unit (called “unit”) using the
control panel’s keypad and display.

Data storage is provided, allowing for
trending of operating variables and logging
of events.

The control panel includes an on-board
modem and communication ports to support
auto-paging on alarm/shutdown, direct
display and monitoring of the Altronic CP-
95 ignition system (where applicable), and
EFX PanelManager remote monitoring,
trending, reporting, and control, as needed.
Remote communications by land line and
cellular telephone systems, satellite systems,
and supervisory control and data acquisition
(SCADA) systems are all supported.

The installation of the system consists of
mounting each component in a suitable
location, and then connecting the cables,
wire harnesses (input devices), and output
devices.

Power and signal to the ignition module, or
electric drives, and to gas and fire detectors
will also need to be connected (as
applicable).  Likewise, connection to the
optional remote communications interface
system may be required.

The system is then powered up and
configured for site-specific operation. The
installer performs a system check to ensure
all end devices are calibrated and
functioning correctly.

For more information on the RC2000
Control System, see the RC2000 Operating
Manual.

1.2 Functions
The RC2000 is pre-programmed with
configured options and I/O sets to provide
site-specific monitoring, control, safety, and
data capture functions, and to support
remote communications functions.  These
are described in detail in the RC2000
Operating Manual.

1.3 Navigation and Password
Access
System access to specific functions and
menu selections is password protected, with
three levels of protection implemented.
Password access and Rc2000 Control Panel
screen navigation are described in detail in
the RC2000 Operating Manual.

Many of the maintenance functions require
Level 2 password access (Level 1 being the
highest).  Password access for specific
functions is identified in subsequent sections
of this manual, with the description of each
function.
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(16 inputs)

(16 inputs)

(12 discrete, 8 analog,
1 pulse input)

(16 inputs)

(12 discrete, 8 analog,
1 pulse input)

(12 discrete, 8 analog,
1 pulse input)

THE RC2000L
has Only One
Input Module

Analog Outputs

Discrete Inputs/ Outputs

Remote
Communications
Interface

Optional
Input

Module

Figure 1–1
RC2000 Control System
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2. MOUNTING SYSTEM
COMPONENTS

The actual mounting locations are
application specific.  However, each module
should be mounted in a strategic location
that minimizes the length of end device
harness runs.  The locations chosen should
be away from direct heat and not susceptible
to direct fluid leakage.  Placement requires
that the modules are normally out of the way
but are easily accessed if repair is required.
Ensure the wire harness lengths fit the
mounting locations chosen.
The units should be mounted to a rigid
structure, relatively free of excess vibration.
The mounting bolts should be rubber
isolated and fitted with shakeproof
lockwashers.

Cables and cable harnesses should be run
down at the point of connection as far as
possible to minimize any chance of moisture
ingress.

2.1 Control Panel
Figure 2–1 shows a typical panel mounting
situation.  Figure 2–2 shows the mounting
dimensions of the control panel.

2.2 Input Modules
Figure 2–3 shows a typical module
mounting situation.  Figure 2–4 shows the
mounting dimensions of the input module.

2.3 Output Module
The output module is delivered as a circuit
board for mounting in the standard supplied
auxiliary cabinet.  The board is mounted in
the cabinet, and ribbon connectors are
plugged in. Terminations and cable
connections are then completed (see
Section 3).

Figure 2–5 shows a typical mounted board
and the cabling connection locations.

The output board is mounted on ¾”
standoffs using shakeproof star washers
under the screw heads.  It is located in the
auxiliary panel as shown in Figure 2–6.
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Note Rubber Vibration
Mounts and Rigid
Mounting Points

Figure 2–1
Typical Mounted Computer Module
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All Dimensions in Inches

9.19

3.81

3.81

8.5
7

1.1

13 13.5

18.83

ø 5/16"

Figure 2–2
Computer Module Dimensions
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Rigid Mounting
Struts

Rubber Vibration
Mounts

Figure 2–3
Typical Mounted Input Module
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20

7.5

3.81

All dimensions in Inches

20.5
.75

ø 5/16"

Figure 2–4
Input Module Dimensions
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Cable to First Input Board
Ribbon Connection to

DB9 Connector (on Side
Wall of Auxiliary Panel)

Cable to Computer
Ribbon Connection to

DB25 Connector (on Side
Wall of Auxiliary Panel)

For Connections
See Section 3.

Figure 2–5
Typical Output Module Cabling
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Figure 2–6
Typical Output Module Mounting

Output
Module

Ribbon
Connectors
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3. POWER SUPPLY/
COMMUNICATIONS HOOK-UP

3.1 Overview
Figure 1–1 shows the overall system
connection layout.  Serial communications
cables interconnect input modules with the
output module and with the control panel
itself.

Standard thermocouple and analog/discrete
input wire harnesses also plug into each
input module and are pre-terminated
according to harness type.  Plug the harness
connector into the receptacle with the
matching DB connector type.

Figures 3–1 to 3–3 show which sockets the
communications and computer cables are
plugged into, and Sections 3.2 to 3.3 explain
their termination schedules.

Separate ignition interface cable, remote
communication wiring, customer output
wiring, and power supply wiring connect
into the output module as well.  Section 3.4
lists these connections.

Thermocouple
Harness

Analog/Discrete
Harness

RS485
Serial Communications and
Power Supply Cables (end

port blank)

Figure 3–1
Input Module Connections

Output
Module

Computer and Power
Supply Cable

RS485
Serial Communications and
Power Supply Cables (end

port blank)

Figure 3–2
Output Module Connections



RC2000 Installation and Maintenance Manual

Power Supply/Communications Hook-Up

BTB 960-2 Rev 01  11/99 Section 3, Page 2 of 5
Copyright Enerflex Systems Ltd.

Control
Computer
 Module

Computer Cable
Connector

RS232 Connector
for Laptop/Computer

Hookup (usually not used)

Figure 3–3
Computer Module Connections

3.2 Computer Cable
This pre-built RS485 serial cable connects
the computer module and the output module.
It plugs into the sockets shown in Figures
3–2 and 3–3.

The cable carries power and
communications between the computer and
the output module.  It should be routed
under the grating, and must be supported by
cable clamps or ties, with a maximum
spacing of 1 m.

Figure 3–4 provides a termination schedule
for this cable.

3.3 Communications Cables
These pre-built RS485 serial cables
interconnect each input module and the
output module.  They plug into the sockets
shown in Figures 3–1 and 3–2.

The cables carry power and communications
between the modules.  They should be
routed under the grating, and must be
supported by cable clamps or ties, with a
maximum spacing of 1 m.

These cables can plug into either of the
RS485 ports on the input module.

Figure 3–5 provides a termination schedule
for these cables.
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Figure 3–4
Computer Cable Termination Schedule
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Figure 3–5
Communications Cable Termination Schedule

3.4 Output Board Connections
Figure 3–6 lists all the connection points to
the output board at the unit end.

Appendix A contains typical auxiliary panel
wiring diagrams.
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#
1  -24V Input
2  Earth
3  +24 Input
4  Earth
5  A Out 6+
6  A Out 6-
7  A Out 5+
8  A Out 5-
9  A Out 4+
10  A Out 4-
11  A Out 3+
12  A Out 3-
13  A Out 2+
14  A Out 2-
15  A Out 1+
16  A Out 1-
41  Power Down +
42  Power Down -
31 485+
32 485-
17 Tip
18 Ring
25 RXD
26 GND
23 DTR
24 DCD
21 RTS
22 DRS
19 TXD
20 CTS
29 422 RX+
30 422 RX -
27 422 TX+
28 422 TX-
33 IN 4+
34 IN 4-
35 IN 3+
36 IN 3-
37 IN 2+
38 IN 2-
39 IN 1+
40 IN 1-

Discrete
Inputs

        Output Board
Output Number/Description

Power
Down

Modbus

Modem

Communi
cations

Supply

Analog
Outputs

#
43 OUT 20+
44 OUT 20-
45 OUT 19+
46 OUT 19-
47 OUT 18+
48 OUT 18-
49 OUT 17+
50 OUT 17-
51 OUT 16+
52 OUT 16-
53 OUT 15+
54 OUT 15-
55 OUT 14+
56 OUT 14-
57 OUT 13+
58 OUT 13-
59 OUT 12+
60 OUT 12-
61 OUT 11+
62 OUT 11-
63 OUT 10+
64 OUT 10-
65 OUT 9+
66 OUT 9-
67 OUT 8+
68 OUT 8-
69 OUT 7+
70 OUT 7-
71 OUT 6+
72 OUT 6-
73 OUT 5+
74 OUT 5-
75 OUT 4+
76 OUT 4-
77 OUT 3+
78 OUT 3-
79 OUT 2+
80 OUT 2-
81 IGN OUT+  (Note 1)
82 IGN OUT-   (Note 1)
83 IGN IN+  (Ground Lead)
84 IGN IN-  Ignition  (Note 1)

Discrete
Outputs

Ignition

        Output Board
Output Number/Description

Note 1 Terminals 81, 82, 84 are fused together. The ignition ground lead is connected into terminal 83 and then wired out to
ground through 81, 82, and 84.

Note 2 Communication to the CPU-95 ignition system (where applicable) is provided at the RS485 terminals.

Note 3 Terminals 17 and 18 provide a link for paging and remote communications (phone line, cellular phone, satellite).
Terminals 19 to 26 are available for RS232 links or alternate satellite hookup if otherwise unused.

Figure 3–6
Output Board Connections
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4. WIRING HARNESS HOOK-UP

4.1 Overview
A standardized analog/discrete input wire
harness and a thermocouple input wire
harness has been defined for each input
module.  These harnesses are pre-built using
Phoenix connectors to allow easy
installation.

The wire harnesses should be routed,
connected and wired on the compressor,
engine and package following standard
EFX/BTB installation practices, and in
agreement with the input device connection
instructions.

4.2 Analog/Discrete Harness
These pre-built wire harnesses connect each
input module to various end devices for the
compressor, engine or package (depending

on the module).  The end devices terminate
in a Phoenix connector that plugs into the
input module sockets shown in Figure 3–1.

For this dual connector, the upper set of pins
(closest to the module cover) is for the
analog inputs.  The lower set is for the
discrete inputs.

See Appendix B for details about these wire
harnesses and their connections.

4.3 Thermocouple Harness
These pre-built wire harnesses connect each
input module to various thermocouples for
the compressor, engine, or package
(depending on the module). The end devices
terminate in a Phoenix connector that plugs
into the input module sockets shown in
Figure 3–1.

See Appendix B for details about these wire
harnesses and their connections.
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5. SYSTEM POWER–UP AND
INITIALIZATION

CAUTION

Most of the components contain
complex electronic equipment.

Due care and attention must be given to
handling and connection to avoid

potential damage.

5.1 System Power-Up
The RC2000 computer control system
should not be powered up unless all
connections to the output module are
complete, and the main cable between the
output module and the control panel is
properly plugged in.
The input modules do not need to be
connected with any of their harnesses or
cables to test the computer and output
module.

Under no circumstances should any of the
connecting harnesses be removed or
connected with the power on.  Always
power down the system before
connecting/disconnecting any of the
harnesses.

5.2 System Initialization
When the system is first powered up, a
sequence of four screens is presented.

First, the POWER-UP screen (Figure 5–1)
will be displayed, for what should be about
1 second.  If there is an internal diagnostic
fault, the computer will stop on this screen.

Computer Operating
1234567A89012345

Checking Shutdowns

Figure 5–1
Power-Up Screen

There is a sequence of numbers and letters
below the “Computer Operating” message
on this screen, which indicate that a specific
operation has been completed.  If a fault
occurs, the item following the last one
shown is faulty, and the control panel will
require internal repair.  The meanings of
these numbers are shown in Table 5–1.

Table 5–1
Initialization Diagnostic Numbers

Number Meaning

1 Initialize clock
2 Initialize outputs
3 Power-up keyboard detection
4 Memory check
5 Initialize modules
6 Initialize counters
7 Initialize RS232 ports
A Initialize messages and

compressor variables
8 Initialize input control
9 Initialize analog inputs
0 Initialize state engine
1 Initialize modbus communications
2 Initialize BTB options and analog

setpoints
3 Update compressor setpoints
4 Check and initialize shutdowns
5 Initialize interrupts
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If everything is OK, and no faults occur, this
will be followed for a few seconds by the
OPENING screen (Figure 5–2).

Feb 2/99    EXACTA CONTROLS     2:30PM

RC2000 Compressor Control System

Version:  RC2000  12.01A2

5020 12A Street S.E.,  Calgary
Office: (403) 287-9411

Figure 5–2
Opening Screen

This screen displays the name of the system,
the software version, along with the control
system manufacturer address, and the
current date and time (these may need to be
reset).

Next, the INPUT MODULE INITIALIZATION
screen (Figure 5–3) will be displayed.

Feb 2/99    EXACTA CONTROLS     2:30PM

Initializing Analog Board Span Settings

            Node          Channel
              9              1

Figure 5–3
Input Module Initialization Screen

This screen may show for up to 30 seconds
while the span settings are sent to each input
module.  The nodes and channels will cycle
rapidly through their identification numbers.

Finally, the MAIN RUN MODE screen (Figure
5–4) will be displayed.  For an explanation
of this screen, see the RC2000 Operating
Manual.

Feb  2/99       Run Mode         9:40 PM
Remote Stop

Suction   Disch1(1) Disch1(2)        RPM
    0kpa    -1kpa     0kpa             0
Shutdowns:  2
Alarms:     0     Volts   Manifold  Hour
Faults:     0     23.5v   -0.1inHg     0

Figure 5–4
Main Run Mode Screen
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6. SYSTEM CONFIGURATION
AND CALIBRATION

Before checking or changing
configurations and settings, it would be
advisable to read the RC2000 Operating
Manual to become familiar with the
system and understand screen navigation,
passwords, and the functions of the
various keys.  This information is not
included in this manual.
Before the RC2000 can be used to actually
control a compressor, there are many
settings, options and setpoints that have to
be configured.  Use the procedures in
Sections 6.1 to 6.5 to do this.

Some screens may appear different than
illustrated if a screw compressor or
electric drive is involved.

6.1 Setting Options and
Parameters

 (a) Once the system is displaying any RUN
MODE screen (See Section 5), press the
<MENU> key.

(b) The MENU screen (Figure 6–1) will be
displayed.

Feb  2/99 L0      Menu           9:51 PM

          [1] Program Mode
          [2] Display Modes
          [3] Contrast Adjust

              [Enter] Exit

Figure 6–1
Menu Screen

(c) Choose [1], PROGRAM MODE.
(The other two choices are explained
in the RC2000 Operating Manual,
Section 4.10.)

(d) The PASSWORD screen (Figure 6–2)
will be displayed.

Feb  2/99    RC2000 12.01A2      9:51 PM

     Access Number:      95411

     Enter Password:

           [Enter]  [Clear]

Figure 6–2
Password Screen

(e) Enter your password (this requires
Level 2) to access the PROGRAM MENU.

(f) The PROGRAM MENU screen (Figure
6–3) will be displayed.

Feb  2/99 L0  Program Menu       9:42 PM

      [1] Compressor Configuration
      [2] BTB Options
      [3] System Configuration

              [Enter] Exit

Figure 6–3
Program Menu Screen

6.1.1 Compressor Configuration

(a) Choose [1] from the PROGRAM MENU.
(b) The first of two COMPRESSOR

CONFIGURATION screen (Figure 6–4 )
will be displayed.

Feb  2/99     Configuration      9:45 PM

[1] Type of Drive:       Engine
[2] Type of Compressor:  Reciprocating
[3] Number of Stages:       1
[4] Number of Throws:       2

[Down] More                 [Enter] Exit

Figure 6–4
Typical Compressor Configuration Screen
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Use the ��and ��panel marks to move
between the configuration screens.
The settings and choices on these
screens must be set up according to the
Unit Order for the particular unit.
They require picking the appropriate
number, toggling to the correct choice
by pushing the number, or keying in a
number and pushing <ENTER>.  Table
6–1 shows the choices available.

Table 6–1
Compressor Configuration Choices

Item Option Description Choices Application 
Description

[1] Type of Drive [1] Engine
[2] Electric*

[2] Type of Compressor [1] Recip Low
(RC2000L)

[2] Screw
[3] Recip Full

(RC2000)
[3] Number of Stages [1] Recip 1 Stage

[2] Recip 2 Stage
[3] Recip 3 Stage

[4] Number of Throws [1] Recip 2 Throw
[2] Recip 4 Throw

[1] Engine Pyrometer Yes/No Engine
[2] Number of Cylinders Enter # Engine
[3] RPM Pulses per Rev. Enter # Engine (typ.)
* Engine related choices N/A with electric drives.

(c) Press <ENTER> to lock in any changes
and return to the PROGRAM MENU.

6.1.2 EFX/BTB Options

(a) Choose [2] from the PROGRAM MENU.
(b) The first of several EFX/BTB OPTIONS

screens (Figure 6–5) will be displayed.

Feb  2/99      BTB Options       9:46 PM

[1] Bypass Control Valve        No
[2] Bypass Start Valve          No
[3] Suction Control             No
[4] Blowdown Valve              No

[Down] More                 [Enter] Exit

Figure 6–5
Typical EFX/BTB Options Screen

Use the ��and ��panel marks to move
between the Options screens.
The choices on these screens must be
set up according to the Unit Order for
the particular unit.
Select the option number as shown on
the screen to change the option setting.
Table 6–2 shows the choices available.

(c) Press <ENTER> to lock in any changes
and return to the PROGRAM MENU.
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Table 6–2
EFX/BTB Options

Option Description Choices Application           
(See note 1)

Bypass Control Valve Yes/No a, b, c, d, e, f
Slide Valve Control Yes/No e, f
Comp Oil Circ Valve Yes/No e, f
Bypass Start Valve Yes/No a, b, c, d, e
Suction Control Yes/No a, b, c, d, e, f
Motor Current Yes/No N/A
Motor Speed Control Yes/No c, d, f
Speed Control Yes/No b, e
Blowdown Valve Yes/No a, b, c, d, e, f
Louvre #1 Control Yes/No b, d, e, f
Louver #2  Control Yes/No a, b, c, d, e, f
Engine Det. & AFM Yes/No a,
Engine Detonation Discrete/Analog a,
Engine Detonation Yes/No b, e
2nd Stage Dump Yes/No b, d, 
Sep Fuel Level Yes/No a, b, e
Inlet ESD Valve Yes/No a, b, c, d, e, f
Suct Valve closed Yes/No a, c,
Disch ESD Valve Yes/No a, b, c, d, e, f
Utility ESD Valve Yes/No a, b, c, d, e, f
Gas Detection Yes/No a, b, c, d, e, f
Gas Detection Discrete/Analog b, d, e, f
H2S Detection Yes/No a, b, c, d, e, f
H2S Detection Discrete/Analog b, d
UV Flame Detection Yes/No a, c,
Blowcase Yes/No a, b, c, d, e, f
Vibration Reset Yes/No b, d, e, f
Sep Oil Level High Yes/No e, f
BTB Model B Series/C Series N/A
Suct Filter Diff Press Yes/No a, c,
Enclosure Temp Yes/No N/A
Sour Unit Yes/No a, b, c, d
Comp Vibrations Discrete/Analog d, e, f
Mot & Comp Vibrations Discrete/Analog c, 
Eng & Comp Vibrations Discrete/Analog a, 
Engine Vibrations Discrete/Analog b,
Speed Increaser Yes/No e, f
Eng Exhaust Temp Yes/No a,
Fuel/Inst Gas Press Yes/No a, c, e, f
Engine Oil Pressure Discrete/Analog a, b, e
Eng Manif Air Pressure Discrete/Analog a, b, e
Back Pressure Valve Yes, No N/A
Comp Oil Pressure Discrete/Analog a, c
Slugcatcher Yes/No a, c

Note 1

d = Electric Drive Recip. Compressor, RC2000L

b = Engine Drive Recip. Compressor, RC2000L

f  = Electric Drive Screw Compressor, RC2000L
e = Engine Drive Screw Compressor, RC2000L

c = Electric Drive Recip. Compressor, RC2000

a = Engine Drive Recip. Compressor, RC2000
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6.1.3 System Configuration
This is normally factory preset.  If
settings are lost, or changes must be
made, only a factory representative of
EFX/BTB should do them.  The
exceptions to this are Set Clock and Data
Capture.

To set Clock:
(a) Choose [1] from the PROGRAM MENU.
(b) The SYSTEM CONFIGURATION screen

(Figure 6–6) will be displayed.

Feb 11/99     System Config      7:52 PM

[1] Set Clock       [5] Site Information
[2] Set Up RS232    [6] Change Password
[3] Set Up RS485    [7] Communications
[4] Set Up Modem    [8] Data Capture

              [Enter] Exit

Figure 6–6
System Configuration Screen

(c) Choose [1], SET CLOCK.
(d) The TIME ENTRY screen (Figure 6–7) will

be displayed.

Feb 11/99       Set Clock        7:52 PM

Enter Date [MMDDYY]: 0        Feb 11/99

Enter Time [HHMMSS]:           7:52 PM

   [Enter] [Clear] [Dn]Left [Up]Right

Figure 6–7
Time Entry Screen

This screen will automatically show
the currently set time and date.

(e) If the date is correct, press <ENTER>,
and the system will advance to Step
(g).

If the date is wrong, re-enter it in
MMDDYY format (use zeros where
needed), by typing over the numbers
shown.

(f) When the date is entered correctly,
press <ENTER>, and the cursor will
move to the time line.

(g) If the time is correct, press <ENTER>,
and the system will advance to
Step (h).

If the time is wrong, re-enter it in
HHMMSS format (use zeros where
needed), by typing over the numbers
shown.

(h) When the time is entered correctly,
press <ENTER>, and the DAYLIGHT
SAVINGS screen (Figure 6–8) will be
displayed.

Feb 11/99       Set Clock        7:52 PM

Enter Date [MMDDYY]:      0   Feb 11/99

Enter Time [HHMMSS]:      0    7:52 PM

Use Day Light Savings Time:   [1] Yes
                              [2] No

Figure 6–8
Daylight Savings Screen

(i) If daylight savings time is wanted,
choose [1], YES, and the system will
enable daylight savings and revert to
the SYSTEM SETUP MENU.

If the daylight savings time is not
wanted, choose [2], NO, and the
system will revert to the SYSTEM
CONFIGURATION MENU.
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The spring/fall switch over is
automated once daylight savings time
is set.  The clock will not have to be
reset on the appropriate dates.  This is
set up for the Northern Hemisphere
only.  In the Southern Hemisphere,
leave daylight savings off and change
the times manually every spring and
fall.

To Reset Data Capture:
(j) Choose [8], DATA CAPTURE.

The DATA CAPTURE screen (Figure
6–9) will be displayed.

Feb 11/99     System Config      8:07 PM

[1] Data Set A:         On
[2] Set A Interval       1 Secs
[3] Data Set B:         On
[4] Set B Interval:    600 Secs

              [Enter] Exit

Figure 6–9
Data Capture Screen

Data set A is the data captured before
each shutdown. Its default is at
1-second intervals.  Data is captured
for 40 intervals before shutdown for
each data point.
Data Set B is the general data capture.
Its default is normally 10 minutes
(600 seconds). 1400 records are
captured for each data point.

(k) Options [1] and [3] are toggles that
turn the data ON/OFF each time the
number is chosen.

(l) Options [2] and [4] allow you to type
in the value desired (up to 99999).

(m) Press <ENTER> twice to lock in any
changes and return to the PROGRAM
MENU.

6.2 Adjusting Setpoints
The choices on these screens must be set up
according to the Controls List Worksheet or
Instrument Data Sheet supplied for the
particular unit.

The system is preconfigured with default
settings.  The user will need to check and
change these settings as needed.
(a) Once the system is displaying any Run

Mode screen (See Section 6), press the
<SETTINGS> key.

(b) The TIMERS AND SETTINGS screen
(Figure 6–10) will be displayed.

Feb  3/99   Timers & Settings    8:12 AM

[0] Shutdowns/Alarm [5] Dump Timers
[1] Prelube Setting [6] Blowcase Timers
[2] Crank Settings  [7] Purge Timers
[3] Warm Up Setting [8] Load Settings
[4] Post Lube Timer [9] Start Pressures
              [Enter] Exit

Figure 6–10
Timers and Settings Screen

(c) Choose [0] (or another desired TIMERS
AND SETTINGS option by pressing the
corresponding number).

(d) The PASSWORD screen (Figure 6–11)
will be displayed (unless a password was
entered previously and is still resident
for this level of access).

Feb  2/99    RC2000 12.01A2      9:51 PM

     Access Number:      95411

     Enter Password:

           [Enter]  [Clear]

Figure 6–11
Password Screen
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(e) Enter your password (this requires
Level 2) to access the TIMERS AND
SETTINGS.

(f) If you pushed [0], the first of a series
of SHUTDOWN & ALARMS screens
(Figure 6–12) will be displayed.
This screen shows four settings.  (If
you entered another choice the first
screen for that choice will appear.)

Feb  3/99  Shutdowns & Alarms    8:13 AM

[1] High Disch (1) Temp        100.0C
[2] High Disch (1) Temp Alarm   95.0C
[3] High Disch (2) Temp        100.0C
[4] High Disch (2) Temp Alarm   95.0C

[Down] More                 [Enter] Exit

Figure 6–12
Typical Shutdown and Alarms Screen

Use the ��and ��panel marks to move
through these screens, each displaying
four settings (some choices only have
one screen and no scrolling prompts
will appear at the bottom).

(g) Chose the setting you want to
adjust/check by pushing its number
key.

(h) The screen will highlight the choice
you make (Figure 6–13), and you can
now enter the value for the one item.
(Note that some of the choices are
simple toggles and will not show a
number entry screen.)

Feb  3/99  Shutdowns & Alarms    8:13 AM

[1] High Disch (1) Temp       100   C
[2] High Disch (1) Temp Alarm   95.0C
[3] High Disch (2) Temp        100.0C
[4] High Disch (2) Temp Alarm   95.0C

 [Enter] [Clear] [.] [Dn]Left [Up]Right

Figure 6–13
Typical Shutdown and Alarms Entry Screen

(i) Push <ENTER> once to set the value.
(j) Continue the process by choosing

another setting, or moving to another
screen using the � or � keys, and
choosing.

(k) When the last value for the group is
set, push <ENTER> twice to set the
value and return to the TIMERS AND
SETTINGS screen (where you can make
the next choice).

6.3 Setting End Device Spans
The choices on these screens must be set up
according to the Controls List Worksheet or
Instrument Data Sheet supplied for the
particular unit.

The system is preconfigured with default
settings.  The user will need to check and
change these settings as needed.

(a) Once the system is displaying any RUN
MODE screen (See Section 6), press the
<STATUS> key.

(b) The STATUS screen (Figure 6–14) will
be displayed.
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Feb  3/99      Status Menu      10:15 AM

[1] Shutdowns:  2   [5] Analog Inputs
[2] Alarms:     0   [6] Discrete Inputs
[3] Faults:     0   [7] Analog Outputs
[4] Shutdown List   [8] Discrete Outputs

              [Enter] Exit

Figure 6–14
Status Screen

(c) Choose [5] ANALOG INPUTS by pressing
the corresponding number.

(d) The first of several ANALOG INPUTS
screens (Figure 6–15) will be
displayed.

Feb  3/99     Analog Inputs     10:16 AM

[1] Disch (1) Temp             23.3C
[2] Disch (2) Temp             18.3C
[3] Disch (3) Temp             3276C
[4] Disch (4) Temp             3276C

[Down] More                 [Enter] Exit

Figure 6–15
Typical Analog Inputs Screen

Use the ��and ��panel marks to move
through these screens, each displaying
four settings (some choices only have
one screen and no scrolling prompts
will appear at the bottom).

(e) Choose the setting you want to
adjust/check by pushing its number
key.

(f) The system will display the PASSWORD
screen (Figure 6–16).

Feb  2/99    RC2000 12.01A2      9:51 PM

     Access Number:      95411

     Enter Password:

           [Enter]  [Clear]

Figure 6–16
Password Screen

(g) Enter your password (this requires
Level 2) to access.

(h) If you pushed [3] on the second screen,
the DISCHARGE STAGE 2 PRESSURE
screen (Figure 6–17) will be displayed.

Disch Stg 2 Press

     Current Value:          0 kpa
     [1] High Span:      10000 kpa
     [2] Low Span:           0 kpa
     [3] Calibrate  4 ma Point
     [4] Calibrate 20 ma Point
     [5] Force Input

Figure 6–17
Discharge Stage 2 Pressure

Calibration Screen

This screen allows you to set up the
particular input, choosing [1] and [2]
to set the high low and high spans.  (It
is also used for calibration, see
Sections 6.4 and 6.5)
The control panel may prompt THE
VALUE IS [1] POSITIVE, [2] NEGATIVE.
Make the appropriate choice with the
numeric keypad.

(i) Push <ENTER> once to set the values.
(j) Continue the process by choosing

another setting, or moving to another
screen using the � or � keys, and
choosing.
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(k) When the last value for the group is
set, push <ENTER> twice to set the
value and return to the STATUS screen
(where you can make the next choice).

NOTE: These screens allow the user to
force input values.  Exercise due
caution as inputs are effectively
disabled for shutdown and alarm
when in a forced state.
DO NOT LEAVE AN INPUT IN
A FORCED STATE ON AN
UNATTENDED UNIT.
If an input is forced, it is identified
by “unfreeze” when selected again.

6.4 Transmitter Calibration
The following procedures are used to
calibrate 4 to 20 mA transmitters at the
system end.  There are two methods of
calibration.  The first method calibrates the
RC2000 and end device as separate items.
The second method calibrates the end device
and input board simultaneously.  The
disadvantage of the second method is that a
bench-calibrated 4 to 20 mA transmitter
would have to be recalibrated when it is put
on the unit.

6.4.1 Separate End-Device
Calibration Technique

RC2000 Calibration:

(a) Complete Steps (a) to (g) of Section
6.3 above, until the CALIBRATION
screen (Figure 6–24) for the selected
4 to 20 mA analog input is displayed.

(b) Ensure span settings are correct.  If
not, complete Section 6.3.

(c) Connect a calibrator to the appropriate
analog input channel, and set the
calibrator for 4 mA.
The screen should show the low span
setting as the current value in
engineering units.

(d) If not choose [3] to perform a
calibration.

(e) The control panel will prompt
CALIBRATE 4 MA POINT [1] YES, [2]
NO.

(f) Choose [2] to exit and return to the
CALIBRATION screen.

(g) If not choose [1] to proceed with the
4 mA point calibration.

(h) When the reading has stabilized, press
<ENTER> to accept the calibration.

(i) Set the calibrator to 20 mA.
The screen should show the high span
setting as the current value.

(j) If not, choose [4] to perform the
calibration of the 20 mA point.

(k) The control panel will prompt
CALIBRATE 20 MA POINT [1] YES, [2]
NO.

(l) Choose [2] to exit and return to the
CALIBRATION screen.

(m) Choose [1] to proceed with the 20 mA
point calibration.

(n) When the reading has stabilized, press
<ENTER> to accept the calibration.

(o) The calibration of the input board is
now complete.  Steps (p) to (t)
following can be done if the device
was not bench tested.  If it was, it
would be wise to check the settings.
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End Device Calibration:

(p) Re-attach the end device to the channel
and set the input on the device (gas,
H2S, pressure, etc.) to be equal to the
low span setting.

(q) Use the zero span screw on the end
device to make the device read as close
as possible to the low span.

(r) Now set the input on the device to be
equal to the high span setting.  (On a
pressure transmitter this means using a
hand pump to pressurize the
transmitter.  On a gas detector this may
mean applying test gas to get the
desired LEL.)

(s) Use the range screw adjust on the end
device to make the current reading as
close as possible to the high span
setting.

(t) Re-test both the low, high and
midrange of the end device to ensure
proper operation, and repeat (p) to (t) if
required.

6.4.2 Simultaneous End-Device
Calibration Technique

(a) Complete Steps (a) to (g) of Section
6.3 above, until the CALIBRATION
screen (Figure 6–17) for the selected 4
to 20 mA analog input is displayed.

(b) Ensure span settings are correct.  If
not, complete Section 6.3.

(c) Connect a current meter in line with
the appropriate analog input channel.

(d) Apply the low span input and then use
the zero screw to make the current
equal to 4 mA.
The screen should show the low span
setting as the current value.  Note that
the reading on the screen is in
engineering units, not mA.

(e) If not choose [3] to perform a
calibration.

(f) The control panel will prompt
CALIBRATE 4 MA POINT [1] YES, [2]
NO.

(g) Choose [2] to exit and return to the
CALIBRATION screen, if you decide you
do not want to calibrate.

(h) Choose [1] to proceed with the
4 mA point calibration.

(i) When the reading has stabilized at
4 mA, press <ENTER> to accept the
calibration.

(j) Now apply the high span input (hand
pump/test gas, etc.) and use the range
screw to set the current to 20 mA.
The screen should show the high span
setting as the current value.

(k) If not, choose [4] to perform the
calibration of the 20 mA point.

(l) The control panel will prompt
CALIBRATE 20 MA POINT [1] YES, [2]
NO.

(m) Choose [2] to exit and return to the
CALIBRATION screen, if you decide you
do not want to calibrate.

(n) Choose [1] to proceed with the 20 mA
point calibration.

(o) When the reading has stabilized, press
<ENTER> to accept the calibration.

(p) The calibration of the input is now
complete.

Forcing the slide valve output is different
than a regular PID.  The [2] key does not
work and the ��and � panel marks are used
instead.  Pressing the � key causes the load
solenoid to come on, and pressing the � key
forces the unload solenoid to come on. The
solenoids remain energized for as long as its
key is held down.
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The slide valve is calibrated at 0% and
100% points, like a normal 4 to 20 mA
device.  The end-device motion is forced by
using prelube pump pressure and using the
��and � panel marks, or by applying
reduced air pressure to the hydraulic loop.
The output should be 0% at the 4 mA open
position and 100% at the 20 mA closed
position.

6.5 Thermocouple Calibration
(Type J or K)
DO NOT CALIBRATE unless an
accurate calibrator is available, or the
actual reading can be determined very
accurately (perhaps by setting the
thermocouple in ice water).  The input board
is likely more accurate than any manual
gauge or temperature gun.

(a) Complete Steps (a) to (g) of Section
6.3 above, until the CALIBRATION
screen (Figure 6–18) for the
thermocouple is displayed.
Please note that span settings are used
for range testing only on
thermocouples.

(b) Ensure span settings are correct.  If
not, complete Section 6.3.

Disch (1) Temp

     Current Value:       23.3 C
     [1] High Span:      200.0 C
     [2] Low Span:       -40.0 C
     [3] Calibrate

     [5] Force Input

Figure 6–18
Thermocouple Calibration Screen

(c) Connect a calibrator to the appropriate
thermocouple input channel and set the
calibrator for any temperature within

the span range of the thermocouple
input.
Alternatively determine the
temperature being read (as accurately
as possible).

(d) Choose [3] to perform the calibration.
(e) The control panel will prompt DO

TEMPERATURE CALIBRATION [1] YES,
[2] NO.

(f) Choose [2] to exit and return to the
CALIBRATION screen.

(g) Choose [1] to proceed with the
calibration.
The Temperature Entry Screen (Figure
6–19) will be displayed.

Disch (1) Temp

     Enter Current Temperature:
                 23.3

 [Enter] [Clear] [.] [Dn]Left [Up]Right

Figure 6–19
Temperature Entry Screen

(h) Enter the current calibrator
temperature, or the accurately read
temperature, into the control system,
using the numeric keypad and the
menu choices at the bottom of the
screen.

(i) The control panel will prompt THE
VALUE IS [1] POSITIVE, [2] NEGATIVE.

(j) Make the appropriate choice with the
numeric keypad.

(k) The input is now correctly calibrated
for the entire span of the thermocouple
input.
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7. SYSTEM CHECK
From the control system perspective, a large
part of performing a system check is
reviewing all settings and parameters, as
described in Section 6, and double checking
that they are set correctly.  The other part is
verifying that the actuation of end devices
will indeed trip the control system.  Go
through each of the following topics in
order.

7.1 Accessing Test Mode
(a) Press the <STATUS> button.
(b) The STATUS MENU Figure 7–1 will be

displayed.

Feb  3/99      Status Menu      10:15 AM

[1] Shutdowns:  2   [5] Analog Inputs
[2] Alarms:     0   [6] Discrete Inputs
[3] Faults:     0   [7] Analog Outputs
[4] Shutdown List   [8] Discrete Outputs

              [Enter] Exit

Figure 7–1
Status Menu Screen

(c) Choose [4], SHUTDOWN LIST, by
pressing the <4> key.

(d) The first of several Shutdown List
screens (Figure 7–2) will displayed.

Feb  4/99          All          10:08 PM

[1] High Disch (1) Temp          Healthy
[2] High Disch (1) Temp Alarm    Healthy
[3] High Disch (2) Temp          Healthy
[4] High Disch (2) Temp Alarm    Healthy

[Down] More                 [Enter] Exit

Figure 7–2
Typical Shutdown List Screen

The status of each shutdown and alarm
is displayed on the screen.

Use the ��and ��panel marks to move
through these screens, each displaying
four settings.

(e) Chose the shutdown/alarm you want to
test by pushing its number key.

(f) The appropriate Shutdown Screen
(Figure 7–3) will be displayed.

Num  Type  Class  Mode Wired  Delay  How
  1 Analog   A     HH    NC     5.0   CL
High Disch (1) Temp

Status:   Healthy      Value:   23.3C
Delay:      5.0    Set Point:  100.0C
Test:       734
       [1] Test  [2] Reset  [Menu]

Figure 7–3
Shutdown Screen

(g) Choose [1], TEST, to put the shutdown
into TEST mode.
Test is used to check shutdowns and
alarms while the compressor unit is
operating, without causing an actual
shutdown or alarm to register.

(h) The control panel will prompt GO INTO
TEST MODE? [1] YES, [2] NO.
Choose [1] to enter the Test mode or
[2] to exit and return to the Status
screen.
When the Test mode is entered, the
time remaining (seconds) before expiry
appears on line 7.
Test mode will stay active for 20 Min.
(1200 Sec.).  To exit the mode before
the time expires, choose [1] TEST
again.  The system will prompt
CANCEL TEST MODE? [1] YES, [2] NO.
Choose [1] to cancel and return to the
Status screen, or [2] to allow the mode
to continue for its remaining time.
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(i) If TEST mode is selected, for analog,
differential, or calculated shutdowns
and alarms, the control panel will
prompt FREEZE ANALOG INPUT? [1]
YES, [2] NO.
Choose [1] to freeze the input.  This
will use the value of the input at the
time the Test mode was entered for all
shutdown, alarm, and control functions
in the control logic.
Choose [2] to simply prevent the
specific shutdown or alarm from
occurring, but use the current value of
the input for all other control logic
functions, shutdowns or alarms.

NOTE: Exercise due caution as inputs
are effectively disabled for
shutdown and alarm while in
Test mode.
DO NOT LEAVE AN INPUT IN
TEST MODE ON AN
UNATTENDED UNIT.
The input will remain in Test mode
for preset test duration of 1200
seconds (20 minutes).  This timer
will reset whenever a new input
is put into Test mode.

 (j) From the Shutdown screen (Figure
7–3), choose [2] RESET to reset the
time (to 1200 seconds) for all inputs in
the Test mode.

(k) Press <MENU> to access
CONFIGURATION mode, which allows
you to change the shutdown or alarm
configuration.

7.1.1 Shutdown Check

(a) Push <STATUS>.

(b) Note if there are any shutdowns,
alarms or faults.

(c) Push [1], SHUTDOWN, [2], ALARM, or
[3], FAULT, to get details about a
listed occurrence.

(d) Clear the item by removing its cause,
where possible.

(e) Push [4], SHUTDOWN LIST.

(f) Use the���and ��panel marks to
scroll through each shutdown on the
list, one at a time, and trip each end
device by undoing wires on
temperature devices, tripping HLSD
switches and vibration switches, etc.,
to simulate a fault condition.

As you go through each device, press
the key number for that device,
which will bring up another screen
where you may view the setup of that
device.  Make sure the sensed setup
matches the setup entered in Section
6.  (To change any parameters,
follow the appropriate instructions in
Section 6.)

(g) Push <ENTER> once if no setting was
changed, twice if it was, and move to
the next shutdown.

(h) After all shutdowns have been done,
push <ENTER> once.

7.1.2 Analog Inputs Check

(a) Push <STATUS> and choose [5],
ANALOG INPUTS.

(b) Use the���and ��panel marks to scroll
through each input on the list, one at a
time.

These devices were calibrated in
Section 6.  All that should be done at
this point is to set a calibrator at some
midpoint value and ensure that the
reading shown on the system is correct.
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It would be possible to force a value on
any analog input through the software
to check its shutdown, but this is not
recommended as normal practice.

As you go through each device, press
the key number for that device, which
will bring up another screen where you
may view the setup of that device.
Make sure the sensed setup matches
the setup entered in Section 6.  (To
change any parameters, follow the
appropriate instructions in Section 6.)

(c) Push <ENTER> once after checking
each item, since no setting should have
been changed.  This will bring up the
menu analog inputs menu again.

(d) After all inputs have been checked,
push <ENTER> once.

7.1.3 Discrete Inputs Check

(a) Push <STATUS> and choose [6],
DISCRETE INPUTS.

(b) Use the���and ��panel marks to scroll
through each input on the list, one at a
time.

Trip each associate end devices in turn
to check their operation (some end
devices may have been previously
checked).

(c) Push <ENTER> once after checking
each input, since no setting should
have been changed.  This will bring up
the discrete inputs menu again.

(d) After all inputs have been checked,
push <ENTER> once.

7.1.4 Outputs Check

(e) Push <STATUS> and choose [7],
ANALOG OUTPUTS.

(f) Use the���and ��panel marks to scroll
through each output on the list, one at
a time.

Check that the readings of each output
appear normal.  For example, check
that the I/P output gauge reading is
close to the control system’s reading.

(g) Push <ENTER> once after checking
each output, since no setting should
have been changed.  This will bring up
the discrete inputs menu again.

(h) After all outputs have been checked,
push <ENTER> once.

(i) Push <STATUS> and choose [8],
DISCRETE OUTPUTS.

In similar fashion to the preceding,
visually check each discrete output.
These will be tested under the PID
Control Check and Discrete Outputs
Test following.

7.1.5 PID Control Check and
Discrete Outputs Test

Refer to the RC2000 Operating Manual for
details of PID operation.
(a) Push the <CONTROL> key.

This key gives access to the PID
control functions and settings for
speed, slide valve, bypass, suction, and
louver controls (as applicable).  It also
allows access to the Master PID
control and the discrete outputs.
Each item can be set to AUTO or
MANUAL by toggling with the <3> key.

(b) Set each of these control loops to
MANUAL for the test run, but return to
AUTO when checking the auto start,
later in the procedures.
(For each item you can choose [2] to
set the desired output.)
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(c) Set the setpoints for the louvers and
Suction control (as applicable) by
choosing [1] for each item, and
entering the desired setpoint.

(d) After each item is set, push <ENTER>
once.

(e) Choose [6], MASTER PID.
(f) The setpoints for the Bypass, Slide

Valve and Speed control (as
applicable) are determined from the
chosen setpoints for suction, discharge,
manifold pressure, motor current, etc.,
done by choosing [8] for each item and
entering its setpoint.

(g) After each item is set and turned to
MANUAL, push <ENTER> once.

(h) Push <ENTER> twice to get back to the
CONTROL MENU.

NOTE: There are numerous other
settings available for all PID
items by choosing <Menu> when
the item is selected.  These are
factory preset and should not
normally need changing.

(i) Choose [4], DISCRETE OUTPUTS.
(j) Choose each output in turn (an arrow

appears beside the one selected).

(k) Toggle each output device, except
where potentially harmful; for
example, active electric motor starts or
active engine start gas (unless engine
valve is hand closed), and check to see
that the correct solenoids are being
energized.

(l) The [.] will toggle the output
momentarily until released, then it
resets.  The [0] toggles it without
resetting when released (however the
computer control will turn it back as
required).

Use the���and ��panel marks to scroll
through the groups of eight outputs.

(m) When finished, press <ENTER> twice
to return to RUN MODE.

7.1.6 Starting and Testing

The following is typical for an engine-driven
reciprocating compressor.  Refer to the
RC2000 Operating Manual for details on
compressor starting and operation.

(a) Close all bypass valves and open the
blowdown valve to purge system as
required.

(b) Open all bypass valves and close the
blowdown valve at the end of the
purge cycle.

(c) Pressurize the unit to a safe level for
starting.

(d) Press <RESET>.
(e) If all shutdowns, alarms, and faults are

cleared the control panel will say OK
TO START.

(f) Ensure speed, bypass and suction are
in Manual (see PID Control Check
above).

(g) Press <ENTER> then press <START>.
(h) Choose [2], Manual Crank.
(i) Screen should say PRELUBING.
(j) When screen says PUSH START BUTTON

TO CRANK, push/hold <START> (it now
works like a starter button).

(k) When engine starts, check all oil
pressures.  If normal continue, if not
press <STOP>.

(l) Warm up the engine and load the
compressor.

(m) After run test, cool down the unit and
shut it down.

(n) Turn all PID controls to AUTO.
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(o) Refer to the RC2000 Operating
Manual and do an Auto Start, making
sure sequencing is correct.

(p) Do an Auto Stop, checking for proper
seqencing.

(q) Check that the History Menu is
updating.

(r) Reset all start pressures for the field.
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8. SYSTEM SPECIFICATIONS

8.1 Computer Module Hardware
Specification

Summary
• 20 MHz, 68000 CPU
• 512 Kb ROM
• 1 Mb RAM with lithium battery

backup (smart socket with clock)
• two RS232 serial ports (connection to

laptops, modems, satellites, etc.)
• one 485 serial port (I/O board

communication and CPU 95 ignition)
optically isolated

• one 485/422 serial port (SCADA
connection) optically isolated

• 14.4 K or 33.6 K modem
• power supply – 24 Vdc input

(internally converted using a DC/DC
convertor)

• 8-line by 40 character screen
• multiple-button keyboard (see Page 2)
• wall-mount NEMA4 cabinet with

hinged door (approximately 8.5 in
wide by 11.5 in high by 3.0 in. deep)

• two cable connectors at the bottom of
the cabinet
(a) main connector (19 Pins – see

below)
(b) RS232 connector (9 Pin – see

below)

Main Connector
(25 pin “D” Connector)

• Pin usage:
24 Vdc 2
RS485 2
RS422/485 4
RS232 8
Phone line 2
Earth ground    1
Total Pins 19

RS232 Connector
(Standard 9 Pin “D” Connector)

9 pins using original Exacta specification

Notes
• 15 W (whole) system
• stable to 70�C
• no power switch or reset button.
• Area Classification to meet Class I,

Div II, Group D
• solenoids will not work properly below

22 Vdc

8.2 Input Module Hardware
Specification

Summary
• 20 MHz, 68000 CPU
• 512 Kb ROM
• 256 Kb/1 Mb RAM
• lithium battery backup (clock not

required)
• two analog to digital (ADC)

converters, one for 4 to 20 mA inputs
and one for thermocouple inputs
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• eight, 4 to 20 ma inputs (transmitter)
(a) 100 ohm, 0.05% resistors to

convert to voltage (wire wound)
(b) each channel separately current

limited to 40 mA
(c) short circuit detection
(d) desired accuracy 0.1%
(e) this ADC includes the 24 Vdc

power detection
• 16 thermocouple inputs (type J or K)

(a) cold junction compensation
(b) pull up and pull down resistors

on each channel
(c) differential switches on each

channel
• 12 discrete inputs

(a) standard optically isolated inputs
(b) zener diode with two resistors

(no LED) (wire wound resistors)
• one rpm input
• one, RS485 serial port (optically

isolated)
• four quick connects (thermocouples,

other inputs, power and
communications)

• power supply, 24 Vdc only using
DC/DC convertor for other voltages

• sheet metal NEMA4 mounting cabinet

Thermocouple Connector
(DB37 Connector)
• 33 pin connector, 32 for thermocouples

and one for earth ground

General Inputs Connector
(Analog/Discrete)
(Two DB25 Connectors)
• Pin usage:

4 to 20 mA inputs 16 pins
Discrete inputs 24 pins
RPM input 2 pins
Earth ground 1 pin

Communications and Power Connectors
(Two DB9 connectors)
• Both connectors are the same with the

pins tied together.
• Pin usage:

Power 2 pins
RS485 2 pins
Earth ground 1 pin

Notes

See Section 8.1

8.3 Output Module Hardware
Specification

Summary
• AVR™  CPU
• six analog outputs, 4 to 20 mA
• 20 discrete outputs

(a) 19 wet outputs (one side tied to
24 Vdc)

(b) fused
(c) diode for spike protect when

turning off an inductive load
(d) one output set up to pull to zero

volts
(e) LEDs
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• four discrete inputs
(a) standard optically isolated inputs
(b) zener diode with two resistors

(no LED) (wire wound resistors)
• one, RS485 serial port (optically

isolated)
• two quick connects for

communications and power to the
computer and other boards

• terminals for I/O connection, see
below

• no cabinet provided (will be mounted
in standard auxiliary cabinet)

Main Connector
(Dual row Phoenix Connectors)

Outputs 40
Inputs 8
Analog outputs 12
Phone line 2
24 Vdc power 2
24 Vdc for Ign 4
RS485 for Ign 2
RS422/485 4
RS232 8
Power down 2
Earth ground             1
Total 85

Computer Module Connector
(25 pin “D” Connector)

This is the other end of the main connector
shown for computer module.

RS485 and 24 Vdc Power Connector
(Standard 9 pin “D” Connector)

This is the standard interconnect for
connecting to the other multi-drop boards.

Notes

See Section 8.2.
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9. TROUBLESHOOTING
9.1 Troubleshooting Tips

See Table 9–1 for a list of troubleshooting
tips for the control system.

Table 9–1

Problem Possible Cause Possible Solutions

Magnetic pickup broken
Set meter to Vac and check voltage while
cranking.  Should see around 6 Vac. Check
pickup for damage or metal filings.

Broken cable or loose termination Check cable for continuity.  Check cable
terminations.

RPM setup not correct
Ensure pulses per revolution are set up correctly.

Ensure there is 24 Vdc at transmitter.

Ensure transmitter is connected correctly to input
channel.

Gas detection reads over
range Signal from transmitter reversed Check conductor terminations at both ends.

Gas detection reads
incorrectly Transmitter needs calibration Calibrate gas detector.

Temperature reads over
range

Open thermocouple or conductors
(open circuit)

Check termocouple with calibrator.  Check
conductor terminations, both ends.

Temperature decreases as
heat is applied (reversed) Wiring reversed Correct connections.

Loose connections or bad ground Check and tighten all terminals.  Check all cables
for proper grounding (shield at one end only).

Thermocouple wire not used
throughout the connection, or wrong
type

Replace improper wire with correct type of
thermocouple wire.

Bad thermocouple Replace thermocouple.

Segment of thermocouple wire
reversed Replace wiring.

Open connection Check connections and conductors for open
circuit.

Needs calibrating Check calibration.  Calibrate using hand pumps.
See Section 6 of this manual.

Gas detection reading
negative 24% or out of

range

Signal from transmitter less than
4 mA

RPM not reading

Temperature readings are
erratic

RC2000 Troubleshooting Tips

Pressure reading negative

These tips are for commonly experienced control-related faults.  It should help to quickly isolate common  occurences. It does not include
compressor unit malfunctions, nor should it be construed as a complete guide to troubleshooting.  (Please contact BTB Compressors if you

discover something which should be added to this list.)
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Problem Possible Cause Possible Solutions
Wires shorted (causes pegged-high 
reading) Check wiring.

Needs calibrating Check calibration.  Calibrate using hand pumps.  
See Section 6 of this manual.

Discrete input(s) read fault 
all the time Open connection or defective device Check device, wiring and terminations.

Discrete input(s) read 
healthy all the time

Conductor grounded or defective 
device Check device, wiring and terminations.

Computer displaying blank screen Push <Enter/Exit> button.

No power, blown fuse, loose 
connection Check 24 Vdc supply, fuses and wiring.

Gas or fire-detection shut down These shutdowns cut power to panel.  Check 
detectors for gas and fire.

Screen contrast Check and adjust.

Date and time are wrong Wrong settings
Set date and time using <Menu> button, choosing 
[1] Program Mode (password required), choosing 
[1] Set Up Menu, then choosing [1] Set Clock.

Single output not working Fuse blown, open wire, or loose 
connection

Check the fuse on the 12 x 12 I/O board.  Check 
wiring.

Multiple outputs not 
working

Fuse blown, open wire, or loose 
connection

Check 24 Vdc main fuse in panel.  Check wiring 
from fuse to 12 x 12 I/O board.  Check the 0 Vdc 
common that runs to each output end device.

Engine speed did not reach 20 rpm Check rpm reading while cranking.  See "RPM 
Not Reading" in these tips if no rpm is present.

Output not working See "Single Output Not Working" in these tips.

Manual crank selected on start Push <Stop>, then <Start> and choose [1] Auto 
Crank.

Output not working See "Single Output Not Working" in these tips.

Engine speed did not reach 20 rpm Check rpm reading while cranking.  See "RPM 
Not Reading" in these tips if no rpm is present.

Output not working See "Single Output Not Working" in these tips.

Table 12–1 Continued
RC2000 Troubleshooting Tips

Fuel gas solenoid not 
coming on

Ignition not turning on

No crank signal

Pressure reading too high

Computer screen is blank



RC2000 Installation and Maintenance Manual

Troubleshooting

BTB 960-2 Rev 01  11/99 Section 9, Page 3 of  5
Copyright BTB Compressors

Problem Possible Cause Possible Solutions
Solenoid valve not 

responding
Output in manual, fuse or wiring 
faulty See "Single Output Not Working" in these tips.

Unit cranks but does not 
start No rpm detection See "RPM Not Reading" in these tips if no rpm is 

present.

Shutdowns not cleared Push <Status> button to determine causes and 
check out one at a time.

Shutdown not correctly set up See System Configuration and Calibration, 
Section 7, in this manual.

Defective discrete input See "Discrete Input(s) Reads…" in these tips.

Bypass valve in manual Push <Control> and select [2] Bypass Control 
then [3] Auto/Manual to toggle to Auto.

Master PID control in manual Push <Control> and select [6] Master PID Control 
then [3] Auto/Manual to toggle to Auto.

Speed control is in manual Push <Control> and select [1] Speed Control then 
[3] Auto/Manual to toggle to Auto.

Master PID control in manual Push <Control> and select [6] Master PID Control 
then [3] Auto/Manual to toggle to Auto.

Electric drive won't start Motor start output on pulse when 
should be continuous Push <Control> and select appropriate setting.

Bypass valve not opening 
on high discharge or low 

suction

Speed not slowing on high 
discharge or low suction

Cannot clear Class 
shutdowns

Table 12–1 Continued
RC2000 Troubleshooting Tips

9.2 Diagnostic Messages
There are only six diagnostic (error)
messages/shutdowns associated with the
control system itself.

One set of four shutdowns is associated with
a communications fault between the control
computer module and any of the input
modules, or with the output module.

These indicate a fault in the connecting
cables or in the modules themselves.  Power
down the system and power it back up again
and check for proper operation.  If the fault
repeats itself, replace the module with the
fault.

 If this does not fix the problem, then either
the cabling is faulty, or the computer module
itself is faulty.  Call Pamco for service.

The other two control system diagnostics
are, an alarm if the supply voltage drops to
23 Vdc, usually indicating a charging fault
to the battery supply or weak batteries, and a
shutdown if the supply voltage drops below
22 Vdc, indicating a severe loss of charging
or a failed power connection.

The remaining alarms and shutdowns are all
associated with the compressor unit’s
normal alarm and shutdown messages.
These are not described here, as they are
unit-related rather than control-related.
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However, a note about range faults is in
order:

“Range faults usually will indicate wiring
connection problems (open or short) or a
problem with the end device.  Transmitters
should be checked using the calibration
techniques shown in Section 6.
Thermocouples should be checked by
replacing the thermocouple and then
checking the operation.  Thermocouples that
shut the unit down on a range check should

be replaced, even if they read OK while the
unit is shut down.”

9.3 Fuses and LED Indications
See Figures 9–1 to 9–3 for annotated digital
pictures of the system boards.  These figures
show all internal fuses and give descriptions
of the LED indications on the boards.

 

Figure 9–1
Input Modules
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Figure 9–2
Output Module

Figure 9–3
Control Panel
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This document contains confidential trade information that is proprietary Enerflex Systems Ltd.
Enerflex Systems Ltd. is providing the document in strict confidence and for the private use of the
receiver.  By reception and retention of the document, the receiver agrees to use it in confidence
and not to copy or reproduce the document in whole or in part without the prior expressed written
consent of Enerflex Systems Ltd.

WARNING!  The information contained in this Document is the most current at the
time of publication.  It is provided as a guideline to assist Owners, Operators and
Service Personnel with operating Enerflex units.  Enerflex does not take
responsibility for the use of its contents.

CAUTION!  Compressing combustible or toxic gas can be very hazardous.
Take all reasonable precautions to protect personnel and property.
The owner and operator are responsible for site and compressor-unit safety
systems, and must ensure safety procedures are in place and followed.  Only trained
personnel should enter, operate, or maintain the compressor unit and its associated
equipment.
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ABOUT THE RC2000
This modern microprocessor (computer)
control system provides safe, accurate and
reliable control of Enerflex compressor
units.

Featuring an easy-to-use operator’s panel (or
remote actuation), the RC2000 control
system includes automatic startup
sequencing and three levels of stop
sequencing.

Using built-in PID control, it provides
automatic control of unit variables.

It has built-in historical and trend recording,
and is capable of remote communication by
land line, cellular telephone, or satellite.

ABOUT THIS MANUAL
Intent
This manual assists personnel operating
Enerflex compressor units equipped with the
RC2000 control system.  It should be used in
conjunction with the Unit Operating Manual
supplied with each unit and with its
companion RC2000 Installation and
Maintenance Manual.  Other important
information the operator needs includes:

� Unit Order
� Unit Component Data
� Instrument Index
� Performance Curve(s)
� compressor Data Sheet(s)
� Compressor Operator’s Manual
� Engine Operation and Maintenance

Manual

This manual is written for compressor units
with all available options.  It is likely that
some features are not available on a
particular unit, depending on installed
options.

This manual is specific to engine-driven
reciprocating compressors and applies to
units with either the RC2000 and RC2000L
control systems

Writing Customs
At the front of the manual, you will find a
table of contents and a list of the figures.
They make it easy for you to locate
information quickly.

Control panel key selections are shown
inside marks like this:

press <START>.

Operator panel action or commands to the
panel, and operating modes, are shown in
small capital letters in a type style similar to
the menu displayed:

choose PROGRAM.

If another document or a form is mentioned
in the text, it is in Italics (slanted type):

Unit Operating Manual.

Updates
This manual contains the most updated
information available at the time of
publication.

If you require updated information, or wish
to suggest changes or improvements, please
contact Customer Support at (403) 236-
6800.
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2. CONTROL PANEL
OPERATION

2.1 Overview
Figure 2–1 shows the control panel layout.
It has a display screen at the top, with
various pushbuttons beneath it, which are
used to perform many different functions.

The actions of the various buttons, the
screen displays available, and the operating
adjustments that can be made from the panel
are explained in this section.

Figure 2–1
Control Panel

The display screen at the top of the panel is
an alphanumeric liquid crystal module.  It
can display 40 characters on a line and up to
8 lines at a time.  It provides an interface for
the computer and operator to communicate
with each other.  It is internally lit, and
controls are available to vary its contrast
(described in Section 2.14.3).

2.2 Initial Screen
During normal operation when the computer
is first turned on, the main RUN-MODE screen
will be displayed.  Refer to Section 2.5
below.

2.3 Navigating Between Screens
Since it is often not possible to display all
the information on one screen, several
screens are needed for each control function

Use the ��and � panel marks, and the
<ENTER> button to navigate between the
screens.  � cycles to the next screen; � to
the previous screen.  Pushing <ENTER>
brings you up a level or back to the main
screen.

Numbers in [  ] are choices which can be
made by entering the number with the
keypad (see Figure 2–7).

Numbers followed by a : (not in brackets),
are just for reference and cannot be chosen.

2.4 Password Access
System access to specific functions and
menu selections is password protected.

Three levels of password are available:

Level 3 permits viewing only.

Level 2 permits changing basic
setpoints commonly adjusted
in the field.

Level 1 allows full access to
setpoints, calibrations,
programming, etc.

The Level 1 password allows access to set
up Level 2 and Level 3 passwords.
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Passwords are set under the PROGRAM mode.
When the PROGRAM mode is entered, a
screen will come up asking for a password
and serial number to proceed.  Enter your
password (must be Level 1) to access
PROGRAM mode.  If you want to
change/setup passwords, follow the screen
prompts.

With a new system, the serial number can be
transmitted to EFX/BTB Compressors to
obtain a 1-time only main password (if not
already received).  This allows initial Level
1 access to be established.

2.5 Run-Mode Screens
There is a single main RUN-MODE screen and
several auxiliary RUN-MODE screens
available (Figures 2–2 to 2–6).  These
screens permit monitoring the condition of
the compressor unit.

The first line shows the current date, the
screen’s title, and the current time.  The
second line shows any important messages.
The remaining lines display the most often
viewed operating variables for the
compressor unit.

Oct 7/98       Run Mode        11:00 AM

Suction  Disch(1)   Disch(2)        RPM
    0kpa     0kpa     0kpa     0kpa   0
Shutdowns:  0
Alarms:     0  Volts   Manifold    Hour
Faults:     1  23.5v   -0.1inHg       0

Figure 2–2
Typical Main Run-Mode Screen

May 12/96       Run Mode        11:00 AM

Process Temps  Cylinder Temps   Packing
Suct 1:  80C  Disch (1): 200C  (1): 200C
Suct 2:  80C  Disch (2): 200C  (2): 200C
Suct 3:  80C  Disch (3): 200C  (3): 200C
Final:   60C  Disch (4): 200C  (4): 200C

Figure 2–3
Typical Auxiliary Run-Mode Screen

(Process and Compressor Temperatures)

May 12/96       Run Mode        11:00 AM

     Pressures          Miscellaneous
Eng Oil:     0.0kpa  Eng Vibr:  0.00mm/s
Comp Oil:    0.0kpa  Comp Vibr: 0.00mm/s
Fuel/In Gas: 0.0kpa  Gas LEL:   0.0%
S Filt Diff: 0.0kpa  H2S:       0.0ppm

Figure 2–4
Typical Auxiliary Run-Mode Screen

(Auxiliary Pressures and Miscellaneous)

May 12/96       Run Mode        11:00 AM

              Temperatures
Eng Oil:       200C  Comp Oil:      200C
Eng JW In:     200C  Outside Air:    60C
Eng JW Out:    200C  Enclosure Air:  60C
Eng Manif Air: 200C
Eng Exhaust:   200C

Figure 2–5
Typical Auxiliary Run-Mode Screen

(Auxiliary Temperatures)

May 12/96       Run Mode        11:00 AM

              Differentials

      Diff Stg 1 Press:       0kpa
      Diff Stg 2 Press:       0kpa
      Diff Stg 3 Press:       0kpa

Figure 2–6
Typical Auxiliary Run-Mode Screen

(Differential Pressures)
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NOTE The remainder of this section is
arranged by keypad function.

The screens and functions for
each key are explained in detail.

2.6 Status Key
The <STATUS> key is used to permit the
operator to view the status (condition) of
shutdowns, alarms, faults, inputs, and
outputs.  It allows viewing and making
changes to certain parameters.

(a) Press the <STATUS> key.
(b) The STATUS MENU screen (Figure 2–7)

will be displayed.

Jul 29/98      Status Menu      11:00 AM

[1] Shutdowns:  1   [5] Analog Inputs
[2] Alarms:     1   [6] Discrete Inputs
[3] Faults:     0   [7] Analog Outputs
[4] Shutdown List   [8] Discrete Outputs

              [Enter] Exit

Figure 2–7
Status Menu Screen

(c) Press a number on the keypad, to
choose a menu item (see 2.6.1 to
2.6.8).

(d) Press <ENTER > to return to the MAIN
RUN-MODE screen.

2.6.1 Shutdowns

(a) From the STATUS MENU screen (Figure
2–7) choose [1].

(b) The SHUTDOWNS screen (Figure 2–8)
will be displayed.
Up to four active shutdowns will show
on the screen, in order of most recent
occurrence first, sorted by module and
channel number.

Shutdowns will show on the screen
until they are reset.

Jul 29/98       Shutdowns       11:00 AM

[1] High Disch Stg 3 Press       Fault
[2] Low Comp Oil Press           Fault
[3] High Comp Vibration          Fault
[4] Low Comp Oil Level           Fault

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–8
Typical Shutdowns Screen

(c) View the next four shutdowns by
scrolling to the next screen with the �
or going back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

(e) To view details of a particular
shutdown or change its settings,
choose a shutdown by entering its
number with the keypad.

(f) The CONFIGURATION screen (Figure
2–9) will be displayed.
Refer to Section 2.6.9 for information
on configuring shutdowns.

Num  Type  Class Mode Wired  Delay  How
51  Analog  A    HH    NC     2.0  ESD
High Gas LEL (40%)

Status:   Healthy         Value:   0.0%
Delay:      2.0     Set Point:    40.0%

           [1] Test  [Menu]

Figure 2–9
Typical Configuration Screen

2.6.2 Alarms

(a) From the STATUS MENU screen (Figure
2–7) choose [2].
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(b) The ALARMS screen (Figure 2–10) will
be displayed.
Up to four active alarms will show on
the screen, in order of most recent
occurrence first.
Alarms will show on the screen until
they are reset.

Jul 29/98        Alarms         11:00 AM

[1] High Comp Oil In Temp Alarm  Fault
[2] High Disch Stg 1 Press Alar  Fault
[3] High Disch Stg 3 Press Alar  Fault
[4] Low Comp Oil Press Alarm     Fault

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–10
Typical Alarms Screen

(c) View the next four alarms by scrolling
to the next screen with the � or going
back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

(e) To view details of a particular alarm or
change its settings, choose an alarm by
entering its number with the keypad.

(e) The CONFIGURATION screen (Figure
2–9) will be displayed.
Refer to Section 2.6.9 for information
on configuring alarms.

2.6.3 Diagnostic Faults

(a) From the STATUS MENU screen (Figure
2–7) choose [3].

(b) The DIAGNOSTIC FAULTS screen (Figure
2–11) will be displayed.
Up to four active faults will show on
the screen, in order of most recent
occurrence first.
Diagnostic faults will show on the
screen until they are reset.

Jul 29/98        Faults         11:00 AM

[1] Comp Oil Press Out Of Range  Fault
[2] Comp Vibration Out Of Range  Fault
[3] Eng JW Inlet Temp Out Of Ra  Fault
[4] Eng JW Outlet Temp Out Of R  Fault

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–11
Typical Diagnostic Faults Screen

(c) View the next four faults by scrolling
to the next screen with the � or going
back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

(e) To view details of a particular fault or
change its settings, choose a fault by
entering its number with the keypad.

(f) The CONFIGURATION screen (Figure
2–9) will be displayed.
Refer to Section 2.6.9 for information
on configuring faults.

2.6.4 Shutdown List

(a) From the STATUS MENU screen (Figure
2–8) choose [4] to display all
configured shutdowns and alarms.

(b) The SHUTDOWN LIST screen (Figure
2–12) will be displayed.
Up to four available shutdowns and
alarms will show on the screen.

Jul 29/98          All          11:00 AM

[1] High Disch (3) Temp          Fault
[2] High Disch (3) Temp Alarm    Fault
[3] High Disch (4) Temp          Fault
[4] High Disch (4) Temp Alarm    Fault

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–12
Typical Shutdown List Screen
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(c) View the next four items by scrolling
to the next screen with the � or going
back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

(e) To view details of a particular
shutdown or change its settings,
choose a fault by entering its number
with the keypad.

(g) The CONFIGURATION screen (Figure
2–9) will be displayed.
Refer to Section 2.6.9 for information
on configuring shutdowns.

2.6.5 Analog Inputs

(a) From the STATUS MENU screen (Figure
2–7) choose [5].

(b) The ANALOG INPUTS screen (Figure
2–13) will be displayed.
Up to four inputs will show on the
screen.  The current operating value is
also displayed.

Jul 29/98     Analog Inputs     11:00 AM

[1] Comp Oil Press              0.0kpa
[2] Comp Vibration             0.00mm/s
[3] Engine RPM                    0RPM
[4] Eng JW Inlet Temp         200.0C

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–13
Typical Analog Inputs Screen

(c) View the next four inputs by scrolling
to the next screen with the � or going
back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

(e) To view calibration information for, or
to force or calibrate a particular analog
input, choose the appropriate number
by entering it with the keypad.  One of
two calibration screens will appear as
shown in Figures 2–14 or 2–15.

            Disch  (1)  Temp

     Current Value:       23.3 C
     [1] High Span:      200.0 C
     [2] Low Span:       -40.0 C
     [3] Calibrate

     [5] Force Input

Figure 2–14
Typical Thermocouple Calibration Screen

            Comp Oil Press

     Current Value:       500.0 kpa
     [1] High Span:       700.0 kpa
     [2] Low Span:          0.0 kpa
     [3] Calibrate  4 ma Point
     [4] Calibrate 20 ma Point
     [5] Force Input

Figure 2–15
Typical 4 to 20 mA Calibration Screen

NOTE: These screens allow the user to
force input values.  Exercise due
caution as inputs are effectively
disabled for shutdown and alarm
when in a forced state.
DO NOT LEAVE AN INPUT IN
A FORCED STATE ON AN
UNATTENDED UNIT.
If an input is forced, it is identified
by “unfreeze” when selected again.
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Thermocouple Inputs

Thermocouple inputs have a high span
(highest valid temperature reading) and a
low span (lowest valid temperature reading).
If the temperature goes outside the span
range, a fault will register.

To calibrate a thermocouple input, refer to
the RC2000 Installation and Maintenance
Manual.

To freeze (or unfreeze) an input or to force a
fixed value to be read for that input, choose
[5] at the screen shown in Figure 2–14.
Upon exiting the CALIBRATION screen, you
will be prompted to confirm or remove the
force on the input.

4 to 20 mA inputs

4 to 20 mA inputs have a high span (highest
valid reading) and a low span (lowest valid
reading).  If the reading goes outside the
span range, a fault will register.

To calibrate a 4 to 20 mA input, refer to the
RC2000 Installation and Maintenance
Manual.

To freeze (or unfreeze) an input or to force a
fixed value to be read for that input, choose
[5] at the screen shown in Fig. 2-15.

Upon exiting the CALIBRATION screen, you
will be prompted to confirm or remove the
force on the input.

2.6.6 Discrete Inputs

(a) From the STATUS MENU screen (Figure
2–7) choose [6].

(b) The DISCRETE INPUTS screen (Figure
2–16) will be displayed.
Up to four inputs will show on the
screen.  The status of each discrete
input circuit is displayed as CLOSED or
OPEN circuit.

Jul 29/98    Discrete Inputs    11:00 AM

Purge Diff Press (3)              Open
Purge Diff Press (4)              Open
Eng JW Level                      Open
Eng Oil Level                     Open

[Down] More  [Up] Previous  [Enter] Exit

Figure 2–16
Typical Discrete Inputs Screen

(c) View the next four inputs by scrolling
to the next screen with the � or going
back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

2.6.7 Analog Outputs

(a) From the STATUS MENU screen (Figure
2–7) choose [7].

(b) The ANALOG OUTPUTS screen (Figure
2–17) will be displayed.
Up to four outputs will show on the
screen. The current output value (%) is
also displayed.

Jul 29/98    Analog Outputs     11:00 AM

Governor Control                      0%
Bypass Control                        0%
Suction Control Valve                 0%
IC Louver Control                     0%

[Down] More                 [Enter] Exit

Figure 2–17
Typical Analog Outputs Screen

(c) View the next four outputs by scrolling
to the next screen with the � or going
back with the �.
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(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

2.6.8 Discrete Outputs

(a) From the STATUS MENU screen (Figure
2–7) choose [8].

(b) The DISCRETE OUTPUTS screen (Figure
2–18) will be displayed.
Up to eight outputs will show on the
screen.  The status of each is displayed
as either On or OFF (energized/de-
energized)

Jul 29/98   Discrete Outputs    11:00 AM

Start Gas Valv  Off Bypass Start V  Off
Fuel Gas Valve  Off BC Drain        Off
Prelube Pump    Off BC Fill         Off
Blowdown Valve  Off BC Balance      Off

[Down] More                 [Enter] Exit

Figure 2–18
Typical Discrete Outputs Screen

(c) View the next eight outputs by
scrolling to the next screen with the �
or going back with the �.

(d) Press <ENTER> to exit and return to the
STATUS MENU screen.

2.6.9 Fault, Shutdown and Alarm
Configuration Screens

(a) From the SHUTDOWN, ALARM,
DIAGNOSTIC FAULTS, or SHUTDOWN
LIST screens (Figures 2–8, 2–9, 2–10,
or 2–13) choose a particular item.

(b) The CONFIGURATION screen (Figure
2–9) will be displayed.

Num  Type  Class Mode Wired  Delay Chann
  1 Analog   A    HH    NC     5.0  2101
High Disch (1) Temp

Status:   Fault         Value:    200.0
Delay:      0.0     Set Point:    100.0

            [1] Test  [Menu]

Figure 2–9
Typical Configuration Screen

NOTE: These screens allow the user to
force input values.  Exercise due
caution as inputs are effectively
disabled for shutdown and alarm
when in a forced or test state.
DO NOT LEAVE AN INPUT IN
A FORCED OR TEST STATE
ON AN UNATTENDED UNIT.
If an input is forced, it is identified
by “unfreeze” when selected again.

The first and second lines of this screen
convey the following configuration
information about the chosen fault, alarm or
shutdown:

Num The reference number of the fault,
alarm or shutdown in the list.

Type The type of fault, alarm or
shutdown:
Discrete derived from a

discrete input device
Analog derived from an

analog input device
Differential derived from the

difference between
two analog input
devices

Calculated calculated from one or
more analog input
devices.
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Class The shutdown or alarm class.  For
Class B, C and E, the class timer
value is displayed.  For a list of
shutdowns, refer to your
Instrument Index (ensure it’s
updated if changes are made).  A
sample of a typical Instrument
Index is included as Appendix A.
There are five shutdown classes:

Class A Enabled at all times; for
example, low engine
jacket water level.

Class B Enabled after the bypass
timer times out following
a start sequence; for
example, engine oil
pressure, which takes a
certain amount of time to
build up.

Class C Enabled after the input
point is initially satisfied
following a start
sequence.  There is only
one Class C shutdown,
the suction pressure.  It
must increase above its
shutdown setpoint before
it is monitored.

Class D Must be healthy to start.
Bypassed after start and
during normal running.

Class E Must be satisfied to start,
but is bypassed for a
timed period after start.

Mode The mode of the fault, alarm or
shutdown (see your Instrument
Index):
HH high high shutdown
LL low low shutdown
H high alarm
L low alarm

Wired For discrete inputs only, the wiring
of the input end device is
programmed into the system:
NO normal operating state is an

open circuit; a shutdown or
alarm occurs when the
circuit closes.

NC normal operating state is a
closed circuit; a shutdown
or alarm occurs when the
circuit opens.

Delay The (filter/debounce) time required
for an input device to be in
shutdown or alarm condition
before the system considers it as an
alarm or shutdown.  This is used to
reduce the frequency of “false”
alarms and shutdowns (sometimes
called “debounce timer”).

SD The type of shutdown (ESD, SD,
Method or CL).

The third line of these screens shows the
name of the fault, alarm or shutdown.

The fifth and sixth lines (4 is blank) display
current information about the fault, alarm or
shutdown:

Status The status of the shutdown or
alarm.  This is either HEALTHY or
FAULT, and once an alarm or
shutdown occurs, it will remain in
FAULT until it is reset.
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Value For analog, differential and
calculated shutdowns and alarms
only, the current value of the
monitored shutdown or alarm
variable (not shown for discretes).

Delay The current delay time remaining
before a shutdown or alarm occurs
after the shutdown or alarm
condition is first detected (counts
down to 0.0 before the shutdown
or alarm occurs).

Setpoint For analog, differential and
calculated alarms and shutdowns
only, the setpoint at which an
alarm or shutdown occurs (not
shown for discretes).

Configuring Faults, Shutdowns, Alarms

Use the menu choices at the bottom of the
screens to adjust the fault, alarm or
shutdown.  The following procedure should
be used for this process.  Note that changes
to pre-configured alarms/shutdowns must be
made with due consideration to safety and
equipment protection.

(a) Choose [1] TEST to place the selected
shutdown or alarm in the TEST mode.
TEST is used to check shutdowns and
alarms while the compressor unit is
operating, without causing the unit to
shut down.
The control panel will prompt GO INTO
TEST MODE? [1] YES, [2] NO.
Choose [1] to enter the TEST mode or
[2] to exit and return to the appropriate
CONFIGURATION screen.
When the TEST mode is entered, the
time remaining (seconds) before expiry
appears on line 7.
Test mode will stay active for 20 Min.
(1200 Sec.).  To exit the mode before

the time expires, choose [2] TEST.  The
system will prompt CANCEL TEST
MODE? [1] YES, [2] NO.  Choose [1] to
cancel and return to the
CONFIGURATION screen, or [2] to allow
the mode to continue for its remaining
time.
Choose [3] RESET to reset the time for
the Test mode.
Assuming YES is selected, for analog,
differential or calculated shutdowns
and alarms, the control panel will
prompt FREEZE ANALOG INPUT [1] YES,
[2] NO.
Choose [1] to freeze the input.  This
will use the value of the input at the
time the TEST mode was entered for all
shutdown, alarm, and control functions
in the control logic.  This feature is
useful for calibration purposes.
Choose [2] to simply prevent the
specific shutdown or alarm from
occurring, but use the current value of
the input for all other control logic
functions, shutdowns or alarms.

(b) Press <Menu> to change the shutdown
or alarm configuration.  The
CONFIGURATION SETUP screen (Figure
2–19) will be displayed.  (An
appropriate password is required to
access this screen.)
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Num  Type  Class Mode Wired  Delay   How
  1 Analog   A    HH    NC     5.0    CL
High Disch (1) Temp
Set Point:     100.0

[1] Mode [2] Class  [5] Set Point
[3] Class Timer     [6] Delay Timer
[4] Shutdown Method [7] Wired N/O N/C

Figure 2–19
Typical Configuration Setup Screen

When any of the following selections
are made, a blinking cursor prompts
the user to change the setting.  Use the
menu items at the bottom of the screen
(from the keypad) and the keypad
numbers, to enter the appropriate
changes.  The available menu choices
are:
[ENTER] accept the displayed setpoint
[CLEAR] erase the displayed setpoint
[.] decimal point
[DOWN] move left
[UP] move right

(c) Choose [1] MODE to change the mode
of the shutdown or alarm.
Select one of four modes by pressing
the appropriate number on the keypad.

(d) Choose [2] CLASS to change the
shutdown or alarm class.
Select one of five classes by pressing
the appropriate number on the keypad.
Choosing NOT IN USE from the list
displayed will disable the shutdown or
alarm.

(e) Choose [3] CLASS TIMER to change the
bypass timer (for Class B, C and E
shutdowns and alarms).

(f) Choose [4] SHUTDOWN METHOD to
change the method  (CL, SD or ESD).

(g) Choose [5] SET POINT to change the
setpoint for the shutdown or alarm.

(h) Choose [6] DELAY TIMER to change the
delay time for the shutdown or alarm.

(i) Choose [7] WIRED N/O N/C to toggle
the wiring configuration for discrete
end devices.

2.7 History Key
The <HISTORY> key permits the operator to
view the history of unit operation.  This
includes past events such as compressor unit
starts and stops, alarms, shutdowns and
stored data.

2.7.1 History Menu

(a) Press the <HISTORY> key.
(b) The HISTORY MENU screen (Figure

2–20) will be displayed.
(c) Press a number on the keypad to

choose a menu item.
(d) Press <ENTER> to return to the Main

RUN-MODE screen.

Jul 29/98     History Menu      11:00 AM

         [1] First In Shutdowns
         [2] Event History
         [3] Captured Data

              [Enter] Exit

Figure 2–20
History Menu Screen

2.7.2 First-in Shutdowns

(a) From the HISTORY MENU screen choose
[1].

(b) The FIRST-IN SHUTDOWNS screen
(Figure 2-21) will be displayed.
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Jul 31/98    Select Shutdown    11:00 AM

[1] High Disch (1) Temp       10:46:05AM
[2] High Disch (1) Temp       Jul 30/98
[3] High Disch (1) Temp       Jul 29/98
[4] High Disch (1) Temp       Jul 28/98

[Down] More  [Up] Previous  [Enter] Exit

Figure 4–21
Typical First-In Shutdowns Screen

(c) Up to four first-in shutdowns will
show on the screen, in order of last
occurrence first.
A first-in shutdown is the one that first
caused the compressor unit to shut
down.  Others may occur after the
initial shutdown, but since they were
not the initial cause, they are not
considered first-in shutdowns.

(d) To view the MAIN RUN-MODE screen at
the time a particular first-in shutdown
occurred, choose the corresponding
number of the first-in shutdown.

(e) The Run-mode screen for the
particular shutdown  (Figure 2–22)
will be displayed.

Date: Jul 31/98   11:00:77    0
High Disch (1) Temp

Suction   Disch1   Disch2   Disch3   RPM
    0kpa     0kpa     0kpa     0kpa    0

Shutdowns Alarms  Volts   Manifold  Hour
    0        0    0.00v    0.0inHg     0

Figure 2–22
Typical Shutdown Run-mode Screen

The control panel stores the previous
40 seconds of data (at one-second
intervals) for every first-in shutdown.
This permits the operator to view the
events leading up to a shutdown.
On the RUN-MODE screens, an index
number (0 through 39) is displayed in

the upper right-hand corner of the
screen.  When 0 is displayed, this is the
data at the exact time of the first-in
shutdown.  When 39 is displayed, this
is the data 39 seconds before the first-
in shutdown occurred.

(f) To view the various RUN-MODE
screens, use the � and � keys.

(g) Press the [1] and [2] keys to view the
data for the 40 seconds leading up to a
shutdown.
The index number will increment or
decrement accordingly.

2.7.3 Event History

(a) From the HISTORY MENU screen choose
[2].

(b) The EVENT HISTORY screen (Figure
2-23) will be displayed.

 Device   Start Time       Stop Time
High Comp Oil Temp Alarm
  Jul 31/98 10:49:46
Low Comp Oil Press
  Jul 31/98 10:49:46
High JW Outlet Temp Alarm
  Jul 31/98 10:49:46
[Down] More  [Up] Previous  [Enter] Exit

Figure 2–23
Typical Event History Screen
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(c) Up to three events will show on the
screen, in order of last occurrence first.
The control panel will store up to 335
events.
The name of the event will appear,
followed by the date and time of
occurrence of the event (START TIME).
For shutdowns and alarms, the date
and time that the shutdown or alarm
was reset will be displayed (STOP
TIME).

(d) View the next three events by scrolling
with the � or going back with the �.

2.7.4 Captured Data

(a) From the HISTORY MENU screen choose
[3].

(b) The MAIN RUN-MODE screen for the
most recent data capture (Figure 2–24)
will be displayed.

Date: Oct 7/98   11:00:01     0
Captured Data: [1,4] Backup [2,5] Forward

Suction   Disch1 (1)   Disch1 (2)    RPM
 500kpa   1500kpa      1500kpa      1675
Shutdowns: 0
Alarms:    0   Volts   Manifold     Hour
Faults:    0   23.5v    4.9inHg      400

Figure 2–24
Typical Captured Data Screen

The control panel stores up to 1400
data captures, set typically to 10-
minute intervals.  On the RUN-MODE
screens, an index number (0 through
1399) will be displayed in the upper
right-hand corner of the screen.
When 0 is displayed, this is the data
from the most recent data capture.
When 1399 is displayed, this is the
data from the oldest stored data
capture.

(c) To view the various sets RUN-MODE
screens, use the � and � keys.

(d) Press the [1] and [2] keys to view the
various sets of captured data, one at a
time, or the [4] and [5] keys to view 10
sets at a time.
The index number will increment or
decrement accordingly.

2.8 Settings Key
The settings key permits the operator to
view settings, and change them, for timers
(control sequences only) and setpoints
controlling shutdowns, alarms, and various
control sequences.  The following ten
choices are included:

[0] Shutdowns and Alarms
[1] Prelube Settings
[2] Crank Settings
[3] Warmup Settings
[4] Post-lube Timer
[5] Dump Timers
[6] Blowcase Timers
[7] Purge Timers
[8] Load Settings
[9] Start Pressures.

Use the following procedure to navigate in
the SETTINGS function:
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(a) Press the <SETTINGS> key.
(b) The TIMERS & SETTINGS MENU screen

(Figure 2–25) will be displayed.

Jul 29/98   Timers & Settings   11:00 AM

[0] Shutdowns/Alarm [5] Dump Timers
[1] Prelube Setting [6] Blowcase Timers
[2] Crank Settings  [7] Purge Timers
[3] Warm Up Setting [8] Load Settings
[4] Post Lube Timer [9] Start Pressures
              [Enter] Exit

Figure 2–25
Timers & Settings Menu Screen

(c) Choose an item by entering its
corresponding number on the keypad.

(d) Press <ENTER> to exit and return to the
MAIN RUN-MODE screen.

When making any of the following
selections, a blinking cursor prompts the
user to change the setting.  Use the menu
items at the bottom of the screen (from the
keypad) and the keypad numbers, to enter
the appropriate changes.  The available
menu choices are:

[ENTER] accept the displayed setpoint
[CLEAR] erase the displayed setpoint
[.] decimal point
[DOWN] move left
[UP] move right.
Section 3 explains the various control
sequences that use the settings in their logic.

2.8.1 Shutdowns and Alarms

(a) From the SETTINGS MENU screen,
choose [0].

(b) The SHUTDOWNS AND ALARMS screen
(Figure 2–26) will be displayed.

Jul 29/98  Shutdowns & Alarms   11:00 AM

[1] High Disch (1) Temp        100.0C
[2] High Disch (1) Temp Alarm   95.0C
[3] High Disch (2) Temp        100.0C
[4] High Disch (2) Temp Alarm   95.0C

[Down] More                 [Enter] Exit

Figure 2–26
Typical Shutdowns and Alarms

(c) Up to four available shutdowns and/or
alarms will show on the screen,
together with their current setpoints.

(d) View the next SHUTDOWNS AND
ALARMS screen by scrolling with the �
or going back with the �.

(e) To change a setpoint, choose a
shutdown or alarm by entering its
corresponding number on the keypad.

(f) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.2 Prelube Settings

(a) From the SETTINGS MENU screen,
choose [1].

(b) The PRELUBE SETTINGS screen (Figure
2–27) will be displayed.

Jul 29/98   Prelube Settings    11:00 AM

[1] Engine Prelube            30.0 Sec
[2] Prelube Time Out          45.0 Sec
[3] Eng Prelube Press         20.0 kpa
[4] Prelube Pressure            On

                            [Enter] Exit

Figure 2–27
Typical Prelube Settings Screen

(c) Up to four pre-lube parameters will
show on the screen, together with their
current setpoints.
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(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.3 Crank Settings

(a) From the SETTINGS MENU screen,
choose [2].

(b) The CRANK SETTINGS screen (Figure
2–28) will be displayed.

Jul 29/98    Crank Settings     11:00 AM

[1] Crank Time                14.0 Sec
[2] Time Between Cranks        4.0 Sec
[3] Crank Cut Out              250 RPM

                            [Enter] Exit

Figure 2–28
Typical Crank Settings Screen

(c) Three crank parameters will show on
the screen, together with their current
setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.4 Warmup Setpoints

(a) From the SETTINGS MENU screen,
choose [3].

(b) The WARMUP SETTINGS screen (Figure
2–29) will be displayed.

Jul 29/98   Warm Up Settings    11:00 AM

[1] Min Warm Up Time          30.0 Sec
[2] Max Warm Up Time         600.0 Sec
[3] Eng JW Outlet Temp        60.0 C

                            [Enter] Exit

Figure 2–29
Typical Warmup Settings Screen

(c) Up to three warmup parameters will
show on the screen, together with their
current setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.5 Post Lube Timer

(a) From the SETTINGS MENU screen,
choose [4].

(b) The POST LUBE TIMER screen (Figure
2–30) will be displayed.

Jul 29/98    Post Lube Timer    11:00 AM

[1] Post Lube                120.0 Sec

                            [Enter] Exit

Figure 2–30
Typical Post Lube Timer Screen

(c) One post-lube parameter will show on
the screen, together with its current
setpoint.

(d) To change the setpoint, choose it by
entering the corresponding number on
the keypad.



RC2000 Operating Manual
For Engine Driven Reciprocating Compressors

Control Panel Functions

BTB 960-1 Rev 01  11/99 Section 2, Page 15 of 25
Copyright Enerflex Systems Ltd.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.6 Dump Timers

(a) From the SETTINGS MENU screen,
choose [5].

(b) The DUMP TIMERS screen (Figure 2–31)
will be displayed.

Jul 29/98      Dump Timers      11:00 AM

[1] Sep Stg 1 Dump            10.0 Sec
[2] Sep Stg 2 Dump            10.0 Sec
[3] Sep Stg 3 Dump            10.0 Sec

                            [Enter] Exit

Figure 2–31
Typical Dump Timers Screen

(c) Up to three dump timer parameters
will show on the screen, together with
their current setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.7 Blowcase Timers (Option)

(a) From the SETTINGS MENU screen,
choose [6].

(b) The BLOWCASE TIMERS screen (Figure
2–32) will be displayed.

Jul 29/98    Blowcase Timers    11:00 AM

[1] BC Drain Delay             5.0 Sec
[2] Blow Time                120.0 Sec
[3] BC Fill Delay              3.0 Sec

                            [Enter] Exit

Figure 2–32
Typical Blowcase Timers Screen

(c) Three blowcase timer parameters will
show on the screen, together with their
current setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.8 Purge Timers

(a) From the SETTINGS MENU screen,
choose [7].

(b) The PURGE TIMERS screen (Figure 2–
33) will be displayed.

Jul 29/98     Purge Timers      11:00 AM

[1] Start Purge                0.0 Sec
[2] Stop Purge                 0.0 Sec

                            [Enter] Exit

Figure 2–33
Typical Purge Timers Screen

(c) Two purge timer parameters will show
on the screen, together with their
current setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.
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(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.9 Load Settings

(a) From the SETTINGS MENU screen,
choose [8].

(b) The LOAD SETTINGS screen (Figure
2–34) will be displayed.

Jul 29/98     Load Settings     11:00 AM

[1] Minimum Load RPM          1500 RPM
[2] Maximum Load RPM          1800 RPM
[3] Idle Speed                 600 RPM

              [Enter] Exit

Figure 2–34
Typical Load Settings Screen

(c) Up to four load parameters will show
on the screen, together with their
current setpoints.

(d) To change a setpoint, choose a setting
by entering its corresponding number
on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.8.10 Start Pressures

(a) From the SETTINGS MENU screen,
choose [9].

(b) The START PRESSURES screen (Figure
2–35) will be displayed.

Jul 29/98    Start Pressures    11:00 AM

[1] Minimum Pressure             0 kpa
[2] Maximum Pressure             0 kpa
[3] Auto Pressurize             On
[4] Auto Depressurize           On

[Down] More                 [Enter] Exit

Figure 2–35
Typical Start Pressures Screen

(c) Up to four start parameters will show
on the screen, together with their
current setpoints.  View a second
START PRESSURES screen by scrolling
with the � or going back with the �.

(d) To change a setpoint, choose a
pressure by entering its corresponding
number on the keypad.

(e) A blinking cursor will appear on top of
the current setpoint.
Enter the new setpoint using the menu
items at the bottom of the screen, and
the keypad.

2.9 Control Key
The <CONTROL> key permits the operator to
view, and make changes to, unit variable
control setpoints.  It also allows the operator
to manually control various system outputs.
The following choices are typically
included:
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[1] Speed Control
[2] Bypass Control
[3] Suction Control
[4] Louver 1 Control
[5] Louver 2 Control
[6] Master PID
[7] Discrete Outputs.

Use the following procedure to navigate in
the CONTROL function:

(a) Press the <CONTROL> key.
(b) The CONTROL MENU screen (Figure

2–36) will be displayed.

Jul 29/98     Control Menu      11:00 AM

[1] Speed Control   [6] Master PID
[2] Bypass Control  [7] Discrete Outputs
[3] Suction Control
[4] Louvre 1 Contr
[5] Louvre 2 Contr
              [Enter] Exit

Figure 2–36
Typical Control Menu Screen

(c) Choose an item by entering its
corresponding number on the keypad.

(d) Press <ENTER> to exit and return to the
MAIN RUN-MODE screen.

When making any of the following
selections, a blinking cursor prompts the
user to change the setting.  Use the menu
items at the bottom of the screen (from the
keypad) and the keypad numbers, to enter
the appropriate changes.  The available
menu choices are:

[ENTER] accept the displayed setpoint
[CLEAR] erase the displayed setpoint
[.] decimal point
[DOWN] move left
[UP] move right.

2.9.1 Individual Loop Controls
(Including Speed, Bypass, Suction,
Louver Controls, etc., as options)

Individual loop control functions are
operated in the same fashion and have been
grouped together.

(a) From the CONTROL MENU screen,
choose the appropriate number.

(b) The corresponding CONTROL screen
(ex: Figures 2–37 to 2–40) will be
displayed.

Speed Control                    Suction
                                    0kpa
Input:  Master Control         Discharge
Output: Governor Control           -1kpa
  Input    SetPoint    Output  PID   RPM
    0kpa      0kpa     0RPM   Auto     0

 [1]Set [2]Out [3]Man [Menu] [Enter]Exit

Figure 2–37
Typical Speed Control Screen

Bypass Control                   Suction
                                    0kpa
Input:  Master Control         Discharge
Output: Bypass Control              0kpa
  Input    SetPoint    Output  PID   RPM
     0kpa      0kpa      0%   Auto     0

[1]Set [2]Out [3]Man  [Menu] [Enter]Exit

Figure 2–38
Typical Bypass Control Screen

Suction Control                  Suction
                                    0kpa
Input:  Suct Stg 1 Press       Discharge
Output: Suction Control Valv        0kpa
  Input    SetPoint    Output  PID   RPM
     0kpa      0kpa      0%   Auto     0

[1]Set [2]Out [3]Man  [Menu] [Enter]Exit

Figure 2–39
Typical Suction Control Screen
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AC Louvre Control                Suction
                                    0kpa
Input:  Disch Final Temp       Discharge
Output: AC Louver Control           0kpa
  Input    SetPoint    Output  PID   RPM
  60.0C      0.0C        0%   Auto     0

[1]Set [2]Out [3]Man  [Menu] [Enter]Exit

Figure 2–40
Typical Louver Control Screen

The first line shows the name of the
unit-variable control loop.
To assist the operator in proper unit-
variable control setup, the suction
pressure, discharge pressure, and speed
(rpm) are typically displayed on the
right-hand side of all the above
CONTROL screens.
Section 4 explains the theory behind
process control, and the PID control on
EFX/BTB compressor units.
The third line shows the name of the
input (process variable) to the control
loop.  For the SPEED CONTROL and
BYPASS CONTROL, the input is typically
derived from the MASTER PID
CONTROL, as explained in Section 4.
The fourth line shows the name of the
output (control variable) from the
control loop.
The fifth and sixth lines display the
current value of the input, control
setpoint, and output, and show the
current mode of the control loop (AUTO
or MANUAL).

(c) Choose [1] to change the control
setpoint.

For the SPEED CONTROL and BYPASS
CONTROL, the setpoint is normally
changed from the MASTER PID
CONTROL screen, as explained in
Section 4.
A blinking cursor will appear on top of
the current setpoint.

Use the keypad and menu choices at
the bottom of the screen to enter the
new setpoint.

(d) Choose [3] to toggle the control loop
from MANUAL to AUTO mode.

The control panel will prompt SWITCH
TO (AUTO OR MANUAL)? [1] YES, [2]
NO.

Choose [1] to change the mode or [2]
to leave the mode unchanged and
return to the respective CONTROL
screen.

(e) Choose [2] to change the output from
the control loop.

The control loop must be in MANUAL to
change the output.
A blinking cursor will appear on top of
the current setpoint.

Use the keypad and menu choices at
the bottom of the screen to enter the
new setpoint.
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(f) Press <MENU> to view or change the
PID control loop settings for the
control loop.

The following PID control
configurations can be viewed or
changed.

Use the � and menu number to make a
choice, or go back with
the �.

WARNING

Improper Tuning can result in unstable
control and could damage the

compressor unit.
A thorough understanding of process

control and tuning techniques is required to
properly tune a control loop.

Proportional Band

This feature adjusts the proportional gain of
the control loop (Gain = 100/proportional
band).  The larger the PROPORTIONAL BAND,
the slower the response time of the control
loop.

Conversely, a smaller PROPORTIONAL BAND
means faster response time.  Response time
is the time required to return the input to its
setpoint.  Note that too fast a response time
may cause an unstable response.

Choose [1] to change the PROPORTIONAL
BAND setting.

Reset

This feature adjusts the integral gain of the
control loop (in minutes per repeat).  The
larger the RESET, the slower the response
time of the control loop.  Conversely, a
smaller RESET means faster response time.

Choose [2] to change the RESET setting.

Rate

This feature adjusts the derivative gain of
the control loop (in minutes).  The larger the
RATE, the faster the response time of the
control loop.  Conversely, a smaller RATE
means slower response time.

Choose [3] to change the RATE setting.

Action

This feature toggles the control loop
between DIRECT ACTING and.  For a DIRECT
ACTING controller, the output will be
increased for a positive error and decreased
for a negative error.  (Error = PV-SP;
measured/process variable – setpoint)  For a
REVERSE ACTING controller, the output will
be decreased for a positive error and
increased for a negative error.

Note that an increasing output to a Fail Open
valve will cause the valve to close.  The
reverse is true on a Fail Close valve.

Choose [4] to toggle between DIRECT
ACTING and REVERSE ACTING.
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Deadband

This feature adjusts the DEADBAND on either
side of the control setpoint.  Once the input
(process variable) has reached its setpoint,
the output (control variable) will remain
unchanged until the input strays outside of
the DEADBAND; that is., no action will be
taken within the �DEADBAND (Figure 2–41).

Choose [1] to adjust the DEADBAND setting.

Figure 2–41
Deadband

Manual Output Limits

This feature toggles the MANUAL OUTPUT
LIMITS between OUTPUT and PID LIMIT.  This
is used to determine the range of the output
when the control loop is in the MANUAL
mode.

When OUTPUT is selected, the operator can
set the output anywhere from 0 to 100%.

When PID LIMIT is selected, the operator is
limited to setting the output between the
OUTPUT LOW and OUTPUT HIGH LIMITS
(following).

Choose [2] to toggle the MANUAL OUTPUT
LIMITS.

Input Low Limit

This feature adjusts the low limit for the
input to the control loop.  When the actual
input is below the INPUT LOW LIMIT, the
INPUT LOW LIMIT value will override as the
input to the control loop.

Choose [1] to change the INPUT LOW LIMIT.

Input High Limit

This feature adjusts the high limit for the
input to the control loop.  When the actual
input is above the INPUT HIGH LIMIT, the
INPUT HIGH LIMIT value will override as the
input to the control loop.

Choose [2] to change the INPUT HIGH LIMIT.

Output Low Limit

This feature adjusts the low limit for the
output from the control loop.  The actual
output is not allowed to decrease below the
OUTPUT LOW LIMIT.  (Except in MANUAL
mode with the MANUAL OUTPUT LIMIT set to
OUTPUT.)

Choose [3] to change the OUTPUT LOW LIMIT.

Output High Limit

This feature adjusts the high limit for the
output from the control loop.  The actual
output is not allowed to increase above the
OUTPUT HIGH LIMIT.  (Except in MANUAL
mode with the MANUAL OUTPUT LIMIT set to
OUTPUT.)

Choose [4] to change the OUTPUT HIGH
LIMIT.
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Setpoint Low Clamp

This feature adjusts the low clamp for the
control setpoint of the control loop.  If the
operator enters a setpoint that is below the
low clamp, the SETPOINT LOW CLAMP value
will override as the control setpoint for the
control loop.

Choose [1] to change the SETPOINT LOW
CLAMP value.

Setpoint High Clamp

This feature adjusts the high clamp for the
control setpoint of the control loop.  If the
operator enters a setpoint that is above the
high clamp, the SETPOINT HIGH CLAMP value
will override as the control setpoint for the
control loop.

Choose [2] to change the SETPOINT HIGH
CLAMP value.

Setpoint Ramp Rate

This feature adjusts the increment or
decrement amount that is used when
adjusting the control setpoint using the �
and � keys on the keypad to change the
setpoint.

Choose [3] to change the SETPOINT RAMP
RATE.

Mode

This feature toggles the mode for the control
loop when the unit is first powered up
between AUTO and MANUAL.

Choose [4] to toggle MODE.

2.9.2 Master PID

Section 4 explains the master PID control
system on BTB compressor units.

(a) From the CONTROL MENU screen,
choose [6] (# varies depending on
system).

(b) The MASTER PID screen (Figure 2-42)
will be displayed.

Jul 29/98      Master PID       11:00 AM
Mode: Manual                         Off
      PV Name          Setpoint      PV
[1] Suct Stg 1 Press       100         0
[2] Disch Stg 3 Pres      1000         0
[3] Eng Manifold Air      95.0       0.0

[Enter]Exit [7]Auto   [8]Setpoint [Menu]

Figure 2-42
Typical Master PID Screen

The second line shows the current
mode (AUTO or MANUAL) setting of the
MASTER PID CONTROL on the left side
and the current status (ON or OFF on
the right side.
The MASTER PID CONTROL is turned
ON and OFF by the control logic,
depending on the current step in the
start or stop sequence.
The fourth, fifth and sixth lines display
the various inputs (process variables)
to the MASTER PID CONTROL.  Each
input name is shown, along with its
control variable and the current value
of the input (process variable).
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(c) Choose [7] to toggle the MASTER PID
CONTROL between AUTO and MANUAL.
The control panel will prompt SWITCH
TO AUTO (OR MANUAL)? [1] YES, [2]
NO.
Choose [1] to toggle the mode, or
choose [2] to exit and return to the
MASTER PID screen without making a
change.

(d) To change any of the control setpoints,
choose the corresponding number to
any of the inputs (process variables).
An arrow “<” will appear to the right
of the corresponding setpoint.
Choose [8] to change the setpoint.
A blinking cursor will appear on top of
the current setpoint.

Use the keypad and menu choices at
the bottom of the screen to enter the
new setpoint.

(e) Press <MENU> to view the control
loops that are controlled by the
MASTER PID CONTROL.  The MASTER
PID LOOPS screen (Figure 2–43) will
appear.

Jul 29/98      Master PID       11:00 AM
PV:
   PID Name           Setpoint    Output
*Bypass Control              0         0
 Speed Control               0         0

              [Enter] Exit

Figure 2-43
Master PID Loops Screen

The value of the current input (process
variable) that is being controlled is
shown on the second line.

The fourth and fifth lines display the
two (in this case) control loops that are
controlled by the MASTER PID
CONTROL, along with the control
setpoint (for the current variable being
controlled) and the current output
value (control variable) for the control
loop.
An asterisk “*” will appear beside the
control loop which is currently being
used to control the input (process
variable) at its control setpoint.

2.9.3 Discrete Outputs

(a) From the CONTROL MENU screen,
choose [7].

(b) The DISCRETE OUTPUTS screen (Figure
2-44) will be displayed.

Jul 29/98Force Discrete Outputs 11:00 AM

[1] Start Gas   Off<[5] Bypass Sta  Off
[2] Fuel Gas V  Off [6] BC Drain    Off
[3] Prelube Pu  Off [7] BC Fill     Off
[4] Blowdown V  Off [8] BC Balance  Off

[.]Momentary [0]Toggle [Down] More

Figure 2-44
Typical Discrete Outputs Screen

(c) Up to eight discrete outputs will be
displayed on the screen.  The current
status (ON or OFF) is displayed beside
each discrete output.

View the various screens by scrolling
with the � or going back with the �.
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(d) To manually force a discrete output ON
or OFF, choose the corresponding
number beside the particular discrete
output.

An arrow ‘<’ will appear to the right of
the corresponding discrete output.

(e) Press and hold <�> to momentarily
force the discrete output ON or OFF.
When the <�> is released, the output
will return to its original state.

(f) Choose [0] to toggle the discrete
output between ON and OFF.

2.10 Stop Key
The <STOP> key permits the operator to stop
the compressor unit from a running
condition, or to abort a start sequence in
progress.

The compressor unit may be stopped using
either the normal cooldown stop sequence
(CL) described in Section 3, or the fast
shutdown sequence (SD) described in
Section 3.

Oct 7/98        Run Mode        11:00 AM

Stop using:  [1] Cooldown Stop
             [2] Sudden Stop

             [Enter] Exit

Figure 2-45
Compressor Stop Screen

(a) From any screen, press the <STOP>
key.

(b) The control panel will prompt STOP
USING? [1] COOLDOWN STOP, [2]
SUDDEN STOP (Figure 2–45).

Choose [1] to initiate the CL sequence.
Choose [2] to initiate the SD sequence.

(c) Press <ENTER> to exit and go back to
the screen that was displayed before
the <STOP> key was pressed, without
initiating a stop sequence.

2.11 Start Key
The <START> key permits the operator to
initiate a compressor start sequence.

Before a start sequence may be initiated, all
shutdowns must be reset, and the message
display line on the RUN-MODE screens must
read “OK TO START COMPRESSOR”.

(a) From any screen, press the <START>
key.

(b) For an engine-drive unit, the control
panel will prompt START USING? [1]
AUTO CRANK, [2] MANUAL CRANK.
Choose [1] to initiate the startup
sequence using AUTO CRANK (see
Section 3).
Choose [2] to initiate the start
sequence using MANUAL CRANK.  The
start sequence will stop at the ENGINE
STARTING step (Figure 2–46) and
prompt the operator to manually crank
the engine.

Jul 29/98       Run Mode        11:00 AM

 Start Using:  [1] Auto Crank
               [2] Manual Crank

       [Enter] Exit (Cancel Start)

Figure 2-46
Engine Starting Screen



RC2000 Operating Manual
For Engine Driven Reciprocating Compressors

Control Panel Functions

BTB 960-1 Rev 01  11/99 Section 2, Page 24 of 25
Copyright Enerflex Systems Ltd.

(c) Press and hold the <START> key (as
with a starter button).
If the button is released, the engine
must be below 75 rpm before this
starter button will work again.
Once the CRANK CUTOUT RPM is
reached, the manual button will be
disabled and the automatic sequence
will continue.

(d) Press <ENTER> to exit and go back to
the screen that was displayed before
the <START> key was pressed, without
initiating the start sequence.

2.12 Reset Key
The <RESET> key permits the operator to
reset shutdowns, alarms and faults that are
no longer active.

Before pressing the <RESET> key, all current
shutdowns, alarms and faults should be
viewed (using <STATUS >).

Pressing <RESET> will reset these items if
they have cleared.  They can still be viewed
by using the <HISTORY> or <STATUS> keys.

(a) The condition which caused the
shutdown, alarm or fault must first be
cleared (condition must return to its
pre-shutdown, pre-alarm, or pre-fault
state).

(b) Press the <RESET> key to reset any
shutdowns, alarms or faults that are
registered in the control panel.

2.13 Help Key
This feature is not available at this time.

2.14 Menu Key
The <MENU> key permits access to
PROGRAM mode for system setup, DISPLAY

mode to change display between Imperial
and SI units, and CONTRAST ADJUST to alter
the display’s contrast level.

2.14.1 Program Mode

PROGRAM mode enables configuring the
control system, and setting it up for various
compressor unit configurations and BTB
options.

The RC2000 Installation and Maintenance
manual covers the PROGRAM mode in detail.

2.14.2 Display Mode

(a) Choose [2] from the MENU screen.
(b) The DISPLAY screen (Figure 2–47) will

be displayed.

Jul 29/98     Display Modes     11:00 AM

        [1] Pressures:        KPA
        [2] Temperatures:     C

              [Enter] Exit

Figure 2–47
Display Modes Screen

(c) Choose [1] to toggle the pressure unit
display between Imperial (psi) and SI
(kPa).

(d) Choose [2] to toggle the temperature
unit display between Imperial (°F) and
SI (°C).
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2.14.3 Contrast Adjust

(a) Choose [3] from the MENU screen.
(b) The CONTRAST ADJUST screen (Figure

2–48) will be displayed.

Oct 7/98    Contrast Adjust    11:00 AM

   Contrast Adjust (150 - 250): 215

[Up]Darker [Dn]Lighter [1]Adjust [Enter]

Figure 2–48
Contrast Adjust Screen

The display contrast can be adjusted
between 150 (lightest setting) and 250
(darkest setting).  The current display
contrast setting is displayed on the
right-hand side of the screen.

(c) Press either the � or � until a suitable
contrast level is displayed; or choose
[1] to enter a number from 150 to 250
using the keypad and the menu choices
at the bottom of the screen.

(d) Press <ENTER> to save the change and
return to the MENU screen.

2.15 ESD Key
The <ESD> key permits the operator to
initiate an emergency shutdown sequence
(see Section 3) from the RC2000 control
panel.

(a) From any screen, press the <ESD>
key.
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3. CONTROL SEQUENCES
3.1 Introduction
The RC2000 Control System includes pre-
configured control sequence logic for
specific functions.  This Section details the
typical control sequence functions available.
For variations, refer to the Program Listing
for your unit.

Note that certain functions may be
unavailable, depending on options
implemented on your unit.

It is common practice to refer major parts of
a control sequence as “steps”.

Step 0 is the initial step of any control
sequence.  The next major steps are
indicated as Step 10, Step 20, etc.  Before
doing the next major step in a sequence, the
previous sequence step must be completed.

This same convention is followed below.

3.2 Emergency Shutdown (ESD)

3.2.1 Initiating an ESD

An ESD is triggered by:

� pressing the <ESD> key on the
control panel keypad

� pressing any <ESD> pushbutton
� actuation of an ESD signal,

including:
– loss of fire/ESD loop pressure
– 40% LEL gas detection
– fire detection
– loss of purge differential pressure

on sour-gas units
– 20 ppm H2S detection.

NOTE: Loss of electrical power to the
outputs will effectively trigger an
ESD to the device fail state.  This
does not trigger an ESD Sequence
in the RC2000.

3.2.2 ESD Sequence

An ESD initiates a SD Sequence and
additionally isolates and blows down the
unit.  After an ESD is initiated, the unit
sequences through the steps described
below.  Following an ESD, the control
system must be reset before a start sequence
can be initiated.

(a) Initiate SD Sequence (see Section 3.5).

(b) Close these valves simultaneously
(where applicable):

� Inlet ESD valve
� Discharge ESD valve
� Utility ESD valve.

(c) Close the Inlet/Suction Control valve
(where applicable).

(d) Open the Auto Blowdown valve
(where applicable).

(e) Provide an ESD Status indication for
user-defined (remote) connection.

3.3 Unit Start

3.3.1 Initiating a Start

The start sequence is initiated by either of
the following actions:

� pressing the <START> key on the
control panel keypad

� receiving a REMOTE START command
(where applicable).
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3.3.2 Start Sequence Overview

The start sequence is performed
automatically by the control panel.  An
engine may also be cranked manually
(described in Section 2.10).

Before the next start sequence step is
initiated, the previous sequence step must be
completed.

A Start Sequence Failure timer begins
timing as each step of the start sequence is
initiated.  If a specific sequence step cannot
be completed:

(a) The Start Sequence Failure timer times
out.

(b) A Start Sequence Abort alarm occurs.

(c) The unit stops using the SD sequence.

NOTE A START SEQUENCE ABORT will
also happen at any time during
the start sequence if the <STOP>
key on the control panel keypad
is pressed, or if a REMOTE STOP
command is received.  The unit
will stop by the SD sequence;
however, it is not necessary to
reset the control system before
another start sequence can be
initiated.

3.3.3 Start Sequence

The timers and setpoints indicated in this
section are specified by the standard control
program.

The timers and setpoints can be changed
from their initial values using the
<SETTINGS> key on the control panel keypad
(see Section 2.8).

Step 0 — PERMISSIVE TO START

The start sequence may be initiated once the
unit is OK TO START.  The unit is OK TO
START when all shutdown conditions are
reset.

Step 10 — Purge and
Partial Pressurization

Start sequence Step 10 and Step 20 are
performed concurrently.  Progression to start
sequence Step 30 depends on successful
completion of both Step 10 and Step 20.

(a) Initial valve position (as available):

� Inlet Control valve Closed
� Bypass Start valve Open
� Bypass Control valve Open
� Auto Blowdown valve Open or

Closed.
If the unit is blown down (the Auto
Blowdown valve is open) before
initiation of the start sequence, Steps
(b) through (e) are performed,
otherwise the start sequence goes to
step (f).

(b) Close the Bypass Start valve and the
Bypass Control valve.

(c) Open the Inlet Control valve to 15%
open position.

(d) Start the Compressor Purge timer
(typically 10 seconds).

(e) When the Compressor Purge timer
times out, close the Auto Blowdown
valve.
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(f) Check unit suction pressure:

� If below the Minimum Partial
Pressurization Setpoint (typically
100 kPa) perform Steps (g) and
(h).

� If above the MAXIMUM PARTIAL
PRESSURIZATION SETPOINT
(typically 600 kPa) perform
Steps (i) and (j).

(g) See (f), open the Inlet Control valve to
the 15% open position.

The compressor will begin to
pressurize.

(h) When the unit suction pressure meets
the MINIMUM PARTIAL PRESSURIZATION
SETPOINT (100 kPa), enable the
Suction Startup PID controller (in
logic, not accessible the operator).

See Section 4 for details of PID
control.

Go to start sequence Step 30 (provided
start sequence Step 20 is successfully
completed).

 (i) See (f), open the Auto Blowdown
valve.

The compressor will begin to de-
pressurize.

(j) When the unit suction pressure has
reduced to the MAXIMUM PARTIAL
PRESSURIZATION SETPOINT (600 kPa),
close the Auto Blowdown valve and
enable the Suction Startup PID
controller (in logic, not accessible the
operator).

See Section 4 for details of PID
control.

Go to start sequence Step 30 (provided
start sequence Step 20 is successfully
completed).

Step 20 — Engine and
Compressor Prelube

Start sequence Steps 10 and 20 are
performed concurrently.  Progression to start
sequence Step 30 depends on successful
completion of both Step 10 and Step 20.

(a) Energize the Prelube Pump
solenoid/output.

(b) Start the Prelube Failure timer
(90 seconds).

If the start sequence has not progressed
to Step 30 before this timer times out,
a START SEQUENCE ABORT occurs.

(c) If the engine oil pressure is greater
than the ENGINE PRELUBE  PRESSURE
SETPOINT (typically 70 kPa if engine
oil temperature <60�C, 35 kPa if
engine oil temperature >60�C), AND if
the compressor oil pressure is greater
than the COMPRESSOR PRELUBE
PRESSURE SETPOINT (typically
70 kPa), start the Prelube timer
(typically 30 seconds).

(e) When the Prelube timer has timed out,
de-energize the Prelube Pump
solenoid/output.

(f) Go to start sequence Step 30 (provided
start sequence Step 10 is successfully
completed).
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Step 30 — Engine Starting

(a) Start the Crank Timeout timer
(typically 120 seconds).

If the start sequence has not progressed
to Step 40 before this timer times out,
a START SEQUENCE ABORT occurs.

(b) Start the Crank On timer
(typically 14 seconds).

(c) Energize the Start Gas solenoid.  The
engine shaft should start turning.

(d) When the engine speed reaches the
ENGINE PURGE RPM (typically 20 rpm),
start the Engine Purge timer
(2 seconds).

(e) When the Engine Purge timer times
out, disconnect the Ignition Shutdown
lead from ground.  The ignition will
fire in sync with the engine rotation.

(f) Start the Fuel Gas Delay timer
(typically 2 seconds).

(g) When the Fuel Gas Delay timer times
out, energize the Fuel Gas solenoid.
The engine should fire.

(h) When the engine speed reaches the
CRANK CUT OUT RPM (typically
250 rpm), de-energize the Start Gas
solenoid.

� If the engine speed does not
reach the CRANK CUT OUT RPM
before the Crank On timer times
out, de-energize the Fuel Gas and
Start Gas solenoids and start the
Crank Off timer (typically
2 seconds).

� When the Crank Off timer times
out, repeat Steps (c) through (g).

This will occur three times (typically)
in the AUTO mode.  The system then
gives a Crank Failure alarm and a
START SEQUENCE ABORT occurs.

(i) When the engine speed reaches the
IDLE RPM (typically 700 to 900 rpm,
0% governor setpoint), go to start
sequence Step 40.

Step 40 — Engine Warmup

(a) Start the Class B Shutdown timer
(individually set for Class B alarms
and shutdowns).

When this timer times out for a given
alarm/shutdown, enable the
alarm/shutdown.

(b) Start the Engine Warmup (Minimum)
timer (typically 30 seconds).

(c) Start the Engine Warmup (Maximum)
timer (typically 600 seconds).

(d) When the engine jacket water outlet
temperature reaches ENGINE JACKET
WATER WARMUP SETPOINT (typically
60�C), and the Engine Warmup
(Minimum) timer times out, go to start
sequence Step 50.

If the Engine Warmup (Maximum)
timer times out before the engine
jacket water outlet temperature reaches
the ENGINE JACKET WATER WARMUP
SETPOINT (60�C), a START SEQUENCE
ABORT occurs.
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Step 50 — Loading

NOTE All PIDs must be in AUTO mode
for loading to occur.

(a) Ramp the speed up to the MINIMUM
LOAD RPM (typically 1500 rpm) using
the Speed Ramp Up & Slowdown PID
controller (in logic, not accessible the
operator).

(b) When the speed has reached the
MINIMUM LOAD RPM, enable the Inlet
Control Valve PID controller (as
applicable), and close the Auto Bypass
Control valve or Bypass Start valve (as
applicable).

(c) Start the Loading Delay timer
(typically 30 seconds).

(d) When the Loading Delay timer times
out, enable the Master PID controller.

This will ramp the Auto Bypass valve
closed (as applicable) and control the
SPEED SETPOINT (see Section 4 for
details).

(e) The start sequence is now complete
and the unit is RUNNING ON-LINE.

3.4 Normal Cooldown Stop (CL)
A CL is the preferred method of stopping the
unit, either manually, or from certain less-
critical conditions.

3.4.1 Initiating a CL

A CL sequence is initiated by:

� pressing the <STOP> key on the
control panel keypad, and selecting
normal cooldown

� a REMOTE STOP command (where
applicable)

� actuation of a CL (non-critical
shutdown) signal: for example,
compressor oil temperature HH.

3.4.2 CL Sequence Overview

After a CL is initiated, the unit sequences
through the steps described below.
Following a CL, it is not necessary to reset
the control system before a start sequence
can be initiated.

The CL sequence is controlled automatically
by the control panel.

Before the next CL sequence step is
initiated, the previous sequence step must be
successfully completed.

A CL Sequence Failure timer begins timing
when the normal cooldown stop sequence is
initiated.  If a specific sequence step cannot
be completed:

(a) The CL Sequence Failure timer times
out.

(b) A CL Sequence Abort alarm occurs.

(c) The unit stops using the SD sequence.

3.4.3 CL Sequence

Step 0 — Reduce Speed to
MINIMUM LOAD RPM

(a) Disable the Master PID control.

(b) Ramp the Bypass Control valve open
(where applicable) using the Bypass
Auto Slowdown PID controller (in
logic, not accessible the operator).
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(c) Ramp the engine speed down to the
MINIMUM LOAD RPM (typically
1500 rpm) using the Speed Ramp Up
& Slowdown PID controller (in logic,
not accessible the operator).

(d) Ramp the Inlet Control valve closed
(where applicable) using the Suction
Slowdown PID controller (in logic, not
accessible the operator).

(e) Disable the Inlet Control Valve PID
controller.

(f) When the engine speed has reduced to
the MINIMUM LOAD RPM, disable the
Speed Ramp Up & Slowdown PID
controller, and open the Bypass Start
valve (where applicable).

(g) Go to CL sequence Step 10.

Step 10 — Cooldown
(Minimum Load rpm)

(a) Start the Cooldown (Minimum Load
rpm) timer (typically 60 seconds).

(b) When the Cooldown (Minimum Load
rpm) timer times out, go to CL
sequence Step 20.

Step 20 — Reduce Speed (IDLE RPM)

(a) Ramp the speed down to the IDLE RPM
(typically 700 to 900 rpm, 0%
governor setpoint) using the Speed
Ramp Up & Slowdown PID controller
(in logic, not accessible the operator).

(b) When the speed has reduced to the
IDLE RPM, go to CL sequence
Step 30.

Step 30 — Cooldown (IDLE RPM)

(a) Start the Cooldown (Idle rpm) timer
(typically 180 seconds).

(b) When the Cooldown (Idle rpm) timer
times out, go to CL sequence
Step 40.

Step 40 — Engine Stopping

(a) De-energize the Fuel Gas solenoid.

(b) Start the Engine Purge timer
(typically 2 seconds).

(c) When the Engine Purge timer times
out, connect the Ignition Shutdown
lead to ground, effectively disabling
the ignition.

(d) Energize the Prelube Pump
solenoid/output.

(e) Go to CL sequence Step 50.

Step 50 — Engine and
Compressor Postlube

(a) Start the Postlube timer (typically 120
seconds).

(b) When the Postlube timer times out, de-
energize the Prelube Pump
solenoid/output.

(c) The CL sequence is now complete and
the unit is stopped.

(d) Final valve positions (as available):

� Inlet Control valve Closed
� Bypass Start valve Open
� Bypass Control valve Open
� Auto Blowdown valve Closed.

3.5 Shutdown/Sudden Stop (SD)

3.5.1 Initiating a SD

A SD Sequence is triggered by:
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� pressing the <STOP> key on the
control panel keypad, and selecting
sudden stop

� actuation of a SD (critical shutdown)
signal; for example, Compressor
Discharge Press HH.

3.5.2 SD Sequence Overview

After a SD is initiated, the unit sequences
through the steps described below.
Following a SD, the control system must be
reset before a start sequence can be initiated.

The shutdown sequence is performed
automatically by the control panel.

Before the next SD sequence step is
initiated, the previous sequence step must be
successfully completed.

3.5.3 SD (Fast Stop) Sequence

Step 0 — Fast Stop

(a) Open the Bypass Start valve (as
applicable).

(b) Open the Bypass Control valve (as
applicable).

(c) Close the Inlet Control valve (as
applicable).

(d) Set the SPEED SETPOINT to minimum.

(e) Disable the Master PID control.

(f) Disable the Inlet Control valve PID
controller (where applicable).

(g) De-energize the Start Gas solenoid (if
currently energized) and the Fuel Gas
solenoid.

(h) Start the Engine Purge timer
(2 seconds).

(i) When the Engine Purge timer times
out, connect the Ignition Shutdown

lead to ground, effectively disabling
the ignition.

(j) Energize the Prelube Pump
solenoid/output.

(k) Go to FAST STOP sequence Step 10.

Step 10 —Postlube

(a) Start the Postlube timer (typically 120
seconds).

(b) When the Postlube timer times out, de-
energize the Prelube Pump
solenoid/output.

(c) The Fast Stop sequence is now
complete and the unit is stopped.

(d) Final valve positions (as available):

� Inlet Control valve Closed
� Bypass Start valve Open
� Bypass Control valve Open
� Auto Blowdown valve Closed.
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3.6 Blowcase Cycle Control

3.6.1 Overview

The control system provides control of the
Blow Cycle for the Inlet Separator/Blowcase
system.

The Inlet Separator/Blowcase system can be
in any one of four modes:

(a) FILL.

(b) PRESSURIZATION.

(c) DRAIN.

(d) BALANCE.

3.6.2 Fill Mode

The normal mode for the Inlet
Separator/Blowcase system is the FILL mode
(See Figure 3–1).

Figure 3-1
Fill Mode

When in the FILL mode, the Inlet
Separator/Blowcase valve positions are:

� Fill valve Open
� Balance valve Open
� Drive Gas valve Closed
� Drain valve Closed.

While in the FILL mode, inlet separator
liquids drain freely into the Blowcase and
the pressures in the Inlet Separator and
Blowcase are equalized through the balance
line.

(a) When the liquid level in the Blowcase
increases enough to actuate the
Blowcase Dump Level Switch, go to
the PRESSURIZATION mode sequence.

3.6.3 Pressurization Mode

Figure 3-2
Pressurization Mode

(a) Close the Fill valve and the Balance
valve.

This prevents inlet separator liquids
from draining into the Blowcase and
isolates the Inlet Separator from the
Blowcase.



RC2000 Operating Manual
For Engine Driven Reciprocating Compressors

Control Sequences

BTB 960-1 Rev 01  11/99 Section 3, Page 9 of 10
Copyright Enerflex Systems Ltd.

(b) Start the Blowcase Drive Delay timer
(typically 3 seconds).

(c) When the Blowcase Drive Delay timer
times out, open the Drive Gas valve.

This pressurizes the Blowcase in
preparation for the DRAIN mode
sequence.

(d) Start the Blowcase Drain Delay timer
(typically 5 seconds).

(e) When the Blowcase Drain Delay timer
times out, go to the DRAIN mode
sequence.

3.6.4 Drain Mode

Figure 3-3
Drain mode

(a) Open the Drain valve.

This forces the liquid in the Blowcase
to drain into the discharge line
downstream of the unit.

 (b) When the liquid level in the Blowcase
decreases enough to return the
Blowcase Dump Level switch to its
normal position, start the Blowcase
Blow timer (typically 120 seconds).

(c) When the Blowcase Blow timer times
out, progress to the BALANCE mode
sequence.

3.6.5 Balance Mode

Figure 3-4
Balance Mode

(a) Close the Drain valve and Drive Gas
valve.

(b) Open the Balance valve.

This allows the pressures in the Inlet
Separator and Blowcase to equalize
through the balance line.

(c) Start the Blowcase Fill Delay timer
(typically 3 seconds).

(d) When the Blowcase Fill Delay timer
times out, open the Fill valve.

(e) Return to the FILL mode.

3.7 Separator Boot
Dump Valve Control

3.7.1 Overview

The control system provides control of
separator boot dump valves (See Figure
3–5).
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Figure 3–5
Separator Boot Dump valve

3.7.2 Sequence

(a) When the liquid level in the separator
boot increases such that the Separator
Boot Dump Level Switch is actuated,
open the Separator Boot Dump valve.

(b) When the liquid level in the separator
boot decreases enough to return the
Separator Boot Dump Level Switch to
its normal position, start the Separator
Dump timer (typically 10 seconds).

(c) When the Separator Dump timer times
out, close the Separator Boot Dump
valve.

3.8 Power Down
On electric power down, an ESD is initiated
and all valves assume the fail-safe positions
(as applicable):

� Inlet Control valve Closed

� Bypass Start valve Open
� Bypass Control valve Open
� Auto Blowdown valve Open.

NOTE: Loss of electrical power to the
outputs will effectively trigger an
ESD to the device fail state.  This
does not trigger an ESD Sequence
in the RC2000.



RC 2000 Operating Manual
For Engine Driven Reciprocating Compressors

Controlling Unit Variables

BTB 960-1 Rev 01  11/99 Section 4, Page 1 of 7
Copyright Enerflex Systems Ltd.

4. CONTROLLING UNIT
VARIABLES

This section describes the method used to
control unit variables (called “process
variables”) at their control setpoint.  See
Section 2.5 if you want to change settings,
display information, etc.

Note that some devices and systems are
optional and may not be present on your
unit.

4.1 Introduction

4.1.1 Process Control Theory

There are three basic elements to any
process control system (called “control
loop”):

� process variable
� control variable
� control setpoint.

The variable that we want to control is
called the “process variable”.  It is the input
to the control loop; for example, the unit
suction pressure.

The variable that we use to control the
process variable is called the “control
variable”.  It is the output from the control
loop; for example, the Inlet Control valve
position.

By changing the control variable (inlet
control valve position) we will see a change
in the measured process variable (unit
suction pressure).  Opening the valve further
will increase the unit suction pressure;
closing it will decrease the unit suction
pressure.

The actual value at which the control loop
attempts to control the process variable is
called the “control setpoint”.

The control setpoint is entered into the
control panel and remains at the entered
value until it is changed manually by an
operator.

For example, if we want the unit suction
pressure to be controlled at a value of
1400 kPa, the control setpoint is 1400 kPa.

When the process variable is not at the
control setpoint, the control loop will change
the control variable until the process
variable is at the control setpoint.

If the process variable is at the control
setpoint, the control variable remains
constant at its last value.

The control loop uses proportional-integral-
derivative (PID) control logic to change the
control variable in response to changes in
the process variable or control setpoint.

4.1.2 PID Control Theory

PID control continuously compares the
process variable to the control setpoint and
calculates an “error” value:
Error = Process Variable – Control Setpoint

The error is used to calculate the value of the
“control variable”.

The control variable is made up of three
components:
Control variable = Proportional Control +

Integral Control +
Derivative Control
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PID control is developed from complex
mathematics.  Full explanation is beyond the
scope of this manual, but the theory can be
simplified, as in the following subsections.

Proportional Control
The proportional component of the control
variable is the main output of PID control.  It
calculates an output amount that is
proportional to the error.  The larger the
error, the larger the proportional component
will be, in an attempt to make the process
variable equal to the control setpoint.
Proportional control alone cannot eliminate
all of the error.

Integral Control

The integral control component is
proportional to both the error and the length
of time the error exists.  The larger the error
and the longer the error exists, the larger the
integral component will be, in an attempt to
make the process variable equal to the
control setpoint.

The integral control component is used to
eliminate all remaining error.

Derivative Control

The derivative control component is
proportional to the rate of change of the
error.  The faster the process variable moves
away from the control setpoint, the larger the
derivative control component will be, in an
attempt to quickly return the process
variable to equal the control setpoint.

4.1.3 Tuning PID Control

In PID control, there is a gain setting for
each of the three types of control.
Determining the appropriate values for each
of these gains is referred to as “tuning” a
controller.

With a properly tuned PID controller, the
process variable will be maintained at the
control setpoint during steady-state (normal)
conditions.  The PID controller will also
react quickly to return the process variable
to the control setpoint when disturbances
occur (such as sudden load changes, etc.).

4.2 Unit Variable Control
The RC2000 control system maintains five
different process variables at their control
setpoints (as applicable):

1. Unit suction pressure (controlled by
the Inlet Control valve, Bypass Control
valve, or Engine Speed Setpoint to the
Governor).

2. Unit discharge pressure (controlled by
the Bypass Control valve or the Engine
Speed Setpoint to the Governor).

3. Engine manifold air pressure
(controlled by the Bypass Control
valve or the Engine Speed Setpoint to
the Governor).

4. Compressor interstage gas temperature
(controlled by the Intercooler Louvers).

5. Compressor discharge gas temperature
(controlled by the Aftercooler
Louvers).
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4.3 Engine Speed Control
The engine speed is controlled by one of two
PID controllers, depending on the operating
status of the unit (starting, stopping or
running):

1. Engine Speed PID controller (Master
PID).

2. Speed Ramp Up & Slowdown PID
controller.

4.3.1 Engine Speed PID Controller

The Engine Speed PID controller is the main
controller used to control the engine speed.
It is enabled during start sequence Step 50
“Loading” and is used the entire time the
unit is running on line.

For the Engine Speed Control PID, the
variables are assigned:

� Process Variable Determined by
the Master PID
controller (see
Section 4.5)

� Control Variable Engine Speed
Setpoint to the
Governor.

This controller can be set to manual or
automatic.

When the controller is in manual, the Engine
Speed Setpoint to the Governor will follow
the manual output as entered at the control
panel keypad, 0% (Idle rpm running) to
100% (1800 rpm)  (The display shows %
when not running and RPM running.)

When the controller is in automatic, the
Engine Speed Setpoint to the Governor will
be varied to control any one of the following
process variables at its setpoint:

� unit suction pressure
� unit discharge pressure
� engine manifold air pressure.

The Master PID control determines which
process variable (and corresponding control
setpoint) is used, as described in Section 4.5.

4.3.2 Speed Ramp Up & Slowdown
PID Controller

The Speed Ramp Up & Slowdown PID
controller is used during the start sequence
Step 50 “Loading” to ramp the engine speed
up quickly to MINIMUM LOAD RPM.

This controller is also used during the NCS
sequence to ramp the engine speed down
quickly to MINIMUM LOAD RPM during NCS
sequence Step 0 “Reduce Speed to MINIMUM
LOAD RPM”.  It is used again during Step 20
“Reduce Speed to IDLE RPM” to ramp the
speed down quickly to IDLE RPM.

For the Speed Ramp Up & Slowdown PID
controller, the variables are assigned:

� Process Variable Engine Speed
� Control Variable Engine Speed

Setpoint to the
Governor.

This controller is always set to automatic
and cannot be used in manual.

4.4 Bypass Control Valve
The Bypass Control valve is controlled by
one of two PID controllers, depending on the
operating status of the unit (stopping or
running):



RC 2000 Operating Manual
For Engine Driven Reciprocating Compressors

Controlling Unit Variables

BTB 960-1 Rev 01  11/99 Section 4, Page 4 of 7
Copyright Enerflex Systems Ltd.

1. Bypass Control Valve PID controller.
2. Bypass Auto Slowdown PID

controller.

4.4.1 Bypass Control Valve
PID Controller

The Bypass Control Valve PID controller is
the main controller used to control the
Bypass Control valve.  It is enabled during
start sequence Step 50 “Loading” and is
used the entire time the unit is running on
line.

For the Bypass Control Valve PID
controller, the variables are assigned:

� Process Variable Determined by
the Master PID
controller

� Control Variable Bypass Control
valve position.

The controller can be set to either manual or
automatic.

When the controller is in manual, the Bypass
Control valve position will follow the
manual output as entered at the control panel
keypad (0% to 100% closed).

When the controller is in automatic, the
Bypass Control valve position will be varied
to control any one of the following process
variables at its setpoint:

� unit suction pressure
� unit discharge pressure
� engine manifold air pressure.

The Master PID control determines which
process variable (and corresponding control
setpoint) is used, as described in Section 4.5.

4.4.2 Bypass Auto Slowdown
PID Controller

The Bypass Auto Slowdown PID controller
is used during the NCS sequence to ramp the
Bypass valve open during NCS sequence
Step 0 “Reduce Speed to MINIMUM LOAD
RPM”.

For the Bypass Auto Slowdown PID,
controller, the variables are assigned:

� Process Variable Unit Discharge
pressure

� Control Variable Bypass Control
valve position.

This controller is always set to automatic
and cannot be used in manual.

4.5 Master PID Control
The Master PID control uses the Engine
Speed PID controller and Bypass Control
valve to control any one of the following
process variables at its control setpoint.
(The Master PID control is configured to
control the process variable that is closest to
its setpoint at any given time):

� unit suction pressure
� unit discharge pressure
� engine manifold air pressure.

The Master PID control is configured to first
enable the Bypass Control valve PID
controller to control the process variables.

Once the Bypass Control valve reaches the
100% closed position, the Engine Speed PID
controller will be enabled and the Bypass
Control valve will remain in the 100%
closed position.
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This is accomplished by subtracting an
offset from the unit suction pressure control
setpoint, and adding offsets to the unit
discharge pressure and engine manifold air
pressure control setpoints used by the
Bypass Control valve PID controller.

The control setpoints used by the Engine
Speed PID Controller remain unchanged.

4.5.1 Example

For both the Bypass Control valve and
Engine Speed PID controllers, initial control
setpoints and offsets are configured:

Process Control
Variable Setpoint Offset

(kPa) (kPa)

Unit suction press. 1400 -100
Unit discharge press. 7000 +150
Engine manifold air 120 +20
   air press.

During start sequence Step 50 “Loading”,
the Master PID control is enabled and the
Bypass Control Valve PID controller begins
to control to the unit discharge pressure
control setpoint.

The Bypass Control valve begins to close,
resulting in an increase in unit discharge
pressure.  Once the Bypass Control valve
reaches the 100% closed position, the
Master PID control enables the Engine
Speed PID controller.

At the same time, the Master PID control
subtracts an offset of 100 kPa from the unit
suction pressure control setpoint for the
Bypass Control Valve PID controller.  It also
adds offsets of 150 kPa and 20 kPa to the
unit discharge pressure and engine manifold
air pressure control setpoints, respectively,
for the Bypass Control Valve PID
Controller.

The Bypass Control Valve PID controller
now uses setpoints of:

Process Control
Variable Setpoint

(kPa)

Unit suction press. 1300
Unit discharge press. 7150
Engine manifold air 140
   air press.

The Engine Speed PID controller retains the
initial control setpoints.  This allows the
Engine Speed PID controller to control the
process variables, while the Bypass Control
valve remains in the 100% closed position,
maximizing the unit efficiency.

4.6 Inlet Control Valve
Where an Inlet Control valve is used, the
unit suction pressure is controlled by one of
three controllers, depending on the operating
status of the unit (starting, running or
stopping).

1. Inlet Control Valve PID controller.
2. Suction Startup PID controller.
3. Suction Slowdown PID controller.
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NOTE Where an Inlet Control valve is
used, the unit suction pressure
control setpoint used by the
Master PID control must be set
to a lower value than the control
setpoint used for the Inlet
Control Valve PID controller.

In this case, the Master PID
control acts only as an override,
should the Inlet Control Valve
PID controller fail to maintain
the unit suction pressure at its
control setpoint.

4.6.1 Inlet Control Valve PID Controller

The Inlet Control Valve PID controller is the
main controller used to control the unit
suction pressure.  It is enabled during start
sequence Step 50 “Loading” and is used the
entire time the unit is running on line.

For the Inlet Control Valve PID controller,
the variables are assigned:

� Process Variable Unit Suction
pressure

� Control Variable Inlet Control
valve position.

The controller can be set to either manual or
automatic.

When the controller is in manual, the Inlet
Control valve position will follow the
manual output as entered at the control panel
(0% to 100% open).

When the controller is in automatic, the Inlet
Control valve position will be varied to
control the unit suction pressure at its
control setpoint.

4.6.2 Suction Startup PID Controller

The Suction Startup PID controller is used to
maintain a minimum unit suction pressure
during start sequence Step 10 “Purge and
Partial Pressurization”, and until the Inlet
Control Valve PID controller is enabled
during start sequence Step 50 “Loading”.

For the Suction Startup PID controller, the
variables are assigned:

� Process Variable Unit Suction
pressure

� Control Variable Inlet Control
valve position.

This controller is always set to automatic
and cannot be used in manual.

4.6.3 Suction Slowdown PID Controller

The Suction Slowdown PID controller is
used during the NCS sequence to ramp the
Inlet Control valve closed during Step 0
“Reduce Speed to Minimum Load RPM”.

For the Suction Slowdown PID controller,
the variables are assigned:

� Process Variable Unit Suction
pressure

� Control Variable Inlet Control
valve position.

This controller is always set to automatic
and cannot be used in manual.

4.7 Gas Cooler Louver Control
Up to two PID controllers can be used to
control the gas cooler intercooler and
aftercooler louvers.

1. Intercooler PID controller.
2. Aftercooler PID controller.
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Where two controllers are used, the
variables are assigned:

Intercooler

� Process Variable Suction Stage 2
temperature

� Control Variable Intercooler
Louver
position.

Aftercooler

� Process Variable Discharge Final
temperature

� Control Variable Aftercooler
Louver
position.

Where one controller is used, these variables
are assigned:

� Process Variable Discharge Final
temperature

� Control Variable Intercooler and
Aftercooler
Louver
position.

The Gas Cooler Louver PID controllers can
be set to either manual or automatic.

When they are in manual, the louver
positions will follow the manual output as
entered at the control panel (0% to 100%
open).

When the Gas Cooler Louver PID
controllers are in automatic, the louver
positions will be varied to control the
Suction Stage 2 gas temperature and/or
Discharge Final temperature at their
respective control setpoints.
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VENDOR PARTS INFORMATION



ALBERTA STRAINERS LTD.
9577 - 60 AVENUE 

EDM ONTON, ALBERTA 

CANADA, T6E 0C2 

PHONE: (780) 448-0258   FAX: (780) 435-7146 

ALTA    STRAINERS 

INSTALLATION AND M AINTENANCE INSTRUCTIONS 

INSTALLATION:

"Y" STRAIN ERS SHOUL D B E IN STAL L ED IN  A HORIZ ON TAL  L IN E OR A 

V ERTIC AL  L IN E W ITH THE F L OW  G OIN G  DOW N . 

B ASK ET STRAIN ERS SHOUL D B E IN STAL L ED IN  A HORIZ ON TAL  L IN E. 

IN  B OTH STYL ES ROOM  M UST B E AL L OW ED F OR SC REEN  REM OV AL . 

IDEAL L Y, P RESSURE G AUG ES SHOUL D B E IN STAL L ED UP STREAM  AN D 

            DOW N STREAM  OF  A STRAIN ER TO IN DIC ATE P RESSURE DROP   

C AUSED B Y A P ARTIAL L Y P L UG G ED SC REEN . 

M AINTENANCE:

DETERM IN E HOW  L ON G  IT TAK ES F OR THE SC REEN  TO B EC OM E 

AP P ROX IM ATEL Y 1 /3  P L UG G ED AN D REM OV E AN D C L EAN  AT THE 

SAM E TIM E IN TERV AL , OR W HEN  THE P RESSURE G AUG ES, IF  

IN STAL L ED, IN DIC ATE A P RESSURE DROP  AC ROSS THE STRAIN ER. 

IF  A "Y" STRAIN ER HAS B EEN  P ROV IDED W ITH A B L OW -DOW N  

V AL V E ON  THE DRAIN  C ON N EC TION  THEN  IT M AY B E OP EN ED TO 

B L OW  DOW N  SEDIM EN T. 

SPARE PARTS:

A SP ARE SC REEN  AN D C OV ER G ASK ET ARE THE ON L Y P ARTS 

REQUIRED TO REF URB ISH A STRAIN ER. 

A SP ARE SC REEN  W IL L  DEC REASE SHUT-DOW N  TIM E W HIL E THE 

P L UG G ED SC REEN  IS B EIN G  C L EAN ED. 



ALTA
MODEL  YS 600 

600# ANSI CARBON STEEL 

SCREWED / SOCKET WELD  

"Y" STRAINER 

DRAWING  A 110 

ALL STRAINERS ARE INDIVIDUALLY HYDROSTATICALLY TESTED TO ANSI B16.5

DIMENSIONS NET

SIZE A B C WEIGHT

mm                 in.     mm                 in.     mm                 in.    mm                 in. Kg.                Lbs 

 32               1 1/4 133            5 1/4    96             3 7/8  15                 1/2   2.7                 6 

 40               1  1/2 159            6  1/4  127             5  20                 3/4   4.5               10 

 50               2 190            7  1/2  165             6  1/2  25                 1   7.3               16 

 75               3 298           11  3/4  279            11  25                 1 25.5               56 

FEATURES
   BODY HAS A MACHINED SEAT TO HOLD SCREEN SECURELY. 

    CAP/COVER HAS A MACHINED SCREEN HOLDER TO ALIGN SCREEN DURING 

    INSTALLATION AND TO RETAIN SEDIMENT WHEN CAP/COVER IS REMOVED. 

      BODY IS MACHINED TO HOLD CAP GASKET IN A BLOW-OUT PROOF DESIGN. 

DESCRIPTION MATERIAL

BODY ASTM A216 GR. WCB 

CAP / COVER ASTM A216 GR. WCB 

STUD ASTM A193 GR. B7 

NUT ASTM A194 GR. 2H 

GASKET SPIRAL WOUND SS 

SCREEN   1 1/4" -  2" 304 SS    1/32  PERF 

SCREEN     3" 304 SS    1/8    PERF 

1 1/4" to 2" YS600 

TEMPERATURE WORKING 

PRESSURE 

C F kPa P.S.I. 

-29 to 38 -20 to 100 10200 1480 

95 200  9300 1350 

150 300  9060 1315 

200 400  8750 1270 

260 500  8275 1200 3" YS600BC 
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                      M A T E R I A L   S A F E T Y   D A T A   S H E E T 
Prod.ID: 76002 
===================  SECTION I  -  PRODUCT IDENTIFICATION  ================ 
 
PRODUCT NAME: SPEED ENAMEL CLEAR BASE 
 
PRODUCT IDENTIFIER: 76002                     HMIS CODES: H 1 F  3 R  1 P B 
PRODUCT USE: General purpose coating. 
PRODUCT IDENTIFICATION NUMBER: UN1263 
WHMIS INFO: B2,D2B 
 
 
MANUFACTURER'S NAME: Cloverdale Paint Inc 
ADDRESS            : 6950 King George Hwy 
                     Surrey, BC, 
EMERGENCY PHONE    : 613-996-6666             REVISION DATE : 30-Mar-04 
INFORMATION PHONE  : 604-596-6261 
ABREVIATIONS       : N/AP - NOT APPLICABLE    N/AV - NOT AVAILABLE 
 
=====================  SECTION II  -  HAZARDOUS INGREDIENTS  ============== 
 
REPORTABLE     CAS      WEIGHT      O.E.L. 
COMPONENTS     NUMBER   PERCENT 
*XYLENE        1330-20- 15-40       
               7                   ACGIH TLV: 100 PPM 
                                   LD50: ORAL:4g/kg rat, LC50: 6500 
                                   ppm/4H(RAT) 
                                   LD50: SKIN:5000 mg/kg(RABBIT) 
ETHYLBENZENE   100-41-  10-30       
               4                   TWA: 100ppm  LD50 (ORAL-RAT): 
                                   3500 mg/kg 
                                   LD50: SKIN:17800 mg/kg(RABBIT) 
LIGHT NAPHTHA  64742-   10-30       
- HYDROTREATED 49-0                ACGIH TLV: 400 ppm 
                                   LD50:ORAL:>25000 
                                   mg/kg(RAT),LC50:16000 ppm/4H(RAT) 
--------------------------------------------------------------------------- 
 
 
 
*  Indicates toxic chemical(s) subject to the reporting requirements 
of section 313 of Title III and of 40 CFR 372. 
--------------------------------------------------------------------------- 
 
=============  SECTION III  -  PHYSICAL/CHEMICAL CHARACTERISTICS  ========= 
 
BOILING POINT: Not available.   SPECIFIC GRAVITY (H2O=1):     0.92 
VAPOR DENSITY: Heavier than air.           PHYSICAL STATE:  Liquid. 
EVAPORATION RATE:   Faster than n-Butyl Acetate.             
COATING V.O.C.:  563   g/l                                   
SOLUBILITY IN WATER:   Insoluble. 
APPEARANCE AND ODOR:   Moderately thick liquid; Aromatic odor. 
FREEZING POINT:     Not available.           pH:    Not available. 
COEFFICIENT OF WATER/OIL DIST: N/AV          ODOR THRESHOLD:1-30 ppm 
 
========  SECTION IV  -  FIRE AND EXPLOSION HAZARD DATA  =========== 
 
FLASH POINT: -7 C                       METHOD USED: TCC 
FLAMMABLE LIMITS IN AIR BY VOLUME- LOWER: 1.0     UPPER: 12.1 
 
EXTINGUISHING MEDIA: 
Foam,CO2,dry chemical, water fog. 
 
SPECIAL FIREFIGHTING PROCEDURES 
Respiratory   equipment  should  be  worn  to  avoid  inhalation   of 
concentrated vapours. Water should not be used except  as  a  fog  to 
keep nearby containers cool. 
 
UNUSUAL FIRE AND EXPLOSION HAZARDS 
Handle as a flammable liquid. Vapours form an explosive mixture in 
air between the upper and lower explosive limits, which, can be 
ignited by many sources such as pilot lights, open flames, electrical 
boxes and switches. Vapour may travel along the ground and flashback 
along vapour trail may occur. 
 
FLAMMABILITY - T.D.G.R. CLASS: 
TDG CLASS 3 
 
SENSITIVITY TO IMPACT: NO 
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AUTO-IGNITION TEMPERATURE: 
Not available 
 
SENSITIVITY TO STATIC DISCHARGE: Yes 
 
HAZARDOUS COMBUSTION PRODUCTS: 
Carbon Monoxide, Carbon Dioxide and Oxides of Nitrogen. 
 
============  SECTION V  -  REACTIVITY DATA  ==================== 
 
CHEMICAL STABILITY: STABLE 
 
CONDITIONS TO AVOID: 
Excessive  heat, poor ventilation, corrosive atmospheres,  excessive 
aging. 
 
INCOMPATIBILITY (MATERIALS TO AVOID) 
Alkaline materials, strong acids and oxidizing agents. 
 
HAZARDOUS DECOMPOSITION OR BYPRODUCTS:  NONE KNOWN 
 
HAZARDOUS POLYMERIZATION: 
Will not occur. 
 
==========  SECTION VI  -  TOXICOLOGICAL DATA  =================== 
 
INHALATION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May  cause  respiratory irritation, dizziness, breathing difficulty, 
headaches and loss of co-ordination. 
 
SKIN AND EYE CONTACT HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
Eye  Contact:  May  cause severe irritation,  tearing,  redness  and 
blurred                                                      vision. 
Skin Contact: May cause irritation. 
 
SKIN ABSORPTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May dry and defat skin causing cracks, irritation and dermatitis. 
 
INGESTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May   cause   gastrointestinal  irritation,  vomiting,  nausea   and 
diarrhea. 
 
HEALTH HAZARDS (ACUTE AND CHRONIC) 
Acute health hazards are as listed above. No chronic health hazards. 
 
SENSITIZING CAPABILITY: NONE KNOWN 
 
CARCINOGENICITY:   NTP  CARCINOGEN:No  IARC   MONOGRAPHS:Yes    OSHA 
REGULATED:No 
Ethylbenezene  has  been  classified by  the  IARC  as  a  Group  2B 
substance on the basis of sufficient evidence for carcinogenicity in 
laboratory animals but inadequate evidence for cancer in humans. 
 
TERATOGENICITY AND EMBRYOTOXICITY 
High  exposures to xylenes in some animal studies have been reported 
to causehealth effects on the developing embryo/fetus. These effects 
were  often at levels toxic to the mother. The significance of these 
findings to humans has not been determined. 
 
REPRODUCTIVE TOXICITY 
Not available. 
 
MUTAGENICITY 
Not available. 
 
 
TOXICOLOGICALLY SYNERGISTIC PRODUCTS 
None known. 
 
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
Anesthesia,respiratory tract irritation,dermatitis,nausea,vomiting. 
 
==========  SECTION VII  -  PREVENTIVE MEASURES ==================== 
 
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 
Eliminate  ignition  sources.  Provide  good  ventilation  or   wear 
appropriate  breathing  apparatus. Absorb  small  spills  with  non- 
flammable  absorbent.  Contain spills by diking  with  non-flammable 
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absorbent. Notify environmental agency. 
 
WASTE DISPOSAL METHOD 
Reclaim  or  dispose  of through a licensed waste  disposal  company 
according to Federal,Provincial and local regulations. 
 
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING 
Flammable. Store in a cool, dry, well ventilated area away from heat 
and  ignition sources. Keep containers closed when not in use. Avoid 
breathing  vapours  or mist and prolonged or repeated  contact  with 
skin.  Launder  contaminated clothing  prior  to  re-use.  Use  good 
personal   hygiene.  Product  is  a  static  accumulator.   Transfer 
equipment should be grounded or bonded. 
 
OTHER  PRECAUTIONS: Smoking in the area where this material is  used 
must be strictly prohibited. 
 
RESPIRATORY PROTECTION 
NIOSH approved for organic vapours and particulate matter. 
 
VENTILATION 
General  mechanical ventilation or local exhaust should be  suitable 
to  keep vapour concentrations below TLV. Ventilation equipment must 
be  explosion proof. Make up air should be supplied to  balance  air 
exhausted. 
 
PROTECTIVE GLOVES 
Solvent impervious e.g. Viton,Nitrile,PVC. 
 
EYE PROTECTION 
Chemical safety glasses, goggles or face shield. 
 
OTHER PROTECTIVE CLOTHING OR EQUIPMENT 
Use impermeable aprons and protective clothing whenever possible  to 
prevent skin contact. 
 
WORK/HYGIENIC PRACTICES 
Eye washes and safety showers in the workplace are recommended. 
 
=========  SECTION VIII  -  FIRST AID MEASURES =============== 
 
INHALATION  OVEREXPOSURE: Move person to  fresh  air.  If  breathing 
stops,  apply  artificial  respiration and  seek  immediate  medical 
attention. 
 
EYE  CONTACT: Flush with water for at least 15 minutes. Seek medical 
attention. 
 
SKIN CONTACT: Wash thoroughly with mild soap and water. 
 
INGESTION:  Do not induce vomiting. Aspiration of solvents  in  this 
product can cause inflammation of the lungs. 
 
=========  SECTION IX  -  PREPARATION  ================== 
 
PREPARED BY: TECHNICAL DEPARTMENT 
 
========  SECTION X  -  DISCLAIMER  ==================== 
To  the  best of our knowledge, the information contained herein  is 
accurate, obtained from sources believed by Cloverdale Paint Inc. to 
be accurate. No warranty concerning the accuracy of these sources is 
made  and  Cloverdale Paint Inc. will not be held liable for  claims 
relating to use of this information or recommendations. 
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                      M A T E R I A L   S A F E T Y   D A T A   S H E E T 
Prod.ID: 78011                     
  
====================  SECTION I  -  PRODUCT IDENTIFICATION  ==================== 
  
PRODUCT NAME: CLOVA THINNER #11                              HMIS CODES: H F R P 
PRODUCT IDENTIFIER: 78011                                                1 3 1 I 
PRODUCT USE : Paint thinner 
PRODUCT IDENTIFICATION NUMBER: UN1307 
WHMIS INFO.: B2,D2B                    
  
MANUFACTURER'S NAME: Cloverdale Paint Inc.                    
ADDRESS            : 6950 King George Highway                 
                     Surrey, BC, Canada                       
                     V3W 4Z1                                  
EMERGENCY PHONE    : (613) 996-6666               REVISION DATE: 03/05/01 
INFORMATION PHONE  : (604) 596-6261       
ABREVIATIONS: N/AP - NOT APPLICABLE  N/AV - NOT AVAILABLE 
 
====================  SECTION II  -  HAZARDOUS INGREDIENTS  ==================== 
  
REPORTABLE COMPONENTS      CAS NUMBERWEIGHT PERCENTOCCUPATIONAL EXPOSURE LIMITS 
------------------------------------------------------------------------------------------------ 
* XYLENE                   1330-20-7   60-100          
                                                  ACGIH TLV: 100 PPM 
                                                  LD50: ORAL:4g/kg rat, LC50: 6500 ppm/4H(RAT) 
ETHYLBENZENE               100-41-4    10-30           
                                                  TWA: 100ppm  LD50 (ORAL-RAT): 3500 mg/kg 
  
* Indicates toxic chemical(s) subject to the reporting requirements of section 
313 of Title III and of 40 CFR 372.                                              
------------------------------------------------------------------------------------------------ 
  
===============  SECTION III  -  PHYSICAL/CHEMICAL CHARACTERISTICS  ============ 
  
BOILING POINT: 136.2 C                  SPECIFIC GRAVITY (H2O=1):   0.87 
VAPOR DENSITY: Heavier than air. 
                                        PHYSICAL STATE: Liquid. 
EVAPORATION RATE: Slower than n-Butyl Acetate. 
                                        VAPOR PRESSURE: mm Hg @ TEMP (F) 
                                                          5     68 
                                                          7     20C 
COATING V.O.C. :  867 g/l 
SOLUBILITY IN WATER: Insoluble. 
APPEARANCE AND ODOR: Clear, Thin liquid; Aromatic odor. 
FREEZING POINT: Not available.          pH: N/AP 
COEFFICIENT OF WATER/OIL DIST: N/AV     ODOR THRESHOLD: 1-30 ppm 
  
=================  SECTION IV  -  FIRE AND EXPLOSION HAZARD DATA  ============== 
  
FLASH POINT: 15 C                       METHOD USED: CC 
FLAMMABLE LIMITS IN AIR BY VOLUME(%)- LOWER: 1%      UPPER: 7 
  
EXTINGUISHING MEDIA: Foam,CO2,Dry chemical, Water fog. 
  
SPECIAL FIREFIGHTING PROCEDURES 
Respiratory equipment should be worn to avoid inhalation of concentrated 
vapours. Water should not be used except as a fog to keep nearby containers      
cool.                                                                            
  
UNUSUAL FIRE AND EXPLOSION HAZARDS 
Handle as a flammable liquid. Vapours form an explosive mixture in air between 
the upper and lower explosive limits, which, can be ignited by many sources such 
as pilot lights, open flames, electrical boxes and switches. Vapour may travel   
 
along the ground and flashback along vapour trail may occur.                     
  
FLAMMABILITY - T.D.G.R. CLASS 
3.3,9.2 
  
SENSITIVITY TO IMPACT: NO 
  
AUTO-IGNITION TEMPERATURE:  
Not available  527 deg C 
  
SENSITIVITY TO STATIC DISCHARGE 
Yes 
  
HAZARDOUS COMBUSTION PRODUCTS:  
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Carbon Monoxide, Carbon Dioxide and Oxides of Nitrogen. 
  
========================  SECTION V  -  REACTIVITY DATA  ======================= 
  
CHEMICAL STABILITY: STABLE 
  
CONDITIONS TO AVOID 
Excessive heat, Poor ventilation, Corrosive atmospheres, Excessive aging. 
  
INCOMPATIBILITY (MATERIALS TO AVOID) 
Alkaline materials, strong acids and oxidizing agents. 
  
HAZARDOUS DECOMPOSITION OR BYPRODUCTS: NONE KNOWN 
  
HAZARDOUS POLYMERIZATION: Will not occur. 
  
====================  SECTION VI  -  TOXICOLOGICAL DATA  ======================= 
  
INHALATION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May cause respiratory irritation, dizziness, breathing difficulty, headaches and 
loss of co-ordination.                                                           
  
SKIN AND EYE CONTACT HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
Eye Contact: May cause severe irritation, tearing, redness and blurred vision. 
Skin Contact: May cause irritation.                                              
  
SKIN ABSORPTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May dry and defat skin causing cracks, irritation and dermatitis. 
  
INGESTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May cause gastrointestinal irritation, vomiting, nausea and diarrhea. 
  
HEALTH HAZARDS (ACUTE AND CHRONIC) 
Acute health hazards are as listed above. 
No chronic health hazards.                                                       
  
SENSITIZING CAPABILITY: NONE KNOWN 
  
CARCINOGENICITY:  NTP CARCINOGEN: No   IARC MONOGRAPHS: Yes  OSHA REGULATED: No 
Ethylbenezene has been classified by the IARC as a Group 2B substance on the 
basis of sufficient evidence for carcinogenicity in laboratory animals but       
inadequate evidence for cancer in humans.                                        
  
TERATOGENICITY AND EMBRYOTOXICITY 
High exposures to xylenes in some animal studies have been reported to 
causehealth effects on the developing embryo/fetus. These effects were often at  
levels toxic to the mother. The significance of these findings to humans has not 
been determined.                                                                 
 
  
REPRODUCTIVE TOXICITY 
Not available. 
  
MUTAGENICITY 
Not available. 
  
TOXICOLOGICALLY SYNERGISTIC PRODUCTS 
None known. 
  
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
Anesthesia,respiratory tract irritation,dermatitis,nausea,vomiting. 
  
===================  SECTION VII  -  PREVENTIVE MEASURES  ====================== 
  
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 
Eliminate ignition sources. Provide good ventilation or wear appropriate 
breathing apparatus. Absorb small spills with non-flammable absorbent. Contain   
spills by diking with non-flammable absorbent. Notify environmental agency.      
  
WASTE DISPOSAL METHOD 
Reclaim or dispose of through a licensed waste disposal company according to 
Federal,Provincial and local regulations.                                        
  
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING 
Flammable. Store in a cool, dry, well ventilated area away from heat and 
ignition sources. Keep containers closed when not in use. Avoid breathing        
vapours or mist and prolonged or repeated contact with skin. Launder             
contaminated clothing prior to re-use. Use good personal hygiene. Product is a   
static accumulator.  Transfer equipment should be grounded or bonded.            
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OTHER PRECAUTIONS 
Smoking in the area where this material is used must be strictly prohibited. 
  
RESPIRATORY PROTECTION 
NIOSH approved for organic vapours and particulate matter. 
  
VENTILATION 
General mechanical ventilation or local exhaust should be suitable to keep 
vapour concentrations below TLV. Ventilation equipment must be explosion proof.  
Make up air should be supplied to balance air exhausted.                         
  
PROTECTIVE GLOVES 
Solvent impervious e.g. Viton,Nitrile,PVC. 
  
EYE PROTECTION 
Chemical safety glasses, goggles or face shield. 
  
OTHER PROTECTIVE CLOTHING OR EQUIPMENT 
Use impermeable aprons and protective clothing whenever possible to prevent skin 
contact.                                                                         
  
WORK/HYGIENIC PRACTICES 
Eye washes and safety showers in the workplace are recommended. 
  
====================  SECTION VIII  -  FIRST AID MEASURES  ===================== 
  
INHALATION OVEREXPOSURE: Move person to fresh air. If breathing stops, apply 
artificial respiration and seek immediate medical attention.                     
  
EYE CONTACT: Flush with water for at least 15 minutes. Seek medical attention. 
  
 
SKIN CONTACT: Wash thoroughly with mild soap and water. 
  
INGESTION: Do not induce vomiting. Aspiration of solvents in this product can 
cause inflammation of the lungs.                                                 
  
=========================  SECTION IX  -  PREPARATION  ====================== 
  
PREPARED BY: TECHNICAL DEPARTMENT 
  
=========================  SECTION X  -  DISCLAIMER  =========================== 
To the best of our knowledge, the information contained herein is accurate, 
obtained from sources believed by Cloverdale Paint Inc. to be accurate. No       
warranty concerning the accuracy of these sources is made and Cloverdale Paint   
Inc. will not be held liable for claims relating to use of this information or   
recommendations.                                                                 

  

Page 3 of 3MSDS Prod.ID: 78011

9/23/2002http://www.cloverdalepaint.com/html_msds/78011.htm



                      M A T E R I A L   S A F E T Y   D A T A   S H E E T 
Prod.ID: 82003                     
  
====================  SECTION I  -  PRODUCT IDENTIFICATION  ==================== 
  
PRODUCT NAME: S/P INDUSTRIAL ENAMEL WHITE                    HMIS CODES: H F R P 
PRODUCT IDENTIFIER: 82003                                                1 3 1 B 
PRODUCT USE : General purpose coating. 
PRODUCT IDENTIFICATION NUMBER: UN1263 
WHMIS INFO.: B2,D2B                    
  
MANUFACTURER'S NAME: Cloverdale Paint Inc.                    
ADDRESS            : 6950 King George Highway                 
                     Surrey, BC, Canada                       
                     V3W 4Z1                                  
EMERGENCY PHONE    : (613) 996-6666               REVISION DATE: 03/05/01 
INFORMATION PHONE  : (604) 596-6261       
ABREVIATIONS: N/AP - NOT APPLICABLE  N/AV - NOT AVAILABLE 
 
====================  SECTION II  -  HAZARDOUS INGREDIENTS  ==================== 
  
REPORTABLE COMPONENTS      CAS NUMBERWEIGHT PERCENTOCCUPATIONAL EXPOSURE LIMITS 
------------------------------------------------------------------------------------------------ 
* XYLENE                   1330-20-7   10-30           
                                                  ACGIH TLV: 100 PPM 
                                                  LD50: ORAL:4g/kg rat, LC50: 6500 ppm/4H(RAT) 
ETHYLBENZENE               100-41-4    7-13            
                                                  TWA: 100ppm  LD50 (ORAL-RAT): 3500 mg/kg 
STODDARD SOLVENT           8052-41-3   5-10            
                                                  ACGIH TLV: 100 ppm 
                                                  LD50: ORAL:>5g/kg(RAT), LC50:>1400 ppm/4H(RAT) 
  
* Indicates toxic chemical(s) subject to the reporting requirements of section 
313 of Title III and of 40 CFR 372.                                              
------------------------------------------------------------------------------------------------ 
  
===============  SECTION III  -  PHYSICAL/CHEMICAL CHARACTERISTICS  ============ 
  
BOILING POINT: 136.2 C                  SPECIFIC GRAVITY (H2O=1):   1.14 
VAPOR DENSITY: Heavier than air. 
                                        PHYSICAL STATE: Liquid. 
EVAPORATION RATE: Slower than n-Butyl Acetate. 
                                        VAPOR PRESSURE: mm Hg @ TEMP (F) 
                                                          5     68 
                                                          7     20C 
                                                          7     100 
COATING V.O.C. :  550 g/l 
SOLUBILITY IN WATER: Insoluble. 
APPEARANCE AND ODOR: Moderately thick liquid; Aromatic odor. 
FREEZING POINT: Not available.          pH: N/AP 
COEFFICIENT OF WATER/OIL DIST: N/AV     ODOR THRESHOLD: 1-30 ppm 
  
=================  SECTION IV  -  FIRE AND EXPLOSION HAZARD DATA  ============== 
  
FLASH POINT: 15 C                       METHOD USED: CC 
FLAMMABLE LIMITS IN AIR BY VOLUME(%)- LOWER: 1%      UPPER: 7 
  
EXTINGUISHING MEDIA: Foam,CO2,Dry chemical, Water fog. 
  
SPECIAL FIREFIGHTING PROCEDURES 
Respiratory equipment should be worn to avoid inhalation of concentrated 
vapours. Water should not be used except as a fog to keep nearby containers      
cool.                                                                            
  
 
UNUSUAL FIRE AND EXPLOSION HAZARDS 
Handle as a flammable liquid. Vapours form an explosive mixture in air between 
the upper and lower explosive limits, which, can be ignited by many sources such 
as pilot lights, open flames, electrical boxes and switches. Vapour may travel   
along the ground and flashback along vapour trail may occur.                     
  
FLAMMABILITY - T.D.G.R. CLASS 
CONTAINERS GREATER THAN 18.9 LITRES: 3.3, 18.9 LITRES AND LESS: CONSUMER 
COMMODITY                                                                        
  
SENSITIVITY TO IMPACT: NO 
  
AUTO-IGNITION TEMPERATURE:  
Not available 
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SENSITIVITY TO STATIC DISCHARGE 
Yes 
  
HAZARDOUS COMBUSTION PRODUCTS:  
Carbon Monoxide, Carbon Dioxide and Oxides of Nitrogen. 
  
========================  SECTION V  -  REACTIVITY DATA  ======================= 
  
CHEMICAL STABILITY: STABLE 
  
CONDITIONS TO AVOID 
Excessive heat, Poor ventilation, Corrosive atmospheres, Excessive aging. 
  
INCOMPATIBILITY (MATERIALS TO AVOID) 
Alkaline materials, strong acids and oxidizing agents. 
  
HAZARDOUS DECOMPOSITION OR BYPRODUCTS: NONE KNOWN 
  
HAZARDOUS POLYMERIZATION: Will not occur. 
  
====================  SECTION VI  -  TOXICOLOGICAL DATA  ======================= 
  
INHALATION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May cause respiratory irritation, dizziness, breathing difficulty, headaches and 
loss of co-ordination.                                                           
  
SKIN AND EYE CONTACT HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
Eye Contact: May cause severe irritation, tearing, redness and blurred vision. 
Skin Contact: May cause irritation.                                              
  
SKIN ABSORPTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May dry and defat skin causing cracks, irritation and dermatitis. 
  
INGESTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May cause gastrointestinal irritation, vomiting, nausea and diarrhea. 
  
HEALTH HAZARDS (ACUTE AND CHRONIC) 
Acute health hazards are as listed above. 
No chronic health hazards.                                                       
  
SENSITIZING CAPABILITY: NONE KNOWN 
  
CARCINOGENICITY:  NTP CARCINOGEN: No   IARC MONOGRAPHS: Yes  OSHA REGULATED: No 
Ethylbenezene has been classified by the IARC as a Group 2B substance on the 
basis of sufficient evidence for carcinogenicity in laboratory animals but       
inadequate evidence for cancer in humans.                                        
  
 
TERATOGENICITY AND EMBRYOTOXICITY 
High exposures to xylenes in some animal studies have been reported to 
causehealth effects on the developing embryo/fetus. These effects were often at  
levels toxic to the mother. The significance of these findings to humans has not 
been determined.                                                                 
  
REPRODUCTIVE TOXICITY 
Not available. 
  
MUTAGENICITY 
Not available. 
  
TOXICOLOGICALLY SYNERGISTIC PRODUCTS 
None known. 
  
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
Anesthesia,respiratory tract irritation,dermatitis,nausea,vomiting. 
  
===================  SECTION VII  -  PREVENTIVE MEASURES  ====================== 
  
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 
Eliminate ignition sources. Provide good ventilation or wear appropriate 
breathing apparatus. Absorb small spills with non-flammable absorbent. Contain   
spills by diking with non-flammable absorbent. Notify environmental agency.      
  
WASTE DISPOSAL METHOD 
Reclaim or dispose of through a licensed waste disposal company according to 
Federal,Provincial and local regulations.                                        
  
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING 
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Flammable. Store in a cool, dry, well ventilated area away from heat and 
ignition sources. Keep containers closed when not in use. Avoid breathing        
vapours or mist and prolonged or repeated contact with skin. Launder             
contaminated clothing prior to re-use. Use good personal hygiene. Product is a   
static accumulator.  Transfer equipment should be grounded or bonded.            
  
OTHER PRECAUTIONS 
Smoking in the area where this material is used must be strictly prohibited. 
  
RESPIRATORY PROTECTION 
NIOSH approved for organic vapours and particulate matter. 
  
VENTILATION 
General mechanical ventilation or local exhaust should be suitable to keep 
vapour concentrations below TLV. Ventilation equipment must be explosion proof.  
Make up air should be supplied to balance air exhausted.                         
  
PROTECTIVE GLOVES 
Solvent impervious e.g. Viton,Nitrile,PVC. 
  
EYE PROTECTION 
Chemical safety glasses, goggles or face shield. 
  
OTHER PROTECTIVE CLOTHING OR EQUIPMENT 
Use impermeable aprons and protective clothing whenever possible to prevent skin 
contact.                                                                         
  
WORK/HYGIENIC PRACTICES 
Eye washes and safety showers in the workplace are recommended. 
  
====================  SECTION VIII  -  FIRST AID MEASURES  ===================== 
  
 
INHALATION OVEREXPOSURE: Move person to fresh air. If breathing stops, apply 
artificial respiration and seek immediate medical attention.                     
  
EYE CONTACT: Flush with water for at least 15 minutes. Seek medical attention. 
  
SKIN CONTACT: Wash thoroughly with mild soap and water. 
  
INGESTION: Do not induce vomiting. Aspiration of solvents in this product can 
cause inflammation of the lungs.                                                 
  
=========================  SECTION IX  -  PREPARATION  ====================== 
  
PREPARED BY: TECHNICAL DEPARTMENT 
  
=========================  SECTION X  -  DISCLAIMER  =========================== 
To the best of our knowledge, the information contained herein is accurate, 
obtained from sources believed by Cloverdale Paint Inc. to be accurate. No       
warranty concerning the accuracy of these sources is made and Cloverdale Paint   
Inc. will not be held liable for claims relating to use of this information or   
recommendations.                                                                 
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                      M A T E R I A L   S A F E T Y   D A T A   S H E E T 
Prod.ID: 83203 
===================  SECTION I  -  PRODUCT IDENTIFICATION  ================ 
 
PRODUCT NAME: HI-HEAT ALUMINUM 
 
PRODUCT IDENTIFIER: 83203                     HMIS CODES: H 1 F  2 R  0 P H 
PRODUCT USE: General purpose coating. 
PRODUCT IDENTIFICATION NUMBER: UN1263 
WHMIS INFO: 
 
 
MANUFACTURER'S NAME: Cloverdale Paint Inc 
ADDRESS            : 6950 King George Hwy 
                     Surrey, BC, 
EMERGENCY PHONE    : 613-996-6666             REVISION DATE : 31-Mar-04 
INFORMATION PHONE  : 604-596-6261 
ABREVIATIONS       : N/AP - NOT APPLICABLE    N/AV - NOT AVAILABLE 
 
=====================  SECTION II  -  HAZARDOUS INGREDIENTS  ============== 
 
REPORTABLE     CAS      WEIGHT      O.E.L. 
COMPONENTS     NUMBER   PERCENT 
*XYLENE        1330-20- 15-40       
               7                   ACGIH TLV: 100 PPM 
                                   LD50: ORAL:4g/kg rat, LC50: 6500 
                                   ppm/4H(RAT) 
                                   LD50: SKIN:5000 mg/kg(RABBIT) 
*TOLUENE       108-88-  7-13        
               3                   ACGIH TLV: 100 ppm 
                                   LD50: >2g/kg ORAL RAT, LC50: 8000 
                                   ppm/4H(RAT) 
ETHYLBENZENE   100-41-  5-10        
               4                   TWA: 100ppm  LD50 (ORAL-RAT): 
                                   3500 mg/kg 
                                   LD50: SKIN:17800 mg/kg(RABBIT) 
*ALUMINUM      7429-90- 5-10        
POWDER         5                   TWA: 10 mg/m3 
                                    
STODDARD       8052-41- 1-5         
SOLVENT        3                   ACGIH TLV: 100 ppm 
                                   LD50: ORAL:>5g/kg(RAT), 
                                   LC50:>5g/M3/4H(RAT) 
--------------------------------------------------------------------------- 
 
 
 
*  Indicates toxic chemical(s) subject to the reporting requirements 
of section 313 of Title III and of 40 CFR 372. 
--------------------------------------------------------------------------- 
 
=============  SECTION III  -  PHYSICAL/CHEMICAL CHARACTERISTICS  ========= 
 
BOILING POINT: Not available.   SPECIFIC GRAVITY (H2O=1):     1.00 
VAPOR DENSITY: Heavier than air.           PHYSICAL STATE:  Liquid. 
EVAPORATION RATE:   Slower than n-Butyl Acetate.             
COATING V.O.C.:  634   g/l                                   
SOLUBILITY IN WATER:   Insoluble. 
APPEARANCE AND ODOR:   Moderately thick liquid; Aromatic odor. 
FREEZING POINT:     Not available.           pH:    Not available. 
COEFFICIENT OF WATER/OIL DIST: N/AV          ODOR THRESHOLD:1-30 ppm 
 
========  SECTION IV  -  FIRE AND EXPLOSION HAZARD DATA  =========== 
 
FLASH POINT: 6 C                        METHOD USED: Not available. 
FLAMMABLE LIMITS IN AIR BY VOLUME- LOWER: 1.0     UPPER: 7.1 
 
EXTINGUISHING MEDIA: 
Foam,CO2,dry chemical, water fog. 
 
SPECIAL FIREFIGHTING PROCEDURES 
Respiratory   equipment  should  be  worn  to  avoid  inhalation   of 
concentrated vapours. Water should not be used except  as  a  fog  to 
keep nearby containers cool. 
 
UNUSUAL FIRE AND EXPLOSION HAZARDS 
Handle as a flammable liquid. Vapours form an explosive mixture in 
air between the upper and lower explosive limits, which, can be 
ignited by many sources such as pilot lights, open flames, electrical 
boxes and switches. Vapour may travel along the ground and flashback 
along vapour trail may occur. 
 
FLAMMABILITY - T.D.G.R. CLASS: 
TDG CLASS 3 
 
SENSITIVITY TO IMPACT: NO 
 
AUTO-IGNITION TEMPERATURE: 
Not available 
 
SENSITIVITY TO STATIC DISCHARGE: Yes 
 
HAZARDOUS COMBUSTION PRODUCTS: 
Carbon Monoxide, Carbon Dioxide and Oxides of Nitrogen. 
 
============  SECTION V  -  REACTIVITY DATA  ==================== 
 
CHEMICAL STABILITY: STABLE 
 
CONDITIONS TO AVOID: 
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Excessive  heat, poor ventilation, corrosive atmospheres,  excessive 
aging. 
 
INCOMPATIBILITY (MATERIALS TO AVOID) 
Alkaline materials, strong acids and oxidizing agents. 
 
HAZARDOUS DECOMPOSITION OR BYPRODUCTS:  NONE KNOWN 
 
HAZARDOUS POLYMERIZATION: 
Will not occur. 
 
==========  SECTION VI  -  TOXICOLOGICAL DATA  =================== 
 
INHALATION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May  cause  respiratory irritation, dizziness, breathing difficulty, 
headaches and loss of co-ordination. 
 
SKIN AND EYE CONTACT HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
Eye  Contact:  May  cause severe irritation,  tearing,  redness  and 
blurred                                                      vision. 
Skin Contact: May cause irritation. 
 
SKIN ABSORPTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May dry and defat skin causing cracks, irritation and dermatitis. 
 
INGESTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
May   cause   gastrointestinal  irritation,  vomiting,  nausea   and 
diarrhea. 
 
HEALTH HAZARDS (ACUTE AND CHRONIC) 
Acute health hazards are as listed above. No chronic health hazards. 
 
SENSITIZING CAPABILITY: NONE KNOWN 
 
CARCINOGENICITY:   NTP  CARCINOGEN:No  IARC   MONOGRAPHS:Yes    OSHA 
REGULATED:No 
Ethylbenezene  has  been  classified by  the  IARC  as  a  Group  2B 
substance on the basis of sufficient evidence for carcinogenicity in 
laboratory animals but inadequate evidence for cancer in humans. 
 
TERATOGENICITY AND EMBRYOTOXICITY 
High  exposures to xylenes in some animal studies have been reported 
to causehealth effects on the developing embryo/fetus. These effects 
were  often at levels toxic to the mother. The significance of these 
findings to humans has not been determined. 
 
REPRODUCTIVE TOXICITY 
Not available. 
 
MUTAGENICITY 
Not available. 
 
 
TOXICOLOGICALLY SYNERGISTIC PRODUCTS 
None known. 
 
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
Anesthesia,respiratory tract irritation,dermatitis,nausea,vomiting. 
 
==========  SECTION VII  -  PREVENTIVE MEASURES ==================== 
 
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 
Eliminate  ignition  sources.  Provide  good  ventilation  or   wear 
appropriate  breathing  apparatus. Absorb  small  spills  with  non- 
flammable  absorbent.  Contain spills by diking  with  non-flammable 
absorbent. Notify environmental agency. 
 
WASTE DISPOSAL METHOD 
Reclaim  or  dispose  of through a licensed waste  disposal  company 
according to Federal,Provincial and local regulations. 
 
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING 
Flammable. Store in a cool, dry, well ventilated area away from heat 
and  ignition sources. Keep containers closed when not in use. Avoid 
breathing  vapours  or mist and prolonged or repeated  contact  with 
skin.  Launder  contaminated clothing  prior  to  re-use.  Use  good 
personal   hygiene.  Product  is  a  static  accumulator.   Transfer 
equipment should be grounded or bonded. 
 
OTHER  PRECAUTIONS: Smoking in the area where this material is  used 
must be strictly prohibited. 
 
RESPIRATORY PROTECTION 
NIOSH approved for organic vapours and particulate matter. 
 
VENTILATION 
General  mechanical ventilation or local exhaust should be  suitable 
to  keep vapour concentrations below TLV. Ventilation equipment must 
be  explosion proof. Make up air should be supplied to  balance  air 
exhausted. 
 
PROTECTIVE GLOVES 
Solvent impervious e.g. Viton,Nitrile,PVC. 
 
EYE PROTECTION 
Chemical safety glasses, goggles or face shield. 
 
OTHER PROTECTIVE CLOTHING OR EQUIPMENT 
Use impermeable aprons and protective clothing whenever possible  to 
prevent skin contact. 
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WORK/HYGIENIC PRACTICES 
Eye washes and safety showers in the workplace are recommended. 
 
=========  SECTION VIII  -  FIRST AID MEASURES =============== 
 
INHALATION  OVEREXPOSURE: Move person to  fresh  air.  If  breathing 
stops,  apply  artificial  respiration and  seek  immediate  medical 
attention. 
 
EYE  CONTACT: Flush with water for at least 15 minutes. Seek medical 
attention. 
 
SKIN CONTACT: Wash thoroughly with mild soap and water. 
 
INGESTION:  Do not induce vomiting. Aspiration of solvents  in  this 
product can cause inflammation of the lungs. 
 
=========  SECTION IX  -  PREPARATION  ================== 
 
PREPARED BY: TECHNICAL DEPARTMENT 
 
========  SECTION X  -  DISCLAIMER  ==================== 
To  the  best of our knowledge, the information contained herein  is 
accurate, obtained from sources believed by Cloverdale Paint Inc. to 
be accurate. No warranty concerning the accuracy of these sources is 
made  and  Cloverdale Paint Inc. will not be held liable for  claims 
relating to use of this information or recommendations. 
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                      M A T E R I A L   S A F E T Y   D A T A   S H E E T 
Prod.ID: T-240 
 
PRODUCT NAME: IND. ENAMEL URETHANE/ACRYLIC - WHITE           HMIS CODES: H F R P 
PRODUCT CODE: T-240                                                      1 2 1 H 
PRODUCT USE : INDUSTRIAL COATING 
WHMIS INFO.:                           
  
==================  SECTION I  -  MANUFACTURER IDENTIFICATION  ================= 
  
MANUFACTURER'S NAME: TOWER PAINT DIVISION OF CLOVERDALE PAINT 
ADDRESS            : 15846 - 111 AVENUE                       
                     EDMONTON,ALBERTA, CANADA                 
                     T5M 2R8                                  
EMERGENCY PHONE    : (780) 451 - 3830    DATE PRINTED     : 24/12/02 
INFORMATION PHONE  : (780) 451 - 3830    NAME OF PREPARER : TECHNICAL DEPT. 
  
==========  SECTION II  -  HAZARDOUS INGREDIENTS/SARA III INFORMATION  ========= 
  
                                                       VAPOR PRESSURE       WEIGHT 
REPORTABLE COMPONENTS                        CAS NUMBER mm Hg @ TEMP       PERCENT 
------------------------------------------------------------------------------------------------ 
ALIPHATIC HYDROCARBON SOLVENT                64742-47-87     100    25 
     ACGIH TLV: 100 PPM 
     LD50: ORAL: >5000mg/kg(RAT), LC50: >2500 PPM/4HRS (RAT) 
* XYLENE (MIXED ISOMERS)                     1330-20-7 >5    68      6 
     ACGIH TLV: 100 PPM 
     LD50: ORAL:4300 mg/kg(RAT), LC50: 5000 ppm/4H(RAT) 
     LD50: SKIN:5000 mg/kg(RABBIT) 
AROMATIC HYDROCARBON SOLVENT                 64742-94-50     0       0 
     ACGIH TLV: 50 ppm 
     LD50: ORAL:>10 ml/kg(RAT), LC50: >3800 mg/m3 /4H(RAT) 
ETHYL BENZENE (COMPONENT OF XYLENE)          100-41-4  7     20deg.C  1.04 
     LD50: ORAL:3500 mg/kg(RAT) 
     LD50: SKIN:17800 mg/kg(RABBIT) 
     TWA: 100ppm 
* ETHYLENE GLYCOL MONOBUTYL ETHER            111-76-2  0.6   68 deg.F  1 
     OSHA PEL: N/E, ACGIH TLV: 25 ppm, TWA: N/E 
     LD50  ORAL:1480 mg/kg(RAT), LC50: 450 ppm/4H(RAT) 
     LD50 DERMAL :490 mg/kg (RABBIT) 
  
* Indicates toxic chemical(s) subject to the reporting requirements of section 
313 of Title III and of 40 CFR 372.                                              
N/A 
  
===============  SECTION III  -  PHYSICAL/CHEMICAL CHARACTERISTICS  ============ 
  
BOILING RANGE: 136.2deg.C               SPECIFIC GRAVITY (H2O=1):   1.12 
VAPOR DENSITY: HEAVIER THAN AIR 
EVAPORATION RATE: FASTER THAN n-BUTYL ACETATE 
COATING V.O.C. :   4.66 lb/gl 
SOLUBILITY IN WATER: INSOLUBLE 
APPEARANCE AND ODOR: LIQUID WITH SOLVENT ODOUR. 
FREEZING POINT: NOT AVAILABLE           pH: N/AP 
COEFFICIENT OF WATER/OIL DIST: N/A      ODOR THRESHOLD: N/A 
  
=================  SECTION IV  -  FIRE AND EXPLOSION HAZARD DATA  ============== 
  
FLASH POINT: 24 C                       METHOD USED: TCC 
FLAMMABLE LIMITS IN AIR BY VOLUME- LOWER: 1          UPPER: 10.6 
  
EXTINGUISHING MEDIA: FOAM, CO2, DRY CHEMICAL, WATER FOG 
  
SPECIAL FIREFIGHTING PROCEDURES 
EXCLUDE AIR;DO NOT USE WATER EXCEPT AS A FOG.HANDLE AS A FLAMMABLE LIQUID.WEAR 
 
ADEQUATE RESPIRATORY PROTECTION.                                                 
  
UNUSUAL FIRE AND EXPLOSION HAZARDS 
VAPOUR FORMS AN EXPLOSIVE MIXTURE BETWEEN UPPER AND LOWER FLAMMABLE LIMITS. 
  
FLAMMABILITY - T.D.G.R. CLASS 
3 P.I.N.:1263 
  
SENSITIVITY TO IMPACT 
N/A 
  
SENSITIVITY TO STATIC DISCHARGE 
YES 
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========================  SECTION V  -  REACTIVITY DATA  ======================= 
  
STABILITY: STABLE 
CONDITIONS TO AVOID 
SPARKS,OPEN FLAMES AND OTHER SOURCES OF IGNITION. 
  
INCOMPATIBILITY (MATERIALS TO AVOID) 
STRONG OXIDIZING AGENTS. 
  
HAZARDOUS DECOMPOSITION OR BYPRODUCTS 
CARBON MONOXIDE,CARBON DIOXIDE,OXIDES OF NITROGEN,ALDEHYDES MAY BE GENERATED BY 
THERMAL DECOMPOSITION.                                                           
  
HAZARDOUS POLYMERIZATION: WILL OCCUR 
  
====================  SECTION VI  -  HEALTH HAZARD DATA  ======================= 
  
INHALATION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
MODERATELY IRRITATING TO RESPIRATORY PASSAGES.PROLONGED EXPOSURE TO HIGH VAPOUR 
CONCENTRATIONS CAN CAUSE HEADACHES, NAUSEA,DIZZINESS,ANESTHESIA AND CENTRAL      
NERVOUS SYSTEM DEPRESSION.IN RARE CASES MAY SENSITIZE HEART CAUSING ARRYTHMIA.   
  
SKIN AND EYE CONTACT HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
SKIN AND EYE IRRITATION WHICH MAY LEAD TO DERMATITIS WITH REPEATED 
OVEREXPOSURES.  OVEREXPOSURE MAY RESULT IN ALLERGIC SENSITIVITY.                 
  
SKIN ABSORPTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
REPEAT OR PROLONGED CONTACT CAN CAUSE DERMATITIS. 
  
INGESTION HEALTH RISKS AND SYMPTOMS OF EXPOSURE 
MAY CAUSE GASTROINTESTINAL IRRITATION,VOMITING,NAUSEA AND DIARRHEA. 
  
HEALTH HAZARDS (ACUTE AND CHRONIC) 
ACUTE HEALTH HAZARDS ARE AS LISTED ABOVE.  NO CHRONIC HEALTH HAZARDS. 
  
CARCINOGENICITY:  NTP CARCINOGEN: No   IARC MONOGRAPHS: Yes  OSHA REGULATED: No 
ETHYL BENZENE HAS BEEN CLASSIFIED AS A GROUP 2B SUBSTANCE ON THE BASIS OF 
SUFFICIENT EVIDENCE FOR CARCINOGENICITY IN LABORATORY ANIMALS BUT INADEQUATE     
EVIDENCE FOR CANCER IN HUMANS.                                                   
  
TERATOGENICITY 
HIGH EXPOSURE TO XYLENE IN SOME ANIMAL STUDIES HAVE BEEN REPORTED TO CAUSE 
HEALTH EFFECTS ON THE DEVELOPING EMBRYO/FETUS.THESE EFFECTS ARE OFTEN AT LEVELS  
TOXIC TO THE MOTHER.THE SIGNIFICANCE OF THESE FINDING TO HUMANS HAS NOT BEEN     
DETERMINED.                                                                      
  
MUTAGENICITY 
NOT AVAILABLE 
 
  
TOXICOLOGICALLY SYNERGISTIC PRODUCTS 
NOT AVAILABLE 
  
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE 
ANESTHESIA,RESPIRATORY TRACT IRRITATION,DERMATITIS,NAUSEA,VOMITING. 
  
EMERGENCY AND FIRST AID PROCEDURES 
INHALATION OVEREXPOSURE: MOVE PERSON TO FRESH AIR.IF BREATHING STOPS,APPLY 
ARTIFICIAL RESPIRATION AND SEEK IMMEDIATE MEDICAL ATTENTION.  EYE CONTACT: FLUSH 
WITH WATER FOR AT LEAST 15 MINTES,SEEK MEDICAL ATTENTION.  SKIN CONTACT: WASH    
THOROUGHLY WITH MILD SOAP AND WATER.  INGESTION: DO NOT INDUCE                   
VOMITING,ASPIRATION OF THIS PRODUCT CAN CAUSE INFLAMMATION OF LUNGS.             
  
===========  SECTION VII  -  PRECAUTIONS FOR SAFE HANDLING AND USE  ============ 
  
STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 
ELIMINATE IGNITION SOURCES,PROVIDE GOOD VENTILATION OR WEAR APPROPRIATE 
BREATHING APPARATUS,ABSORB SMALL SPILLS WITH NON FLAMMABLE ABSORBENT,CONTAIN     
SPILLS BY DIKING WITH NON-FLAMMABLE ABSORBENT.NOTIFY ENVIRONMENTAL AGENCY.       
  
WASTE DISPOSAL METHOD 
RECLAIM OR DISPOSE OF THROUGH A LICENSED WASTE DISPOSAL COMPANY ACCORDING TO 
FEDERAL,PROVINCIAL AND LOCAL REGULATIONS.                                        
  
PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING 
COMBUSTIBLE.STORE IN A COOL,DRY,WELL VENTILATED AREA AWAY FROM HEAT AND IGNITION 
SOUCES.KEEP CONTAINERS CLOSED WHEN NOT IN USE.AVOID BREATHING VAPOURS OR MIST    
AND PROLONGED OR REPEATED CONTACT WITH SKIN.                                     
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OTHER PRECAUTIONS 
SMOKING IN AREA WHERE THIS MATERIAL IS USED SHOULD BE STRICLY PROHIBITED.  EMPTY 
CONTAINERS MAY CONTAIN HAZARDOUS RESIDUES AND CAN BE DANGEROUS.  USE GOOD        
PERSONAL HYGIENE.                                                                
  
=====================  SECTION VIII  -  CONTROL MEASURES  ====================== 
  
RESPIRATORY PROTECTION 
NIOSH APROVED FOR SOLVENT VAPOURS AND PARTICULATE MATTER. 
  
VENTILATION 
GENERAL MECHANICAL VENTILATION OR LOCAL EXHAUST SHOULD BE SUITABLE TO KEEP 
VAPOUR CONCENTRATIONS BELOW TLV.  VENTILATION EQUIPMENT MUST BE EXPLOSION PROOF. 
  
PROTECTIVE GLOVES 
SOLVENT IMPERVIOUS. 
  
EYE PROTECTION 
CHEMICAL SAFETY GLASSES,GOGGLES OR FACE SHIELD. 
  
OTHER PROTECTIVE CLOTHING OR EQUIPMENT 
USE IMPERMEABLE APRONS AND PROTECTIVE CLOTHING WHENEVER POSSIBLE TO PREVENT SKIN 
CONTACT.                                                                         
  
WORK/HYGIENIC PRACTICES 
EYE WASHES AND SAFETY SHOWERS IN THE WORKPLACE IS RECOMMENDED. 
  
=========================  SECTION IX  -  DISCLAIMER  ========================== 
  
TO THE BEST OF OUR KNOWLEDGE,THE INFORMATION CONTAINED HEREIN IS 
ACCURATE,OBTAINED FROM SOURCES BELIEVED BY CLOVERDALE PAINT INC. TO BE           
ACCURATE.NO WARRANTY CONCERNING THE ACCURACY OF THESE SOURCES IS MADE AND        
 
CLOVERDALE PAINT INC. WILL NOT BE HELD LIABLE FOR CLAIMS RELATING TO USE OF THIS 
INFORMATION OR RECOMMENDATIONS.                                                  
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Donaldson offers a complete line of intake system accessories. They are designed to solve specific problems such as ex
in the intake, leaves/debris clogging the air inlet, excessive intake system noise and extending the service life of your a
Some of the accessories such as the filter service indicators, rubber reducers/adapters and Vacuator™ Valves help yo
system more efficiently. 

90° Rubber Elbow 
Inner 

Diameter 
(A) in

Inner 
Diameter 
(A) mm

Center 
Height 
(B) in

Center 
Height 
(B) mm

Radius 
(R) in

Radius 
(R) mm

Part 
Number

 2.00   51   3.50   76   2.00   51   P105529  
 2.25   57   3.75   95   2.25   57   P105530  
 2.50   64   4.00   102   2.50   64   P105531  
 3.00   76   5.00   127   3.25   89   P105532  
 3.50   89   5.50   140   4.00   102   P114318  
 4.00   102   5.75   146   4.13   105   P105533  
 4.50   114   5.75   146   3.50   89   P113733  
 5.00   127   6.00   152   4.13   105   P107844  
 5.50   140   6.38   162   4.63   118   P105534  
 6.00   152   7.00   179   5.00   127   P105535  
 7.00   179   7.56   192   5.56   141   P105536  
 8.00   203   8.50   216   6.50   165   P112605  
 10.00   254   10.50   267   8.50   216   P114314  

 

90° Rubber Reducing Elbow

  

Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Inner 
Diameter 

(B) in

Inner 
Diameter 
(B) mm

Center 
Height
(C) in

Center 
Height

(C) 
mm

Radius 
(R) in

Radius 
(R) mm

Part 
Number

 3.0   76   3.5   89   3.50   89   2.25   57   P123462 
 

 4.0   102   5.0   127   5.75   146   3.75   95   P121482 
 

 5.0   127   6.0   152   4.74   120   3.50   89   P537468 
 

 5.0   127   6.0   152   6.25   159   3.81   97   P143895 
 

 5.0   127   7.0   179   6.75   171   5.00   127   P159820 
 

 5.5   140   6.0   152   6.75   171   5.00   127   P117724 
 

 5.5   140   7.0   179   6.25   159   4.38   111   P128990 
 

 



45° Rubber Elbow
Inner 

Diameter 
(A) in

Inner 
Diameter 
(A) mm

Radius 
(R) in

Radius 
(R) mm

Part 
Number

 2.00   51   2.00   51   P105541  
 2.25   57   2.25   57   P105542  
 2.50   64   2.50   64   P105543  
 3.00   46   3.25   83   P105544  
 3.50   89   3.50   89   P109331  
 4.00   102   3.75   95   P105545  
 4.50   114   3.50   89   P114316  
 5.00   127   4.13   105   P109021  
 5.50   140   4.38   111   P105546  
 6.00   152   5.00   127   P105547  
 7.00   178   5.56   141   P105548  
 8.00   203   6.50   165   P112606  
 10.00   254   8.50   216   P114313  

 

45° Rubber Reducing Elbow 

Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Inner 
Diameter 

(B) in

Inner 
Diameter 
(B) mm

Center 
Height 
(C) in

Center 
Height 
(C) mm

Radius 
(R) in

Radius 
(R) mm

Part 
Number

       5.50         140        6.00         152        6.44         165        4.88         124 P133338
       6.00         152        7.00         179        7.38         187        5.56         141 P133339

 

Straight Rubber Hump Hose 

Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Length
(B) in

Length 
(B) mm

Part 
Number

 3.00   76   5.25   133   P105608  
 3.50   89   5.25   133   P114319  
 4.00   102   5.25   133   P105609  
 4.50   114   6.00   152   P114317  
 5.00   127   6.00   152   P105610  
 5.50   140   6.00   152   P105611  
 6.00   152   7.00   165   P105612  
 7.00   179   6.50   165   P105613  
 8.00   203   5.00   127   P112608  
 10.00   254   6.00   152   P111414  

 

Straight Rubber Hump Reducer



Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Inner 
Diameter 

(B) in

Inner 
Diameter 
(B) mm

Length
(C) in

Length 
(C) mm

Part 
Number

 3.00   76   2.50   64   4.50   114   P102820 
 3.00   76   2.75   70   3.50   102   P520883 
 3.50   87   3.00   76   5.25   127   P101290 
 3.50   87   2.75   70   4.00   87   P520882 
 4.00   102   2.75   70   4.00   87   P520884 
 4.00   102   3.00   76   5.00   127   P101291 
 4.00   102   3.50   87   5.00   127   P101292 
 4.50   114   4.00   102   6.00   152   P540256 
 5.00   127   4.00   102   5.75   146   P101293 
 5.50   140   4.00   102   5.75   146   P101891 
 5.50   140   5.00   127   6.00   152   P103516 
 6.00   152   5.00   127   6.00   152   P112611 
 6.00   152   5.50   140   6.00   152   P101294 
 7.00   179   5.00   127   7.00   179   P136494 
 7.00   179   5.50   140   7.00   179   P126530 
 7.00   179   6.00   152   5.50   140   P112610 
 8.00   203   5.50   140   7.00   179   P129660 
 8.00   203   6.00   152   6.00   140   P114315 
 8.00   203   7.00   179   6.00   152   P112609 
 10.00   254   8.00   203   6.00   152   P112607 

 

Straight Rubber Reducer Sleeves

Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Inner 
Diameter 

(B) in

Inner 
Diameter 
(B) mm

Length
(C) in

Length 
(C) mm

Part 
Number

 2.00   51   1.50   38   2.50   64   P104087 
 2.00   51   1.75   44   2.50   64   P102948 
 2.25   57   2.00   51   2.50   64   P104088 
 2.50   64   2.00   51   2.50   64   P104089 
 2.50   64   2.25   57   2.50   64   P104090 

 

90° Cobra Adapter

Inner 
Diameter 

(A) in

Inner 
Diameter 
(A) mm

Inner 
Diameter 

(C) in

Inner 
Diameter 
(C) mm

Length
(B) in

Length 
(B) mm

Length
(D) in

Length 
(D) mm

Part 
Number

2.75 70 6.50 165 4.00 102 1.81 46 P600328
3.30 84 5.22 133 3.00 76 1.91 49 P547694
4.00 102 6.41 163 4.00 102 2.69 68 P600325
4.00 102 6.41 163 4.00 102 3.19 81 P600326
4.00 102 6.44 164 5.00 127 3.19 81 P600327
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Types 1051 and 1052 Styles F and G
Size 40, 60, and 70 Rotary Actuators
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Introduction

Scope of Manual
This instruction manual includes installation,
adjustment, maintenance, and parts ordering
information for the Type 1051 (size 40 and 60) and
Type 1052 (Size 40, 60, and 70) pneumatic piston
rotary actuator with F and G mounting adaptations
(see figure 1).
The G mounting adaptation is for Type 7600 and
9500 valves, and the F mounting adaptation is for all

Figure 1. Vee-Ball Valve with Type 1052 Actuator and
Type DVC6020 Positioner

W8508-2

other edisc� or Vee-Ball� valves. Also, this
instruction manual provides information for the
optional top-mounted handwheel, up and down
travel stops, locking mechanism, and pipe-away
vent.

Instructions for the control valve, positioner,
accessories, and other sizes of actuators are
covered in separate instruction manuals.

Top-Mounted handwheels can be applied for
infrequent service as a manual handwheel actuator.
Also, an adjustable up travel stop can be added to
the actuator to limit its stroke in the upward direction,
or an adjustable down travel stop can be added to
limit actuator stroke in the downward direction.

No person may install, operate, or maintain a Type
1051 or 1052 actuator without first � being fully
trained and qualified in valve, actuator, and
accessory installation, operation, and maintenance,
and � carefully reading and understanding the
contents of this manual. If you have any questions
about these instructions, contact your Fisher� sales
office before proceeding.
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Table 1.  Type 1051 and 1052 Actuator Specifications

Operation 

Direct Acting: Increasing loading pressure
extends the diaphragm rod out of the spring barrel
Service: 
Type 1051: For on-off or throttling service with
positioner 
Type 1052: For on-off or throttling service with or
without a positioner

Actuator Sizes

Type 1051: � 40 and � 60
Type 1052: � 40, � 60, and � 70

Maximum Diaphragm Sizing Pressure(1)

Size 40: 4.5 bar (65 psig)
Size 60: 2.8 bar (40 psig)
Size 70: 3.8 bar (55 psig)

Maximum Diaphragm Casing Pressure(3)

Size 40: 5.2 bar (75 psig)
Size 60: 3.4 bar (50 psig)
Size 70: 4.5 bar (65 psig)

Maximum Valve Shaft Rotation

90 degrees rotation (standard) travel stop, or 60
degrees (optional) travel stop for Type 1051 and
1052 actuators, or 75 degrees (optional) travel
stop for Type 1052 actuators

Valve Shaft Diameters, mm (Inches)

Size 40: � 12.7 (1/2), � 15.9 (5/8), � 19.1 (3/4),
� 22.2 (7/8), � 25.4 (1), or � 31.8, (1-1/4)

Size 60: � 19.1 (3/4), � 22.2 (7/8), � 25.4 (1),
� 31.8 (1-1/4), � 38.1 (1-1/2), � 44.5 (1-3/4), or
� 50.8 (2)

Size 70: � 31.8 (1-1/4), � 38.1 (1-1/2), � 44.5
(1-3/4), or � 50.8 (2)

Stroking Time

Dependent on actuator size, rotation, spring rate,
initial spring compression, and supply pressure. If
stroking time is critical, consult your Fisher sales
office

Material Temperature Capabilities(2)

Nitrile Diaphragm: –40 to 82�C (–40 to 180�F) 
Silicone Diaphragm: –40 to 149�C (–40 to
300�F) 
Nitrile O-Rings: –40 to 82�C (–40 to 180�F),
Nitrile O-rings are used in optional top-mounted
handwheel, adjustable down travel stop, and
adjustable up travel stop assemblies

Travel Indication

Graduated disc and pointer combination located
on actuator end of valve shaft

Pressure Connections

Standard: 1/4 inch NPT female thread 
Optional: � 1/2 or � 3/4 inch NPT female, and
� 3/4 inch NPT female thread for pipe-away vent

Mounting Positions

See figure 3.

Approximate Weights

See table 2.

Additional Specifications

For casing pressure ranges and for material
identification of the parts, see the Parts List

1. Use this value to determine the maximum torque output allowed. 
2. The pressure/temperature limits in this manual and any applicable standard or code limitation for valve should not be exceeded.
3. This maximum casing pressure is not to be used for normal operating pressure. Its purpose is to allow for typical regulator supply settings and/or relief valve tolerances.
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Figure 2. Typical Type 1052 Actuator Adjustable Spring Seat

W4742-1/IL

SPRING

SPRING SEAT

SPRING ADJUSTER

Note

Neither Emerson�, Emerson Process
Management, Fisher, nor any of their
affiliated entities assumes
responsibility for the selection, use
and maintenance of any product.
Responsibility for the selection, use,
and maintenance of any product
remains with the purchaser and
end-user.

Description

The Type 1051 and 1052 diaphragm rotary actuators
are pneumatic spring-return actuators for use with
rotary-shaft control valves. The Type 1051 actuator
can be used for on-off service, or it can be used for
throttling service when equipped with a valve
positioner. The Type 1052 actuator can be used for
on-off service, or it can be used for throttling service
when equipped with or without a valve positioner.
The Type 1052 actuator spring is adjustable (see
figure 2).

Table 2.  Approximate Actuator Weights

SIZE
TYPE 1051 TYPE 1052 TOP-MOUNTED

HANDWHEELSIZE
Kg Lb Kg Lb Kg Lb

40
60
70

43
89

– – –

94
197

– – –

45
92

123

99
203
272

7.3
11
21

16
24
47

Specifications
Specifications are shown in table 1. Specifications
for actuator operation, as it originally comes from the
factory, are stamped on the nameplate attached to
the actuator.

Installation
When an actuator and valve body are shipped
together, the actuator is normally mounted on the
valve. Follow the valve body instructions when
installing the control valve in the pipeline, and then
perform the procedures presented in the Loading
Connection section. If the actuator is shipped
separately or if it is necessary to mount the actuator
on the valve, perform the procedures presented in
the Actuator Mounting section. And, if the actuator
requires a pipe-away vent, or if a retrofit pipe-away
kit needs to be installed, refer to the Pipe-Away Vent
section.

WARNING

Always wear protective gloves,
clothing, and eyewear when
performing any installation operations.
Be aware of pinching parts during
installation operations.

Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

If installing into an existing
application, also refer to the WARNING
at the beginning of the Maintenance
section in this instruction manual.
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Table 3. Recommended Bolting Torques

DESCRIPTION  KEY
ACTUATOR SIZE

DESCRIPTION, KEY
NUMBER

40 60 70
NUMBER

Size N�m lbf�ft Size N�m lbf�ft Size N�m lbf�ft

Diaphragm Casing, 5 3/8–24 27 20 3/8–24 27 20 3/8–24 27 20

Casing to spring barrel, 7 3/8–16 41 30 3/8–16 41 30 1/2–13 102 75

Diaphragm to rod, 9
(1051)

1/2–13 34 25 3/4–10 102 75 - - - 102 75

Diaphragm to rod, 9
(1052)

1/2–20 34 25 3/4–16 102 75 3/4–16 102 75

Rod end bearing, 16 1/2–20 34 25 5/8–18 61 45 3/4–16 102 75

Turnbuckle to lever, 18 1/2–13 81 60 5/8–11 163 120 3/4–10 271 200

Spring barrel to housing,
21

5/16–18 23 17 7/16–14 68 50 5/8–18 68 50

Housing to yoke, 23 3/8–16 34 25 1/2–13 81 60 1/2–13 81 60

Travel stop to lever, 28 1/2–13 81 60 5/8–11 163 120 3/4–10 271 200

Side of housing, 34
304/4200/PMV

3/8–16 34 25 1/2–13 81 60 1/2–13 81 60

Handwheel top, 54 1/2–20 34 25 5/8–18 34 25 - - - 34 25

Diaphragm head to
rod/Adjustable down
travel stop, 54 (1051)

1/2–13 27 20 3/4–10 66 49 - - - 69 51

Diaphragm head to
rod/Adjustable down
travel stop, 54 (1052)

1/2–20 27 20 3/4–16 66 49 3/4–16 69 51

Rod end to turnbuckle,
58

3/4–16–LH 102 75 7/8–14–LH 163 120 7/8–14–LH 163 120

Handwheel to actuator,
141

3/8–16 41 30 3/8–16 41 30 1/2–13 81 60

CAUTION

To avoid parts damage, do not use an
operating pressure that exceeds the
Maximum Diaphragm Casing Pressure
(table 1) or produces a torque greater
than the Maximum Allowable Valve
Shaft Torque (see Catalog 14). Use
pressure-limiting or pressure-relieving
devices to prevent the diaphragm
casing pressure from exceeding its
limit.

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

Actuator Mounting
Use the following steps to connect a valve and an
actuator. Key numbers are shown in figure 8 for
Type 1051 actuators and in figure 9 for Type 1052
actuators.

WARNING

To avoid personal injury, perform the
steps in the WARNING at the
beginning of the Maintenance section
to isolate the control valve and
actuator.

1.  Unscrew cap screws and washers (keys 34 and
63), and remove the cover (key 33).
2.  Refer to figure 3 for available mounting styles and
positions. When mounting on a Vee-Ball Design
V150, V200 or V300 valve, check the valve manual
to determine if it is Series B. The actuator is normally
positioned vertically with the valve in a horizontal
pipeline (see figure 3).
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VALVE SERIES OR DESIGN VALVE SERIES OR DESIGN

MOUNTING ACTION(1) BALL/PLUG
ROTATION TO V250 V150  V200 & V300

CV500 DISC/BALL
ROTATION TO V250

8510B, 8532,
8560

MOUNTING ACTION
ROTATION TO

CLOSE
V250 V150, V200 & V300

CV500
V500 ROTATION TO

CLOSE
V250 8560

& 9500

Right-Hand PDTC
PDTO

CCW
CCW

A
B

A
B

A
B

CW
CW

NA
NA

B
A

Left-Hand PDTC
PDTO

CCW
CCW

NA
NA

D
C

D
C

CW
CW

C
D

C
D

Left-Hand
(Optional)(2)

PDTC
PDTO

CW
CW

NA
NA

C
D

NA
NA

NA
NA

NA
NA

NA
NA

1. PDTC—Push-down-to-close, and PDTO—Push-down-to-open.
2. A left hand ball will be required for the 3- through 12-inch Series B and the 14- to 20-inch, with or without attenuator.

Figure 3. Mounting Styles and Positions for the Type 1051 and 1052 Actuator

1

NOTES:
POSITION 1 IS STANDARD; POSITIONS 2 THROUGH 4 

(SHOWN IN DOTTED LINES) ARE ALTERNATIVES.
1

STYLE D

STYLE C

STYLE B

STYLE A

RIGHT-HAND
MOUNTING43A6505-A

A1584-3

STYLE A STYLE B

STYLE D STYLE C

FLOW

FLOW

���������	
�������

��������	
�������

POSITION 1 POSITION 1

POSITION 1 POSITION 1

4

3

2 4

3

2

4

3

2 4

3

2
LEFT-HAND
MOUNTING

1

11

WARNING

To avoid personal injury or property
damage, the Type 1052 size 70
actuator, due to its weight, must be
externally supported if mounted in the
horizontal position.

3.  When mounting the actuators, make sure that the
bushing (key 67) and valve shaft are in-line so that
the bushing will slide onto the valve shaft without
damage.

4.  Mount the actuator on the valve body and secure
it with the valve mounting screws. The torque for 1/2
to 1-inch shafts is 88 N�m (65 lbf�ft); for 1-1/4 to
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1-1/2 inch shafts is 136 N�m (100 lbf�ft); for 1-3/4 to
2-inch shafts is 183 N�m (135 lbf�ft).

CAUTION

Exceeding any torque requirement
may impair the safe operation of this
actuator by causing broken or
damaged parts. Refer to table 3 for the
bolting torque requirements.

5.  Screw the left-hand threaded locknut (key 58)
onto the diaphragm rod (key 10) as far as possible.

6.  Screw the turnbuckle (key 57) as far as it will go
onto the actuator rod.

7.  Screw the locknut (key 16) as far as it will go onto
the rod end bearing (key 17). Thread this assembly
completely into the turnbuckle (key 57).

8.  If the lever (key 27) is attached to the rod end
bearing, remove the cap screw and hex nut (keys 18
and 19).

9.  If the Type 1052 spring adjustment has been
changed, complete the Initial Setting portion of the
Type 1052 Spring Adjustment section before
proceeding.

10.  Consult the appropriate valve instruction
manual’s Installation section for lever/valve shaft
orientation marks, and slide the lever into place (see
figure 4). Clamp with the cap screw (key 28).

11.  Rotate the lever (key 27) to align with the rod
end bearing (key 17). This connection can be aided
by moving the actuator off its up travel stop with a
regulated air source and adjusting the turnbuckle
(key 57) slightly.

12.  Apply sealant (key 77) or equivalent
thread-locking compound to the threads of the cap
screw (key 18).

13.  Connect the lever (key 27) and the rod end
bearing (key 17) with the cap screw and hex nut
(keys 18 and 19). Tighten the cap screw to the
recommended bolt torque shown in table 3.

14.  Note the valve position and direction of rotation.
Position the travel indicator (key 37) accordingly.

a.  If no handwheel actuator is to be used,
position the travel indicator (key 37) according to

the valve position just noted. Replace the cover
(key 33), and secure with washers and cap
screws (keys 34 and 63). If holes in the cover and
housing (key 20) do not align, temporarily loosen
the cap screws (key 23), and shift the housing
slightly.

CAUTION

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

b.  If a manual handwheel actuator is to be used,
refer to the separate handwheel actuator
instruction manual for mounting instructions.

15.  Replace the cover (key 33), and secure with cap
screws and washers (keys 34 and 63). If the holes in
the cover and housing (key 20) do not align, use a
regulated air source to move the actuator slightly off
the up travel stop. If the hole alignment cannot be
obtained in this manner, temporarily loosen the cap
screws (key 23), and shift the housing slightly.

CAUTION

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

16.  Follow the instructions given in the Turnbuckle
Adjustment section before proceeding to the Loading
Connection section.

Valve Flow Direction
Valve construction can change the flow direction for
a control valve assembly. It is important to observe
the flow direction in all valve applications before
installing the valve in the pipeline (see figure 3).
Refer to the appropriate valve bulletin or instruction
manual.

Note

Observe all warnings and cautions
provided in the appropriate valve
instruction manual Installation section.
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Figure 4. Lever Operating Clearance

  34.9
(1.375)

  1.6
(0.0625)OPERATING CLEARANCE

13A6773-A
A1739-4 / IL

  mm
(INCH)

Loading Connection
1.  Connect the loading pressure piping to the
pressure connection in the top of the diaphragm
casing.

a.  For size 40 through 60 actuators: Run either
1/4 inch pipe or 3/8 inch tubing between the 1/4
inch pressure connection and the instrument.

b.  For size 70 actuators: Run either pipe or
tubing between the pressure connection and the
instrument. If necessary, remove the 1/4 inch
bushing in the pressure connection to increase
connection size.

2.  Keep the length of pipe or tubing as short as
possible to avoid transmission lag in the control
signal. If an accessory (such as a volume booster or
a valve positioner) is used, be sure that the
accessory is properly connected to the actuator. If a
valve positioner is part of the assembly, the pressure
connection to the actuator will normally be made at
the factory.

Table 4.  Wrench Size Required for Turnbuckle 
Adjustment, Inches

ACTUATOR TURN-
BUCKLE

LOWER
LOCKNUT

UPPER
LOCKNUT

Type Size
BUCKLE
(KEY 57)

LOCKNUT
(KEY 16)

LOCKNUT
(KEY 58)

1051 &
1052

40
60

1-1/8
1-5/16

3/4
15/16

1-1/8
1-5/16

1052 70 1-5/16 1-1/8 1-5/16

3.  When the control valve is completely installed
and connected to the instrument, check for correct
action (air-to-open or air-to-close) to match the
controlling instrument. For successful operation, the
actuator stem and valve shaft must move freely in
response to the loading pressure change on the
diaphragm.

Adjustment

Turnbuckle Adjustment
Correct turnbuckle adjustment ensures that the valve
is correctly closed when the actuator is against its
travel stops. The turnbuckle adjustment is the only
adjustment necessary on the Type 1051 actuator.
Key numbers are shown in figure 8 for Type 1051
actuators and in figure 9 for Type 1052 actuators.

For accurate adjustment to the zero-degree valve
disc or ball position, remove the valve from the
pipeline. Refer to the valve instruction manual for
instructions.

A regulated air supply will be required to stroke the
actuator. Refer to table 4 for the sizes of the three
open-end wrenches required for this procedure.

1.  Remove the access plate (key 59). Also remove
the machine screws (key 60), if present.

Note

For the most accurate adjustment of
the actuator, do not remove the cover
(key 33) during this procedure.

2.  Loosen the lower locknut (key 16).

3.  Make sure the actuator housing (key 20) is clear
of any tools or other instruments that could obstruct
the actuator stroke path. Pressure the diaphragm
casing enough to stroke the actuator down so that
the left-hand threaded upper locknut (key 58) is
accessible through the access opening. Loosen the
locknut.

4.  Consult the appropriate valve instruction manual
for determining the closed position of the valve.
Then use one of the following:



1051 & 1052 F & G Actuators
Instruction Manual

Form 5062
August 2005

8

a.  Push-down-to-close—Slowly stroke the
actuator to the down travel stop. Adjust the
turnbuckle (key 57) until the valve is in the closed
position. Lock this adjustment with the left-hand
threaded locknut (key 58). Stroke the actuator to
the mid-travel position, and tighten the locknut
(key 16).

b.  Push-down-to-open—Release all pressure
from the diaphragm casing, making sure the
diaphragm is against its up travel stop. Be sure
that the optional handwheel is adjusted to its
topmost position so that the zero position of the
actuator and valve can be reached
simultaneously. Check the valve position. Stroke
the actuator so the turnbuckle (key 57) is
accessible through the access opening. Adjust
the linkage. Release pressure to the actuator,
and check the new adjustment. Continue this
procedure until the valve is in the closed position
when the actuator is resting on its up travel stop.
Stroke the actuator to the mid-travel position, and
tighten the locknut (key 16). Stroke the actuator,
and tighten the left-hand threaded locknut (key
58).

5.  Replace the access plate (key 59).

6.  Loosen the self-tapping screws (key 38), adjust
the travel indicator (key 27), and re-tighten the
self-tapping screws.

Type 1052 Spring Adjustment

Initial Setting 
The Type 1052 nameplate specifies an initial spring
setting, which is the initial setting adjusted into the
actuator spring. Initial setting is the casing pressure
at which the diaphragm and diaphragm rod begin to
move away from the up travel stop with the
actuator disconnected from the valve. (With the
actuator connected to the valve and pressure
applied to the valve, a higher pressure will be
required to start actuator travel).

The initial setting was selected (based upon the
service conditions specified when the actuator was
ordered) so that, when the actuator and valve are in
service, the valve will seat properly and full travel will
be obtained within a diaphragm casing range of 0 to
1.2, 0 to 2.3, 0 to 2.8, or 0 to 3.8 bar (0 to 18, 0 to

33, 0 to 40, or 0 to 55 psig) depending on specific
actuator size and construction.

If the actuator has been disassembled or if the
spring adjustment was changed, and it is desired to
match the initial setting stated on the nameplate,
make sure the rod end bearing (key 17, figure 8 or 9)
has been disconnected from the lever (key 27, figure
8 or 9). Adjust the spring so that the diaphragm rod
just starts to travel at the spring set pressure
specified on the nameplate.

Be sure the rod end bearing does not hit the lever as
the diaphragm and diaphragm rod move away from
the up travel stop. To adjust the spring, insert a
round rod into one of the holes in the lower bearing
seat (key 73, figure 9). Hole diameter is 9.5 mm (3/8
inch) for size 40 actuators, 15.9 mm (5/8 inch) for
size 60 actuators, and 10.1 mm (3/4 inch) for size 70
actuators. Rotate the bearing seat to move it toward
the casing to increase initial setting or away from the
casing to decrease initial setting (keys 1 and 2,
figure 9).

Stroking Range 
The initial spring setting listed on the nameplate has
been determined to be the optimum setting, and it is
not recommended to make spring adjustments that
will cause this value to change or be exceeded. For
push-down-to-open valve action, the initial spring
setting is the maximum allowable to provide the
maximum spring closing force.

CAUTION

Any increase of this setting will
over-stress the spring at full travel and
may shorten the fatigue life of the
spring.

For push-down-to-close valve action, the initial
spring set has been determined to be the optimum
balance between the air-to-close and the
spring-to-open breakout torque.

If the Type 1052 actuator is to be changed from one
valve action to another (i.e., push-down-to-close to
push-down-to-open), first, refer to the table for key
11 in the Parts List section to determine the proper
initial spring setting; then, adjust the unit according
to the procedures in the Initial Settings portion of the
Type 1052 Spring Adjustment section.
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Principle of Operation
The diaphragm rod moves down as loading pressure
is increased on top of the diaphragm. As the loading
pressure is decreased, the spring forces the
diaphragm rod upward.

The spring and diaphragm have been selected to
meet the requirements of the application and, in
service, the actuator should produce full travel of the
valve with the diaphragm pressure as indicated on
the nameplate.

Consult the separate positioner instruction manual
for actuator principle of operation with positioner.

Maintenance
Actuator parts are subject to normal wear and must
be inspected and replaced as necessary. The
frequency of inspection and replacement depends
upon the severity of service conditions. Key numbers
are shown in figure 8 for Type 1051 actuators and in
figure 9 for Type 1052 actuators.

WARNING

Avoid personal injury or property
damage from sudden release of
process pressure or uncontrolled
movement of parts. Before performing
any maintenance operations:

� Always wear protective gloves,
clothing, and eyewear when
performing any maintenance
operations to avoid personal injury. Be
aware of pinching parts during
maintenance operations.

� Disconnect any operating lines
providing air pressure, electric power,
or a control signal to the actuator. Be
sure the actuator cannot suddenly
open or close the valve.

� Use bypass valves or completely
shut off the process to isolate the
valve from process pressure. Relieve
process pressure from both sides of
the valve. Drain the process media
from both sides of the valve.

� Vent the power actuator loading
pressure and relieve any actuator
spring precompression.

� Use lock-out procedures to be
sure that the above measures stay in
effect while you work on the
equipment.

� The valve packing box may
contain process fluids that are
pressurized, even when the valve has
been removed from the pipeline.
Process fluids may spray out under
pressure when removing the packing
hardware or packing rings, or when
loosening the packing box pipe plug.

� Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

CAUTION

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

Disassembly
The following procedure describes how to
completely disassemble the actuator. When
inspecting and replacing parts, perform only those
steps necessary to accomplish the repair.

Do not, under ordinary circumstances, remove the
cap screws (keys 7, 8, and 21) at this time.

CAUTION

Cap screw (key 18) must be
disengaged from the lever (key 27)
before removing the diaphragm casing
(key 1). Failure to do so will allow the
spring precompression to rotate the
valve beyond its fully open or closed
position. This could cause damage to
the valve components and/or seal.

1.  Perform the steps in the WARNING at the
beginning of the Maintenance section to isolate the
control valve and actuator.

2.  Remove the tubing or piping from the top of the
actuator.

3.  Remove the positioner, if used. If necessary,
refer to the positioner instruction manual for removal
instructions.

4.  Unscrew the cap screws and washers (keys 34
and 63), and remove the cover (key 33).
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5.  Remove the retaining ring (key 30), and slide the
hub (key 29) from the cover. If necessary, remove
the travel indicator (key 37) from the hub (key 29).

6.  Inspect, and if necessary, replace the cover
bushing (key 31). Remove the travel indicator scale
(key 35) by removing the self-tapping screws (key
36). Press the bushing out of the cover (key 33).

7.  Remove the cap screw and hex nut (keys 18 
and 19).

8.  Make note of the lever/valve shaft orientation,
and then loosen the cap screw (key 28).

CAUTION

When removing the actuator from the
valve, do not use a hammer or similar
tool to drive the lever (key 27) off the
valve shaft. Driving the lever could
damage internal valve parts. On some
valve types, driving the lever off the
shaft could move the valve disc or ball
and bearings away from the centered
position, causing subsequent damage
to valve parts as the valve is operated.

A wheel puller may be used to remove
the lever. It is okay to tap the wheel
puller screw lightly to loosen the lever,
but hitting the screw with excessive
force could also damage valve parts or
disrupt the centered position of the
valve disc and bearings.

9.  Rotate the handwheel (if one is used)
counterclockwise until the handwheel is not
compressing the spring (key 11).

WARNING

To avoid personal injury from
pre-compressed spring force suddenly
thrusting the upper diaphragm casing
(key 1) away from the actuator, relieve
Type 1052 spring compression, or
carefully remove Type 1051 casing cap
screws before proceeding further.

10.  To relieve spring compression:

a.  For Type 1051 actuators:

� Loosen, but do not remove, all casing cap
screws and hex nuts (keys 5 and 6). Make sure

there is no spring force to the upper diaphragm
casing.

� Unscrew and remove the cap screws and hex
nuts (keys 5 and 6), and then remove the upper
diaphragm casing and the diaphragm (key 3).

b.  For Type 1052 actuators:

� Insert a round rod into one of the holes in the
lower bearing seat (key 73). Use the rod to rotate the
lower bearing seat, and move it away from the
actuator casings. Continue rotating the lower bearing
seat until spring compression is completely
removed. Rod hole diameter is 9.5 mm (3/8 inch) for
size 40 actuators, 15.9 mm (5/8 inch) for size 60
actuators, and 19.1 mm (3/4 inch) for size 70
actuators.

� Unscrew and remove the cap screws and hex
nuts (keys 5 and 6), and then remove the upper
diaphragm casing and the diaphragm (key 3).

11.  Removing the diaphragm plate (key 4):

a.  For Type 1051 actuators:

� Pull the diaphragm plate (key 4) and attached
parts out of the actuator. The spring (key 11),
diaphragm rod (key 10), cap screw (key 9), spring
seat (key 13), hex nut (key 58), turnbuckle (key 57),
hex nut (key 16), and rod end bearing (key 17) will
be attached to the diaphragm head assembly.

� The diaphragm plate (key 4) may be wedged
against the diaphragm rod (key 10), thereby
preventing the spring compression from being
relieved as the cap screw (key 9) is loosened.

WARNING

Dislodge the diaphragm plate (key 4)
from the diaphragm rod (key 10) before
completely removing the cap screw
(key 9). Failure to comply with this
requirement could cause personal
injury due to the sudden release of
spring compression.

� Dislodge the diaphragm plate (key 4) from the
diaphragm rod (key 10) by loosening the cap screw
(key 9) one full turn and tapping the underside of the
diaphragm plate until it follows the cap screw as it is
being removed. Failure to check for this condition
before completely removing the cap screw (key 9)
could cause personal injury due to the sudden
release of spring compression.
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� Slowly remove the cap screw (key 9) while
making sure that the diaphragm head assembly is
following the cap screw disassembly. Note—Make
sure that spring load is zero before the cap
screw is completely removed. See the WARNING
on the preceeding page. If necessary, separate the
remaining parts of the assembly.

b.  For Type 1052 actuators:

(1.) Remove the rod end bearing (key 17),
the hex nut (key 16), turnbuckle (key 57), and the
hex nut (key 58) from the diaphragm rod (key 10).

(2.) Pull the diaphragm plate (key 4) and
attached parts out of the actuator. Then remove the
cap screw (key 9) to separate the diaphragm plate
and the diaphragm rod.

(3.) Proceed as appropriate:

� For Size 40 and 60 actuators: Remove the
actuator spring (key 11) from the actuator. If it is
necessary to remove the adjusting screw (key 74)
from the spring barrel during this procedure, heat the
base of the adjusting screw to 177�C (350�F) long
enough for the thread-locking compound (key 77) to
lose its holding strength. Then, unscrew the
adjusting screw from the spring barrel. If the spring
seat and the lower bearing seat (keys 13 and 73) are
to be replaced, unscrew the lower bearing seat from
the adjusting screw, and then remove the thrust
bearing and the bearing races (keys 71 and 72) from
the lower bearing seat.

� For Size 70 actuators: Remove the actuator
spring (key 11) from the actuator. Remove the cap
screws (key 21), then remove the spring barrel 
(key 12) from the actuator housing. If it is necessary
to remove the spring adjustment parts, loosen the
set screw (key 75), and unscrew the spring adjusting
screw (key 74) from the spring barrel (key 12).

12.  Unscrew the cap screws (key 23), and remove
the actuator housing assembly (key 20).

13.  Unbolt the mounting yoke (key 22) from the
valve.

14.  Check the bushing (key 67) in the mounting
yoke. Press out and replace the bushing if
necessary.

Assembly
This procedure assumes that the actuator was
completely disassembled. If the actuator was not
completely disassembled, start these instructions at
the appropriate step. This procedure also assumes
that the valve is removed from the pipeline for ease
in actuator assembly and adjustment.

Key numbers are shown in figure 8 for Type 1051
actuators and in figure 9 for Type 1052 actuators.

1.  Installing the spring barrel (key 12):

a.  For Type 1051 actuators: Place the spring
barrel onto the housing (key 2). Secure the spring
barrel with cap screws (key 21). Tighten the cap
screws to the torque value shown in table 3.

b.  For Type 1052 actuators: If the spring barrel
(key 12) was removed from the housing (key 20),
align the spring barrel to the housing as
described below to ensure that the offset hole in
the base of the spring barrel will be located
properly.

� For Size 40 and 60 actuators: Note that one of
the accessory mounting bosses on the spring barrel
is closer to the diaphragm end of the spring barrel.
Place the spring barrel onto the housing with the
upper boss (the one closer to the diaphragm end) on
the same side as the boss located on the housing
(see figures 8 and 9). This ensures proper
positioning of the offset hole. Secure the spring
barrel with cap screws (key 21). On final assembly,
tighten the screws to the torque value shown in 
table 3.

� For Size 70 actuators: The spring barrel need
not be aligned in any particular position when
placing it on the housing.

2.  If the bushing (key 67) was removed, press in the
new bushing. The end of the bushing should be flush
with the bottom of the recess in the mounting yoke
(key 22).

3.  Slide the mounting yoke over the valve shaft, and
secure it to the valve with the valve mounting cap
screws.

4.  Tighten the valve mounting cap screws to the
bolting torque listed in step 6 of the Installation
procedures.

WARNING

Exceeding any torque requirement
may impair the safe operation of the
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actuator and lead to possible personal
injury or property damage.

5.  Refer to figure 4 for the desired orientation of the
housing (key 20). Secure the housing to the
mounting yoke with cap screws (key 23).

6.  Coat with lithium grease (key 93) lubricant or
equivalent on the cap screw threads (key 9), and the
tapered end of the diaphragm rod (key 10).

7.  Proceed as appropriate:

a.  For Type 1051 actuators (see figure 8)

� Assemble the diaphragm rod, spring seat (key
13), spring (key 11), and diaphragm plate (key 4),
and secure with the cap screw (key 9). Tightening
the cap screw will compress the spring. Be certain
the tapered end of the diaphragm rod is seated in
the corresponding hole in the diaphragm plate, that
the spring is seated in the spring seat, and that the
cap screw is tightened to the torque specified in
table 3.

� Install the hex nut (key 58), turnbuckle (key 57),
hex nut (key 16), and rod end bearing (key 17) onto
the diaphragm rod.

� Be certain the travel stops (key 8) are located
as shown in figure 5.

� Install the diaphragm plate and attached parts
into the actuator.

� Be sure the warning nameplate (key 56) is in
place. Install the diaphragm (key 3) and the upper
diaphragm casing (key 1). Install the cap screws and
hex nuts (keys 5 and 6). Tighten the cap screws
evenly in a crisscross pattern to compress the spring
and secure the upper diaphragm casing. Refer to
table 3 for torque values.

b.  For Type 1052 actuators (see figure 9):

� For actuator designs without a set screw (key
75) in the spring barrel (key 12): if the adjusting
screw and attached parts were removed, first clean
and then lubricate the upper threads of the adjusting
screw (key 74) with a lubricant (key 76) or equivalent
as shown in figure 9. Install the lower bearing seat
(key 73), the thrust bearing (key 71), the thrust
bearing races (key 72), and the spring seat (key 13)
onto the adjusting screw.

� First, clean and then coat the lower end of the
adjusting screw with sealant (key 77) or equivalent

thread-locking compound as shown in figure 9, and
install the entire assembly into the spring barrel 
(key 12). Let the adjusting screw stand undisturbed
for at least two hours after installation to allow the
thread-locking compound to cure.

CAUTION

Apply lubricant to the upper threads
and thread-locking compound to the
lower threads of the adjusting screw.
Do not overlap the coat of lubricant
with the coat of thread-locking
compound since this will adversely
affect the performance quality of both
substances.

� For actuator designs with a set screw (key 75),
if the adjusting screw (key 74) and attached parts
were removed, lubricate the threads of the adjusting
screw with the lubricant (key 76) or equivalent.
Install the lower bearing seat (key 73), the thrust
bearing (key 71), the thrust bearing races (key 72),
and the spring seat (key 13) onto the adjusting
screw. Install this assembly into the spring barrel
(key 12). Secure the adjusting screw with the set
screw (key 75).

8.  Coat the tapered end of the diaphragm rod (key
10) and the threads of the cap screw (key 9) with the
lubricant (key 76) or equivalent. Bolt the diaphragm
plate to the diaphragm rod.

9.  Be certain the travel stops (key 8) are located as
shown in figure 5.

10.  Install the spring (key 11) into the spring barrel.
Install the diaphragm plate and diaphragm rod into
the actuator. Attach the hex nut (key 58), turnbuckle
(key 57), hex nut (key 16), and rod end bearing 
(key 17) to the diaphragm rod.

11.  Installing the diaphragm:

� Place the upper diaphragm casing (key 1) onto
the lower diaphragm casing (key 2). If necessary,
rotate the lower bearing seat (key 73) so that the
upper diaphragm casing travel stop will not contact
the diaphragm when the casing cap screws and nuts
(key 5 and 6) are tightened.

� Secure the upper diaphragm casing with the
cap screws and hex nuts (keys 5 and 6). Be sure the
warning nameplate is in place on the casing. Tighten
the nuts on the cap screws to the torque value
shown in table 3.

12.  For Type 1052 actuators, complete the Initial
Setting portion of the 1052 Spring Adjustment
section before proceeding.
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Figure 5. Travel Stop Orientation
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13.  Refer to the appropriate valve instruction
manual for lever/valve shaft orientation marks, and
slide the lever (key 27) into place; see figure 4 for
correct lever operating clearance. Clamp with the
cap screw (key 28, figure 9).

14.  Rotate the lever (key 27) to align with the rod
end bearing (key 17). This connection can be aided
by carefully stroking the actuator off its up travel stop
with a regulated air source.

15.  Apply sealant (key 77) or equivalent
thread-locking compound to the threads of the cap
screw (key 18).

16.  Connect the lever (key 27) and the rod end
bearing (key 17) with the cap screw and hex nut
(keys 18 and 19). Tighten the nut on the cap screw
(see table 3).

17.  Coat the bearing surfaces of the hub (key 29),
and cover (key 33) with lubricant (key 76) or
equivalent. Install the bushing (key 31) and hub into
the cover. Secure with the retaining ring (key 30).

18.  Install the travel indicator scale (key 35), and
secure it with the self-tapping screws (key 36). Then
install the travel indicator (key 37), and secure it with
the self-tapping screws (key 38).

19.  Note the valve disc or ball position, and direction
of rotation. Position the travel indicator (key 37)
accordingly.

20.  Replace the cover (key 33), and secure with cap
screws and washers (keys 34 and 63). If the holes in
the cover and housing (key 20) do not align, use a
regulated air source to move the actuator slightly off
the up travel stop. If hole alignment cannot be
obtained in this manner, temporarily loosen cap
screws (key 23), and shift the housing slightly.

CAUTION

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

21.  If a valve positioner is to be used, consult the
separate valve positioner instruction manual for
proper positioner installation.

22.  Follow the instructions in the Turnbuckle
Adjustment section.

Changing Actuator Mounting
The actuator is normally positioned vertically in a
horizontal pipeline. However, four mounting styles
and four positions for each style are possible (see
figure 3).

Note

Due to its weight, the Type 1052, size
70 actuator must be externally
supported if mounted in the horizontal
position.

Correct lever/valve shaft positioning is important to
ensure proper valve action. Consult the appropriate
valve instruction manual.

Style A is right-hand mounted, while style D is
left-hand mounted. In all other ways, the styles A
and D are identical.

Style B is right-hand mounted, while style C is
left-hand mounted. In all other ways, the styles B
and C are identical.

Use the following procedure along with figures 8 
and 9, for key number references, to convert from
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styles A and D to styles B and C or visa versa or to
change the mounting position.

WARNING

To avoid personal injury, perform the
steps in the WARNING at the
beginning of the Maintenance section
to isolate the control valve and
actuator.

1.  Remove the tubing or piping from the top of the
actuator.

2.  Remove the cover (key 33) by unscrewing and
removing the cap screws and washers (keys 34 
and 63).

3.  Unscrew cap screw (key 18). Loosen cap screw
(key 28).

CAUTION

When removing the actuator from the
valve body, do not use a hammer or
similar tool to drive the lever (key 27)
or actuator off the valve shaft. Driving
the lever or actuator could damage
internal valve parts. On some valve
types, driving the lever (key 27) could
move the valve disc and bearings
away from the centered position
causing subsequent damage to valve
parts.

A wheel puller may be used to remove
the lever. It is okay to tap the wheel
puller screw lightly to loosen the lever,
but hitting the screw with excessive
force could also damage valve parts or
disrupt the centered position of the
valve disc and bearings.

4.  If changing styles,

� Unscrew cap screws (key 23), and remove the
actuator housing (key 20) from the mounting yoke 
(key 22).

� Rotate the housing 180 degrees, maintaining
the appropriate position (1, 2, 3, or 4), and place the
actuator onto the mounting yoke (key 22).

5.  If changing positions, unscrew cap screws 
(key 23), and rotate the actuator housing to the
desired position.

6.  Secure actuator housing (key 20) to the mounting
yoke (key 22) with cap screws (key 23). Consult 
table 3 for appropriate bolt torques.

7.  Consult the appropriate valve instruction manual
for lever/valve shaft orientation marks, and slide the
lever (key 27) into place; see figure 4 for correct
lever operating clearance. Clamp with the cap screw
(key 28).

8.  Rotate the lever (key 27) to align with the rod end
bearing (key 17). This connection can be aided by
stroking the actuator off its up travel stop with a
regulated air source.

9.  Apply sealant (key 77) or equivalent
thread-locking compound to the threads of the cap
screw (key 18).

10.  Connect the lever (key 27) and the rod end
bearing (key 17) with the cap screw and hex nut
(keys 18 and 19). Tighten cap screw to the
recommended bolt torque shown in table 3. This
connection can be aided by stroking the actuator
from its up travel stop with a regulated air source.

11.  Note the valve position and direction of rotation.
Position the travel indicator (key 37) accordingly.
Replace the cover (key 33), and secure it with cap
screws and washers (keys 34 and 63).

� If the holes in the cover and housing (key 20)
do not align, use a regulated air source to move the
actuator slightly off the up travel stop.

� If hole alignment cannot be obtained in this
manner, temporarily loosen cap screws (key 23) and
shift the housing slightly.

CAUTION

To avoid parts damage, do not stroke
the actuator while cover (key 33) is off.

12.  Follow the instructions given in the Turnbuckle
Adjustment section.

Top-Mounted Handwheels and
Adjustable Travel Stops

Principle of Operation for Handwheels

Note

If repeated or daily manual operation is
expected or desired, the unit should
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be equipped with a manual handwheel
actuator. Refer to the separate manual
handwheel actuator instruction manual
for mounting instructions.

Top-Mounted Handwheel Assembly is attached to
a special upper diaphragm casing (key 1, figures 8
and 9) with cap screws (key 141, figure 10). A hex
nut (key 137, figure 11) locks the handwheel in
position. Turning the handwheel (key 51, figure 10)
clockwise into the upper diaphragm casing forces
the pusher (key 135, figure 10) against the
diaphragm and diaphragm plate (keys 3 and 4,
figures 8 and 9) to compress the spring (key 11,
figures 8 and 9) and move the diaphragm rod
downward.

Turning the handwheel counterclockwise allows the
actuator spring to move the diaphragm rod upward.

� If the valve is push-down-to-close, full opening
can be restricted by positioning the handwheel at the
desired position.

� If the valve is push-down-to-open, full closing of
the valve can be restricted by use of the handwheel.

Adjustable Up Travel Stop (figure 11) limits the
actuator stroke in the upward direction. To make
adjustments, first relieve actuator loading pressure
before removing the closing cap (key 187) as it is a
pressure retaining part. Remove the closing cap 
(key 187). Also, for size 70 actuators, the hex nut
(key 137) must be loosened. Then turn the stem
(key 133) clockwise into the diaphragm case to
move the actuator stem downward or
counterclockwise to allow the spring to move the
actuator stem upward.

� If the valve has push-down-to-close action, full
opening can be restricted by the position of the
adjustable travel stop. Or,

� If the valve has push-down-to-open action, full
closing can be restricted by the position of the
adjustable travel stop.

For size 70, tighten the hex nut and replace the
closing cap after adjustment.

Adjustable Down Travel Stop (figure 12) limits the
actuator stroke in the downward direction. To make
adjustments, first relieve actuator loading pressure
before removing the closing cap (key 187) as it is a
pressure retaining part. Remove the closing cap 
(key 187). Loosen the hex jam nut (key 189) and
either turn the hex nut (key 63 for size 40 and 70
actuators; or key 54 for size 60 actuators) down on
the stem (key 133) to limit travel, or up on the stem

to allow more travel. Lock the jam nut against the
hex nut, and replace the closing cap after the
adjustment has been made.

Handwheel Maintenance and
Adjustable Travel Stop
If loading pressure seems to be leaking from either
the handwheel or adjustable up stop, the O-rings
(key 138 and 139, figures 10 and 11) may need
replacement. If the adjustable down stop leaks, the
O-ring (key 139, figure 12) may need replacement or
possibly the closing cap (key 187, figure 11) is not
tight. To tighten the closing cap, apply a good grade
of thread sealant to the closing cap threads.

For ease of operation, the stem threads (key 133,
figures 10, 11, and 12) may need an occasional
application of lubricant (key 241) or equivalent. A
grease fitting (key 169, figures 10 and 11) is
provided for this purpose in the size 70. The size 70
may also need to have the thrust bearing (key 175,
figures 10 and 11) packed with lubricant (key 241) or
equivalent. Travel stops for the smaller casings can
be lubricated between the stem and pusher (key
135, figures 10 and 11) with the lubricant (key 241)
or equivalent.

The following disassembly procedures are separated
where appropriate between the top-mounted
handwheel and adjustable up travel stop assemblies
(figures 10 and 11) and the adjustable down travel
stop assembly (figure 12).

WARNING

To avoid personal injury, perform the
steps in the WARNING at the
beginning of the Maintenance section
to isolate the control valve and
actuator.

1.  Remove the tubing or pipe from the handwheel
body (key 142, figures 10, 11, and 12).

WARNING

To avoid personal injury from the
pre-compressed spring force thrusting
the upper diaphragm casing (key 1,
figures 8 and 9) away from the
actuator, either relieve Type 1052
spring compression, or carefully
remove Type 1051 casing cap screws
by following the instructions that are
referenced in the steps below before
removing the casing.
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2.  Relieve all actuator spring compression by
following the procedures presented in the
Disassembly portion of the Maintenance section.
Then, rotate either the handwheel (key 51, figure 10)
or the travel stop stem (key 133, figures 11 and 12)
counterclockwise until the handwheel or travel stop
assembly is no longer compressing the spring.

CAUTION

For Type 1051 actuators with edisc
valves and push-down-to-open action,
the cap screw (key 18, figure 8) should
be disengaged from the lever (key 27,
figure 9) before removing the
diaphragm casing (key 1, figure 8) as
specified in the following steps.
Failure to do so will allow the spring
precompression to rotate the valve
beyond its closed position. This could
cause damage to the valve seal, seat,
or other valve components.

3.  Proceed as appropriate:

For Adjustable Up Travel Stops:

a.  Remove the upper diaphragm casing (key 1,
figures 8 and 9) by following steps 1, 3, 7, 9, 10,
and 11 of the Disassembly portion of the
Maintenance section.

b.  Remove the cap screws (key 141, figures 10
and 11), and separate the assembly from the
upper casing.

c.  Loosen the locknut (key 137, figure 10), or
remove the closing cap (key 187, figure 11).

d.  Turn the stem (key 133, figures 10 and 11)
clockwise out of the valve body. On handwheel
assemblies, the cotter pin and hex nut (keys 247
and 54, figure 10) will have to be removed so that
the handwheel (key 51, figure 10) and locknut
can be taken off the stem first.

e.  Remove and inspect the O-rings (keys 138
and 139, figures 10 and 11); replace them if
necessary.

f.  To complete disassembly:

For sizes 40 and 60: Drive out the groove pin
(key 140, figures 10 and 11), and slide the pusher
(key 135, figures 10 and 11) off the stem.

For size 70: The pusher unit is held to the
stem by a retaining screw (key 174, figures 10, 11 or
12). Removing the retaining screw and pusher
exposes the thrust bearing (key 175, figures 10 and
11) for inspection.

For Adjustable Down Travel Stops:

Key numbers are shown in figure 12 unless
otherwise noted. For ease of operation, the stem
(key 133) threads may need an occasional
application of lubricant.

a.  Remove the closing cap (key 187), and
unscrew the jam nut and hex nut (keys 189 and
63 for size 40 and 70 actuators; or keys 189 and
43 for size 60 actuators) off the stem (key 133).

b.  Remove the upper diaphragm casing (key 1,
figures 8 and 9) and travel stop body (key 142) by
following steps 1, 3, 7, 9, 10, and 11 of the
Disassembly portion of the Actuator Maintenance
section.

c.  Unscrew cap screws (key 141), and remove
the body from the diaphragm case.

d.  Check the condition of the O-ring (key 139),
and replace it if necessary.

e.  Loosen the hex nut (key 54), and then
unscrew the travel stop stem (key 133) out of the
actuator stem. The lower diaphragm plate (key
82) can now be removed and the rest of the
actuator disassembled.

4.  Reassemble by reversing the order of the
disassembly steps, being sure to apply lubricant as
previously mentioned and as shown by the
lubrication boxes (key 241) in figures 10 and 11. For
size 70 handwheels or up travel stop assemblies,
coat the threads of the retaining screws (key 174,
figures 10 and 11) with sealant (key 242) or
equivalent thread-locking compound.

5.  Readjust the spring to obtain the appropriate
travel stop restriction by following the steps in the
Top Mounted Handwheel Assembly section, and
then return the unit to operation.
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Figure 6. Actuator Locking Mechanism
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Locking Mechanism
Refer to figure 6 when installing, operating, and
locking the mechanism. Key numbers are shown in
figure 6 unless otherwise noted.

Installing the Locking Mechanism

WARNING

To avoid personal injury, perform the
steps in the WARNING at the
beginning of the Maintenance section
to isolate the control valve and
actuator.

1.  To add the locking mechanism to an existing
actuator, contact your Fisher sales office to
purchase the required parts. The required parts are
the locking mechanism and a modified actuator
housing.

2.  To remove the old housing, use the Disassembly
procedures in the Maintenance section.

3.  Attach the mounting plate (key 123) to the
modified housing (key 20) as shown in figure 6.

Attach it with the cap screw (key 129). Make sure
the hole in the center of the mounting plate lines up
with the large tapped hole in the housing.

4.  Make sure the jam nut (key 128) is threaded onto
the threaded bolt before threading it into the
housing.

5.  After the bolt is threaded into the housing, install
the groove pin (key 127) into the end of the bolt.
(Note: The groove pin will prevent the threaded bolt
from being totally unthreaded from the actuator
housing.)

6.  Make sure that the bolt is not threaded in so far
that it will interfere with reassembly of the actuator.

7.  Reassemble actuator using the Assembly
procedure in the Maintenance section.

8.  Make sure the actuator diaphragm rod is
retracted fully. This will be the locked position of the
valve. For a push-down-to-close valve and actuator,
the valve will be fully open when locked. For a
push-down-to-open valve and actuator, the valve will
be fully closed when locked.

9.  Screw the threaded bolt into the housing until it
contacts the head on the lever cap screw (see 
figure 6).

10.  Insert the padlock (customer supplied) to
connect the mounting plate (key 123) with the lower
locking disc on the mounting plate assembly (key
124). You might have to back off the lower locking
disc a slight amount to line up the holes for the
padlock.

CAUTION

In the larger sized actuators, the layers
of the mounting plate assembly may
be far enough apart that you will need
to purchase a padlock with a longer
loop. Do not attempt to force the layers
closer to fit a small looped padlock, as
property damage may result.

11.  Tighten the jam nut (key 128) against the
mounting plate.
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Operating the Locking Mechanism

To Unlock the Actuator
1.  Remove the padlock. Loosen the jam nut 
(key 128), and unscrew the threaded bolt until it is
stopped by the groove pin (key 127) in the threaded
bolt.

CAUTION

For normal operation of the actuator,
the threaded bolt must be unscrewed
far enough so that the actuator lever
will not contact the bolt, which could
lead to property damage.

2.  If you are going to leave the bolt threaded into the
housing, lock it by tightening the jam nut (key 128)
against the mounting plate so that it cannot be
screwed into the housing and interfere with normal
actuator operation.

To Lock the Actuator

1.  Make sure the actuator diaphragm rod is
retracted fully. This will be the locked position of the
valve. For a push-down-to-close valve and actuator,
the valve will be fully open when locked. For a
push-down-to-open valve and actuator, the valve will
be fully closed when locked.

2.  Make sure the jam nut (key 128) is loose. Screw
the threaded bolt into the housing until it contacts the
head on the lever cap screw (see figure 6).

3.  Rotate the threaded bolt until one of the holes in
the lower locking disc (which is welded to the bolt) is
in line with the hole in the mounting plate (key 123).
Tighten the jam nut against the mounting plate.

4.  Lock the plate and disc together with a padlock.
(The padlock is customer supplied.)
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Figure 7. Pipe Away Vent Assembly
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NOTE:
FOR FIELD CONVERSION , DRILL AND TAP HOLE PAT-
TERN IF HOUSING HAS A NON-METALLIC ACCESS
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Pipe-Away Vent

WARNING

If a flammable or hazardous gas is
being used as a supply medium,
personal injury, or property damage
could result from fire or explosion of
accumulated gas. A remote vent pipe
cannot be relied upon to vent all gases
from the installed location. Provide
adequate ventilation for the
actuator/positioner assembly. Comply
with local and regional codes, and
keep the vent pipeline as short as
possible with few bends.

Some applications require venting of gas from the
rotary actuator housing. The 3610 Series positioners
vent into the actuator housing, and from there, the
gas has numerous avenues of escape.

Note

This modification is NOT intended to
be a leak-proof or pressure-tight
design. It is intended to aid in
containing the gas that vents from the
positioner and allow for connection of
piping to carry it away.

Take care that an adequate vent pipe size is used.
This is particularly important with the larger size
actuators that have fast stroking speed
requirements. In these situations, large quantities of
gas can be vented very quickly through the
positioner, and adequate pipe-away capability must
be obtained. Keep the vent piping as short as
possible with few bends.

Refer to the Disassembly and Assembly steps in the
Maintenance section to gain access to the following
parts. Key numbers are shown in figure 7 unless
otherwise noted.

Bushings—Remove the mounting yoke bushing
(key 67), and the end plate cover bushing (key 31,
figures 8 and 9). Replace them with the pipe-away
vent parts, as shown in figure 7. The mounting yoke
bushing (key 132) is a two-piece bushing with an
O-ring (key 133). The end plate cover completes the
assembly with a two-piece bushing (key 134) with an
O-ring (key 135).

Travel Indicator—A gasket (key 136) is placed
under the travel indicator plate. Remove the
indicator plate (key 37, figures 8 and 9), install the
gasket (key 136) as shown in figure 7.

Access Plate Assembly—A modified metal access
plate assembly (key 137) is provided with a 3/4 inch
NPT vent connection as shown in figure 7. If the
actuator had a plastic access plate, it will be
necessary to drill and tap the actuator housing to
install the machine screws (key 138) as shown in
figure 7. Use the drilling and tapping pattern shown
in figure 7, or use the holes in the access plate as a
template to mark holes.

When finished with all maintenance procedures
requiring the access plate assembly (key 137) to be
removed, use the sealant (key 139, or equivalent)
provided with the kit to seal the plate in place.

Housing Vent Plug—A vent is provided in the
housing design. To plug this opening, the pipe-away
vent kit provides a hex pipe plug (key 140) for this
opening, as shown in figure 7. Install the hex plug
(key 140) into this opening and tighten it.

Accessories Mounting Boss—If accessories are
not installed on the mounting boss, install cap
screws (key 143) to plug openings. The location to
install the cap screws (key 143) is shown in figure 7.
A mounting boss is located on both sides of the
spring barrel (key 12, figures 8 and 9).

Type 1052 Spring Barrel Access Cover—For field
conversion of Type 1052 actuators, attach the cover
(key 141) over the spring barrel adjustment opening
with self-tapping screws (key 142). Use key 141 as a
drilling template. Drill size is 2.6 mm (A #37 drill)
(0.104-inches) by 9.6 mm (0.38-inches) deep.
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Parts Ordering
When corresponding with your Fisher sales office
about this equipment, refer to the serial number
found on the actuator nameplate (key 41, figures 8
and 10). Also, specify the complete 11-character
part number from the following parts list when
ordering replacement parts. The Size 70 actuator is
available only in Type 1052 actuators.

Note

Use only genuine Fisher replacement
parts. Components that are not
supplied by Fisher should not, under
any circumstances, be used in any
Fisher valve, because they will void
your warranty, might adversely affect
the performance of the valve, and
might jeopardize worker and
workplace safety.

Note

Neither Emerson, Emerson Process
Management, Fisher, nor any of their
affiliated entities assumes
responsibility for the selection, use
and maintenance of any product.
Responsibility for the selection, use,
and maintenance of any product
remains with the purchaser and
end-user.

Parts Kits

Top-Mounted Handwheel Retrofit Kits
Kit provides parts to add a top-mounted handwheel.
Kit Number 1 includes the handwheel assembly
only. Kit Number 2 includes Kit Number 1 and a new
upper case (key 1) that is required to mount the
handwheel assembly.

Kit Number 1
Key Description Part Number

Size 40 38A1213X032
Size 60 38A1213X062
Size 70 Type 1052 only CV8010X0052

Kit Number 2
Key Description Part Number

Size 40  38A1213X072
Size 60, 38A1213X022
Size 70  Type 1052 only CV8010X0062

Pipe-Away Vent Retrofit Kit
Vent-away kits include: access plate, two-piece
bushing, two O-rings, gasket, and the application of
a sealant (sealant supplied with retrofit kit). For Type
1052, an additional cover plate and screws are
required for the spring adjustment access.

See figure 7.

Pipe-Away Vent Retrofit Kit Numbers

SHAFT
DIAMETER

TYPE
1051

KIT PART
NUMBER

TYPE
1052

KIT PART
NUMBER

mm Inches
1051
SIZE

NUMBER 1052
SIZE

NUMBER

12 7 1/2 40 34B4646X022
30 34B4646X152

12.7 1/2 40 34B4646X022
40 34B4646X162

15 9 5/8 40 34B4646X032
30 34B4646X172

15.9 5/8 40 34B4646X032
40 34B4646X182

40 34B4646X042
30 34B4646X192

19.1 3/4
40 34B4646X042

40 34B4646X20219.1 3/4

60 34B4646X052 60 34B4646X212

22 2 7/8
40 34B4646X062 40 34B4646X222

22.2 7/8
60 34B4646X072 60 34B4646X232

25 4 1
40 34B4646X082 40 34B4646X242

25.4 1
60 34B4646X092 60 34B4646X252

40 34B4646X102 40 34B4646X262

31.8 1-1/4
60 34B4646X112

60 34B4646X27231.8 1 1/4
60 34B4646X112

70 34B4646X282

38 1 1-1/2 60 34B4646X122
60 34B4646X292

38.1 1-1/2 60 34B4646X122
70 34B4646X302

44 5 1-3/4 60 34B4646X132
60 34B4646X312

44.5 1-3/4 60 34B4646X132
70 34B4647X322

50 8 2 60 34B4646X142
60 34B4646X332

50.8 2 60 34B4646X142
70 34B4647X342
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Figure 8. Typical Type 1051 Actuator Assembly

� APPLY LUBRICANT/SEALANT

55A9255-B / IL

Parts List

Common Parts (Figures 8 and 9)

Note

Part numbers shown are for recommended spares
only. For part numbers not shown, contact your
Fisher sales office.

Key Description Part Number

1 Casing, upper
2 Diaphragm Casing, lower (steel zn pl)
3* Diaphragm, molded (nitrile/nylon)

Standard
w/handwheel, or w/adj up stop

Size 40 2E670002202

Key Description Part Number

3* Diaphragm, molded (continued)
Size 60 2E859702202
Size 70 2N126902202

w/adj down stop
Size 40 2E669902202
Size 60 2E859802202
Size 70 2N130902202

Silicone/polyester
Standard
w/handwheel, or w/adj up stop
Size 40 2E6700X0012
Size 60 2E8597X0032
Size 70 2N1269X0012

w/adj down stop
Size 40 2E6699X0042
Size 60 2E8598X0012
Size 70 2N1309X0012

4 Diaphragm Head

*Recommended spare parts
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Figure 8. Typical Type 1051 Actuator Assembly (Continued)

� APPLY LUBRICANT/SEALANT
55A9255-B / IL
B2679 / IL

Key Description Part Number

5 Screw, Cap, Hex Hd,
Size 40 (12 req’d)
Size 60 (16 req’d)
Size 70 (24 req’d)

6 Nut, Hex
Size 40 (16 req’d)
Size 60 (24 req’d)
Size 70 (28 req’d)

7 Screw, Cap, Hex Hd
Size 40 (4 req’d)
Size 60 (6 req’d)
Size 70 (10 req’d)

8 Stop, Travel (2 req’d)
9 Screw, Cap, Hex Socket
10 Diaphragm Rod
11 Spring                                                         See following table
12 Spring Barrel
13 Spring Seat                                                See following table

Key Description Part Number

16 Nut, Hex
17 Bearing Rod End
18 Screw, Cap, Hex Hd
19 Nut, Hex, Jam
20 Housing
20 Modified Housing
21 Screw, Cap, Hex Hd (4 req’d)
22 Yoke, Mounting
23 Screw, Cap, Hex Hd (4 req’d)
27 Lever
28 Screw, Cap, Hex Hd
29 Hub
30 Ring, Retaining, Ext
31* Bushing

Size 40 12A9373X012
Sizes 60 & 70 12A9374X012

33 Cover

*Recommended spare parts
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Key Description Part Number

34 Screw, Cap, Hex Hd
w/o switches, w/Type 304, Type 4200,
w/BZE6-2RN or DTE6-2RN SW,
w/micro switch w/90 deg, or w/ Type 3710 positioner
(4 req’d)
w/NAMCO or LSA/LSX switches, w/1 or 2 GO switches,
w/ LSA/LSX sw, or w/NAMCO or LSA/LSX switch
(2 req’d)

35 Scale, Indicator
36 Screw, Self Tapping (2 req’d)
37 Travel Indicator
38 Self-Tapping Screw (2 req’d)
38 Machine Screw (2 req’d)
39 Plate, Cover
40 Screw, Cap, Hex Hd (4 req’d)
41 Nameplate
42 Screw, Drive (4 req’d)
56 Warning Label
57 Turnbuckle
58 Nut, Hex, Jam
59 Plate, Access
63 Washer, Plain

Size 40 (4 req’d)
Size 60 & 70 (2 req’d)

67* Bushing                                                      See following table
71 Bearing, Thrust
72 Bearing Race (2 req’d)
73 Bearing Seat
74 Screw, Adjusting
75 Set Screw, Hex Socket
76 Lithium grease lubricant or equivalent
77 Thread locking sealant or equivalent
78 Screw, Cap

9.5 & 12.7 mm (3/8 & 1/2 inch) Shafts (2 req’d)
15.9 thru 50.4 mm (5/8 thru 2-inch) Shafts (4 req’d)

82 Diaphragm Head, lower
83 Plug, Protective
- - - Pipe Bushing (not shown)

144 Warning Nameplate
146 Spacer

Top-Mounted Handwheel (Figure 10)
51 Handwheel
54 Nut, Hex, Slotted
133 Stem
135 Plate, Pusher
137 Nut, Hex, Jam
138* O-Ring, (nitrile)

Size 40 1D237506992
Size 60 1B885506992
Size 70 1C415706992

139* O-ring, (nitrile)
Size 40 1D267306992
Size 60 1D547106992
Size 70 1D269106992

Key Description Part Number

140* Pin, Groove
Carbon Steel-Plated
Size 40 1F118028992

S31600 (316 SST)
Size 60 1B627035072

141 Screw, Cap, Hex Hd
Size 40 (6 req’d)
Size 60 (8 req’d)
Size 70 (12 req’d)

142 Body
164 Body Extension
169 Grease Fitting
171 Washer, plain
174 Retaining Screw
175 Bearing, Thrust
176 Bearing Race, Thrust, Type 1052 Size 70 only (2 req’d)
241 Lithium grease lubricant or equivalent
242 Thread locking sealant or equivalent
244 Anti-seize lubricant or equivalent
246 Spacer
247 Pin, Cotter

Adjustable Up Travel Stop (Figure 11)
133 Stem
135 Plate, Pusher
137 Nut, travel stop
138* O-Ring, (nitrile)

Size 40 1D237506992
Size 60 1B885506992
Size 70 1C415706992

139* O-Ring, (nitrile)
Size 40 1D267306992
Size 60 1D547106992
Size 70 1D269106992

140* Pin, Groove
carbon steel-plated
Size 40 1F118028992

S31600 (316 SST)
Size 60 1B627035072

141 Screw, Cap, Hex Hd
Size 40 (6 req’d)
Size 60 (8 req’d)
Size 70 (12 req’d)

142 Body
164 Body Extension
169 Grease Fitting
171 Spacer
174 Retaining Screw
175 Bearing, Thrust
176 Bearing Race, Thrust, Type 1052 Size 70 only (2 req’d)
187 Travel Stop Cap
241 Lithium grease lubricant or equivalent
242 Thread locking sealant or equivalent

*Recommended spare parts
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Figure 9. Typical Type 1052 Assembly

58A9224-A 
B2680 / IL

� APPLY LUBRICANT/SEALANT
A

A
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Figure 9. Typical Type 1052 Assembly (continued)

55A9224-A / IL
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Figure 10. Handwheel Assemblies

CV8010-G / IL

� APPLY LUBRICANT/SEALANT
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38A1213-B / IL

� APPLY LUBRICANT
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Figure 11. Adjustable Up Travel Stops

CV8057-E / IL

� APPLY LUBRICANT/SEALANT

�	#������
�
������
����
���
����
��
����
����
��������

28A1207-B / IL

� APPLY LUBRICANT

�	#������
�
������
����
���
����
��
��������

28A1214-A / IL

� APPLY LUBRICANT

�	#������
�
������
����
���
����
��
��������



1051 & 1052 F & G Actuators
Instruction Manual
Form 5062
August 2005

29

Figure 12. Adjustable Down Travel Stop

NOTE:
FOR SIZE 60 ACTUATORS, A
SECOND HEX NUT (KEY 54) IS
USED IN THE PLACE OF THE
HEX NUT (KEY 63)

38B5654-B
A7238 / IL

Adjustable Down Travel Stop
(Figure 12)
Key Description Part Number

54 Nut, Hex
Size 40 (1 req’d)
Size 60 & 70 (2 req’d)

63 Flange Nut
133 Travel Stop Stem
134 Washer (plain carbon steel)
139* O-Ring (nitrile)

Size 40 1D267306992
Size 60 1D547106992
Size 70 1D269106992

141 Screw, Cap, Hex Hd (steel zn pl)
Size 40 (6 req’d)
Size 60 (8 req’d)
Size 70 (12 req’d)

142 Travel Stop Body
187 Travel Stop Cap
189 Nut, Hex, Jam

Size 40 & 60 (1 req’d)
Size 70 (2 req’d)

241 Lithium grease lubricant or equivalent

Locking Assembly (Figure 6)
(Size 40, 60, and 70 Actuators)
123 Mounting Plate
124 Mounting Plate Assembly
127 Groove Pin
128 Jam Nut
129 Cap Screw

Pipe-Away Vent (Figure 7)

Key Description Part Number

Complete retrofit kits are listed at the beginning of
the parts list. Use this listing for individual
replacement parts

132* Lined Bushing (steel/PTFE) yoke side
12.7 mm (1/2 inch) dia. shaft (2 req’d) 1U902599402
15.9 mm (5/8 inch) dia. shaft (2 req’d) 14B4642X012
19.1 mm (3/4 inch) dia. shaft (2 req’d) F1918348112
22.2 mm (7/8 inch) dia. shaft (2 req’d) 14B4631X012
25.4 mm (1-inch) dia. shaft (2 req’d) 14B4632X012
31.8 mm (1-1/4 inch) dia. shaft (2 req’d) 14B4633X012
38.1 mm (1-1/2 inch) dia. shaft (2 req’d) 14B4634X012
44.5 mm (1-3/4 inch) dia. shaft (2 req’d) 14B4635X012
50.8 mm (2-inch) dia. shaft (2 req’d) G1668548112

133* O-Ring (nitrile)
12.7 mm (1/2 inch) dia. shaft 1J4888X0052
15.9 mm (5/8 inch) dia. shaft 11A8741X052
19.1 mm (3/4 inch) dia. shaft 1F4636X0032
22.2 mm (7/8 inch) dia. shaft 10A3805X012
25.4 mm (1-inch) dia. shaft 10A8217X042
31.8 mm (1-1/4 inch) dia. shaft 14A6981X012
38.1 mm (1-1/2 inch) dia. shaft 1F1153X0012
44.5 mm (1-3/4 inch) dia. shaft 1P1676X0012
50.8 mm (2-inch) dia. shaft 10A3800X012

134* Bushing (steel/PTFE) hub side
Size 30/40
12.7 to 22.2 mm (1/2 to 7/8 inch)
dia. shaft (2 req’d) 14B3503X012

Size 40
25.4 to 31.8 mm (1- to 1-1/4 inch)
dia. shaft (2 req’d) 14B3503X012

Size 60
19.1 to 50.8 mm (3/4 to 2-inch)
dia. shaft (2 req’d) 14B4310X012

135* O-Ring, hub side
Size 30/40
12.7 to 22.2 mm (1/2 to 7/8 inch)

dia. shaft 1K594906562
Size 40
25.4 to 31.8 mm (1- to 1-1/4 inch)
dia. shaft 1K594906562

Size 60
19.1 to 50.8 mm (3/4 to 2-inch)
dia. shaft 1U2504X0042

136 Travel Indicator Gasket
137 Access Plate assembly
138 Machine screw (4 req’d)
139 Blue RTV or equivalent
140 Plug
141 Spring Barrel Cover, Type 1052 only (2 req’d)
142 Self-tapping Screw

Size 30 & 40 (4 req’d)
Size 60 (5 req’d)
Size 70 (8 req’d)

143 Cap Screw
Size 30 (8 req’d)
Size 40 & 70 (4 req’d)
Size 60 (2 req’d)

*Recommended spare parts
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Key 11. Spring(1) for Type 1052 Actuator Only (Steel)
Key 13. Spring Seat(1) for Type 1052 Actuator Only (Steel)

CASING PRESSURE ACTUATOR KEY 11 KEY 13CASING PRESSURE ACTUATOR KEY 11
SPRING PART

KEY 13
SPRING SEAT

Bar Psig

ACTUATOR
SIZE SPRING PART

NUMBER
SPRING SEAT

PART NO.
40 1L217427042 12A9447X012

0 to1.2 0 to 18
60

1K162727082
1N937327082
1N937327082

12A9450X012
12A9448X012
12A9449X012

40 1L217327042
1P637127082

12A9446X012
12A9447X012

0 to 2.3 0 to 33
60

1K162827082
1K162827082
1N937327082
1N937327082

12A9448X012
12A9449X012
12A9448X012
12A9449X012

40 1L217327042 12A9446X012
0 to 2.8 0 to 40

60 1K162827082
1K162829082

12A9448X012
12A9449X012

0 to 3.8 0 to 55 40 1L217327042 12A9446X012

0.2 to 1.0 3 to 15 60 1K162727082 12A9450X012

0 2 to 2 1 3 to 30

40 1L217327042
1P637127082

12A9446X012
12A9447X012

0.2 to 2.1 3 to 30
60 1K162827082

1N937327082
12A9449X012
12A9449X012

Key 11. Spring(1) for Type 1052 Actuators Only (Steel)

CASING PRESSURE ACTUATOR
INITIAL SPRING COMPRESSION KEY 11CASING PRESSURE ACTUATOR

SIZE
Push-down-to-open Push-down-to-close

KEY 11
SPRING PART

Bar Psig
SIZE

Bar Psig Bar Psig
SPRING PART

NUMBER

0 to1 2

0 to 18 40 0.2
0.3

3.0
4.3

0.2
0.2

3.0
3.0

1L217427042
1P637127082

0 to1.2
0 to 18 60 0.3

0.2
3.7
3.5

0.2
0.2

3.0
3.0

1K162727082
1N937327082

0 to 33 40
0.3
0.4
0.3

4.3
6.0
4.4

0.3
0.2
0.2

4.3
3.0
3.0

1P637127082
1L217327042
1N844027082

0 to 2.3
0 to 33 60

0.2
0.5
0.5

3.5
7.0
6.8

0.2
0.2
0.2

3.5
3.0
3.0

1N937327082
1K162827082
1P270227042

0 to 33 70 0.7 10.1 0.2 3.0 1R676027082

0 to 40 40 0.3
0.4

4.4
6.0

0.2
0.2

3.0
3.0

1N844027082
1L217327042

0 to 2.8 0 to 40 60 0.5
0.5

6.8
7.0

0.2
0.2

3.0
3.1

1P270227042
1K162827082

0 to 40 70 0.7 10.1 0.2 3.3 1R676027082

0 to 3 8
0 to 55 40 0.3 4.4 0.2 3.5 1N844027082

0 to 3.8
0 to 55 70 0.7 10.1 0.7 10.1 1R676027082

0 2 to 1 0
3 to 15 40 – – – – – – 0.2 3.0 1L217427042

0.2 to 1.0
3 to 15 60 0.3 3.7 0.2 3.0 1K162727082

3 to 30 40
0.3
0.4

– – –

4.3
6.0

– – –

0.3
0.2
0.2

4.3
3.0
3.0

1P637127082
1L217327042
1N844027082

0.2 to 2.1
3 to 30 60

0.2
0.5

– – –

3.5
7.0

– – –

0.2
0.2
0.2

3.5
3.0
3.0

1N937327082
1K162827082
1P270227042

3 to 30 70 0.7 10.1 0.2 3.0 1R676027082
1.  For more detailed ordering information concerning spring selection to obtain the torque required by the valve, consult your Fisher sales office.
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Keys 22 and 67(1)*. Mounting Yoke Assembly

VALVE DESIGN ACTUATOR
SIZE

VALVE SHAFT
DIAMETER

VALVE SHAFT
DIAMETER KEY 22 YOKE

CAST IRON
KEY 67

BUSHING  PTFE
VALVE DESIGN

SIZE
mm Inches

CAST IRON BUSHING, PTFE

40
12.7
15.9
19.1

1/2
5/8
3/4

12A9799X0A2
12A9799X0B2
12A9799X0C2

– – –
– – –
– – –

1U902599402
12A9555X012
12A9556X012

CV500, V100, V150, V200, V250,

40
22.2
25.4
31.8

7/8
1

1-1/4

12A9799X0E2
12A9799X0G2
12A9799X112

– – –
– – –
– – –

12A9557X012
12A9775X012
12A9558X012CV500, V100, V150, V200, V250,

V300, 8510, 8532, and 8560
60

19.1
22.2
25.4

3/4
7/8
1

12A9799X0D2
12A9799X0F2
12A9799X0H2

– – –
– – –
– – –

12A9556X012
12A9557X012
12A9775X012

60 and 70

31.8
38.1
44.5
50.8

1-1/4
1-1/2
1-3/4

2

12A9799X0J2
12A9799X0K2
12A9799X0L2
12A9799X0M2

– – –
– – –
– – –
– – –

12A9558X012
12A9559X012
10A3848X012
12A9715X012

40
12.7
15.9
19.1

1/2
5/8
3/4

– – –
– – –
– – –

32A9755X012
32A9742X012
32A9743X012

1U902599402
12A9555X012
12A9556X012

40 25.4
31.8

1
1-1/4

– – –
– – –

32A9757X012
32A9746X012

12A9575X012
12A9558X012

9500 for G Mounting
60 19.1

25.4
3/4
1

– – –
– – –

32A9750X012
32A9778X012

12A9556X012
12A9775X012

60 and 70

31.8
38.1
44.5
50.8

1-1/4
1-1/2
1-3/4

2

– – –
– – –
– – –
– – –

32A9753X012
32A9754X012
35A9704X012
35A9705X012

12A9558X012
12A9559X012
12A9560X012
12A9561X012

1.  The yokes in this column are available as yoke-bushing assemblies, However, the bushings are available as replacement parts.

*Recommended spare parts
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67 Series Pressure Regulators

November 1986 Bulletin 71.1:67Fisher Controls

�

The 67 Series small-volume regulators (figure 1) are typi-
cally used to provide constantly controlled reduced pres-
sures to pneumatic and electropneumatic controllers and
other instruments. These self-operated regulators are suit-
able for most air or gas applications and may even be used
for liquid service where material compatibility exists. Other
applications include providing reduced pressures to air
chucks, air jets, spray guns, and liquified petroleum gas
(LPG) torches and burners.
Figure 1.  Typical 67 Series Regulators
Features
� Compactness— The small size of the 67 Series reg-

ulators makes them particularly useful in installations with
space limitations.

� Ease of Maintenance— No special tools are re-
quired to service these regulators, and they need not be re-
moved from lines when servicing and repair are necessary.

� Filtering Action— A Type 67AF, 67AFR, 67AFS, or
67AFSR regulator (figure 2) has an internal filter to help
clean impurities from the process fluid, removing particles
that might damage the regulator or downstream equip-
ment. The filter has a free area of 12 times the pipe area
and can be obtained in glass, resin-impregnated cellulose,
or stainless steel.

� Internal Relief— Although not designed to provide
full overpressure protection, a token-capacity internal relief
valve (indicated by an R in the type number as shown in
table 1) allows partial reduction of downstream pressure
without the necessity of an external relief valve being
opened. The internal relief valve seat (figure 2 or 3) has a
soft molded diaphragm insert.

� Panel Mounting— Some 67 Series regulators are
available with either 1-hole or 3-hole panel mounting (fig-
ure 3).

� Tamper Resistant— To detect tampering with the
outlet pressure setting, a Type 67AF or 67AFR regulator
may be obtained with the adjusting screw wired to a ma-
chine screw or other body part after the outlet pressure is
set.

� Sour Gas Service Capability— For sour gas, the
body, spring case, and trim are available in materials that
comply with National Association of Corrosion Engineers
(NACE) Standard MR-01-75.
�Fisher Controls International, Inc. 1980, 1986; All Rights Reserved
� High-Pressure Inlet Capability— Type 67H/67HR
brass or Type 67SS/67SSR stainless steel construction al-
lows inlet pressures of up to 400 psig (27.6 bar).

� Smooth, Close Regulation and High Stability—
Regulator design (figure 2 or 3) isolates the diaphragm and
pressure response chamber from the main flow stream.

� Second Outlet Pressure Tapping— Body side out-
let connection is standard with the Type 67AFS, 67AFSR,
67SS, and 67SSR regulators and is available with all other
types. A pipe plug or pressure gauge may be installed in
the side outlet connection, and a Type 67 or 67R regulator
additionally may have a tire valve installed in this connec-
tion.
TYPE 67 OR 67R TYPE 67 OR 67R WITH
HANDWHEEL FOR

3-HOLE PANEL MOUNTING

W1998
W1998
TYPE 67SS OR 67SSR 
WITH CLOSING CAP

TYPE 67AF OR 67AFR
WITH FILTER AND OUTLET

PRESSURE GAUGE

W4790

W3274–1
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Specifications
AVAILABLE See table 1
CONFIGURATIONS

INLET AND END 1/4-inch NPT screwed(1)

OUTLET SIZE AND
CONNECTION STYLE

SIDE OUTLET SIZE 1/4-inch NPT screwed(1)

AND CONNECTION
STYLE (WHEN USED)

MAXIMUM INLET Type 67H, 67HR, 67SS, or 67SSR
PRESSURE (BODY Regulator: 400 psig (27.6 bar) 
RATING)(2) All Other Types:  250 psig

(17.2 bar) 

OUTLET PRESSURE See table 2
RANGES

MAXIMUM 50 psi (3.4 bar) over outlet pres-
DIAPHRAGM sure setting, or 110 psig (7.6 bar),
PRESSURE(2) whichever is greater

INTERNAL RELIEF Low capacity for seat leakage
PERFORMANCE (TYPE only; external relief valve must be
67AFR, 67AFSR provided if inlet pressure can ex-
67HR, 67R, or 67SSR ceed maximum emergency outlet
REGULATOR ONLY) pressure

REGULATOR See table 3
CAPACITIES

REGULATOR See figure 4
PERFORMANCE
CURVES

PORT DIAMETER 1/8 inch (3.2 mm)

FLOW COEFFICIENTS Wide-Open C g for External Relief
Sizing: 8.5
Maximum C v: 0.28
Representative C 1: 30.4

1. End connection for other than ANSI standards can usually be provided; consult the 
Fisher sales office or sales represenative.
CONSTRUCTION For Type 67AF or 67AFR Filter
MATERIALS Regulator: See table 4

For Type 67AFS or 67AFSR Filter
Regulator: See table 5
For Type 67 or 67R Regulator
Without Filter: See table 6
For Type 67H or 67HR Regulator
Without Filter: See table 7 
For Type 67SS or 67SSR Regula-
tor Without Filter: See table 8

MATERIAL With Nitrile Diaphragm and Plug:
TEMPERATURE –20 TO 180�F (–29 to 82�C)
CAPABILITIES(2) With Fluoroelastomer Dia-

phragm and Plug:  0 to 300�F
(–18 to 149�C)

PRESSURE SETTING Adjustable throughout each
ADJUSTMENT Spring range by turning adjusting

screw or handwheel

PRESSURE Internal
REGISTRATION

STANDARD SPRING Over inlet
CASE VENT LOCATION

SPRING CASE VENT � 1/8 inch (3.2 mm) drilled hole or
CONNECTION � 1/4 inch 18 NPT tapping de-

pending on configuration

FILTER CAPABILITIES Free Area: 12 times pipe area
Rating
Cellulose or Stainless Steel Ele-
ment: 40 microns
Glass Element: 10 microns

DIMENSIONS See figure 5 or 6

APPROXIMATE Up to 1-1/2 pounds (0.7 kg) de-
WEIGHT pending on configuration

OPTIONS See table 1

2. The pressure/temperature limits in this bulletin and any applicable standard limitation
should not be exceeded.
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Figure 2. Filter Regulator Construction Features

COMPLETE TYPE 67AFR REGULATOR

TYPE 67AFS OR 67AFSR
SPRING CASE AND CLOSING

CAP DETAIL

W4779–1*
INTERNAL
RELIEF
VALVE
SEAT

1/4-INCH NPT
TAPPED SPRING
CASE WITH
REMOVABLE
VENT SCREEN

W3273–2*
Table 1. Available Configurations

CONSTRUCTION FEATURE
TYPE NUMBER

CONSTRUCTION FEATURE
67 67AF 67AFR 67AFS 67AFSR 67H 67HR 67R 67SS 67SSR

St d d

Aluminum body & spring case X X X X

St d d

Brass body & spring case X X

Standard
Stainless steel body & spring case X X X X

Standard
Filter X X X X

Internal relief X X X X X

NACE-qualified materials X X X X X X

O ti l

Aluminum/alloy 400 (UNS N04400)
inlet screen

X X X X X X

O ti l

Steel/stainless steel inlet screen X X X X

O ti l

Pressure gauge(1) in side outlet X X X X X X X X X X

O ti l

Tire valve in side outlet X X

O ti l

Type H800 relief valve(1) in end
outlet connection for outlet 
pressure settings of 35 psig (2.4
bar) or less

X X X X X X X X X X

Optional
� Plain or � chrome-plated
handwheel adjusting screw

X X X X X X

Spring case with handwheel
adjusting screw

X X X X X X

TFE diaphragm protector for liquid
ammonia service

X

Extra-thick diaphragm X

Adjusting screw safety wiring X X

Spring case for mounting Type
661 remote control drive unit (can’t
be ordered with handwheel or
1/4-inch 18 NPT vent tapping)

X X X X

1. Construction covered more fully in separate bulletin.
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INTERNAL
RELIEF VALVE
SEAT

COMPLETE TYPE 67R REGULATOR COMPLETE TYPE 67SS REGULATOR
WITH CLOSING CAP

W0048–1*
W4779–1
Figure 3.  Construction Features of Regulators Without Filters

COMPLETE TYPE 67 REGULATOR
WITH 3-HOLE PANEL MOUNTING
SPRING CASE AND HANDWHEEL

DETAIL OF 1-HOLE PANEL MOUNTING
SPRING CASE WITH HANDWHEEL

W4780–1W055–1
Table 2. Outlet Pressure Ranges
OUTLET PRESSURE RANGE

CONTROL SPRING DATA
U.S. Units, Psig Metric Units, Bar

CONTROL SPRING DATA

With 1-Hole Panel-
Mounting  Spring Case

With All Other
Spring Cases

With 1-Hole Panel-
Mounting  Spring Case

With All Other
Spring Cases

Part Number Color Code Material

–––
–––

5 to 35
30 to 60

–––
–––

0.34 to 2.4
2.1 to 4.1

19A2852 X012
19A2854 X012

Cad plated
Blue

Inconel(1) for
sour gas service

3 to 18
5 to 30

30 to 50
35 to 80

3 to 20
5 to 35

30 to 60
35 to 100

0.21 to 1.2
0.34 to 2.1
2.1 to 3.4
2.4 to 5.5

0.21 to 1.4
0.34 to 2.4
2.1 to 4.1
2.4 to 6.9

1B9860 27212
1B7883 27022
1B7884 27022
1K7485 27202

Green
Cad plated
Blue
Red

Plated steel for
other service

1. Trademark of International Nickel Co.
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Air Capacity Information
Regulating capacities at selected inlet pressures and out-
let pressure settings are given in table 3, and typical perfor-
mance curves are shown in figure 4. Flows are in scfh
(60�F and 14.7 psia) of air at 60�F. To determine the equiv-
alent capacities for other gases, multiply the table capacity
by the following appropriate conversion factor: 1.29 for 0.6
specific gravity natural gas, 0.810 for propane, 0.707 for
butane, or 1.018 for nitrogen. For gases of other specific
gravities, multiply the given capacity by 0.775, and divide
by the square root of the appropriate specific gravity.

Then, if capacity is desired in normal cubic meters per hour
at 0�C and 1.01325 bar, multiply scfh by 0.0168.

To determine wide-open flow capacities for relief sizing,
use the following formula:

where,

              Cg = gas sizing coefficient, or 8.5 from 
   Specifications table

                C1 = Cg/Cv, or 30.4 from Specifications table
                 G = gas specific gravity (air = 1.0)
            P1abs = inlet pressure, psia (add 14.7 psi to gauge

   inlet pressure to obtain absolute inlet pres-
   sure)

                 Q = flow rate, scfh
                 T = absolute temperature in �R of air at inlet
F

Table 3. 67 Series Regulator Capacities at 10 Percent Droop

OUTLET PRESSURE

SPRING 
PART 

NUMBER (SEE
O

INLET
PRESSURE CAPACITY

SCFH
(1)

OU SSU (
TABLE 2 FOR

RANGE) Psig Bar

SCFH
OF AIR(1)

15 psig (1.0 bar) 1B9860 27212

50
75

100
150
250

3.4
5.2
6.9

10.3
17.2

400
600
750

1000
1400

25 psig (1.7 bar) 19A2852 X012 or
1B7883 27022

50
75

100
150
250

3.4
5.2
6.9

10.3
17.2

400
550
750

1000
1400

40 psig (2.8 bar) 19A2854 X012 or
1B7884 27022

50
75

100
150
250

3.4
5.2
6.9

10.3
17.2

150
500
500
700

1400

80 psig (5.5 bar) 1K7485 27202
100
150
250

6.9
10.3
17.2

400
650

1000
1. See Gas Capacity Information section for conversion to equivalent capacities of
other gases and/or normal m3/hr.
igure 4.  67 Series Regulator Performance Curves for Cadmium Plated Spring 1B7883 27022

B2087
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Overpressure Protection
Like most pressure-reducing regulators, 67 Series regula-
tors have outlet pressure ratings that are different from their
inlet pressure ratings. A pressure relieving or pressure lim-
iting device — such as a Type H800 relief valve for an outlet
pressure setting of 35 psig (2.4 bar) or less — is needed if
inlet pressure can exceed the outlet pressure rating. A
Type 67AFR, 67AFSR, 67HR, 67R, or 67SSR regulator,
because of its low-capacity internal relief, does provide
very limited downstream overpressure protection, but this
internal relief should not be considered complete protec-
tion against overpressure.
Overpressuring any portion of a regulator or associated
equipment may cause personal injury, leakage, or property
damage due to bursting of pressure-containing parts or ex-
plosion of accumulated gas. Regulator operation within
ratings does not prevent the possibility of damage from ex-
ternal sources or from debris in the pipeline.

Refer to the Capacity Information section and the relief siz-
ing coefficient in the specifications table to determine the
required relief valve capacity.
Table 4. Construction Materials for Type 67AF and 67 AFR Filter Regulators
Part Material

Body, filter, cap, and drain valve Aluminum

Body bushing � Brass or � 303 stainless steel, except � 316 stainless steel for sour gas service

Filter element � Cellulose (standard), � glass, or � 18-8 stainless steel

Filter cap gasket Neoprene

Spring case, closing cap if used, and plug  
spring seat

� Aluminum, except � zinc for 3-hole panel mounting spring case

Control spring � Plated steel spring wire, except � alloy X750 (UNS N07750) for sour gas service

Control spring seat � Zinc-plated steel, except � heat-treated steel for sour gas service

Plug spring and filter element retrainer spring � 302 stainless steel, except � alloy X750 (UNS N07750) for sour gas service

Plug and diaphragm � Nitrile or � fluoroelastomer

Stem � Brass or � 304 stainless steel, except � 316 stainless steel for sour gas service

Diaphragm plate � Plated steel, except � heat-treated steel for sour gas service

Pusher post (Type 67AF only) � Aluminum, except � 316 stainless steel for sour gas service

Relief valve seat (Type 67AFR only) � Brass or �  303 stainless steel, except � 316 stainless steel for sour gas service

Bolting and other metal parts Steel and stainless steel
Table 5. Construction Materials for Type 67AFS and 67 AFSR Filter Regulators
Part Material

Body, body bushing, filter cap, and drain valve 316 stainless steel

Filter element � Cellulose (standard) , � glass, or � 18-8 stainless steel

Filter cap gasket Neoprene

Spring case and closing cap 316 stainless steel

Control spring, plug spring, and filter element
retainer spring

Alloy X750 (UNS N07750)

Plug and diaphragm � Nitrile or � fluoroelastomer

Stem, plug spring  seat, diaphragm plate, and 
pusher post (Type 67AFS) or relief valve seat 
(Type 67AFSR)

316 stainless steel

Bolting and other metal parts Steel and stainless steel
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Table 6. Construction Materials for Type 67 and 67R Regulators Without Filter
Part Material

Body and body plug Aluminum

Body bushing � Brass or � 303 stainless steel, except � 316 stainless steel for sour gas service

Body plug gasket Composition

Spring case, closing cap if used, 
and plug spring seat

� Aluminum, except � zinc for 3-hole panel mounting spring case

Control spring � Plated steel spring wire, except � alloy X750 (UNS N07750) for sour gas service

Control spring seat � Zinc-plated steel, except � heat-treated steel for sour gas service

Plug spring � 302 stainless steel, except � alloy X750 (UNS N07750) for sour gas service

Plug and diaphragm � Nitrile or � fluoroelastomer

Stem � Brass or � 304 stainless steel, except � 316 stainless steel for sour gas service

Diaphragm plate � Plated steel, except � heat-treated steel for sour gas service

Pusher post (Type 67 only) � Aluminum, except � 316 stainless steel for sour gas service

Relief valve seat (Type 67R only) � Brass or � 303 stainless steel, except � 316 stainless steel for sour gas service

Bolting and other metal parts Steel and stainless steel
Table 7. Construction Materials for Type 67H and 67HR Regulators Without Filter
Part Material

Body, body plug, and body bushing Brass

Body plug gasket Composition

Spring case, and closing cap if used
� Brass, except � aluminum for 1-hole panel mounting spring case or 
� zinc for 3-hole panel mounting spring case

Conrol spring Plated steel spring wire

Control spring seat Zinc-plated steel

Plug spring 302 stainless steel

Plug and diaphragm � Nitrile or � fluoroelastomer

Stem and plug spring seat Brass

Diaphragm plate Plated steel

Pusher post (Type 67H) or 
relief valve seat (Type 67HR)

Brass

Bolting and other metal parts Steel and stainless steel
Table 8. Construction Materials for Type 67SS and 67SSR Regulators Without Filter
Part Material

Body, body plug, and body bushing 316 stainless steel

Spring case, closing cap if used, and 
plug spring seat

316 stainless steel

Closing cap gasket if used Composition

Control spring Plated steel spring wire

Control spring seat Zinc-plated steel

Plug, diaphragm, and body plug O-ring � Nitrile (except composition for body plug O-ring) or � fluoroelastomer

Plug spring 302 stainless steel

Stem 304 stainless steel

Diaphragm plate Plated steel

Pusher post (Type 67SS) or 
relief valve seat (Type 67SSR)

303 stainless steel

Bolting and other metal parts Steel and stainless steel
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A1048-2

17A1851-F

TYPE 67AF OR
67AFR END VIEW BOTTOM DIMENSIONS
Figure 5.  Dimensions for Regulator with Filter

TYPE 67AFS OR 67AFSR
END VIEW (ALSO TYPICAL
OF TYPE 67AF OR 67AFR

WITH CLOSING CAP)

END VIEW WITH 3-HOLE
PANEL MOUNTING SPRING CASE

END VIEW WITH 1-HOLE PANEL
MOUNTING SPRING CASE

17A1851-F
10B8036-A

10B8036-A
B2085

17A1850-A

INCH
(mm)
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TYPE 67SS OR 67SSR END VIEW (ALSO
TYPICAL OF TYPE 67, 67H, 67HR, OR 67R

WITH CLOSING CAP) BOTTOM DIMENSIONS
10B8036–A

A1040–2
Figure 6.  Dimensions for Regulator Without Filter

END VIEW WITH 1-HOLE 
PANEL MOUNTING SPRING CASE

END VIEW WITH 3-HOLE PANEL
MOUNTING SPRING CASE

TYPE 67 OR 67R END VIEW
(ALSO TYPICAL OF TYPE 67H OR 67HR)

B2086

10B8036–A
17A1850-A

INCH
(mm)
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Ordering Information
When ordering, specify:

Application Information

1. Type of regulator  
2. Body, spring case, and trim materials  
3. Control spring range in psig (bar)
Fisher Controls

While this information is presented in good faith and believed to be accurate,
Fisher Controls does not guarantee satisfactory results from reliance upon such
information. Nothing contained herein is to be construed as a warranty or guar-
antee, express or implied, regarding the performance, merchantability, fitness

�

Regulator Information

Refer to the Specifications table on page 2. Review the de-
scription to the right of each specification and the informa-
tion in each referenced table or figure. Specify your choice
whenever a selection is offered. Always specify the regula-
tor type number as identified in table 1, as well as the type
number(s) of an associated gauge or relief valve.
For information, contact Fisher Controls:
Marshalltown, Iowa 50158 USA Sao Paulo 05424 Brazil
Rochester, Kent, England ME2 2EZ Singapore 1130

or any other matter with respect to the products, nor as a recommendation to
use any product or process in conflict with any patent. Fisher Controls reserves
the right, without notice, to alter or improve the designs or specifications of the
products described herein.

Printed in U.S.A.
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Introduction

Scope of Manual
This instruction manual provides installation,
maintenance, and parts information for the 1-inch
Type D2 FloPro� control valve and actuator.

No person may install, operate, or maintain a Type
D2 FloPro control valve without first � being fully
trained and qualified in valve, actuator, and
accessory installation, operation, and maintenance,
and � carefully reading and understanding the
contents of this manual. If you have any questions
about these instructions, contact your Fisher sales
office before proceeding.

Note

Neither Emerson, Emerson Process
Management, nor Fisher assume
responsibility for the selection, use, or
maintenance of any product.
Responsibility for proper selection,
use, and maintenance of any Fisher
product remains solely with the
purchaser and end-user.

W8527-1

W9040_1a

GLOBE STYLE

ANGLE STYLE

Figure 1. Type D2 FloPro� Control Valve

Instruction Manual
Form 5738
April 2005 D2 FloPro� Valve
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Table 1. Specifications

Valve Assembly Pressure Class

ASME B16.34 Class 900

Maximum Inlet Pressure and Temperature(1)

155 bar from –46 to 93°C, and 150 bar at 149°C.
(2250 psig from –50 to 200°F, and 2185 psig at
300°F)

Maximum Allowable Pressure Drop(1)

Flow Down(2) 
Maximum Inlet Pressure: 155 bar (2250 psig)
Maximum Outlet Pressure: 103 bar (1500 psig)

Flow Up
Maximum Inlet Pressure: 103 bar (1500 psig)
Maximum Outlet Pressure: 103 bar (1500 psig)

Shutoff Classification

ANSI Class IV ANSI/FCI 70-2 and IEC 60534-4

Construction Materials

Valve Body and Bonnet: ASME SA 352 LCC
Stress relieved
Valve Plug and Seat: (R0006) Alloy 6
Valve Stem: (S31600) 316 SST
O-Rings: (HNBR) Hydrogenated Nitrile
Packing: PTFE/Carbon PTFE
Packing Springs: (N07718) Inconel 718
Stem Bushing: (Ryton) PPS
Actuator Diaphragm: Nitrile/Polyester
Actuator Springs: Zinc-plated steel

Flow Characteristic

FloPro Characterized

Port Diameter

13 mm (0.5 inch)

Maximum Travel

13 mm (0.5 inch)

Approximate Weight

Globe Valve Body: 7.7 kg (17 lb)
Angle Valve Body: 8.2 kg (18 lb)

Material Temperature Capabilities

Valve Body Assembly: –46 to 149°C 
(–50 to 300°F)

Actuator Assembly: –46 to 93°C (–50 to 200°F)

Bonnet/Body Connection

Threaded with leakoff bleed

Standard Actuator Configuration

The D2 FloPro actuator is an on-off
spring-and-diaphragm.

Globe Valve Body: Supplied as either
Air-to-Open or Air-to-Close.

Angle Valve Body:  Supplied as Air-to-Open only

Maximum Actuator Casing Pressure

2.8 bar (40 psig)

Minimum Required Actuator Casing Pressure

2.1 to 2.4 bar (30 to 35 psig)

Actuator Diaphragm Effective Area

194 cm2 (30 square inches)

Actuator Pressure Connections

1/4 inch NPT female
1. The pressure or temperature limits in the referenced tables and any applicable ASME code limitations should not be exceeded.
2. Standard flow direction.
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Description
The Type D2 FloPro control valve (figure 1) is a
compact, rugged valve designed for on-off control of
a variety of fluids at pressures up to 155 bar (2250
psig). This valve is ideal for use as a dump valve on
gas separators and scrubbers. It is also well suited
for other high pressure applications in natural gas
production, compression, and processing. The Type
D2 FloPro valve has threaded end connections and
is available in either a 1-inch globe style or angle
style body.

Specifications
Table 1 lists specifications for the Type D2 FloPro
control valve. Some of the specifications for a given
control valve as it originally comes from the factory
are stamped on a nameplate located on the upper
diaphragm casing flange.

Installation

WARNING

Always wear protective gloves,
clothing, and eyewear when
performing any installation operations
to avoid personal injury.

Personal injury or equipment damage
caused by sudden release of pressure
may result if the valve assembly is
installed where service conditions
could exceed the limits given in table 1
or on the appropriate nameplates. To
avoid such injury or damage, provide a
relief valve for overpressure protection
as required by accepted industry or
local, state, and Federal codes and
good engineering practices.

Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

If installing into an existing
application, also refer to the WARNING
at the beginning of the Maintenance
section in this instruction manual.

CAUTION

This valve is intended for a specific
range of pressures, temperatures, and
other service conditions (see table 1).
Applying different pressure,
temperature, and other conditions to
the valve could result in parts damage,
malfunction of the valve, or loss of
control of the process. Do not expose
this valve to service conditions or
variables other than those for which
this valve is intended. If you are not
sure what these conditions are, you
should contact your Fisher sales office
for more complete specifications.

1.  Before installing the valve, inspect it to be certain
that the valve body cavity is free of foreign material.
Clean out all pipelines to remove scale, welding
slag, and other foreign materials.

2.  The control valve assembly may be installed in
any orientation unless limited by seismic criteria.

The standard flow direction is indicated by the arrow
on the valve body.

3.  Use accepted piping practices when installing the
valve in the pipeline.

4.  If continuous operation is required during
inspection or maintenance, install a three-valve
bypass around the control valve assembly.

Note

The 1-inch Type D2 FloPro valve is
equipped with ENVIRO-SEAL� D2
packing.

The actuator, on the globe style valve, is available
from the factory as either air-to-open or air-to-close.
The actuator, on the angle style valve, is available
from the factory only as air-to-open.

Additionally, the actuator as shipped from the
factory, has the FloPro flow adjuster set at a 0.375
inch port flow rate position. If some other flow rate is
desired, see the Setting Valve FloPro Flow Adjuster
section in this manual.
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Figure 2. Flow Rate Adjustments

0.5 INCH FLOW RATE
(Cv = 6)

0.375 INCH FLOW RATE
(Cv = 4)

0.25 INCH FLOW RATE
(Cv = 2)

FLOW ADJUSTER
SAFETY
VENT

1 2 3

1
2

3

FloPro TRAVEL
INDICATOR

GE15452

Setting Valve FloPro� Flow Adjuster

Air-to-Open Actuator Action
1.  To change the valve flow rate, loosen the flow
adjuster socket head cap screws (key 29), and
reposition the flow adjuster halves (key 14 and 15) to
the desired flow rate position. See figure 2 for flow
rate settings.

Air-to-Close Actuator Action
1.  Attach a pressure line to the actuator. Supply
pressure to the actuator to seat the plug in the seat
ring.

2.  To change the valve flow rate, loosen the flow
adjuster socket head cap screws (key 29), and
reposition the flow adjuster halves (key 14 and 15) to
the desired flow rate position. See figure 2 for flow
rate settings.

Changing Actuator Action from
(Air-to-Open) to (Air-to-Close)
Key numbers are referenced in figures 6 and 7.

WARNING

To prevent possible personal injury or
property damage from removing the
casing cap screws in the wrong
sequence, follow the procedure as
outlined below for removing the upper
casing.

1.  Remove the six short actuator casing cap screws
(key 22) first. Once these have been removed from
the actuator assembly, remove the two long
actuator cap screws (key 30) by alternating between
them as you loosen them, to keep the upper casing
(key 21) level during this procedure.

Note

Be aware as you loosen and remove
the actuator cap screws that the
actuator springs are under
compression.

2.  Remove the upper casing (key 21) and the
springs (key 27).

3.  Do not turn the valve stem (key 4) while removing
the diaphragm hex nut (key 26). Keep the stem from
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turning by using an open end wrench on the
machined flats located on the valve stem above the
flow adjuster for this procedure. Continue the
actuator disassembly by removing the washer (key
24) diaphragm plate (key 25), diaphragm (key 19),
washer (key 36), and O-ring (key 37). Inspect the
diaphragm for any wear or damage. Replace with a
new one if necessary.

4.  Unscrew the socket head cap screws (key 29),
and remove the flow adjuster halves (key 14 and
15). Position the stem (key 4) to its most upward
position.

5.  Place 2 of the springs (key 27) from the actuator
into the bottom casing (key 20), equally spaced, 180
degrees apart. Place the washer (key 36) over the
valve stem, as shown in view A of figure 7. Then
place the O-ring (key 37) over the valve stem. Next
install the diaphragm plate (key 25) and, using the
diaphragm plate, correctly position the actuator
springs.

6.  Place the diaphragm (key 19) over the stem,
along with washer (key 24). Position the diaphragm
so the holes in the diaphragm align with the holes in
the bottom casing.

7.  Insert a 1/8 inch diameter drift punch, or other
suitable device through the 5/32 inch diameter hole
in the valve stem located below the bottom of the
previously removed flow adjuster. Install hex nut
(key 26) and tighten to 10 N�m (90 lbf�in). Use the
1/8 inch drift punch or other holding device to turn
the stem to align the holes of the diaphragm (key 19)
to the lower casing (key 20).

8.  Position the upper casing and install the two long
cap screws (key 30) opposite one another. Install the
six shorter cap screws (key 22) and the hex nuts,
tightening the actuator casing cap screws evenly
using a cross-tightening procedure. Torque to 10
N�m (8 lbf�ft).

9.  Connect a pressure line to the top actuator
pressure connection, and apply pressure to the
actuator. Stroke the actuator until the valve plug is
seated on the seat ring. Install the flow adjuster,
positioning it to the desired travel. Tighten the flow
adjuster socket head cap screws to 3 N�m 
(26 lbf�in).

10.  Release the actuator pressure, and install the
vent plug (key 28) into the bottom casing pressure
connection.

Maintenance
Valve parts are subject to normal wear and must be
inspected and replaced as necessary. Inspection
and maintenance frequency depends on the severity
of service conditions. This section includes
instructions for packing and trim maintenance, and
replacing actuator parts.

All maintenance operations can be performed with
the valve in the line.

Note

Whenever a gasket seal or O-ring is
disturbed by removing or shifting
gasketed parts, a new gasket should
be installed upon reassembly. This is
necessary to ensure a good gasket
seal, since the used gasket or O-ring
will not seal properly.

WARNING

Avoid personal injury from sudden
release of process pressure. Before
performing any maintenance
operations:

� Always wear protective gloves,
clothing, and eyewear when
performing any maintenance
operations to avoid personal injury.

� Disconnect any operating lines
providing air pressure or a control
signal to the actuator. Be sure the
actuator cannot suddenly open or
close the valve.

� Use bypass valves or completely
shut off the process to isolate the
valve from process pressure. Relieve
process pressure on both sides of the
valve. Drain the process media from
both sides of the valve.

� Use lock-out procedures to be
sure that the above measures stay in
effect while you work on the
equipment.

� The valve packing box may
contain process fluids that are
pressurized, even when the valve has
been removed from the pipeline.
Process fluids may spray out under
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pressure when removing the packing
hardware or packing rings.

� Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

Valve Trim Maintenance

Note

The following maintenance procedures
apply to both air-to-open and
air-to-close actuator configurations,
except for steps 2 and 8 as noted.

Key numbers are referenced in figures 6, 7, and 8.

1.  Isolate the control valve from the line pressure,
release pressure from both sides of the valve body,
and drain the process media from both sides of the
valve.

2.  For air-to-open actuator action only, apply
pressure to the actuator to fully stroke it open. This
will raise the plug off its seat so that the valve stem
serrations are visible inside the flow adjuster window
(see figures 4 and 5). Loosen the socket head
screws (key 29) and lower the flow adjuster (key 14
and 15) to its lowest position on the valve stem.
Retighten the socket head screws (key 29) to 3 N�m
(26 lbf�in). Relieve pressure to the actuator, shut off
all pressure lines to the actuator, and disconnect.
Use lockout procedures to be sure that the above
measures stay in effect while you work on the
equipment.

CAUTION

The preceding step is intended to
prevent damage to the valve plug (key
3) and seat ring (key 5) during the
removal of the bonnet and actuator.

3.  Unscrew the bonnet from the valve body.

WARNING

Avoid personal injury from sudden
release of process pressure. If the
process media starts to escape from
the safety vent (see figure 2) located in
the bonnet neck of the valve body,

STOP DISASSEMBLY IMMEDIATELY! 

The escape of process media indicates
that the valve has NOT been isolated
from the process media, or process
pressure is trapped in the valve body.

Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

4.  Once the bonnet has been removed from the
valve body, inspect the seat ring (key 5) for wear or
damage. If the seating surface has been damaged,
remove it from the valve body. Also remove the seat
ring gasket (key 6). Clean and inspect the valve
body gasket surface for damage. Visually inspect the
valve body interior below the seat ring for erosion.
Replace the valve body if necessary.

To replace the seat ring, first install a new seat ring
gasket. Install the new seat ring and tighten to 230
N�m (170 lbf�ft).

Cover the opening in the valve body to prevent
foreign material from getting into the valve body
cavity.

5.  Inspect the valve stem for scratches or wear, and
valve plug for wear or damage. Replace if
necessary.

6.  If the valve plug requires replacement, use an
open end wrench on the machined flats located on
the valve stem above the flow adjuster and unscrew
the valve plug from the valve stem. Replace it with a
new valve plug. Screw the valve plug into the valve
stem, being careful not to damage the plug seat or
plug contour. Tighten to 18 N�m (13 lbf�ft).

WARNING

Upon reassembly, ensure that no
foreign material blocks the safety vent
hole as shown in figure 2. If the safety
vent hole is blocked or plugged,
possible personal injury from the
sudden release of process pressure
during maintenance disassembly may
occur.

7.  Lubricate a new O-ring (key 13) with Lubriplate
MAG-1 or equivalent and place it into the valve body
as shown in figure 6 or 7. Ensure that no foreign
material blocks the safety vent hole. Screw the
bonnet into the valve body, and torque to a range of
542 to 678 N�m (400 to 500 lbf�ft).
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8.  For air-to-open actuator action only, attach the
pressure line to the actuator, and supply pressure to
the actuator. Loosen the socket head screws (key
29) and remove the flow adjuster (keys 14 and 15).
Release the pressure to the actuator. This allows the
plug to find its seated position.

9.  Set the flow adjuster to the desired travel position
(see figure 2), and tighten the flow adjuster socket
head cap screws to 3 N�m (26 lbf�in).

Packing and Valve Trim Maintenance

Note

The following maintenance procedures
apply to both air-to-open and
air-to-close actuator configurations,
except as noted.

Key numbers are referenced in figures 6, 7, and 8.

1.  Isolate the control valve from the line pressure,
release pressure from both sides of the valve body,
and drain the process media from both sides of the
valve.

2.  For air-to-open actuator action only, apply
pressure to the actuator to fully stroke it open. This
will raise the plug off its seat so that the valve stem
serrations are visible inside the flow adjuster window
(see figures 4 and 5). Loosen the socket head
screws (key 29) and lower the flow adjuster (key 14
and 15) to its lowest position on the valve stem.
Retighten the socket head screws (key 29) to 3 N�m
(26 lbf�in). Relieve pressure to the actuator, shut off
all pressure lines to actuator, and disconnect. Use
lockout procedures to be sure that the above
measures stay in effect while you work on the
equipment.

CAUTION

The preceding step is intended to
prevent damage to the valve plug (key
3) and seat ring (key 5) during the
removal of the bonnet and actuator.

3.  Unscrew the bonnet from the valve body.

WARNING

Avoid personal injury from sudden
release of process pressure. If the

process media starts to escape from
the safety vent (see figure 2) located in
the bonnet neck of the valve body,

STOP DISASSEMBLY IMMEDIATELY! 

The escape of process media indicates
that the valve has NOT been isolated
from the process media, or process
pressure is trapped in the valve body.

Check with your process or safety
engineer for any additional measures
that must be taken to protect against
process media.

4.  Once the bonnet has been removed from the
valve body, inspect the valve seat (key 5) for wear or
damage. If the seating surface has been damaged,
remove it from the valve body. Also remove the seat
ring gasket (key 6). Clean and inspect the valve
body gasket surface for damage. Visually inspect the
valve body interior below the seat ring for erosion.
Replace the valve body if necessary.

To replace the seat ring, first install a new seat ring
gasket. Install the new seat ring and tighten to 230
N�m (170 lbf�ft).

Cover the opening in the valve body to prevent
foreign material from getting into the valve body
cavity.

WARNING

To prevent possible personal injury or
property damage from removing the
casing cap screws in the wrong
sequence, follow the procedure as
outlined below for removing the upper
casing.

5.  Remove the six short actuator casing cap screws
(key 22) first. Once these have been removed from
the actuator assembly, remove the two long
actuator cap screws (key 30) by alternating between
them as you loosen them, to keep the upper casing
(key 21) level during this procedure..

Note

Be aware as you loosen and remove
the actuator cap screws that the
actuator springs are under
compression for the air-to-open
configuration.
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6.  Remove the upper casing (key 21) and the
springs (key 27).

7.  Do not turn the valve stem (key 4) while removing
the diaphragm hex nut (key 26). Keep the stem from
turning by using an open end wrench on the
machined flats located on the valve stem above the
flow adjuster for this procedure. Continue the
actuator disassembly by removing these parts:
washer (key 24) diaphragm plate (key 25),
diaphragm (key 19), washer (key 36), and O-ring
(key 37). Inspect the diaphragm for any wear or
damage. Replace with a new one if necessary.

If you wish to inspect/replace the bonnet to actuator
casing O-ring (key 16), mark the orientation of the
actuator pressure connection to the bonnet for later
reference (see figures 4 and 5). Unscrew the hex nut
(key 18) from the bonnet. Remove the bottom casing
(key 20).

8.  Unscrew the flow adjuster socket head cap
screws (key 29), and remove the flow adjuster
halves.

9.  Unscrew the packing retainer (key 7) from the
bonnet (key 2). After the packing retainer has been
unscrewed from the bonnet, pull the valve stem and
plug out of the bonnet.

10.  Remove the three Belleville springs (key 9),
packing spacer (key 10), packing (key 11), and two
anti-extrusion rings (key 12) from the bonnet. See
figure 3.

11.  Clean and inspect the packing box wall to
ensure that the packing surfaces are not damaged. If
the surface condition is damaged, and cannot be
improved by light sanding, replace the bonnet by
contacting your Fisher sales office.

12.  Inspect the valve stem for scratches or wear,
and valve plug for wear or damage. Replace if
necessary.

13.  If the valve plug requires replacement, use an
appropriate tool on the machined flats located on the
valve stem above the flow adjuster and unscrew the
valve plug from the valve stem. Replace it with a
new valve plug. Screw the valve plug into the valve
stem, being careful not to damage the plug seat or
plug contour. Tighten to 18 N�m (13 lbf�ft).

14.  Inspect the valve stem bushing (key 8) located
in the upper end of the bonnet. If damaged, remove
and replace it with new bushing (key 8). Replace the
valve stem bushing by inserting the bushing, flange
end first, into the bore located at the top of the
bonnet flow adjuster window. Insert until the flange
snaps into the groove provided for it.

15.  Remove the O-ring (key 17) from the upper end
of the bonnet. Replace it with a new one, and
lubricate it with Lubriplate MAG-1 or equivalent.

16.  Install new packing according to the packing
arrangement shown in figure 3, Apply a light film of
Lubriplate Mag-1 lubricant or equivalent to the
threads of the packing retainer (key 7). Install the
Belleville springs and packing retainer, as shown in
figure 3, but do not tighten.

17.  Apply a light film of Lubriplate Mag-1 lubricant or
equivalent to the valve stem. Carefully slide the
valve stem through the packing retainer and packing
to a point where the serration extends completely
into the flow adjuster window of the bonnet (see
figures 4 and 5).

Figure 3. Packing and Belleville Spring Stacking Order

ANTI-EXTRUSION
RING

PACKING SET

ANTI-EXTRUSION
RING
SPACER

BELLEVILLE
SPRINGS

PACKING
RETAINER

E0784-1

18.  Tighten the packing retainer to a range of 81
to 95 N�m (60 to 70 lbf�ft). Then loosen the
packing retainer 30 degrees counter-clockwise.
See figure 3.

19.  If the bottom casing (key 20) has been removed,
place O-ring (key 16) into the groove provided in the
top of the bonnet. Place the bottom casing on the
bonnet, oriented in the same position as marked in
step 7 on page 8. Screw the hex nut (key 18) onto
the bonnet, and tighten to 203 N�m (150 lbf�ft).

20.  For air-to-open actuator action only (see
figures 6 or 8), assemble the actuator by first
placing the O-ring (key 37) over the valve stem.
Then place the washer (key 36) over the valve stem.
Place the diaphragm (key 19) over the valve stem,
and position it so the holes in the diaphragm match
the holes in the casing. Place the diaphragm plate



D2 FloPro� Valve
Instruction Manual
Form 5738
April 2005

9

(key 25) over the valve stem. Install the washer (key
24), diaphragm hex nut (key 26). Tighten the
diaphragm hex nut to 10 N�m (90 lbf�in), while
holding the stem by the flats. Install six springs (key
27) and attach the upper casing (key 21) by first
installing the two long cap screws (key 30) opposite
one another.

21.  For air-to-close actuator action only (see
figure 7), assemble the actuator by first placing 2 of
the springs (key 27) from the actuator into the
bottom casing (key 20), equally spaced, 180
degrees apart. Place the washer (key 36) over the
valve stem, as shown in view A of figure 7. Then
place the O-ring (key 37) over the valve stem. Next
install the diaphragm plate (key 25) and, using the
diaphragm plate, correctly position the actuator
springs.

a.  Place the diaphragm (key 19) over the stem,
along with washer (key 24). Position the
diaphragm so the holes in the diaphragm align
with the holes in the bottom casing.

b.  Insert a 1/8 inch diameter drift punch, or other
suitable device through the 5/32 inch diameter
hole in the valve stem located below the bottom
of the previously removed flow adjuster. Install
hex nut (key 26) and tighten to 10 N�m (90 lbf�in).
Use the 1/8 inch drift punch or other holding
device to turn the stem to align the holes of the
diaphragm (key 19) to the lower casing (key 20).

22.  Position the upper casing and install the two
long cap screws (key 30) opposite one another.
Install the six shorter cap screws (key 22) and the
hex nuts, tightening the actuator casing cap screws

evenly using a cross-tightening procedure. Torque to
10 N�m (8 lbf�ft).

WARNING

Upon reassembly, ensure that no
foreign material blocks the safety vent
hole as shown in figure 2. If the safety
vent hole is blocked or plugged,
possible personal injury from the
sudden release of process pressure
during maintenance disassembly may
occur.

23.  Lubricate a new O-ring (key 13) with Lubriplate
MAG-1 or equivalent and place it into the valve body
as shown in figure 6 or 7. Ensure that no foreign
material blocks the safety vent hole. Screw the
bonnet into the valve body, and torque to a range of
542 to 678 N�m (400 to 500 lbf�ft).

24.  For air-to-open actuator action only, attach
the pressure line to the actuator, and supply
pressure to the actuator. Loosen the socket head
screws (key 29) and remove the flow adjuster (keys
14 and 15). Release the pressure to the actuator.
This allows the plug to find its seated position.

25.  Set the flow adjuster to the desired travel
position (see figure 2), and tighten the flow adjuster
socket head cap screws to 3 N�m (26 lbf�in).

26.  For air-to-close actuator action only, attach a
pressure line to the actuator. Supply pressure to the
actuator to seat the plug in the seat ring.

27.  Set the flow adjuster to the desired travel
position (see figure 2), and tighten the flow adjuster
socket head cap screws to 3 N�m (26 lbf�in).
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GLOBE STYLE AIR-TO-OPEN
W9005-1

PRESSURE
CONNECTION

VALVE STEM SERRATIONS
VISIBLE IN THE FLOW 
ADJUSTER WINDOW

Figure 4. Type D2 FloPro� Globe Style Construction
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ANGLE STYLE AIR-TO-OPENW9006-1

PRESSURE
CONNECTION

VALVE STEM SERRATIONS
VISIBLE IN THE FLOW 
ADJUSTER WINDOW

Figure 5. Type D2 FloPro� Angle Style Construction
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Figure 6. Type D2 FloPro� Assembly—Air-to-Open

39B5892–K

BELLEVILLE SPRING
AND PACKING ARRANGEMENT

APPLY LUB/ADHESIVE
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Figure 7. Type D2 FloPro� Assembly—Air-to-Close

39B8450–K

BELLEVILLE SPRING
AND PACKING ARRANGEMENT

APPLY LUB/ADHESIVE
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Figure 8. Type D2 FloPro� Angle Valve Assembly—Air-to-Open

GE11541–B

BELLEVILLE SPRING
AND PACKING ARRANGEMENT

APPLY LUB/ADHESIVE
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Parts Ordering

Note

Use only genuine Fisher replacement
parts. Components that are not
supplied by Fisher should not, under
any circumstances, be used in any
Fisher valve, because they will void
your warranty, might adversely affect
the performance of the valve, and
might jeopardize worker and
workplace safety.

Note

Neither Emerson, Emerson Process
Management, nor Fisher assume
responsibility for the selection, use, or
maintenance of any product.
Responsibility for proper selection,
use, and maintenance of any Fisher
product remains solely with the
purchaser and end-user.

Parts Kits

Description  Part Number
* Valve Trim Kit

Includes key numbers 3, 5, 6, and 13 19B8485X012
* Valve Packing Kit

Includes key numbers 8, 11,
12 (2 req’d), 13, 16, and 17 19B8486X012

Parts List
Note

Part numbers are shown for recommended spares
only. For part numbers not shown, contact your
Fisher sales office.

Key Description Part Number

 1 Valve Body
 2 Bonnet
 3 Valve Plug
 4* Valve Stem 39B5914X012
 5 Seat Ring
 6* Seat Ring Gasket 19B5887X012
 7 Packing Retainer
 8 Valve Stem Bushing
 9 Belleville Springs (3 req’d)
10 Packing Spacer
11 ENVIRO-SEAL D2 Packing Set
12 Anti-Extrusion Ring (2 req’d)
13 Valve Body O-ring
14 Flow Adjuster Half
15 Flow Adjuster Half
16 Casing O-ring
17 Valve Stem O-ring
18 Hex Nut
19* Diaphragm 39B3849X012
20 Bottom Casing
21 Upper Casing
22 Short Actuator Casing Cap Screws (6 req’d)
23 Nut
24 Washer
25 Diaphragm Plate
26 Diaphragm Hex Nut
27 Springs

Air-to-Open (use 6 springs)
Air-to-Close (use 2 springs)

28 Vent Plug
29 Flow Adjuster Socket Head Cap Screws (2 req’d)
30 Long Actuator Casing Cap Screws (2 req’d)
31 Nameplate
32 Caution Label
33 Lubricant, Lubriplate MAG-1 or equivalent
36 Washer
37 O-ring

*Recommended spare parts
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Fisher 
Marshalltown, Iowa 50158 USA
Cernay 68700 France  
Sao Paulo 05424 Brazil
Singapore 128461

Emerson Process Management

www.Fisher.com

The contents of this publication are presented for informational purposes only, and while every effort has been made to ensure their accuracy, they are
not to be construed as warranties or guarantees, express or implied, regarding the products or services described herein or their use or applicability.
We reserve the right to modify or improve the designs or specifications of such products at any time without notice.

Neither Emerson, Emerson Process Management, nor Fisher assume responsibility for the selection, use or maintenance of any product. Responsibility
for proper selection, use and maintenance of any Fisher product remains solely with the purchaser and end-user.

�Fisher Controls International LLC 2001, 2005; All Rights Reserved    Printed in USA

ENVIRO-SEAL, FloPro, and Fisher are marks owned by Fisher Controls International LLC, a member of the Emerson Process Management
business division of Emerson Electric Co. The Emerson logo is a trademark and service mark of Emerson Electric Co. All other marks are the
property of their respective owners. This product may be covered by one or more of the following patents: 5,129,625; 5,131,666; 5,056,757;
5,230,498; 5,299,812; 6,698,449 B2; 6,695,000 B2; and 6,769,666 or under pending patents.
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Part No: B-Open End
B 0.66" Top Width – Classical Profile 

Available Roll Lengths

APPLICATIONS
Ideal solution for temporary replacement in emer-
gency situations or for long center drives; can be used
on all types of industrial applications.

KEY FEATURES & BENEFITS
• Universal classical profile.
• Wingprene-impregnated Wingflex® envelope.
• Goodyear’s Plioflex® cushion and insulation.
• Multiple-ply, square-woven fabric tension 

members.
• Oil, heat, ozone, and abrasion resistant.
• Easy installation with spliced ends.
• Static conductive.

THE IDEAL SOLUTION FOR 
PROBLEM APPLICATIONS AND
EMERGENCY REPLACEMENTS

Goodyear Open End V-belting is the perfect answer for
applications where endless V-belts are difficult or impossible
to install. It also serves as an ideal emergency replacement
when the exact length of endless belt is not readily available.

Open End V-belting will operate in any drive as long as
RMA standard sheave dimensions are observed and the rec-
ommended maximum speed of 3,500 feet per minute is not
exceeded. It is not recommended as a permanent substitute
for endless V-belts except on drives where standard belts can-
not be installed.

HORSEPOWER RATINGS

The horsepower ratings for fastened Open End V-belts are
approximately 30% of published horsepower ratings  for
Goodyear’s standard multiple V-belts as shown in Goodyear’s
Multiple V-belt Engineering Manual (20044896).

Note: Because of differences in the stretch characteristics and
variations in cross section dimensions, Open End V-belts and
Endless V-belts should not be used together on multiple
drives.

Regular Construction

A Section
B Section
C Section
D Section

Cut Lengths

A Section
B Section
C Section

Roll Lot: Either 250' (max. 2 pcs.) or 500' (max. 3 pcs.) approx. rolls. “D” section available only in 250' (max. 2 pcs.) approx. rolls. 

OPEN END V-BELTING
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FRONT MOUNTING LIQUID LEVEL GAGES -
     WITH AND WITHOUT THERMOMETER

3/04   BULLETIN F327-5 / -15     

      LUBE DEVICES, INC.
1864 NAGLE AVE., P.O. BOX 1810, MANITOWOC, WI 54221-1810
PHONE: (920) 682-6877                    FAX: (920) 684-7210
E-MAIL: sales@lubedevices.com      WEBSITE: www.lubedevices.com

SERIES
G605 

WITHOUT
THERM.

SERIES
G615

WITH
THERM.

A - CENTERS
INCHES (mm)

B - SIGHT
INCHES

 (mm)

C - LENGTH
INCHES

(mm)

G605 G615 03 (76.20)   1.50  (38.10)   4.62 (117.35)

G605 G615 04 (101.60)   2.50  (63.50)   5.62 (142.75)

G605 G615 05 (127.00)   3.50  (88.90)   6.62 (168.15)

G605 G615 06 (152.40)   4.50  (114.30)   7.62 (193.55)

G605 G615 07 (177.80)   5.50  (139.70)   8.62 (218.95)

G605 G615 08 (203.20)   6.50  (165.10)   9.62 (244.35)

G605 G615 09 (228.60)   7.50 (190.50) 10.62 (269.75)

G605 G615 10 (254.00)   8.50 (215.90) 11.62 (295.15)

G605 G615 11 (279.40) 9.50 (241.30) 12.62 (320.55)

G605 G615 12 (304.80) 10.50 (266.70) 13.62 (345.95)

WITH AND WITHOUT
THERMOMETER

A patented dual purpose closed circuit style liquid level gage that provides both instant and positive visual check of fluid
levels and temperature in either hydraulic or oil reservoirs.  Maximum sight protection is provided by the heavy precision
machined bar stock body.  Thermometer series gages have a protected sensing element that extends well into the tank -
unaffected by unrelated ambient temperature. Gages are furnished complete including O-ring seals and hex nuts for
mounting. A .06 (1.52mm) alignment adjustment at each stud facilitates mounting.  This gage can be installed from the
outside on 1/2-20UNF tapped holes when reservoirs do not have access to the interior and tank wall thickness permits
tapping.  For installations where gage is bolted to cylindrical tank wall, conical sleeves are available.  Please specify when
ordering. Front mounting gages can be made to order with mounting centers up to 142.00 (3606.80mm) in 1.00 (25.40mm)
increments.  Stainless steel dial thermometer: 1.38 (35.05mm) dia. dual scale Fahrenheit (50/ to 300/), Centigrade (10/  to
150/).  For back mount gages see our SERIES G610 and G620 on Bulletin F327-10/-20.

STANDARD MATERIALS:
   ! Aluminum construction
   ! Buna N seals
   ! Borosilicate glass with redline on white                   

background for distinct level reading and              
maximum fluid compatibility

OPERATING CONDITIONS:
   ! See ENG. STD. 109

HOW TO ORDER:
Use code letters for body material:  Use code number for seal material:
A - Aluminum gage body (standard)       1 - Buna N seals (standard)
B - Brass gage body (optional)   2 - Butyl seals (optional)
S - Steel gage body(optional)   3 - Viton A® seals (optional)
Y - Stainless Steel gage body   4 - Ethylene propylene seals 
            (optional)                                  10- Neoprene seals (optional)
First, specify series number, then mounting centers, then kind of metal, and    
finally seal material, separating each with a dash (-):

NOTE: The sight opening in all cases is 1.50
(38.10mm) less than mounting centers and overall
length is 1.62 (41.15mm) greater than mounting
centers.  Gages with 13.00 (330.20mm) and greater
mounting centers are furnished with spacer sleeves
to space gage from tank allowing for bowing of the
tank wall in larger reservoirs.  Center mounting kits
are furnished with gages 48.00 (1219.20mm) and
greater mounting centers.

SERIES G605 - SIGHT ONLY
SERIES G615

WITH DIAL THERMOMETER

EXAMPLE:    G615-05-A-1       
      

             Buna N seals
                                         Aluminum gage body

    5.00 (127.00mm) Centers
             SERIES G615     

FRONT MOUNTING LIQUID LEVEL GAGES - 
 

  



N A M E / M A T E R I A L
  1. Handle Grip / Vinyl
  2. Handle / Stainless Steel 304 - A276
  3. Locking Device / Stainless Steel 304 - A276
  4. Handle Nut / Stainless Steel 304 - A 276
  5. Stem Washer / Stainless Steel 304 - A276
  6. Gland Nut / Stainless Steel 304 - A276
  7. Packing / PTFE
  8. Thrust Washer / Reinforced Teflon 15% GFT
  9. Stem / Stainless Steel 316 / A276
10. Gasket / PTFE
11. Cap / Stainless Steel 316 - CF8M
12. Ball / SS 316 - A 276
13. Seat / Reinforced Teflon 15% GFT
14. Body / Stainless Steel 316 - CF8M

• Markings to MSS-SP25
• Available with Oval handle for size range: 1/4"-2"
• Material test results & inspection certificates available upon request
• CRN numbers available upon request
• 1/2" to 2" mounting pads are tapped, 1/4" and 3/8" have reserve holes cast in,
   21/2" and 3" are dimpled.  Recommended tapping sizes are listed for reference only.

 A N D  V A L V E S  F I T T I N G S

G Series
Investment Cast
Stainless Steel Ball Valves

G2
Full port
NPT ends to ANSI B1.20.1
Two piece body
Blowout-proof stem
Adjustable packing gland
Locking lever handle
Actuator mounting pad
2000 PSI, W.O.G. 1/4" to 1"
1500 PSI, W.O.G. 11/4" to 2"
1000 PSI, W.O.G. 21/2" to 3"Sizes 1/4" to 2"           Sizes 21/2" to 3"

m D I M E N S I O N S m
size 8 10 15 20 25 32 40 50 65 80

mm/in 1/4 3/8 1/2 3/4 1 11/4 11/2 2 21/2 3
A 9.60 9.60 12.70 20.00 25.00 32.00 38.00 50.80 65.00 78.00

mm/in 0.374 0.374 0.500 0.787 0.984 1.260 1.496 2.000 2.559 3.071
B 54.00 54.00 57.00 65.50 69.50 82.50 88.00 105.00 138.00 148.00

mm/in 2.130 2.130 2.240 2.580 2.740 3.250 3.460 4.130 5.430 5.830
C 57.60 57.60 62.00 72.50 86.00 94.00 116.00 134.00 164.00 180.00

mm/in 2.264 2.264 2.441 2.854 3.386 3.700 4.567 5.276 6.457 7.086
D 103.50 103.50 103.50 125.00 125.00 158.00 158.00 181.00 252.00 252.00

mm/in 4.075 4.075 4.075 4.921 4.921 6.220 6.220 7.126 9.921 9.921
E

M6 M6 M6 M6 M6 M8 M8 M8 M8 M8mm/in
F 12.70 12.70 12.70 22.10 22.10 23.62 23.62 23.62 70.00 70.00

mm/in 0.500 0.500 0.500 0.870 0.870 0.930 0.930 0.930 2.750 2.750
G 28.45 28.45 28.45 34.80 34.80 50.00 54.00 60.30 73.00 73.00

mm/in 1.120 1.120 1.120 1.370 1.370 1.969 2.126 2.375 2.875 2.875
CV 7.0 7.0 15.0 45.0 65.0 125.0 175.0 380.0 500.0 900.0

weights 0.260 0.250 0.313 0.555 0.795 1.330 2.013 3.550 6.250 9.370
kg /lb 0.572 0.550 0.689 1.221 1.749 2.926 4.429 7.810 13.750 20.614

PSIG

2000

1500

1000

800

600

400

300

200

150

100

50

0

KPAG

13789

10342

6894

5515

4136

2757

2068

1378

1034

689

344

0
-20 0 50 100 150 200 250 300 350 400 450 500 (°F)

-29 -18 10 38 66 93 121 149 177 214 232 260 (°C)

S E A T  R A T I N G
1/4"-1"  100°F (38°C)

11/4"-2"  100°F (38°C)

21/2"-3"  100°F (38°C)



Flow Pattern From Top View
Rotation

G Series
Investment Cast
Stainless Steel Ball Valves A N D  V A L V E S  F I T T I N G S

N A M E / M A T E R I A L
  1. Handle Grip / Vinyl
  2. Locking Device / Stainless Steel 304 - A276
  3. Handle Nut / Stainless Steel 304 - A 276
  4. Stem Washer / Stainless Steel 304 - A 276
  5. Handle / Stainless Steel 304 - A276
  6. Gland Nut / Stainless Steel 304 - A276
  7. Stem Packing / PTFE
  8. Gasket / PTFE
  9. Thrust Washer / Reinforced Teflon 15% GFT
10. Stem / Stainless Steel 316 - A276
11. Seat / Reinforced Teflon 15% GFT
12. Ball / Stainless Steel 316 - A 276
13. Cap / Stainless Steel 316 - CF8M
14. Body / Stainless Steel 316 - CF8M

G4
Three way L-port
Reduced port
NPT ends to ANSI B1.20.1
Two piece body
Blowout-proof stem
Adjustable packing gland
Locking lever handle
ISO 5211 mounting pad
1000 PSI, W.O.G. 1/4" to 2"

• Open port pressure must exceed closed port pressure, diverter service
• Material test results & inspection certificates available upon request.
• CRN numbers available upon request
• Markings to MSS-SP-25

m D I M E N S I O N S m
size 8 10 15 20 25 32 40 50

mm/in 1/4 3/8 1/2 3/4 1 11/4 11/2 2
A 11.10 12.70 12.70 17.30 20.60 25.40 31.80 38.10

mm/in 0.44 0.50 0.50 0.68 0.81 1.00 1.25 1.50
B 29.35 29.35 29.35 38.10 40.75 51.00 55.50 68.50

mm/in 1.16 1.16 1.16 1.50 1.60 2.01 2.19 2.70
C 58.70 58.70 58.70 76.20 82.00 102.00 111.00 137.00

mm/in 2.31 2.31 2.31 3.00 3.23 4.02 4.37 5.39
D 50.80 50.80 50.80 58.50 62.35 74.15 78.85 94.20

mm/in 2.00 2.00 2.00 2.29 2.46 2.92 3.10 3.71
E 100.00 100.00 100.00 130.00 130.00 155.00 155.00 175.00

mm/in 3.94 3.94 3.94 5.12 5.12 6.10 6.10 6.89
F 30.00 30.00 30.00 38.10 42.67 51.00 61.00 71.37

mm/in 1.18 1.18 1.18 1.50 1.68 2.01 2.40 2.81
G 36.00 36.00 36.00 36.00 42.00 50.00 50.00 50.00

mm/in 1.42 1.42 1.42 1.42 1.65 1.97 1.97 1.97
H M6 M6 M6 M6 M6 M8 M8 M8

CV 4 5.4 5.4 12 15 21 34 47
weights 0.390 0.360 0.330 0.660 0.850 1.490 2.040 2.160

kg /lb 0.858 0.792 0.726 1.452 1.870 3.278 4.488 6.952
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Mercer Valve 8100 Series Safety Relief Valves are the "State of the Art" in soft seat, high flow rate, 
pressure relieving devices. The field-proven soft seat is coupled with a new, unique disk type PATENTED 
DESIGN. Expected seat life is hundreds of "pops". Full length guiding of "low rate" set pressure springs 
insures accurate, repeatable relief action.  
The Valve is well suited for all industrial air, gas, and liquid relief applications, including compressors, 
separators, refinery applications, transmission and gathering lines, gas production units, heater treaters, 
scrubbers, and other production processes.  
All 8100 Series Valves are built in accordance with the requirements of the ASME Boiler and Pressure 
Vessel Code. Capacity ratings were established by testing performed at the National Board of Boiler and 
Pressure Vessel Inspectors, Columbus, Ohio.  

 

 

 
 
 

 

Valve Size 1" 2" 
Orifice Diameter (in.) 0.520 0.775 
API Orifice Area (sq. in.) 0.196 0.503 
ASME Actual Oriface 
Area (sq. in.) 0.212 0.472 

Inlet Sizes Offered 3/4",1" 1 1/2", 2" 
Pressure Ranges (psig) 15-2400 15-2000 
ASME Gas "Slope" (90%) 3.100 7.210 
Flow Coefficient "K" 
(90%) Gas 0.800 0.830 

ASME Flow Factort "CV"  
(90%) Liquid 5.150 12.770 
 

 
 
 
 
 
 
 



 

 
 

 
 



 
 
 
 
 
 
 
 
 
 



 

 
 

 

Valve Size Inlet and 
Outlet 

Available Orifice 
Size 

Inlet/Outlet 
P/N: Code 

Maximum Pressure 
Limit 

(psig) 1 

Dimensions (in) 
1/16 A x B x C 

Approximate 
Weight 

(lb) 

3/4" MNPT x 1" FNPT 1/2" Orifice 12 2400 3-1/4 x 1-7/8 x 8 4.5 

1" MNPT x 1" FNPT 1/2" Orifice 17 2400 3-1/4 x 1-7/8 x 8 4.5 

1-1/2" MNPT x 24" 
FNPT 3/4" Orifice 34 2000 4-1/2 x 2-3/8 x 10-

1/8 10 

2" MNPT x 2" FNPT 3/4" Orifice 43 2000 4-1/2 x 2-3/8 x 10-
1/8 10 

Notes: 

1) System Conditions and Temperatures can limit the maximum pressure of the valve 
 

 

























Installation for L1100, L1200, L1200N Series
Liquid Level Switches and DV850, DV875, 
and DV2100 Series Dump Valves DV models are Patent pending.

LDV-92151N
Revised 05-00

Section 15
(00-02-0175)

Please read the following instructions before installing. A visual inspection for damage during shipping is recommended before mounting. 

GENERAL INFORMATION

WARNING
BEFORE BEGINNING INSTALLATION OF THIS MURPHY PRODUCT

✔ Disconnect all electrical power to the machine.

✔ Make sure the machine cannot operate during installation.

✔ Follow all safety warnings of the machine manufacturer.

✔ Read and follow all installation instructions.

✔ OBSERVE all pressure and electrical ratings and require-
ments for the devices and the operating environment. 

✔ BE SURE all pressure HAS BEEN REMOVED from the
vessel before opening any pressure connections.

**Products covered by this literature comply with EMC Council directive 89/336/EEC regarding electromagnetic compatibility.

L1100 L1111 L1150 L1200 L1250 L1200N L1200NDVO L1200NDVOR

Pressure Rating
• 15 psi (103 kPa) [1.03 bar] Polyethylene Float ✗ ✗

• 1500 psi (10.3 MPa) [103.42 bar] Stainless Float ✗ ✗ ✗ ✗ ✗ ✗ 

• 2000 psi (13.8 MPa) [138 bar] BUOYGLAS™ Float ✗ ✗ ✗ ✗ ✗ ✗ 

Temperature Rating
• Standard: -20/175°F (-29/79°C) ✗ ✗
• Standard: -20/300°F (-29/149°C) ✗ ✗ ✗ ✗ ✗ ✗ 
• Optional: -20/400°F (-29/204°C)* ✗ ✗ ✗ ✗ ✗ ✗ 

Specific Gravity
• Standard: 0.5 with BUOYGLAS™ float ✗ ✗ ✗ ✗ ✗ ✗ 

• Optional: 0.65 with 304 Stainless Steel† ✗ ✗ ✗ ✗ ✗ ✗ 

• Standard 0.73 Polyethylene Float ✗ ✗

Electrical
• Standard SPDT: 5 A @ 125/480 VAC (see p. 3 for full ratings) ✗ ✗ ✗ ✗ ✗

• Optional DPDT: 10 A @ 250 VAC (see p. 3 for full ratings) ✗ ✗ ✗ ✗ ✗

Valve: Two-way snap-action vent type
• 1/8 in. (3 mm) orifice w/Viton “A” seat
• 1/8 NPT inlet; 1/4 NPT outlet ✗ ✗ ✗ 

• 30-70 psi (207-483 kPa) [2.07-4.83 bar] operating pressure

Dump Valve Operator: Operates Murphy DV Series 
✗ ✗ dump valves or similar.

Pressure Regulator/Filter and Murphy 20BPG: 
0-75 psi (0-517 kPa) [0-5.17 bar] pressure gauge.  ✗
Maximum input 300 psi (2.07 MPa) [20.68 bar].

Operation: 
H=For high level, L=For low level H L H H H H H H

Wire: 18 AWG x 36 in. (1.0 mm2 x 914 mm) ✗ ✗ ✗ ✗ ✗

O-Rings: Viton ✗ ✗ ✗ ✗ ✗ ✗ ✗ ✗

A =1-1/2 NPT         B =2 NPT          †Meets NACE standard MR-01-75 for direct exposure to H2S service.           *Not available with DPDT snap-switch.

Body
• Standard: Electroless Nickel plated steel ✗ A ✗ A ✗ A ✗ B ✗ B ✗ B ✗ B ✗ B

• Optional: 316 Stainless Steel† ✗ A ✗ A ✗ A ✗ B ✗ B ✗ B ✗ B ✗ B

Specifications

Description
Series L1100 and L1200 Liquid Level Switches are float activated to
operate an electrical SPDT snap switch (optional DPDT on some models) for alarm
or shutdown of an engine or electric motor. They screw directly into the wall of the
vessel. Series L1200 can also be used with a weld collar or external float chamber. 

Series L1200N is a float-activated, pneumatic-vent level device used to operate dump
valves or similar devices. This model screws directly into the vessel or can be
mounted via an external float chamber. It cannot be used with weld collar 15050375.
Model variations include a dump valve operator with or without a filter/pressure
regulator and indicating pressure gauge. 

NOTE: All stainless steel versions of L1100, L1200, L1200N, L1200NDVO, and
L1200NDVOR series carry Canadian Registration Number OF1476.2.

Series DV850, DV875 & DV2100 Dump Valves receive a pneumatic input signal
to cause an orifice to open or close allowing liquid condensate to be drained from a
pressure vessel. A pop up button indicates valve open/closed. Stainless steel
versions available. NOTE: All stainless steel versions of DV850, DV875, and
DV2100 series carry Canadian Registration Number OC1476.2.

**
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DIMENSIONS

Note 1:
L1150: 1-1/2 NPT
L1250: 2 NPT

Note 2:
L1150: 1-1/2 in. (38 mm)
L1250: 2 in. (51 mm)

DV850, DV875, and DV2100 
Series Dump Valves

DV850/SS DV875/SS DV2100/SS
A 6-3/4 (171) 6-3/4 (171) 6-3/4 (171)
B 7-9/64 (181) 7-9/64 (181) 7-59/64 (201)
C 3-9/32 (83) 3-9/32 (83) 3-63/64 (101)
D 2-19/64 (58) 2-19/64 (58) 2-5/32 (55)
E 1 NPT 1 NPT 2 NPT
F 1/2 NPT 3/4 NPT 1 NPT
G 1/8 NPT 1/8 NPT 1/8 NPT

NOTE: Dimensions are in inches and (millimeters)

F Drain 
Connection

Piston Seal

Body Seat

Vent 
Valve Open/Closed
Indicator Button 

Body
Seat

Piston
Seal

B

G

C
D

E

Pressure Inlet Port
A

2

Positive-Seal
Detail

11 in.
(279 mm)

Float travel between Operate
and Reset= 0.25 in. (6 mm).

See
Note 1

See
Note 2

2-3/16 in.
(56 mm)

1/2 NPT

3-5/8 in.
(92 mm)

3-1/2 in.
(89 mm)

Switch operates on Rising Level 
w/ float at horizontal centerline 
±0.25 in. (6 mm).

L1100 and L1200 

11-5/16 in.
(287 mm)

2-3/16 in.
(56 mm)

1/2 NPT

3-5/8 in.
(92 mm)

1-1/2 NPT

3-53/64 in.
(97 mm)

Float travel between Operate
and Reset= 0.25 in. (6 mm).
Switch operates on Rising Level 
w/ float at horizontal centerline 
±0.25 in. (6 mm).

See
Note 

L1111

17-1/2 in.
(445 mm)

2-3/16 in.
(56 mm)

1/2 NPT

3-5/8 in.
(92 mm)

See
Note 1

10 in.
(254 mm)

See
Note 2

Float travel between operate
and reset= 0.75 in. (19 mm).
Switch operates on Rising level w/ float at 
horizontal centerline ±0.25 in. (6 mm).

L1150 and L1250 

New Dump Valve 
Operator Assembly
p/n 15010216

Old Round Dump Valve 
Operator Assembly
p/n 15000940

Pressure 
Regulator
with 20BPG 
Pressure Gage

5 in. (127 mm.) minimum
clearance is required for
float movement. 

3-5/8 in. (92 mm)

11 in. (279 mm) SF option= 11-1/4 in. (286 mm)

1-9/16 in.
(40 mm)
SF option=
1-3/4 in.
(44 mm)

2-3/16 in.
(56 mm)

2" 11-1/2 NPT 3-1/2 in. (89 mm)
SF= 3-3/4 in. (95 mm) 

3/4 Hex
(See Note)

Note: For use only with Old Round Dump Valve Operator Assembly (15000940).

L1200N, L1200NDVO and L1200NDVOR with 
Dump Valve Operator, Pressure 

Regulator  and Gage

Note 1: 
L1100: 1-1/2 NPT
L1200: 2 NPT
Note 2: 1-9/16 (40 mm)
SF option:
L1100: 1-1/2 (38 mm) 
L1200: 1-3/4 (44 mm)

Note: 1-9/16 (40 mm)
SF option: 1-1/2 (38 mm) 



REPLACING AND INSTALLING THE DVOA ASSEMBLY
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1. Block off and bleed the instrument gas pressure supply to the
L1200NDVO.

2. Remove the tubing between the L1200NDVO and the
separator dump valve, and remove the supply gas tubing
(regulator [-R] if used).

3. Remove the L1200NDVO from the vessel (optional).
4. If the L1200N was removed from the vessel, mount it in a

suitable vise on a work bench (if possible).
5. Using the proper tools, disconnect the Inlet, Outlet and

Exhaust fittings from the existing DVO (see fig. 1). You will
re-connect these to the new DVOA in a later step.

NOTE: The following steps must be done with the DVO in the
upright position (on top of the L1200N).

6. Remove the L1200N cover (this will aid with the alignment
of the new DVOA Valve Bushing). The use of a strap
wrench or a pipe wrench may be needed.

7. Insert the new Valve Bushing through the new DVOA (see
fig. 2). The markings on top of the DVOA must be facing
up. This will be needed in step 9. 

8. With a 3/4” hex wrench loosen the existing DVO, valve
stem, and static seal (see fig. 3). Once the assembly is
loosened, VERY CAREFULLY use needle nose pliers to
hold the Valve Seat Assembly in place. Remove the existing
DVO making sure the Valve Seat Assembly inside the
L1200NDVO is aligned and straight (see fig. 4).

9. Holding the Seat Assembly up with the needle nose pliers
inside the L1200NDVO body, place the tip of the new
DVOA valve bushing through the spring and into the hole in
the center of the valve seat, and tighten the valve bushing.
The Valve Seat Assembly should be able to move freely up
and down after the bushing has been tighten. The DVO red
button must face away from the vessel.

10.With the new DVOA aligned over the hex on the L1200NDVO
body, tighten the Valve Bushing using the 9/16” hex wrench.
You may need to hold the DVOA while tightening the Valve
Bushing to keep it from rotating (see fig. 5).

11.If the L1200N is in the vise, operate the float and inspect for
smooth and proper  operation of the Valve Seat Assembly.

12.Replace the L1200NDVO cover (see fig. 6).
13.Using the appropriate tools re-install the Inlet, the Outlet and

the Exhaust fittings to the new DVOA (see fig. 5).
14 If the L1200N was removed from the vessel re-install it at this

time.
15.Modify existing or install new tubing to connect the Inlet, the

Outlet and Exhaust fittings.

When replacing/installing the old style DVO assembly with the new style (DVOA), tubing and fitting modifications are required. We suggest
removing the L1200NDVO/DVOR from the vessel. Relieve pressure from the vessel or use block valves before removing the L1200NDVO/DVOR. 

CAUTION: MAKE SURE the Valve Seat Assembly inside
the L1200N remains in place after removing the DVO.

NOTE: Clean, dry instrument quality gas should be used.
Use of filters will improve service life and reliability.

Figure 1
Exhaust

Valve Seat 
Assembly

Valve Seat 
Assembly

InletInlet

Outlet
(opposite side)

Outlet

Figure 3

Figure 4

Figure 5

Figure 6

InletInlet
ExhaustExhaust

L1200N
Cover

Valve
Bushing

Figure 2

New DVOANew DVOA

Tools Needed: Strap or pipe wrench; 3/4” Hex wrench; 9/16” hex
wrench; needle nose pliers; tubing cutters and benders and the
appropriate tools for the fittings.

Replacing and Installing the DVOA
Assembly For Models L1200NDVO &
L1200NDVOR

Old DVO

New DVOA



Direct Installation into the Wall of the
Pressure Vessel
1. Determine that the float travel is not

obstructed by the coupling in
the vessel wall, internal
baffles, etc. 
Do NOT use more than
one arm extension P/N
15050395.

2. BE SURE that the float
and extension are tight
and that the lock washer is
in place.

3. Before installing the level
switch a suitable pipe thread
sealant is recommended. Screw the unit directly into the
threaded connection in the wall of the pressure vessel.

4. Be sure that the electrical connection is positioned at the
bottom. For L1200N the 1/8 NPT pneumatic connection
should be on top (the 1/4 NPT vent connection should be on
the bottom).  See “Pneumatic models” section for further
instructions for the L1200N.

5. Make the electrical wiring connections according to
appropriate wiring diagrams for the alarm or shutdown
system to be used. The electrical connection is 1/2-14 NPT.

6. BE SURE all electrical connections are insulated and the
cover is fully installed before reconnecting electrical power.

7. BE SURE all pressure connections are tight before
pressurizing the system.

Installation with a Weld Collar
1. The weld collar, P/N 15050375,

must be welded into the wall of
the pressure vessel according
to code standards and good
welding practices.

2. Follow above instructions
for installation directly
into the wall of the
pressure vessel.

3. NOTE: Weld collar
15050375 can be used
ONLY with model L1200.

Installation Using External 
Float Chamber 15050697

1. Install the float chamber 15050697 on the outside wall of the
pressure vessel using 1 NPT piping. Position the 2 NPT
threaded connection at the height where you want the level
switch to operate. The 2 NPT threaded connection must be
positioned away from the tank wall.

2. A tee is typically installed at the bottom of the lower 1 inch
pipe riser to allow draining of the float chamber for servicing
or replacement. 

NOTE: A typical installation with Blocking and 
Bleed valves is shown at right.
3. Install the L1200 or L1200N 

in the 2 NPT connection of 
the float chamber. 
BE SURE float travel 
is not restricted and that
the float is tight onto 
the float shaft.

4. To complete installation
and wiring, follow the
instructions for mounting
directly into wall of 
the vessel and for wiring.

Pneumatic Models
1. All pneumatic models

operate on the vent
principle. The
pneumatic signal
source MUST BE
CLEAN AND DRY. 
The input pneumatic
signal must be
regulated between 30
and 70 psi (207-483
kPa) [2.07-4.83 bar]. 
If produced gas is used as
the signal source, it should be
taken after gas passes through the final scrubber. 
A suitable filter must be positioned before the L1200NDVO
to prevent liquids and/or particulates from entering the dump
valve operator. 
NOTE: Check filter periodically for wear and tear and
elements that hamper the flow of the pneumatic signal.

2. All pressure connections must be tight and maintained tight
so as not to leak air/gas.

3. Valve seat adjustment can be made if air/gas begins to leak.
Care should be taken when adjusting as only slight movement
is necessary to stop the leakage; excessive force will bind the
seating mechanism.

PRESSURE VESSEL INSTALLATION: L1100, L1200, and L1200N

Hex Socket Set Screw
• loosen for adjustment
• tighten after adjustment

Hex Adjustment Nut
• turn left until air 
  seepage stops
• Caution: only slight 
  adjustment is needed—too
  much will lock up mechanism

Trip Cam (float down)
• should be in 
  this position
• non-adjustable

New Dump Valve 
Operator Assembly
p/n 15010216

L1200N

MURPHYGAGE®

Filter/Regulator

Pneumatic
Signal

Tank

Tank Wall

Weld Collar

L1200

Tank 
Wall

Level
Switch

Tank

Float 
Chamber

Block
Valves

Level
Switch

Tee

Bleed
Valve

L1200N
CAUTION: USE “NON SPARKING TOOLING”.
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Basic Operation
As condensate rises in the scrubber, the float on
the L1200NDVOR rises and trips its pneumatic
valve. The valve opens allowing pressure to enter
the dump valve pilot chamber. Once the pressure
enters the pilot chamber it forces the diaphragm
and valve stem forward thus opening the valve seat
(valve open/closed indicator button pops out) and
releasing condensate through the valve stem and
out the drain. As the condensate level drops, the
L1200NDVOR pneumatic valve closes to shut off
the pressure to the dump valve causing it to close.
If for any reason the condensate continues to rise
beyond normal dump levels, model L1200
operates the alarm and/or shuts down 
the equipment.
The L1200NDVOR Filter/Regulator and the
MURPHYGAGE® help keep the control pressure
clean and dry. They also allow the operator to
adjust pressure to recommended levels.

TYPICAL INSTALLATION ON GAS COMPRESSORS

DV850 - DV875 - DV2100

The following steps describe the “Block and Bleed” method for
installing the dump valve. The “Direct Mounting” method to the
tank wall is also accepted.

1. Install a manual shutoff (2-way) valve and a union between the
DV valve and the vessel to facilitate valve repair or replacement.

2. Position the DV valve drain connection so it is on the bottom.
3. Install a 2-way valve to the drain line between the lower

vessel entry and the condensate out line.
4. Be sure the unit is screwed tight and does not leak liquid.
5. Install the piping for the pneumatic input signal into the 1/8

NPT threaded connection of the pressure inlet port (on top of
the DV valve).

6. Install a 2-way valve and union between the DV drain
connection and the condensate out line.

NOTE: The typical procedure to remove the valve should be:
1. Close the shutoff valve between the scrubber and the DV valve.
2. Operate the dump valve to equalize pressure to the drain

(condensate out)line.
3. Close the shutoff valve downstream of the drain. 

Be Careful, pressure will still be in the system at the drain
pressure when the unions are loosened.

DUMP VALVE INSTALLATION

5

Rising 
Level
Trips
DVO

Rising Level Shutdown
L1200 (with snap-switch) Minimum control 

pressure 30 psi 
(207 kPa) [2.07 bar]

L1200NDVOR
Dump Valve Operator,
Filter/Regulator 
with MURPHYGAGE®

MURPHY NU-MATIC®

Dump Valve: DV850,
DV875, or DV2100

Air Supply Maximum
300 psi (2.07 MPa)
[20.70 bar]

Condensate Out

Ball Valve
Union

Union

Electrical
Conduit

Minimum control pressure
30 psi (207 kPa) [2.07 bar]

Scrubber/Separators

Ta
nk

 W
al

l

2-Way
Shutoff
Valve

2-Way
Shutoff
Valve

Union

Union

2-Way
Shutoff
Valve

Dump Valve

Valve Open/Closed
Indicator Button

Drain Connection

Pneumatic
Input Signal

Condensate Out

Typical Dump Valve installation

CAUTION: USE “NON SPARKING TOOLING”.



Replacing the Seat Kit on the Dump Valves
Tools needed: 7/8” hex wrench, 7/16” hex wrench, 1-1/8” hex
wrench, and thread sealer; optional pressure source. 

NOTE: Relieve pressure from scrubber or use the block valves
before removing the DV dump valve.

1. Remove the valve from the Scrubber. 

2. Apply 30 psi to the pressure inlet port (top of valve). 
The Shaft and Piston Seal will extend.  

2A. IF AIR IS NOT AVAILABLE DO THE FOLLOWING: Remove the valve
Top Cover (bolts/nuts). Note the orientation of the Top Cover
to the bottom. Mark both sides of the Diaphragm Housing
before dis-assembly. Once the Top Cover is removed,
carefully turn the valve upside down with the Piston Seal
pointing up. Clamp the bottom housing down, or secure it
against a flat surface to compress the spring and open the
Piston Seal and Body Seat. Be careful not to damage the
diaphragm. The valve must be kept in this fashion, with this
much clearance throughout the following operations.

3. Hold the Piston Seal with the 7/8” hex wrench, and remove
the Locknut with 7/16” hex wrench.

4. Unscrew the Piston Seal with the 7/8” hex wrench. Now,
unscrew the Body Seat (use 7/8” hex wrench for DV850 and
DV875 models). Use the 1-1/8” hex wrench for the DV2100
Series models.

5. Apply thread sealer to new Body Seat, and screw it in place
tightening with the wrench until it stops. NOTE: Clean the
female threads in the body before inserting the new Body
Seat to facilitate threading.

6. Apply thread sealer to the shaft (stem), and screw the new Piston
Seal on to the shaft (stem).

7. Hold the Piston Seal with the 7/8” hex wrench and screw the
Locknut in place. 

8. Remove the 30 psi pressure to the pressure inlet port, and re-
install the valve into the scrubber.

8A.Re-install the Top Cover, paying attention to the alignment
marks made in step 2A. Re-install the DV into the scrubber.

Replacing the Diaphragm Assembly for all
DV models (Refer to the Illustration above)
Tools needed: 7/8” hex wrench, 7/16” hex wrench, 5/8” hex
wrench or socket, and thread sealer. 

NOTE: Relieve pressure from scrubber or use the block valves
before removing the DV dump valve.

1. Remove the valve from the Scrubber. 
2. Remove the valve Top Cover (bolts/nuts). Note the

orientation of the Top Cover to the bottom. Mark both sides
of the Diaphragm Housing before dis-assembly. 

3. Hold the Piston Seal with a 7/8” hex wrench making sure to
keep the shaft (stem) from turning, and remove the nut on
the back of the diaphragm assembly with the 7/16” wrench.

4. While holding the piston seal with the 7/8” wrench, proceed
to remove the diaphragm assembly by hand.

NOTE: You will be turning the assembly against the spring
when unscrewing the diaphragm assembly.

5. To re-assemble the assembly, apply thread sealer to the shaft/
stem threads and hold the Piston Seal with a 7/8” hex wrench. 

6. Keep holding the Piston Seal with 7/8” hex wrench. Make sure
the 3/4” nut side of the new diaphragm assembly is toward
the shaft. Press the diaphragm assembly into the shaft
threads and tighten it on to the shaft threads by hand.  

7. Keep holding the Piston Seal with 7/8” hex wrench. Apply
thread sealer to 7/16” nut, and screw it on to the shaft
threads to lock the diaphragm assembly in place, tighten the
nut with the 7/16” wrench. 

8. Press down the diaphragm assembly with your hands to
open the valve, and very carefully turn to align the
diaphragm holes with the lower housing bolt holes.

9. Re-install the Top Cover, paying attention to the alignment
marks made in step 2. Be sure to tighten the bolts and nuts
evenly. Re-install the DV into the scrubber.

Diaphragm
Assembly

Pressure Inlet Port Top Cover

Lower Housing

Piston Seal

Body Seat

Lock Nut

Shaft (Stem)

REPLACING THE DUMP VALVE SEAT KIT

REPLACING THE DUMP VALVE DIAPHRAGM ASSEMBLY

CAUTION: THE BODY SEAT AND PISTON SEAL WILL BE DAMAGED IF
ALLOWED TO TURN AGAINST EACH OTHER. THE PREFERRED METHOD
IS TO USE AIR TO KEEP THE VALVE OPEN. IF AIR IS NOT AVAILABLE,
CAREFULLY FOLLOW THE ALTERNATE INSTRUCTIONS (STEPS 2A & 8A).

ALSO, DO NOT GRIP THE OPERATING STEM WITH ANY TOOLS. IF STEM NEEDS TO
BE HELD, USE THE NUT ON THE BACK OF THE DIAPHRAGM.

CAUTION: THE BODY SEAT AND PISTON SEAL WILL BE
DAMAGED IF ALLOWED TO TURN AGAINST EACH OTHER.

CAUTION: MAKE SURE TO USE A 7/8” HEX WRENCH TO HOLD THE
PISTON SEAL WHILE REMOVING THE DIAPHRAGM ASSEMBLY. DO
NOT GRIP THE DIAPHRAGM (BLACK RUBBER) WITH ANY TOOLS.

Body
Seat

Piston
Seal

Detail

6



ELECTRICAL INFORMATION

REPLACEMENT PARTS
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Black N.O.

Red N.C.
White COM.

Green Grd. Connection
Black N.O.

Red N.C.
White COM.

Green Grd. Connection

Blue N.C.

Orange N.C.
Yellow COM.

SPDT (Snap Switch)

DPDT (Snap Switch)

Switch Rating: 10 A @ 125-250 VAC 
1/2 A @ 125 VDC
1/4 A @ 250 VDC
10 A @ 6-24 VDC

Inductive/Resistive 

Switch Rating:  5 A @ 125-250- 480 VAC
1/2 A @ 125 VDC
1/4 A @ 250 VDC
2A @ 6-30 VDC Resistive 
1A @ 6-30 VDC Inductive

Order by part number designation.
L1100/L1200*
15000893: BUOYGLAS™ float
15000894: Stainless Steel float for L1200
15000937: Stainless Steel float for L1100
15000124: SPDT snap switch assembly
15010213: L1100 counter balance assembly
15010214: L1200 counter balance assembly

L1200N
15050420: Cam spring return
15050421: Cam
15000893: BUOYGLAS™ float
15000894: Stainless Steel float for L1200N
15050453: Valve stem
15010189: Counter balance assembly

L1200NDVO and L1200NDVOR
55050621: Regulator only
05706499: 20BPG-D-75 Pressure MURPHYGAGE®

0-75 psi (517 kPa) [5.17 bar]
15010216: DVOA assembly (New rectangular style)
15000940: DVO assembly (Old round style)
00003341: Filter for regulator
00003340: Regulator Diaphragm Kit

DV850, DV850SS, DV875, DV875SS, DV2100 and DV2100SS
55000219:  Diaphragm Assembly (all models)
55000224:  Seat Kit (DV850, DV850SS, DV875 and DV875SS)
55000225:  Seat Kit (DV2100 and DV2100SS)
55050617:  Optional Adapter Bushing 2 NPT to 1 NPT

Order by part number designation.

ACCESSORIES

3-5/8 in.
(92 mm)

2-7/8 in
(73 mm)

2 NPT

4-1/2 in
(114 mm)

8-1/2 in.
(216 mm)

1 NPT (2 places)

3-1/2 in.
(89 mm) 2 NPT

7-9/16 in.
(192 mm)

6-45/64 in.
(170 mm)

10-32 UNF

3/8 in
(10 mm)

1-3/8 in
(35 mm)

10-32 NF

2-1/16 in
(52 mm)

1-1/16 in
(27 mm)

2-1/2 in
(64 mm)

2 NPT

1 NPT

15050375: Weld Collar 

15050697: External Float Chamber

Operating Pressure: 2000 psi (13.8 MPa) [138 bar].
Operating Temperature: 400°F (204°C).

15000892: Float Shaft Extension

55050617: DV850/DV875 Adapter Bushing

*To maintain hazardous location listings, all other repairs must be made by the factory.

Material: 2-1/2 Hex bar stock C.R.S

Operating Pressure: 2000 psi (13.8 MPa) [138 bar].
Operating Temperature: 400°F (204°C).
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Warranty
A two-year limited warranty on materials and workmanship is given with this Murphy product.

Details are available on request and are packed with each unit.

CONTROL SYSTEMS & SERVICES DIVISION
P.O. Box 1819; Rosenberg, Texas 77471; USA
(281) 342-0297  fax (281) 341-6006 
e-mail sales@fwmurphy.com

MURPHY DE MEXICO, S.A. DE C.V.
Blvd. Antonio Rocha Cordero 300, Fracción del Aguaje 
San Luis Potosí, S.L.P.; México 78384 
+52-48-206264  fax +52-48-206336
e-mail ventasmex@murphymex.com.mx

FRANK W. MURPHY, LTD.
Church Rd.; Laverstock, Salisbury SP1 1QZ; U.K.
+44 1722 410055  fax +44 1722 410088  
e-mail sales@fwmurphy.co.uk
www.fwmurphy.co.uk

For Service in French:
Pour service en francais:
+44 1722 410697  fax +44 1722 410088
e-mail france@fwmurphy.co.uk
www.fwmurphy.co.uk/francais.htm

In order to consistently bring you the highest quality, full featured products, we reserve the right to change our specifications and designs at any time.

MURPHY SWITCH OF CALIFORNIA
41343 12th Street West
Palmdale, California 93551-1442; USA
(661) 272-4700  fax (661) 947-7570
e-mail sales@murphyswitch.com
www.murphyswitch.com

MACQUARRIE CORPORATION
1620 Hume Highway; 
Campbellfield, Vic 3061; Australia 
+61 3 9358-5555  fax +61 3 9358-5558
e-mail murphy@macquarrie.com.au 

FWMurphy
P.O. Box 470248
Tulsa, Oklahoma 74147 USA 
(918) 627-3550 
fax (918) 664-6146  
e-mail sales@fwmurphy.com  
www.fwmurphy.com

BSI

R
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G
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FM 28221
FM 29422

USA–ISO 9001
UK–ISO 9002

NATIONAL
ACCREDITATION

OF CERTIFICATION
BODIES

Printed in U.S.A.



Shock/Vibration Control Switches
Installation Instructions
Models: VS2, VS2C, VS2EX, VS2EXR, VS2EXRB and VS94

Description
The Murphy shock and vibration switches are available in a variety of
models for applications on machinery or equipment where excessive
vibration or shock can damage the equipment or otherwise poses a
threat to safe operation. A set of contacts is held in a latched position
through a mechanical latch and magnet mechanism. As the level of
vibration or shock increases an inertia mass exerts force against the
latch arm and forces it away from the magnetic latch causing the latch
arm to operate the contacts. Sensitivity is obtained by adjusting the
amount of the air gap between the magnet and the latch arm plate.
Applications include all types of rotating or reciprocating machinery
such as cooling fans, engines, pumps, compressors, pump jacks, etc.

Models
VS2: Base mount; non hazardous locations.
VS2C: C-clamp mount; non hazardous locations.
VS2EX: Explosion-proof; Class I, Div. 1, 

Groups C and D*.
VS2EXR: Explosion-proof with remote reset.
VS2EXRB: Explosion-proof; Class I, Div. 1, Group B* ; with 

remote reset.
VS94: Base mount; non hazardous locations, NEMA 4. 

Remote Reset Option (VS2EXR, 
VS2EXRB and VS94 only)
Includes built-in electric solenoid which allows reset of tripped unit from a
remote location. Standard on VS2EXR and VS2EXRB. Optional on
VS94 (options listed below).

-R15: Remote reset for 115 VAC
-R24: Remote reset for 24 VDC

Time Delay Option (VS94 only) 
Overrides trip operation on start-up. For VS94 series models, the delay
time is field-adjustable from 5 seconds up to 6-1/2 minutes with a 20-
turn potentiometer (15 seconds per turn approximately). Options listed
below:
-T15: Time delay for 115 VAC
-T24: Time delay for 24 VDC

Space Heater Options (VS94 only)
This optional space heater board prevents moisture from condensing
inside the VS94 Series case. Options listed below:
-H15: Space heater for 115 VAC
-H23: Space heater for 230 VAC
-H24: Space heater for 24 VDC

Warranty
A two-year limited warranty on materials and workmanship is provided
with this Murphy product. Details are available on request and are
packed with each unit.

GENERAL INFORMATION

Please read the following instructions before installing. A visual inspection of this product for damage during shipping is recommended before
mounting. It is your responsibility to have a qualified person install the unit, and make sure installation conforms with NEC and local codes.

Model VS2EX

LISTED*WARNING
BEFORE BEGINNING INSTALLATION OF THIS MURPHY PRODUCT

✔ Disconnect all electrical power to the machine.

✔ Make sure the machine cannot operate during installation.

✔ Follow all safety warnings of the machine manufacturer.

✔ Read and follow all installation instructions.

VS-7037N
Revised 08-01

Section 20
(00-02-0185)

R

VS-7037N page 1 of 8
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DIMENSIONS

3 in.
(76 mm)

4-3/4 in.
(121 mm)

2-1/4 in.
(57 mm)

5-1/8 in.
(130 mm)

Mounting Holes

Slotted
Sensitivity
AdjustmentReset

Push
Button4-19/32 in.

(116 mm) Plug

1/4 x 1/2 in.
(6 mm x 13 mm) 

Slot 2 places

3 in.
(76 mm)

4-3/4 in.
(121 mm)

Slotted
Sensitivity
Adjustment

5-7/16 in.
(138 mm)

Reset
Push
Button Weatherproof

Strain Relief
Bushing

C-Clamp

27/32 in.
(21 mm)

1/2 NPT 
Conduit

5-5/8 in.
(143 mm)

3 in.
(76 mm)

Mounting Holes

Reset
Push
Button

Slotted
Sensitivity
Adjustment

5-1/4 in.
(133 mm)

Mounting Holes

4-7/8 in.
(124 mm)

6-3/8 in.
(162 mm)

3/8 in.
(10 mm)
4 places

1-3/4 in.
(44 mm)

10-5/8 in.
(270 mm)

6 in.
(152 mm)

4-1/2 in.
(114 mm)

Mounting Centers

1/2 NPT
Conduit

9-1/8 in.
(232 mm)

Mounting Centers10-3/16 in.
(259 mm)

8-5/8 in.
(219 mm)

2-1/2 in.
(64 mm)

VS2 VS2C

VS2EX and VS2EXR

VS2EXRB

7-9/64 in.
(181 mm)

4 in.
(102 mm)

6-1/2 in.
(165 mm)

6-29/32 in.
(176 mm)

Manual
Reset
Push-button

Mounting slot
5/16 x 9/16 in.
(8 x 14 mm)
4-places.

6-1/2 in.
(165 mm)

4-5/8 in.
(118 mm)

1-5/8 in.
(41 mm)

4 in.
(102 mm)

3/4 NPT
conduit fitting

VS94
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SPECIFICATIONS

VS2 and VS2C
• Case: Weatherproof (equal to NEMA 3R) suitable for non-hazardous areas.

VS2: Base mount
VS2C: C-clamp mount. Includes 45 feet (13.7 meters), 2-conductor 16
AWG, 30 strands/0.25 mm strand dia. (1.5 mm2) cable, and five cable
hold down clamps.

• Contacts: SPDT double make leaf contacts, 5A @ 480 VAC.
• Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.

VS2EX
• Case: Explosion-proof and weatherproof aluminum alloy housing;

meets NEMA 7 specifications; Class I, Division 1, Groups C & D; UL
and CSA listed.*
VS2EX: base mount.

• Snap-switches: 2-SPDT snap-switches; 5A @ 480 VAC;*
2A resistive, 1A inductive, up to 30 VDC.
• Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.

VS2EXR
• Case: Same as VS2EX.
• Snap-switch: 1-SPDT snap-switch and reset coil; 5A @ 480 VAC;* 2A

resistive, 1A inductive, up to 30 VDC.
• Remote Reset (optional):

Option Operating Current
-R15: 350 mA @ 115 VAC
-R24: 350 mA @ 24 VDC

• Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.

VS2EXRB
• Case: Explosion-proof aluminum alloy housing; rated Class I,

Division 1, Group B hazardous areas.
• Snap-switch: 1-SPDT snap-switch with reset coil (option available for

additional SPDT switch); 5A @ 480 VAC; 2A resistive, 1A inductive,
up to 30 VDC.

• Remote Reset:(optional):
Option Operating Current
-R15: 350 mA @ 115 VAC
-R24: 350 mA @ 24 VDC

• Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.

VS94
• Case: Polyester fiberglass reinforced; NEMA type 4 and 4X; IP66; CSA

types 4 and 12.
• Conduit Fitting: 3/4 NPT conduit fitting connection.
• Normal Operating Ambient Temperature:

0 to 140°F (-18 to 60°C).
• Snap-switches: 2-SPDT snap acting switches; 5A @ 480 VAC; 2A

resistive, 1A inductive, up to 30 VDC.
• Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.
• Heater (optional):

Option Operating Current
H15 .023 A @ 115 VAC
H23 .011 A @ 230 VAC
H24 .12 A @ 24 VDC

• Remote Reset (optional):
Option Operating Current
R15 .17 A @ 115 VAC
R24 .36 A @ 24 VDC

• Time Delay (optional):
Option Operating Current Standby Current
T15 .360 A @ 115 VAC .01 A @ 115 VAC
T24 1.15 A @ 24 VDC .01 A @ 24 VDC

• Time Delay/Remote Reset: Adjustable 20-turn potentiometer from 5
seconds to 6-1/2 minutes (15 seconds per turn approximately).

*CSA and UL listed with 480 VAC rating.

The VS2 and VS94 series shock switches are sensitive to shock and
vibration in all three planes of motion - up/down, front/back and side/side.
Front/back is the most sensitive (The reset pushbutton is located on the
“front” of the unit).  For maximum sensitivity mount the unit so that the
front faces into the direction of rotation of the machine. (See Dimensions on
page 2 for sensitivity adjustment location).  
The VS2 and VS94 Series must be firmly attached/mounted to the machine
so that all mounting surfaces are in rigid contact with the mounting surface
of the machine.  For best results, mount the instrument in-line with the
direction of rotating shafts and/or near bearings.  In other words, the reset
push button should be mounted pointing into the direction of shaft rotation
(see page 5).  It may be necessary to provide a mounting plate or bracket to
attach the VS2 and VS94 Series to the machine.  The mounting bracket
should be thick enough to prevent induced acceleration/vibration upon the
VS2 or VS94 Series. Typically 1/2 in. (13mm) thick plate is sufficient.  See
illustrations on page 5 for typical mounting locations.

CAUTION: A dust boot is provided on the reset pushbutton
for all series to prevent moisture or dust intrusion.  The sensitivity
adjustment for model VS2EX is not sealed; therefore, mounting

orientation should be on a horizontal plane or with the sensitivity adjustment
pointing down.  Sensitivity adjustment for model VS2 is covered by a plug.
The plug must be in place and tight to prevent moisture or dust intrusion.

C-Clamp Installation (VS2C model only)
A C-Clamp is supplied with the VS2C model only.
The C-Clamp is shipped installed on the VS2C
but must be installed on the VS2EX and
VS2EXR switches.
1. The C-Clamp (B) will already be installed on

a 1/4 in. (6 mm) thick steel mounting plate
(A). Bolt the VS2 switch to the mounting
plate as illustrated — with four 5/16 in.
bolts, nuts, and washers.

2. The mounting location should provide
convenient access to the TATTLETALE®

push button (C).
3. The hardened set screw and nuts (D) are used to tighten

the switch to an I-Beam or cross member such as a Sampson post of an
oilwell pumpjack.

WARNING: STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING INSTALLATION.

C

A

B

D

INSTALLATION

Continued on next page.
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INSTALLATION Continued

All Models

1. Firmly secure the unit to the equipment using the base foot mount or
C-Clamp if applicable. See C-Clamp Installation page 3. 

For oilwell pumpjacks attach the VS2 and VS94 Series to the Sampson
post or walking beam. See Typical Mounting Locations page 5. 

2. Make the necessary electrical connections to the vibration switch. See
Internal Switches, page 6 for electrical terminal locations and page 7 for
typical wiring diagrams. DO NOT EXCEED VOLTAGE OR CURRENT
RATINGS OF THE CONTACTS. Follow appropriate electrical
codes/methods when making electrical connections. Be sure that the run of
electrical cable is secured to the machine and is well insulated from
electrical shorting. Use of conduit is recommended.

NOTE: If the electrical cable crosses a pivot point such as at the pivot of
the walking beam, be sure to allow enough slack in the cable so that no
stress is placed on the cable when the beam moves.

If conduit is not used for the entire length of wiring, conduit should be
used from the electrical supply box to a height above ground level that
prevents damage to the exposed cable from the elements, rodents, etc. or
as otherwise required by applicable electrical codes. If conduit is not
attached directly to the VS2 and VS94 Series switch, use a strain relief
bushing and a weatherproof cap on the exposed end of the conduit. A
“drip loop” should be provided in the cable to prevent moisture from
draining down the cable into the conduit should the weathercap fail.

Sensitivity Adjustment

All models of the VS2 and VS94 Series cover a wide range of sensitivity.
Each model is adjusted to the specific piece of machinery on which it is
installed. After the switch has been installed in a satisfactory location (see
page 5) the sensitivity adjustment will be increased or decreased so that the
switch does not trip during start-up or under normal operating conditions.
This is typically done as follows:

1. REPLACE ALL COVERS, LIDS, AND 
ELECTRICAL ENCLOSURES.

2. Press the reset push button to engage the magnetic latch. To be sure the
magnetic latch has engaged, observe latch
through the window on the VS2 and
VS2C (see DETAIL “A”). On the
VS2EX,  VS94 series the reset button
will remain depressed meaning the
magnetic latch has engaged.

3. Start the machine. 

4. If the instrument trips on start-up,

allow the machine to stop. Turn the sensitivity adjustment 1/4 turn
clockwise, (adjustment for VS94 and VS2EXRB models is located within
the box, see DETAIL “B”). 

Depress the reset button and restart the machine.
Repeat this process until the unit does not trip
on start-up. 

5. If the instrument does NOT trip on start-up,
stop the machine. Turn the sensitivity
adjustment 1/4 turn counter-clockwise.
Repeat the start-up/stop process until the
instrument trips on start-up. Turn the
sensitivity adjustment 1/4 turn clockwise (less
sensitive). Restart the machine to verify that the
instrument will not trip on start-up.

6. Verify that the unit will trip when abnormal shock/vibration exists.

VS94 Time Delay Adjustment

1. Apply power to the time delay circuit. (see 
page 7 for time delay circuit). The time delay
function will be initiated. 

2. Time the length of the delay with a watch.
Let time delay expire. After it expires, the
override circuit will de-energize the
solenoid, allowing the latch arm to trip. A
clicking noise is heard. 

3. TURN THE POWER OFF TO RESET
THE TIME DELAY CIRCUIT.

NOTE: Allow 30 seconds bleed-time between
turning the power “OFF” and “ON”. 
4. Locate the time adjustment pot (DETAIL “C”). The time is factory-set at the

lowest setting (5 seconds approximately). To increase time, rotate the 
20-turn pot clockwise as needed (15 seconds per turn approximately).

5. Repeat the above steps as necessary to obtain desired time delay. 

NOTE: An external time delay can be used with the remote reset feature
of the VS2EXR series to provide a remote reset and override of the trip
operation on start-up. Time delay must automatically disconnect after 

WARNING: STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING INSTALLATION.

DETAIL “A”

Sensitivity
Adjustment

Reset Push button

DETAIL “C”

Turn to
increase

Pot

Turn to
decrease

WARNING: MAKE THE AREA NON-HAZARDOUS BEFORE

OPENING THE EXPLOSION-PROOF (-EX) ENCLOSURES.

WARNING: REMOVE ALL POWER BEFORE OPENING
THE ENCLOSURE. IT IS YOUR RESPONSIBILITY TO HAVE A
QUALIFIED PERSON PERFORM ADJUSTMENTS, AND MAKE
SURE IT CONFORMS WITH NEC AND LOCAL CODES. DO

NOT ADJUST SENSITIVITY WHILE THE MACHINE IS RUNNING. STAND
CLEAR OF THE MACHINE AT ALL TIMES WHEN IT IS OPERATING.

WARNING: REMOVE ALL POWER BEFORE OPENING
ACCESS DOOR. IT IS YOUR RESPONSIBILITY TO HAVE A
QUALIFIED PERSON ADJUST THE UNIT, AND MAKE SURE
IT CONFORMS WITH NEC AND LOCAL CODES.

DETAIL “B”

Sensitivity
adjustment

More Sensitive

Less
Sensitive
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TYPICAL MOUNTING LOCATIONS

Engine Compressor Turbine Centrifugal 
Compressor

Engine
and
Vertical 
Shaft
Pump

“Y” Type 
Reciprocating 
Compressor

Generator 
Sets

Cooling Tower Fan or
Heat Exchanger

Pumping Unit2-Throw Balance-Opposed Compressor

NOTE: If installing on 
cylinders, 2 vibration/shock
switches are recommended-
1 for each cylinder.

Reset

Reset

Reset

Reset

Reset

Reset

Reset

Reset

Reset

These are typical mounting locations for best operation. Other mountings are possible. 
See Installation section on page 3.NOTE: 



VS-7037N page 6 of 8

INTERNAL SWITCHES

NC NO COM

NC NO COM

NC NO COM

NO1 NC COM NO2

VS2 and VS2C VS2EXR

VS2EX VS2EXB and VS2EXRB

VS94

NC NO COM

NC NO COM

Time Delay and/or 
Remote Reset 
Terminal (Optional)

Sensitivity
Adjustment

SPDT Snap-Switch

SPDT Snap-Switch

Sensitivity
Adjustment

Sensitivity
Adjustment

Sensitivity
Adjustment

Heater Board 
Terminal (Optional)

Ground
Terminal

NC NO COM

NC NO COM

SPDT
Snap-Switch

SPDT
Snap-Switch

Sensitivity
Adjustment

Ground
Terminal

SPDT Switch Terminals
SPDT Snap-Switch

SPDT
Snap-Switch Optional SPDT 

Snap-Switch 
(VS2EXRB only) 

Ground
Terminal

Ground
Terminal

Remote Reset
Terminal

Remote Reset
Terminal
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WARNING: REMOVE POWER BEFORE OPENING THE UNIT (ACCESS DOOR). STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING THE WIRING OPERATION. IT IS YOUR RESPONSIBILITY TO HAVE A QUALIFIED
PERSON INSTALL AND WIRE THE UNIT, AND MAKE SURE IT CONFORMS WITH NEC AND APPLICABLE CODES.

ELECTRICAL

To good 
engine ground

CD Ignition
1

CD Ignition
2

Ignition Coil Distributor Battery

Ignition
Switch

Ammeter

Diesel Fuel 
Shutoff Valve 

VS2, VS2C, VS2EX, VS2EXR, VS2EXRB and VS94
Typical Wiring Diagram for Distributor Ignition or Diesel

VS2, VS2C, VS2EX, VS2EXR, VS2EXRB and VS94
Typical Wiring Diagram for Electric Motors

Maintained 
Contact for
Time Delay

Momentary 
Contact  for
Remote 
Reset only

Time
Delay

2-SPDT 
Switches (DPDT)

Time Delay or 
Remote Reset

(Optional)

Heater Board
(Optional)

N.C.N.O.

Contacts shown in the 
RESET position 

Contacts shown
in the RESET position 

Contacts shown
in the RESET position Switch Terminals

N.C.
NOTE: Terminal N.O. is 
terminal NO1 on models 
VS2 and VS2C.

Switch Terminals

N.C.N.O.
(see Note)

NOTE: Terminal N.O. is 
terminal NO1 on models 
VS2 and VS2C.

N.O.
(see Note)

N.C.N.O.

115 VAC or 24 VDC*

230 VAC or
115 VAC or
24 VDC*

*Voltage is specified 
   when ordered.

L1 L2 L3

MOTOR

Push-button
Station

HC

H A

HC

Hand  Off
Automatic
Selector

VS2EXR and VS2EXRB
Typical Wiring Diagram for Single or Dual CD Ignitions

VS94
Typical Wiring Diagram for Single or Dual CD Ignitions

Remote Reset

Momentary
Push Button 

115 VAC or 
24 VDC (Voltage
is specified 
when ordered).

N.C.N.O.

†Additional
  Switch 
  Optional 
  on VS2EXRB 
  only

SPDT Switch
(Optional 2-SPDT [DPDT])†

Contacts shown in the 
RESET position 

COM
COM

COM

COM COM

COM

N.C.N.O.

To good 
engine ground

Resistor
(100 Ω, 3 Watt)

Resistor
(100 Ω, 3 Watt)

To good 
engine 
ground

To good 
engine 
ground

CD Ignition
2

CD Ignition
1

VS2EX
Typical Wiring Diagram for Single or Dual CD Ignitions

N.C.N.O.

SPDT Switch
(Optional 2-SPDT [DPDT])†

Contacts shown in the 
RESET position 

COM

COM

N.C.N.O.

To good 
engine ground

To good 
engine 
ground

CD Ignition
2

VS2 and VS2C
Typical Wiring Diagram for Single or Dual CD Ignition

COM

SPDT Switch

NO2NCNO1

Contacts shown in the RESET position. 

To good 
engine groundResistor

(100 Ω, 3 Watt)

CD Ignition
2

CD Ignition
1

Resistor
(100 Ω, 3 Watt)

CD Ignition
1



VS-7037N page 8 of 8

SERVICE PARTS

PART NO. DESCRIPTION

VS2 
20000030 Movement assembly
20000031 Glass and gasket assembly
20000032 Reset push button assembly

VS2C 
20000030 Movement assembly
20000031 Glass and gasket assembly
20000032 Reset push button assembly
20050021 Mounting clamp
20000185 VS2C 5-clamp hardware package assembly.
20050465 2-Conductor electrical cable, 45 feet (13.7 meters)

VS2EX 
20010091 Movement assembly
20050087 Cover
00000309 Cover gasket
20010090 Snap-switch and insulator kit (1 switch per kit) 

prior to September 1, 1995.*
20000288 Snap-switch and insulator kit (1 switch per kit) for models

manufactured on September 1, 1995 or later.*
20000289 C-clamp conversion mounting kit

VS2EXR 
20000262 Movement assembly
20050087 Cover
00000309 Cover gasket
20010090 Snap-switch and insulator kit (1 switch per kit)

prior to September 1, 1995.*
20000288 Snap-switch and insulator kit (1 switch per kit) for models

manufactured on September 1, 1995 or later.*
20000049 Reset solenoid assembly (115 VAC) 
20000234 Reset solenoid assembly (24 VDC)
20000289 C-clamp conversion mounting kit

PART NO. DESCRIPTION

VS2EXRB 
20010090 Snap-switch and insulator kit (1 switch per kit)

prior to September 1, 1995.*
20000288 Snap-switch and insulator kit (1 switch per kit) for models

manufactured on September 1, 1995 or later.*
20000057 Inside snap-switch and insulator kit (1 switch per kit) for

model VS2EXRB-D prior to September 1, 1995.* 
20000058 Outside snap-switch and insulator kit (1 switch per kit) for 

model VS2EXRB-D prior to September 1, 1995.*
20000287 Inside snap-switch and insulator kit (1 switch per kit) for model

VS2EXRB-D manufactured on September 1, 1995 or later.*
20000290 Outside snap-switch and insulator kit (1 switch per kit) for model

VS2EXRB-D manufactured on September 1, 1995 or later.*
20050077 Adjustment shaft
20000262 Movement assembly
20000049 Reset solenoid assembly (115 VAC) 
20000234 Reset solenoid assembly (24 VDC)

VS94 Series 
25050506 Dust boot
00000232 Conduit fitting
20010090 Snap-switch and insulator kit (1 switch per assembly)

prior to September 1, 1995.**
20000288 Snap-switch and insulator kit (1 switch per assembly) 

for models manufactured on September 1, 1995 or later.***

* If no date code is found, refer to the old switch. Models with date 0895 and before use old switch. 
Dated 0995 after, use straight snap-switch arm, no rollers.

** Models dated Q1 thru Q8 (formed snap-switch arm and rollers).
***Models date coded Q9 thru Q12 and R1 thru R12 (straight snap-switch arm, no rollers).
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Everything You Need to…
Store, Relocate and Secure
Your Batteries
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Part No. Group Color Inside Dim. (LxWxH) Wt. (lbs))
   Sealed HM241 24 ■ Unpolished 11.76" x 8.39" x 10.38" 7.7

HM242 24 ■ Polished 11.76" x 8.39" x 10.38" 7.7
HM243 24 ■ Blue 11.76" x 8.39" x 10.38" 7.7
HM244 24 ■  Green 11.76" x 8.39" x 10.38" 7.7
HM245 24 ■  Purple 11.76" x 8.39" x 10.38" 7.7
HM246 24 ■  Red 11.76" x 8.39" x 10.38" 7.7
HM251 27 ■ Unpolished 13.98" x 8.89" x 11.00" 9.3
HM252 27 ■  Polished 13.98" x 8.89" x 11.00" 9.3
HM253 27 ■  Blue 13.98" x 8.89" x 11.00" 9.3
HM254 27 ■  Green 13.98" x 8.89" x 11.00" 9.3
HM255 27 ■  Purple 13.98" x 8.89" x 11.00" 9.3
HM256 27 ■  Red 13.98" x 8.89" x 11.00" 9.3

HM253, Sealed
Group 27 Aluminum Battery Box

HM254, Sealed
Group 27 Aluminum Battery Box

Sealed Aluminum Battery Box Features:
Cable Grommets
Protect cables from
abrasion and
provides
air-tight seal.

Vent Hole
Takes away
condensation
and prevents
build-up of gases.

Hold-Down
Secures the battery
and box to mounting
surface.

Captive Lid
Latches secure lid
to base.

Lid Gasket
Provides air-tight
seal between lid and
base when latches
are engaged.

Noco Racing Aluminum Sealed
Battery Boxes are fabricated
from a durable aluminum sheet
metal for optimal resistance to
shock, vibration and corrosion.
A completely sealed design
features an external vent tube
for adequate ventilation of acid
vapors. Easy to install and comes
complete with stainless steel
3/8" j-bolts, hold-down, nuts
and bolts.

Meets NHRA 8:1 and IHRA,
USCG Code of Federal Regulation
183.420 and ABYC E-10.7
specification. Available in six
different finishes for the extreme
racer in you.

Noco Racing™ Aluminum
Sealed Battery Boxes

HM245, Sealed
Group 24 Aluminum Battery Box

HM246, Sealed
Group 24 Aluminum Battery Box

HM251, Sealed
Group 27 Aluminum Battery Box

IHRA Recommends
All wet-cell batteries must not be relocated into the driver
or passenger compartments and must be securely mounted.
A maximum of two (2) automobile batteries are permitted
of 150 lbs. combined maximum weight. Plastic battery
hold-down straps are not permitted. Minimum bolt size
3/8 inch steel. …Dragsters with battery mounted behind rear
end must have a steel plate of 1/8 inch or aluminum of 1/4
inch between rear end and battery.
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HT350, Stainless
Steel Battery Tray & Mounting Kit

Noco Racing Battery Tray Kits
are constructed of stainless steel
for superior resistance to
movement, shock, vibration and
corrosion.

Comes complete with battery
tray, j-bolts, wing-nuts, hold-
down, mounting brackets and
insulators.

Performance
Battery Trays

Part No. Group Color         L x W x H Wt. (lbs)

HT350 24-31 ■  Stainless 13.13" x 7.19" x 0.42" 2.3

HT351 24-31 ■  Blue 13.13" x 7.19" x 0.42" 1.7

HT352 24-31 ■  Green 13.13" x 7.19" x 0.42" 1.7

HT353 24-31 ■  Purple 13.13" x 7.19" x 0.42" 1.7

HT354 24-31 ■  Red 13.13" x 7.19" x 0.42" 1.7

HM226, Non-Sealed
Group 24-27 Aluminum Battery Box

Noco Racing Non-Sealed
Aluminum Battery Box are
fabricated from a durable
aluminum sheet metal for optimal
resistance to shock, vibration and
corrosion. A non-sealed design
that allows configuration of the
battery box for multiple
applications and cable runs; front,
back, side, high or low. Easy to
install and comes complete with
stainless steel 3/8" U-bolt, mount
brackets, nuts and bolts.

Meets NHRA 8:1, IHRA, USCG
Code of Federal Regulation
183.420 and ABYC E-10.7
specification.

Noco Racing™ Aluminum Non-Sealed
Battery Boxes

HM229, Non-Sealed
Group 24-27 Aluminum Battery Box

Part No. Group Color Inside Dim. (LxWxH) Wt.(lbs)

Non-Sealed HM226 24-27 ■ Black 12.71" x 8.13" x 10.38" 10.8

HM227 24-27 ■ Aluminum 12.71" x 8.13" x 10.38" 10.8

HM228 24-27 ■  Blue 12.71" x 8.13" x 10.38" 10.8

HM229 24-27 ■  Green 12.71" x 8.13" x 10.38" 10.8

HM230 24-27 ■  Purple 12.71" x 8.13" x 10.38" 10.8

HM231 24-27 ■  Red 12.71" x 8.13" x 10.38" 10.8

HM231, Non-Sealed
Group 24-27 Aluminum Battery Box

HM228, Non-Sealed
Group 24-27 Aluminum Battery Box

HM227, Non-Sealed
Group 24-27 Aluminum Battery Box

HT353, Stainless Steel
Battery Tray & Mounting Kit

HT352, Stainless Steel
Battery Tray & Mounting Kit

HT351, Stainless Steel
Battery Tray & Mounting Kit

HT354, Stainless Steel
Battery Tray & Mounting Kit

Noco Racing™ Battery Tray Kits

HM230, Non-Sealed
Group 24-27 Aluminum Battery Box
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Large Divider
Secures battery for various
group size applications
(HM318 only).

Vent Caps
Limit water entry.

Heavy Duty Handles
Are reinforced to
resist cracking.

Locking Tabs
Fasten lid to base.

Snap-Top Battery Box Features:

Noco® Snap-Top™ Battery Boxes

Noco Snap-Top Battery Boxes are
manufactured from injection molded
polypropylene plastic that effectively
collects electrolyte, allows ventilation
and prevents accidental contact of
underground battery terminals.

All Noco Snap-Top Battery Boxes
meet USCG Code of Federal
Regulations 183.420 and
ABYC E-10.7 specification.

HM300BK, Group 24 Battery Box

Part No. Group Color Inside Dim. (LxWxH) Weight (lbs)
HM300BK 24 ■ Black 11.00" x 7.87" x 9.75" 2.3

HM300R 24 ■ Red 11.00" x 7.87" x 9.75" 2.3

HM300W 24 ■ White 11.00" x 7.87" x 9.75" 2.3

HM327BK 27 ■ Black 13.37" x 7.75" x 10.75" 2.8

HM327R 27 ■ Red 13.37" x 7.75" x 10.75" 2.8

HM327W 27 ■ White 13.37" x 7.75" x 10.75" 2.8

HM318BK 24-31 ■ Black 14.50" x 7.87" x 9.75" 3.1

HM318R 24-31 ■ Red 14.50" x 7.87" x 9.75" 3.1

HM318W 24-31 ■ White 14.50" x 7.87" x 9.75" 3.1

Standard

HM318W, Group 24-31 Battery Box

USCG Code of Federal Regulations 183.420
• Each installed battery must not move more than one inch in any direction

when a pulling force of 90 pounds or twice the battery weight, whichever is
less, is applied through the center of gravity of the battery as follows:
1. Vertically for a duration of one minute.
2. Horizontally and parallel to the boat’s center line for a duration of one
minute fore and one minute aft.
3. Horizontally and perpendicular to the boat’s center line for a duration of
one minute to starboard and one minute to port.

• Each battery must be installed so that metallic objects cannot come in
contact with the ungrounded battery terminals.

• A vent system or other means must be provided to permit the discharge
from the boat of hydrogen gas released by the battery.

HM300R, Group 24 Battery Box

HM327BK, Group 27 Battery Box

Heavy
Duty

Part No. Group Color Inside Dim. (LxWxH) Weight (lbs)
HM082 U-1 ■ Black 11.00" x 7.50" x 8.75" 1.2Utility

Noco Utility Battery Box is
designed for smaller batteries
used in lawn and garden
equipment, power wheelchairs
and personal watercraft.

Noco® Utility Battery Box

HM082, Group U-1 Battery Box

Noco Utility Battery Boxes
feature a standard lid.

 ... I prefer the (polypropylene
      battery boxes) made by Noco..."
         David Seldman, Boating Magazine, August 2000
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HM484, 8D Commercial Battery Box

Noco Marine Commercial Battery
Boxes are rotationally molded from
a low density polyethylene plastic.
These rugged boxes maintain their
tough impact properties in climates
down to -40 °F (-40 °C).

Features a four-corner fastening
system, a captive lid, large cable
entry holes and a large electrolyte
reservoir.

Meets USCG Code of Federal
Regulation 183.420 and ABYC
E-10.7 specification.

Part No. Group Color Inside Dim. (LxWxH) Weight (lbs)
HM408 4D ■ Black 20.50" x 9.50" x 11.50" 9.0

HM484 8D ■ Black 21.50" x 11.50"  x 11.00" 11.0

HM426 Dual 6V ■ Black 14.75" x 10.75" x 12.00" 9.0

Commercial

HM408, 4D Commercial Battery Box

Easy to install…
Fastens from the top/down for quick installation.

HM426, Dual 6V Commercial Battery Box

HM426 fits
2 Golf Cart Batteries

Noco Marine™ Commercial Battery Boxes

Superior Quality Boxes
for Golf Cart, 4D and 8D Batteries
• Full flow ventilation
• Linear low-density

polyethelene
• Acid, gasoline, oil, salt

& chemical resistant
• Impact resistant

to -40 °F (-40 °C)

Part No. Group Color Inside Dim. (LxWxH) Weight (lbs)
HT008 U-1 ■  Black 8.00" x 5.50" x 0.42" 0.3
HT111 24 ■ Black 10.25" x 7.06" x 0.90" 0.6

HT251 27-31 ■ Black 13.37" x 7.25" x 0.90" 0.7

HT110 24 ■ Black 11.00" x 7.19" x 0.42" 1.6

HT250 27-31 ■ Black 13.13" x 7.19" x 0.42" 1.7

Plastic

Metal

Recommendation:
All ungrounded terminals should be covered by
an insulator boot or non-conductive material, pg.74

Noco Plastic Battery Trays are
injection molded with the purest
polypropylene plastic. Feature
external mounting holes to resist
battery movement.

Noco Metal Battery Trays are
fabricated out of 16 gauge steel
and covered with a vinyl coating
to resist rust, corrosion and
battery movement. Feature water
escape slips for adequate
drainage.

Noco® Plastic and Metal Battery Trays

HT110, Group 24 Metal Battery Tray

Use Noco mounting hardware:
crossbar hold-downs, j-bolts or
other forms of securing your
battery to these high quality
battery trays.

See page 40.

HT250, Group 27-31 Metal Battery Tray

HT251, Group 27-31 Plastic Battery Tray

HT111, Group 24 Plastic Battery Tray
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Easy to use divider allows you to fit
battery sizes from
Group 24-31

Noco® Battery Storage Replacement Hardware

HM004, Replacement Divider for HM318

HM001, 38" Battery Box Strap

Noco Battery Box Straps feature
a woven polypropylene strap that
is resistant to acid, salt water,
oil and sunlight.

Noco Replacement Divider is an
injection molded polypropylene
replacement part for HM318
(group 24-31) battery boxes only.

Noco Battery Tray Straps feature
a woven polypropylene strap with
heavy-duty plastic buckles that
mate securely to resist battery
movement.

Add "CS" to the part number 
for clamshell retail packaging. 
Yellow Dot indicates products  
available in clamshell.

HTBB40
38" Battery Tray Strap

Noco Racing Battery Trunkmount
Kit offers everything you need to
relocate your batteries.  Whether
you need an additional battery to
power your new high-amperage
audio system, transfer weight or
just clean up your engine
compartment, the Noco Battery
Truckmount kit is your easy and
convenient solution.

Meets NHRA 8:1 and IHRA
specification.

BTMK1, Battery Trunkmount Kit

Part No. Group      Description
Kit BTMK1 24-31     Battery Trunkmount Kit

Kit  Includes: Black Battery Box, Group 24-31, (2) 10" x 3/8" J-Bolts,
Battery Strap,  3’ Black - 2 Ga. Battery Cable,
20’ Red - 2 Ga. Battery Cable, Crossbar Hold-down, and Hardware

Noco Racing™ Battery Trunkmount Kit

NHRA Requirement
8:1 BATTERIES
All batteries must be securely mounted. Batteries may not be relocated into
the driver or passenger compartments. Rear firewall of .024-inch steel or
.032-inch aluminum (including package tray) required when battery is
relocated in trunk. In lieu of rear firewall, battery may be located in a sealed
.024-inch steel, .032-inch aluminum, or NHRA accepted poly box. If sealed
box is used in lieu of rear firewall, box may not be used to secure battery and
must be vented outside of body. Relocated battery(s) must be fastened to
frame or frame structure with a minimum of two 3/8-inch diameter bolts.

Part No. Description Color
Kit HM001 38" Battery Box Strap ■  Black

HM004 Replacement Divider for ■  Black
HM318 Battery Boxes

HTBB40 38" Battery Tray Strap w/Plastic Buckle ■  Black

•

Noco Racing Remote Battery
Mounting Kit offers you the
right components to relocate
your batteries. Ideal for cleaning
up your engine compartment and
distributing racing weight.

Noco Racing™ Remote Battery Mounting Kit Part No. Description
BCK1 Remote Battery Mount Kit

Kit  Includes: 15’ Red -1 Ga.; Battery Cable, 3’ Black -1 Ga.;
Battery Cable; (2) Hefty-Hefty Copper Lugs, 3/8";
(2) Side Terminal Charging Posts

Kit

BCK1
Remote Battery Mount Kit
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BRK1
Single Mount Relocator Kit

Part No.      Group Description
BRK1 24-31 Single Mount Relocator Kit

Kit Includes: Metal Battery Tray; (2) 10" x 3/8" J-Bolts; 3’ Black 2 Ga.
Battery Cable; 16’ Red 2 Ga. Battery Cable; Crossbar Hold-down;
Heat Shrink Tubing and Hardware

BRK2 24-31 Dual Mount Relocator Kit
Kit Includes: (2) Metal Battery Trays; (4) 10" x 3/8" J-Bolts; 3’ Black 2 Ga.
Battery Cable; 17’ Red 2 Ga. Battery Cable; Crossbar Hold-down;
Heat Shrink Tubing and Hardware

BRK3 24-31 Spread Mount Relocator Kit
Kit Includes: (2) Metal Battery Trays; (4) 10" x 3/8" J-Bolts;
6’ Black 2 Ga. Battery Cable; 6’ Red 2 Ga. Battery Cable;
18" Black 4 Ga. Lug to Lug Battery Cable; 16’ Red 2 Ga. Battery Cable;
(4) Hefty-Hefty Copper Lugs, 2 Ga., 3/8"; (2) Marine Wing-Nut Battery
Terminals; Heat Shrink Tubing and Hardware

Noco Racing Battery Relocator
Kits offer a simple and easy way
to distribute weight and clean up
your engine compartment. Ideal
for hot rods, off-road or other
racing vehicles.

Meets NHRA 8:1 and
IHRA specification.

Noco Racing™ Battery Relocator Kits

BRK3, Spread Mount Relocator Kit BRK2, Dual Mount Relocator Kit

Kit

Noco® Acid Containment Trays

Noco Acid Containment Trays
effectively collect electrolyte
from used or damaged batteries.
Features a large reservoir that
contains up to 18 gallons of
electrolyte and a heavy-duty frame
that withstands up to 2500 lbs of
pressure. Resists corrosion,
moisture and other harsh
contaminants.

Part No. Color Strength (lbs) Wt (lbs) L W H
CT1 ■ White 2500 50 48.00" 48.00" 4.25"

CT2 ■ White 1200 26 24.00" 48.00" 4.25"

CT5 ■  Orange 2000 60 42.00" 52.00" 6.00"

Fiberglass

Polyethelene

CT1
Fiberglass Acid Containment Tray, 18 gal.

CT2
Fiberglass Acid Containment Tray, 9 gal.

Features
pallet jack entry
holes

CT5, Polyethelene Acid Containment Tray, 15 gal.

Starter/Solenoid

Battery Ground

Ground

Starter/Solenoid

Battery 1 Battery 2

Ground 
to Frame

Starter/Solenoid
Terminal  
to Starter

Battery 2Battery 1

Positive to Positive
Terminal Connectors

Negative to Negative 
Terminal Connectors Marine Style Terminals

with Wing Nuts

BRK3 Configuration BRK2 Configuration

Typical Battery Relocator Mounting Configurations:
BRK1 Configuration
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Noco® Battery Hold-Downs

Adjustable

Part No. Description Color/Style
HD203 Side/End Battery Hold-Down   ■ Red
HD304 Base Mount Battery Hold-Down   ■ Red
HD405 Crossbar Battery Hold-Down   ■ Red
HD406 Crossbar Battery Hold-Down w/ Slide Groove   ■ Black
HD504 Rubberized Battery Hold-Down   ■ Black
HD605 Frame Hold-Down   ■ Red
HD706 Hold-Down Bar w/ Dual Eyelets   ■ Black
HD807 Hold-Down Bar w/Dual Eyelets   ■ Black

& Mounting Bracket
HB102 8" x 1/4" - 16 UNC   J Style
HB201 10" x 1/4" - 16 UNC   J Style

HB302 12" x 1/4" - 16 UNC   J Style

HB403 8" x 1/4" - 16 UNC   L Style

HB504 10" x 3/8" - 16 UNC   J Style
HD588 Adjusts from 5-1/4" to 7-1/2"   ■ Black

Bolts

Standard •
•
•

•
•

•
•
•
•

•

Noco Battery Hold-Downs are
designed to securely mount
batteries to prevent movement
or shifting.

Standard Hold-Downs are made of
heavy-duty steel and coated in vinyl
to protect against corrosion.

Offset Adjustable Hold-Downs are
made from a heavy-duty injection
molded polypropylene plastic that
resists corrosion.

Universal Hold-Down Bolts are a
steel threaded bolt with zinc plating
to help secure batteries from
movement.

HD203, Side/End Battery Hold-Down

HD304, Base Mount Battery Hold-Down

HD405, Crossbar Battery Hold-Down

HD406, Crossbar
Battery Hold-Down
with Slide Groove

Slide
 Groove

▼

HB201
1/4" Hold-Down Bolt HD605, Frame Hold-Down

HD504
Rubberized Battery Hold-Down

HD807, Hold-Down Bar
with Mounting Bracket

HD706, Hold-Down Bar with Eyelets

HD588, Offset
Adjustable Battery Hold-Down

Snap-Lock
Feature

▼

Non-Conductive
Hold-Down
Manufactured from
a non-conduction
material to permit
safe mounting of
batteries.

Superior
Construction
Fabricated from
fiberglass-
reinforced
polypropylene for
extreme durability
& corrosion
resistance.

Offset Adjustable Hold-Down Features:

Adjustable
Easily adjusts to accommodate
different battery widths.

Max

Min

Add "CS" to the part number for  
clamshell or "C" for carded package. 
Yellow Dot indicates products 
available in clamshell. Blue Dot  
indicates products available on card.
Red Dot indicates this product 
available in "Retail Packaging Only"
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TDI TURBOTWIN 
FROM TECH DEVELOPMENT INC 
 
1.0 GENERAL INFORMATION  
 
This manual provides instructions for the installation and 
operation of the TDI T100 TURBOTWIN Starters (Series: 
B,D,F,P).  If there are questions not answered in this 
manual, please contact your TDI TURBOTWIN distributor or 
dealer for assistance.  
 
The T100 TURBOTWIN models are turbine driven starters 
with an inertially engaged starter drive. Depending on the 
starter model and engine installation, the TURBOTWIN 
starters have applications ranging from 1200 CID (20 Liters) 
on diesel engines and up to 15000 CID (250 Liters) on gas 
engines. The TURBOTWIN models are suited to operate 
within a wide range of inlet pressures and ambient 
temperatures.  The engine size and parasitic loading will 
determine the exact minimum pressure that will assure 
reliable starting. 
 
The T100 TURBOTWIN starters are designed for operation 
with compressed air or natural gas; materials used are 
compatible with “sour” natural gas and marine environments. 
Small amounts of foreign matter or liquid in the air stream 
will not adversely affect TURBOTWIN starters. As with all 
other TDI starters, no lubrication is required in the air supply. 
 
Please review the rest of this manual before installing the 
T100 TURBOTWIN series air starter. 
 
WARNINGS, CAUTIONS AND NOTES 
 
Certain types of information are highlighted in this manual 
for your attention: 
 

WARNING - used where injury to personnel or 
 damage to the equipment is likely. 
 

CAUTION - used where there is the possibility of 
 damage to the equipment. 
 

NOTE - used to point out special interest 
 information. 

 
NOTE 
Throughout this manual, the term “air” is used to designate 
the starter drive medium.  Unless other wise stated, air “ 
means either compressed air or natural gas. 
 
1.1 DESCRIPTION 
 
All models feature three basic subassemblies: a unique two 
stage turbine motor section, a planetary gearbox section and 
an inertia drive assembly. 
The two stage motor section features greater stall torque 
than a single stage turbine plus aerodynamic speed control. 

This aerodynamic speed control helps protect the 
TURBOTWIN starter from damage caused by starter motor 
over speed.  
 
The T100 TURBOTWINS employ a 7.5:1 or 9:1 ratio 
planetary gearbox. This low gear ratio allows the turbine 
motor to spin at low speeds for long bearing life.   At a 
typical 3000 rpm pinion speed, the turbine is cruising at a 
low 22500 rpm (7.5:1 ratio).  Reliability and part commonality 
are designed into all TURBOTWINS. 
 
A simple and reliable inertia drive delivers the torque to the 
pinion.  The pinion is thrown out to engage the engine's ring 
gear by the turbine motor's acceleration. Lighter weight 
rotating parts used in the TURBOTWIN provide low inertia 
and even "softer" engagement. In the event of over-
pressure, the friction clutch used in every TURBOTWIN 
protects ring gear teeth from static torque overloads. In 
addition, an inertia engaged starter eliminates the need for 
complex pre-engagement control plumbing...and is easier to 
install and maintain than pre-engaged type starters. 
 
Compressed air or natural gas is used to power T100 
TURBOTWIN air starters through the inlet port. The air or 
gas is expanded through the first nozzle or stators. The high 
velocity gas impinges on the first stage rotor to yield torque 
to the gearbox. The gas is further expanded through the 
second stage stators, which impart additional torque to the 
second stage rotor.  
  
1.2 PRODUCT IDENTIFICATION 
  
The starter nameplate which is attached to the turbine 
housing contains the following information: model number, 
serial number, part number, direction of rotation and the 
maximum rated operating pressure.   
 
The directions of rotation are either right hand or left hand 
rotation as shown in Figure 1. Right Hand rotation is defined 
as clockwise rotation as viewed from the pinion end of the 
starter, and Left Hand rotation is counter clockwise rotation 
viewed from the pinion end of the starter.    
 
The maximum operating pressure is also stamped on the 
nameplate. This pressure is measured at the check port on 
the starter inlet with the starter in operation. 
 
CAUTION 
Exceeding the maximum pressure shown on the nameplate 
may result in drive failure, damage to the starter, or damage 
to the engine. 
 
The housing proof pressure is 600 psig and is also shown 
on the nameplate. This means the turbine housing will not 
burst when subjected to a static pressure of 600 psig. 
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Figure 1.  Direction of Rotation viewed from Pinion End. 
 
1.3 PERFORMANCE 
 
Graphs of the performance curves feature pinion torque 
versus pinion speed (rpm) at constant drive air pressures 
and shaft horsepower versus pinion speed at constant drive 
air pressures.  Pinion speed is shown on the horizontal axis. 
The pinion torque is shown along the left edge vertical axis. 
The shaft horsepower is shown along the right edge vertical 
axis. Air consumption rates are given for the various drive 
pressure lines.  These performance curves feature air as the 
drive gas and have open exhaust (standard exhaust guard) 
which have no back pressure. 
 
2.0 ORIENTATION OF THE STARTER 
 
2.1 GENERAL 
 
If the factory orientation of the starter’s pinion housing 
assembly in relation to the inlet port does not fit your engine 
installation, these components can easily be re-oriented.  
 
All TURBOTWINS  have the capability to rotate the inlet port 
relative to the drive opening for the optimum inlet port 
location. The number of different positions is 6 to 12 
depending on model.  
 
3.0 INSTALLING THE STARTER 
 
A turbine air starter does not require lubrication in the supply 
air.  Therefore, if a vane type starter motor is being replaced, 
TDI recommends that all lubrication devices and lines  
removed to minimize flow restrictions. 
 
 
 

WARNING 
If a fuel (pulse) lubricator has previously been installed in the 
system, disconnect and plug the line to eliminate spraying 
diesel fuel on the engine. 
 
The starter should be installed with the inlet in a position 
between horizontal and straight down.  Any condensation will 
be restricted to the air lines and not in the starter. 
 
WARNING 
Do not operate this starter unless it is properly connected to 
an engine. 
 
3.1 SUPPLY LINE INSTALLATION 
 
WARNING 
Be sure to either bleed the pressurized air reservoir and/or 
safety the system such as closing all valves prior to installing 
starter supply line. 
 
The T100 TURBOTWIN series air starters come standard 
with a 2" NPT female pipe thread for the inlet connection 
port.  The supply line consists of the line from the air source, 
a pressure regulator (when necessary), a manual or relay 
valve, and the connection to the starter inlet. Hard piping  
may be used, but a section of flexible tubing should be 
installed at the starter to prevent leaks due to engine 
vibration. 
 
Care must be taken to ensure that all inlet supply line piping 
is no less than 1.5" and  all components used are capable of 
passing the required air flow. 
  
NOTE 
Valves with a Cv of 40 or higher are recommended. 
 
If the supply line must be longer than 20 feet, the inlet supply 
line piping should be increased to 2" in diameter to ensure 
proper performance by your TURBOTWIN. 
 
Because turbine starters such as the T100 TURBOTWIN 
series  are sensitive to flow restrictions, care must be taken  
to use uniform hose or tubing and fittings for connection of 
the supply line.  Tees, elbows and line length must be kept 
to a minimum.  TDI recommends that hose or flex couplings 
are installed to eliminate possible leakage caused by strain 
on the supply line. 
  
Normally, an air strainer is not required.  However, in dirty 
environments use of a #40 mesh Y-strainer is 
recommended. The T100 TURBOTWIN series is highly 
tolerant of dirt in the air line, however, starter life can be 
increased with the use of an air strainer. 
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A pressure regulator is required when the air supply 
pressure is great enough to exceed the starter operating 
pressure (at the inlet port) and/or the maximum torque. 
 
A manual ball valve may be used to admit drive air/gas to 
the starter. The manual valve should be located in a safe 
position away from the engine.  
 
A preferred valve is pilot-operated, which can be 
pneumatically or electrically actuated. The valve should  be 
located close to or even on the starter inlet for best 
performance. Pneumatic  or electrical control lines may be 
routed virtually anywhere for the customer's preferred 
operating station. This type of valve actuates from a fully 
closed to a fully open position very rapidly. TDI offers a 
variety of relay valves such as P/N RLVA-25683-001-2-01, 
which is a 1-1/2" port, pneumatically actuated valve. 
 
The supply line should be dry-fitted for proper alignment 
/location prior to final assembly. All pipe threaded joints 
should be sealed with Loctite Pipe Thread Sealant (TDI P/N 
9-94085) or equivalent for leak tight joints prior to final 
assembly. Be sure to tighten all joints to proper torque after 
final assembly. 
 
CAUTION 
In cold weather climates, care should be taken while 
designing your installation to prevent condensation from 
developing in the starter system.  In systems with a regulator 
valve or relay valve, there is the possibility of freeze-ups. 
 
A tee connection with a quick disconnect can be added to 
the inlet.  This will allow an external air source to be used to 
accomplish a “blow start” if the system freezes. Once the 
engine has been started, the other system components may 
be thawed.  
 
CAUTION 
On new installations, it is strongly recommended to blow out 
the supply line with air to remove possible dirt and welding 
slag prior to final connection to the TURBOTWIN starter.  Be 
sure to secure the free end of the supply line prior to blowing 
out the line. 
 
3.2 INLET PRESSURE PORT 
 
A 1/4" NPT port is located on the air inlet. This port may be 
used to check the supply pressure at the starter when the 
starter is operating.  Remove the 1/4" NPT pipe plug and 
save for later use. Install a 1/4" minimum size tubing to the 
port. Route the tubing away from the starter to a safe 
location away from the engine.  Install a pressure gauge on 
the tubing. This pressure monitoring line/gauge may be 
permanently installed. Use Loctite Pipe Thread Sealant or 
equivalent. Alternately, a pressure transducer may be 

installed at the pressure check port and electrical lines 
routed to a digital display at the operator's station. 
 
This pressure port is invaluable in diagnosing air starter 
and/or installation problems. 
 
3.3 EXHAUST PIPING 
 
The turbine exhaust may be plumbed away from the starter 
area.  All starters using natural gas must be piped according 
to industry codes and local regulations.   
 
The performance of a turbine starter will be decreased 
because of back pressure when smaller than recommended 
exhaust piping is installed. If back pressure hampers starter 
performance, compensation can be made by increasing the 
supply pressure. Consult your TDI distributor for advice.   
 
Exhaust piping should be routed downward to help prevent 
any accumulation of condensation in the starter motor. 
 
If the overhung section of the starter is not otherwise 
supported, TDI recommends supporting the exhaust piping 
with a suitable bracket(s). 
 
Exhaust piping should be routed downward to help prevent 
any accumulation of condensate in the starter motor. 
 
3.4 NATURAL GAS INSTALLATION 
 
The installation of the starter using natural gas is similar to 
the air installation except all fittings, piping, valves and 
regulators must be compatible with natural gas. 
 
Proper control of natural gas is a major consideration when 
used in the starter system.  All starters using natural gas 
must pipe the exhaust according to industry codes and local 
regulations. 
 
There is a natural gas vent port in the turbine housing that is 
plugged for compressed air use. This vent is used to remove 
any natural gas that could leak past the primary turbine shaft 
seal. Remove this 3/8"NPT plug and install a line to carry 
gas away from the starter area. 
 
WARNING 
Do not connect the turbine housing vent line to the turbine 
exhaust line.  Exhaust gas can pressurize the housing. 
 
3.5 PIPING SYSTEM 
 
Only type approved metallic hose assemblies are approved 
in permanently pressurized compressed air lines of starters. 
 Non-metallic hose assemblies are allowed only in case the 
piping system will be emptied after the starting procedure.   

                                                                                                                                                                                                                          
                                                                                                                                                                                                               Publication T1-702, Rev 1 
                                                                                                                                                                                                               Issued January 22, 2001 
Page  4 



                                                                 TDI TURBOTWIN 
                                                                                                                                            FROM TECH DEVELOPMENT INC 
 
Pipe unions must be type approved by GL. Downstream of 
the pressure regulator a pressure relief valve is to be 
provided. 
 
3.6 BACKLASH 
 
Backlash is the "free play" between the mesh of two gears. 
Figure 15 shows the backlash between two gears. 
Maintaining the proper gear backlash setting allows the  
gears to mesh smoothly. Proper backlash and alignment  
allows smooth engagement/disengagement of the pinion 
gear and loads the tooth face surfaces evenly producing 
longer gear life. The correct backlash setting for 6/8  
diametral pitch gearing used on larger engines is as follows: 
 

Minimum backlash     .015 inch 
Maximum backlash    .025 inch  

 
To check the backlash, the pinion will need to be rolled out 
onto the end of the drive prior to starter installation. This can 
be accomplished by using a hex drive wrench to rotate the 
turbine end of the starter while holding the pinion from 
rotating. The pinion will simply walk to the end of the shaft. 
An access hole to reach the turbine screw is provided in the 
turbine  exhaust guard. The starter must then be installed on 
the engine. Checking backlash can be accomplished using  
a dial indicator or a simple blade-type feeler gauge. Because 
ring gears are not usually perfectly round, it is necessary to  

Figure 2. Checking Backlash 
 

check backlash at several (six or more) points around the 
circumference of the ring gear. Average the highs and lows 
to allow a setting that is in the range cited above. 
 
Setting the correct backlash may involve "shimming" and/or 
moving the starter bracket(s).  An adjustable starter bracket 
design will simplify this procedure.  Always re-check the 
backlash after a ring gear replacement. 
 
Liberally grease the starter’s drive teeth with chassis lube 
and then mount the TURBOTWIN starter on the engine.  
Tighten all mounting hardware as appropriate. Make sure to 
use Loctite Threadlocker #290 or equivalent on the starter 

mounting bolts. Torque the three 5/8" screws to 100 lb-ft. 
 
4.0 STARTER OPERATION 
 
Prior to operation, check that all connections are tight and 
free from leaks. Check the 1/4" NPT pipe plug or a pressure 
gauge/transducer that may be connected to the pressure 
port on the starter inlet. 
 
WARNING  
Do not operate the TDI TURBOTWIN starter with air pressure 
greater than the pressure rating on the nameplate.  This 
pressure is measured at the starter inlet while the starter is 
running. 
 
The maximum operating pressure limit is the inlet pressure 
measured at the starter’s inlet pressure check port.  In order 
to check the starter, a 1/4"NPT pipe tap connection is 
provided in the inlet housing to attach a pressure 
gauge/transducer).  The maximum pressure assumes an 
open exhaust (standard turbine exhaust guard). The 
standard exhaust guard causes no back pressure.    
 
The static non-flowing supply pressure will always be higher 
than the operating (dynamic) pressure. The maximum 
pressure limit (proof pressure) that the TDI TURBOTWIN 
starter housings may be subjected to is 600 PSIG (42 BAR). 
System pressure that exceeds the maximum operating limit 
must use a pressure reducing device to ensure that the 
operating pressure limit to the TDI TURBOTWIN starter is 
maintained. 
 
System static pressure that exceeds the 600 PSIG (42 BAR) 
limit must, in addition to pressure reducer devices 
incorporate a pressure relief valve set below 600 PSIG (42 
BAR) in the supply air line. 
 
NOTE 
For maximum life of the starter pinion and for the protection 
of the engine ring gear, limit the operating pressure to that 
necessary to start the engine at its most difficult starting 
conditions. 
 
All appropriate local pressure codes and pressure limitations 
on other system components must be adhered to and 
supersede the guidelines given in this manual. 
 
Consult your TDI distributor if you have exhaust plumbing  
that creates back pressure and reduces starter 
performance. You may be able to increase the supply 
pressure to restore the lost power. 
Follow the engine manufacturer’s instructions for starting the 
engine. 
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The basic operation of the starter is as follows: 
 
Pressurized air or natural is admitted to the starter by 
opening of the manual or relay valve.  The air expands 
through the turbine, which produces shaft rotation and 
torque. The acceleration of the drive assembly causes the 
pinion to advance and engage the ring gear of the engine. 
 
The starter motor torque causes the engine to accelerate.  
This acceleration causes the pinion to be disengaged from 
the ring gear. The fuel and ignition systems now fire the 
engine. Closing the relay valve stops the starter. 
 
The operator may decrease starter life by the continual 
operation of the starter after the engine has started. Upon a 
successful engine start, turn the air off to the starter 
immediately. Minimizing the time the starter is operating 
unloaded (i.e. the engine is running) will maximize starter 
life. If a start is aborted, a restart may be attempted after the 
engine and the starter has come to rest. 
 
CAUTION 
Do not engage the starter while the engine is running. 
 
The drive air pressure is the primary starter control 
parameter. It is important, especially on new installations, to 
measure this pressure during several engine starts. The 
secondary parameter is the starter pinion speed. This speed 
is usually measured by knowledge of the engine starting 
speed and the starter cranking ratio. The cranking ratio is 
the number of ring gear teeth divided by the number of 
pinion teeth. The starter pinion speed is then found by 
multiplying the engine speed by the cranking ratio. The 
pinion speed is usually 2000-3500 rpm at typical engine 
starting speed. 
 
4.2 AUTOMATED START PANEL 
 
The starter drive pressure measured at the starter inlet must 
be set.   As noted above, for maximum life of the starter 
pinion and for the protection of the engine ring gear, limit the 
operating pressure to that necessary to start the engine at its 
most difficult starting conditions. 
 
The speed control parameter will then need to be set. 
Engine starting speed along with the cranking ratio number 
can be used to determine starter pinion speed. The pinion 
speed is usually 2000-3500 rpm for a typical engine starting 
speed. Once the start sequence has begun, the air is 
admitted to the starter. The starter begins to accelerate the 
engine. Once the firing speed of the engine is reached, the 
automated start panel may deliver fuel to the engine. The 
engine will begin to accelerate under its own power. The 
starter should be dropped out of the sequence at a rpm 
higher than the firing speed, but less than the engine idle 

speed. 
 
The automated start panel should  monitor engine speed to 
determine air on and air off.  Do not simply use time as a 
control parameter.  Avoiding excessive operation of the 
starter after the engine is firing will maximize the starter life. 
 
5.0 PREVENTIVE MAINTENANCE  
 
The TDI TURBOTWIN starters provide distinct advantages 
of size and efficiency as compared to electric motor, vane-
type or other turbine-type starters. It is important to properly 
install the starter to receive full benefit of these advantages. 
Repair technicians or service organizations without turbine 
starter experience should not attempt to repair this machine 
until they receive factory approved training from TDI, or its 
representatives.  
 
Proper operation and repair of your TDI TURBOTWIN 
starter will assure continued reliable and superior 
performance for many years. 
 
5.1 Every Six (6) Months 
 
Perform the following procedures at six(6) months intervals 
if the normal cranking cycle is 0 - 10 seconds. 
 
5.1.1 Check the amount and condition of grease in the 
planetary gearbox. If gearbox requires re-greasing, only use 
TDI grease. Approximately one (1) pint of grease is needed 
to repack the gearbox. 
 
5.1.2 Check the turbine bearing and carrier output bearings 
for freedom of rotation without excessive play between 
races. If bearings are damaged, replace them with genuine 
TDI parts. Refer to TDI Service Manual for part numbers. 
 
5.1.3 Place a small amount of chassis lube on the starter’s 
pinion teeth. 
 
5.2 Every Three (3) Months 
 
Follow the six (6) month procedures if there is severe starter 
loading or extended duration crank cycles. Also perform 
these procedures every three (3) months when starter is 
used for motoring the engine for maintenance or valve 
adjustments. 
 

Motoring Crank Cycle: 10 -60 seconds 
 

Extended Crank Cycle: 60 seconds or longer 
 
starter, use only genuine TDI replacement parts. The 
component part numbers are found in the Illustrated Parts 
Breakdown. 
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 6.0 TROUBLESHOOTING CHART 
  
  

  

 
TROUBLE 

 
PROBABLE CAUSE SOLUTION 

 
A. Relay valve not fully open. 

 
A. Repair or replace relay valve. 

 
1. Starter does not 
run; small air flow from 
exhaust. 

 
B. Nozzle blockage. 

 
B. Remove blockage or obstruction from nozzles. 

 
A. Broken turbine rotor. 

 
A. Replace all damaged parts. 

 
B. Broken gear train. 

 
B. Repair or replace geartrain. 

 
2. Starter does not 
run; normal air flow 
from exhaust.  

C. Damaged starter drive. 
 
C. Repair or replace starter drive. 

 
A. Inlet air pressure too low. 

 
A. Increase air pressure in 10 PSIG (0.6 BAR) 
increments; DO NOT EXCEED OPERATING LIMIT. 

 
B. Inlet supply piping too small. 

 
B. Supply piping must be a minimum of 1.5" diameter. 

 
C. Pressure regulator orifice too 
small. 

 
C. Increase orifice size or replace pressure regulator 

 
D. Inlet supply line valve (ball, 
gate, relay, plug) too small. 

 
D. Install larger valve. 

 
E. In line lubricator installed in 
supply line. 

 
E. Remove lubricator. 

 
F. Y-Strainer in supply line 
clogged. 

 
F. Clean strainer. 

 
G. Excessive back pressure; 
exhaust restricted. 

 
G. Clean exhaust piping or increase size to at least the 
minimum diameter recommended. 

 
H. Damaged turbine nozzle. 

 
H. Replace turbine nozzle. 

 
I. Broken started drive. 

 
I. Repair or replace starter drive. 

 
J. Wrong rotation starter. 

 
J. Replace with starter or proper rotation. 

 
3. Reduced Starter 
output power. 

 
K. Wrong size starter. 

 
K. Check the Application Guide for the correct starter. 

 
A. Inlet air pressure too high. 

 
A. Decrease air pressure in 10 PSIG (0.6 BAR) 
increments. 
OR 
If there is a manual shut-off valve in the supply line, 
partially close it. 
OR 
Install a restriction orifice in the inlet supply line. 

 
4. Engine cranks too 
quickly. 

 
B. Wrong size starter. 

 
B. Check the Application Guide for the correct starter. 
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7.0  WARRANTY 
 
TDI TURBOTWIN ENGINE STARTER WARRANTY 
Tech Development Inc. (TDI) warrants to the original user of the TDI TurboTwin™ Model T30 Series air starters to be free from 
defects in material and workmanship for a period of one year from date of purchase by such user.  The warranty period shall 
begin on the actual delivery date to the original user or twelve (12) months from the date of shipment from TDI, whichever 
comes first.  The conditions of this warranty are: a) TDI is notified within this period by return of such product to TDI or its 
authorized distributor or dealer, transportation prepaid by user; b) such product has been installed according to TDI’s 
specifications; c) such product has not been misused, abused or improperly maintained by user; d) the defect is not the result 
of normal wear and tear; and e) such starter product has not been repaired with parts not manufactured or authorized by TDI, 
and TDI installation and repair procedures as outlined in the appropriate manual were properly followed. 
 
Tech Development Inc. shall, at its option, either repair or replace, without charge, any such starter product found by TDI’s 
examination to be defective, or by mutual agreement, refund the user’s purchase price in exchange for such starter product.  
Repairs or replacements are warranted for the remainder of the original warranty period. 
 
Tech Development Inc. makes no other warranty, and IMPLIED WARRANTIES INCLUDING ANY WARRANTY OR 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE HEREBY DISCLAIMED. 
 
This warranty constitutes the entire obligation of Tech Development Inc. relating to the sale and use of such product, and 
TDI’s maximum liability is limited to the purchase price of such product at the date of purchase.  In no event shall TDI be 
liable for incidental, indirect, consequential or special damages of any nature arising from the sale or use of such engine 
starter product. 
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T112-B / T112-D Performance Curve
12 Nozzles, Compressed Air, 7.5:1 RATIO
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 T121-B / T121-D  Performance Curve
21 Nozzles, Compressed Air, 7.5:1 RATIO
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 T106-F Performance Curve 
6 Nozzles, Compressed Air, 7.5:1 RATIO
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 T112-F  Performance Curve
12 Nozzles, Compressed Air, 7.5:1 RATIO
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 T109-P  Performance Curve
9 Nozzles,  Compressed Air, 9.0:1 RATIO
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Pressure Gauges

Service intended
General purpose pressure gauge. Suitable for all gaseous and
liquid media that will not obstruct the pressure system or attack
copper alloy parts.

Design
EN 837-1

Nominal size
40, 50, 63, 80, 100 and 160 mm

Accuracy class per EN 837-1  /6
40, 50 and 63 mm: 1.6 / 2.5 *
80, 100 and 160 mm: 1.6

Scale ranges per EN 837-1 /5
0 ... 0.6 to 0 ... 400 bar (max. 40 bar with 160 mm)
or other equivalent units of pressure or vacuum.

Working pressure
Steady: ¾ of full scale value
Fluctuating:     of full scale value
Short time: full scale value

Operating  Temperature
Ambient: -40 ... +60 °C
Medium: +60 °C maximum

Temperature error
Additional error when temperature of the pressure element
deviates from +20 °C
Rising temperature: +0.3 %/10 K of true scale value
Falling temperature: -0.3 %/10 K of true scale value

Standard  features

Pressure connection
Material: Cu-alloy
Threaded entry (radial) per EN 837-1 /7.3
40 mm: G  B, 12 mm flats
50 and 63 mm: G ¼ B, 14 mm flats
80, 100 and 160 mm: G ½ B, 22 mm flats

Pressure element
Material: Cu-alloy
≤ 40 bar: C-type
> 40 bar: helical type

Movement
Cu-alloy

Dial
40, 50 and 63 mm: white plastic, with pointer stop pin
80, 100 and 160 mm: white aluminium, with pointer stop pin
With black lettering

Standard Series, Radial Pressure Entry • Model 111.10

Bourdon Tube Pressure Gauges

Pointer
Black plastic
160 mm only: black aluminium

Case
Black plastic
160 mm only: black finish steel

Window
Crystal-clear plastic, snap-fit
160 mm only: instrument glass

Bezel ring
Without bezel
160 mm only: black finish steel

Optional extras
- Other pressure connection
- Black finish steel case
- Slip-on bezel

Back pressure entry see data sheet PM 01.09
Panel mounting, back pressure entry see data sheet PM 01.10

                                                                 * for stock instruments or as option: class 1.6

PM  01.01



Specifications and dimensions given in this leaflet represent the state of engineering at the time of printing.
Modifications may take place and materials specified may be replaced by others without prior notice.

Alexander-Wiegand-Straße . 63911 Klingenberg
( (0 93 72) 132 - 0  .  Fax  (0 93 72) 132 - 406 / 414
http://www.wika.de . E-mail: info@wika.de

WIKA  Alexander Wiegand GmbH & Co.

Nominal
size

Dimensions
[mm]

Weight
[kg]

a b ± 0.5 D G h ± 1 SW

40 8 24 41 G     B 36 12 0.06

50 10 27,5 49 G ¼ B 45 14 0.10

63 10 27,5 62 G ¼ B 53.5 14 0.13

80 11.5 30 79 G ½ B 72 22 0.18

100 11.5 30 99 G ½ B 83.5 22 0.21

160 15.5 41.5 160 G ½ B 115.5 22 0.85

Standard pressure entry with parallel thread and seating to EN 837-1 /7.3

Tyre inflation gauges with EEC approval mark
80 mm with black finish steel case
Scale ranges 0 ... 4 and 0 ... 10 bar

For domestic central heating
80, 100 and 160 mm, accuracy class 2.5
Scale ranges 0 ... 0.6 or 0 ... 1 bar with retard scale spacing and
red mark pointer

For water-level-indicator and central heating
80, 100 and 160 mm, accuracy class 2.5
Scale ranges 0 ... 0.6 to 0 ... 40 bar with 2nd scale of mWS
(metres of water)

Special versions

For closed central heating
63 and 80 mm, accuracy class 2.5
With red mark pointer and adjustable green sector
Scale range 0 ... 4 bar, red mark at 2.5 or 3 bar

Refrigerant gauges 63 and 80 mm
(80 mm with black finish steel case, accuracy class 1.0)
Featuring scales in °C for refrigerants R 744, R 764, R 40, R 22 or
R 134 a

Refrigerant field service gauges
80 mm with black finish steel case, accuracy class 1.0
Featuring SAE flare connection, knife edge pointer, scales in °C
for refrigerants R 22, R 134 a and R 404 A

Ordering information
State:
Pressure gauge model / Nominal size / Scale range / Size of connection / Optional extras required
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40, 50, 63 and 160 mm

 Radial bottom pressure connection

80 and 100 mm
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Pressure Gauges

Service intended
General purpose pressure gauge. Suitable for all gaseous and
liquid media that will not obstruct the pressure system or attack
copper alloy parts.

Design
EN 837-1

Nominal size
40, 50, 63, 80, 100 and 160 mm

Accuracy class per EN 837-1  /6
40, 50 and 63 mm: 1.6 / 2.5 *
80, 100 and 160 mm: 1.6

Scale ranges per EN 837-1 /5
0 ... 0.6 to 0 ... 400 bar (max. 40 bar with 160 mm)
or other equivalent units of pressure or vacuum.

Working pressure
Steady: ¾ of full scale value
Fluctuating:     of full scale value
Short time: full scale value

Operating  Temperature
Ambient: -40 ... +60 °C
Medium: +60 °C maximum

Temperature error
Additional error when temperature of the pressure element
deviates from +20 °C
Rising temperature: +0.3 %/10 K of true scale value
Falling temperature: -0.3 %/10 K of true scale value

Standard  features

Pressure connection
Material: Cu-alloy
Threaded entry (radial) per EN 837-1 /7.3
40 mm: G  B, 12 mm flats
50 and 63 mm: G ¼ B, 14 mm flats
80, 100 and 160 mm: G ½ B, 22 mm flats

Pressure element
Material: Cu-alloy
≤ 40 bar: C-type
> 40 bar: helical type

Movement
Cu-alloy

Dial
40, 50 and 63 mm: white plastic, with pointer stop pin
80, 100 and 160 mm: white aluminium, with pointer stop pin
With black lettering

Standard Series, Radial Pressure Entry • Model 111.10

Bourdon Tube Pressure Gauges

Pointer
Black plastic
160 mm only: black aluminium

Case
Black plastic
160 mm only: black finish steel

Window
Crystal-clear plastic, snap-fit
160 mm only: instrument glass

Bezel ring
Without bezel
160 mm only: black finish steel

Optional extras
- Other pressure connection
- Black finish steel case
- Slip-on bezel

Back pressure entry see data sheet PM 01.09
Panel mounting, back pressure entry see data sheet PM 01.10

                                                                 * for stock instruments or as option: class 1.6

PM  01.01



Specifications and dimensions given in this leaflet represent the state of engineering at the time of printing.
Modifications may take place and materials specified may be replaced by others without prior notice.

Alexander-Wiegand-Straße . 63911 Klingenberg
( (0 93 72) 132 - 0  .  Fax  (0 93 72) 132 - 406 / 414
http://www.wika.de . E-mail: info@wika.de

WIKA  Alexander Wiegand GmbH & Co.

Nominal
size

Dimensions
[mm]

Weight
[kg]

a b ± 0.5 D G h ± 1 SW

40 8 24 41 G     B 36 12 0.06

50 10 27,5 49 G ¼ B 45 14 0.10

63 10 27,5 62 G ¼ B 53.5 14 0.13

80 11.5 30 79 G ½ B 72 22 0.18

100 11.5 30 99 G ½ B 83.5 22 0.21

160 15.5 41.5 160 G ½ B 115.5 22 0.85

Standard pressure entry with parallel thread and seating to EN 837-1 /7.3

Tyre inflation gauges with EEC approval mark
80 mm with black finish steel case
Scale ranges 0 ... 4 and 0 ... 10 bar

For domestic central heating
80, 100 and 160 mm, accuracy class 2.5
Scale ranges 0 ... 0.6 or 0 ... 1 bar with retard scale spacing and
red mark pointer

For water-level-indicator and central heating
80, 100 and 160 mm, accuracy class 2.5
Scale ranges 0 ... 0.6 to 0 ... 40 bar with 2nd scale of mWS
(metres of water)

Special versions

For closed central heating
63 and 80 mm, accuracy class 2.5
With red mark pointer and adjustable green sector
Scale range 0 ... 4 bar, red mark at 2.5 or 3 bar

Refrigerant gauges 63 and 80 mm
(80 mm with black finish steel case, accuracy class 1.0)
Featuring scales in °C for refrigerants R 744, R 764, R 40, R 22 or
R 134 a

Refrigerant field service gauges
80 mm with black finish steel case, accuracy class 1.0
Featuring SAE flare connection, knife edge pointer, scales in °C
for refrigerants R 22, R 134 a and R 404 A

Ordering information
State:
Pressure gauge model / Nominal size / Scale range / Size of connection / Optional extras required
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