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SFX Compression

NEW EQUIPMENT WARRANTY

10.

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.

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.

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.

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.

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 goodwiill
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.

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.

Analytical Study Exclusion - EFX Compression’s New Equipment Warranty specifically excludes pulsation, acoustical-
related vibration and torsional vibration related problems except when a unit specific acoustical / torsional study has been
purchased for EFX Compression at the unit design stage. Warranty shall be limited to costs not to exceed the invoice
value of the study. 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.

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.

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

September 2007
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ARIEL WARRANTY SUMMARY

Ariel warrants that the Products manufactured by it and delivered hereunder will be free of defects in
material and workmanship for a period of twelve (12) months from the date the goods are placed in use or
eighteen (18) months from date of shipment, whichever event shall first occur.

In addition, Ariel warrants for a period of thirty-six (36) months after delivery, the following parts to be free
from defects in material or workmanship under normal use when properly maintained: (1) Crankshaft, (2)
Crankcase Casting, (3) Connecting Rods, (4) Crossheads, (5) Crosshead guide Castings.

EXTENDED WARRANTY:

Effective for all units shipped from Ariel after January 1, 2003, Ariel provides an extended warranty for
units that continuously use and maintain 100% Ariel original equipment replacement parts. The extended
warranty will be applied as follows:

Avriel warrants for a period of seventy two (72) months after delivery, the following parts to be free from
defects in material or workmanship under normal use when properly maintained: (1) Crankshaft, (2) Crankcase
Casting, (3) Connecting Rods, (4) Crossheads, (5) Crosshead guide Castings.

In addition, Ariel warrants for a period of twenty four (24) months after delivery, the following parts to be free
from defects in material or workmanship under normal use in lubricated compressors when properly maintained:
(1) Cylinder bodies, (2) Pistons, (3) Piston Rods.

Avriel warrants that all remaining components manufactured or delivered by Ariel will. be free of defects in
material and workmanship for a period of twelve (12) months from the date the goods are placed in use by
the Distributor or eighteen (18) months from date of shipment, whichever event shall first occur. Labor
coverage remains at one year. If at any time parts not manufactured or delivered by Ariel (non-OEM
replacement) parts are placed into service on the compressor, the extended warranty will be null and void
and the standard warranty will apply.

The effects of corrosion, erosion and normal wear and tear are specifically excluded from this warranty.
Performance warranties are limited to those specifically stated within Ariel's written proposal, unless
responsibility for meeting such performance warranties are limited to specified shop or field tests.

The above is a summary. Please contact Ariel for additional regarding specific warranty term and warranty
administration procedures.

KAB
July 23, 2004

www.arielcorp.com
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SFX Compression

MAJOR EQUIPMENT DETAILS:

SCREW COMPRESSOR PERFORMANCE MAP

PROCESS DESIGN:

Model: SA1005 Driver Speed: 1400 rpm Suction Temperature: 60 “F

Driver: Cat 3512LE AFRC Comp. Speed: 1400 rpm Ambient Temperature: 95 F

Compressor: Ariel RG357M VI Type: Variable Elevation: 2500 ft

Gear Ratio: 1 Oil Pump: Yes Specific Gravity: 0.65
FLOW RATING
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=SFX Compression

SCREW COMPRESSOR PERFORMANCE MAP

MAJOR EQUIPMENT DETAILS: PROCESS DESIGN:
Model: SA1005 Driver Speed: 1400 rpm Suction Temperature: 60 “F
Driver: Cat 3512LE AFRC Comp. Speed: 1897 rpm Ambient Temperature: 95 F
Compressor: Ariel RG357M VI Type: Variable Elevation: 2500 ft
Gear Ratio:  1.355 Oil Pump: Yes Specific Gravity: 0.65
FLOW RATING
16
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o N ~

Flow, Q (MMSCFD)
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=SFX Compression

SCREW COMPRESSOR PERFORMANCE MAP

MAJOR EQUIPMENT DETAILS: PROCESS DESIGN:

Model: SA1005 Driver Speed: 1400 rpm Suction Temperature: 60 “F

Driver: Cat 3512LE AFRC Comp. Speed: 2477 rpm Ambient Temperature: 95 F

Compressor: Ariel RG357M VI Type: Variable Elevation: 2500 ft

Gear Ratio:  1.769 Oil Pump: Yes Specific Gravity: 0.65
FLOW RATING

Flow, Q (MMSCFD)

Suction Pressure, Ps (psig)

—=— 75 psig Discharge —&— 100 psig Discharge —— 125 psig Discharge
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Company:  Ariel Corporation

Quote:

7.5.2.2 Case 1:

Configuration
Customer:
Inquiry:

Ps = 10 psig, Pd = 150 psig 1005 hp  Project:

EnCana Corporation

Chinook Booster

Elevation,ft: 2000.0

Service:
Flow,MMSCEFD:
Ps Line, psig:

Ps Loss, psi:
Suct Temp, °F:
Pd Line, psig:
Gas Model:

Gas Analysis:
Specific Gravity:
Remove Water:
Calc Press Loss:
Enter Oper Params:

Stage:

Enabled:

Press Loss, psi:
Cooler Temp,°F:
Calc N&Z:

N:

Zs:

Zd:
Condensate,%:
Enter Gas:

Barmtr,psia: 13.651

Service 1
5.365
10.00
0.00
60.00
150.00
Hall
No
0.6500
Yes
Yes
No

1

Yes
491
120.00
Yes
1.2454
0.9955
0.9938
N/A
No

Ambient,°F: 95.00

11/06/2006 12:29:27

Note: BOLD = Out of Limits, ITALIC = Special Appl

File: C:\Program Files\Arie\Data\060421 Performance.run

MMSCEFD at 14.70 psia, 60.0 °F

FGB

Page: 1 of 6
Case:1 - Pkg:1



Model: RG357M

Ariel Rotary Compressor Data Sheet

Vi: Optimum

Capacity: 1320 - 5150 CFM

Max Rated Power: 1375.0 BHP

Male Rotor Speed: 840 - 3230 rpm

Rated Input Speed: 1800 rpm

Max. Case Static Press: 300.00 psig

Rotor: Flanges:
Male Rotor Dia: 357 mm Suction: 16"- 300 FF
L/D Ratio: 2.10 Discharge: 10"- 300 FF

* For extended operating pressures see operator's manual.

Available Gear Ratios:

1.000 1.375 1.566 1.778 2.040 2.304

Available Volume Ratios:
Steplessly adjustable from 2.50 to 5.00

Pressure Ratings*:

Max Suction: 50.0 psig

MRVS: 300.0 psig

MRP: 230.0 psig

HTP: 450.0 psig
2.667

Dimensions:
Maximum Height: 45.00 in With Bellhousing: Without Bellhousing:
Maximum Width: Maximum Length: 109.00 in Maximum Length:  97.20 in
Hydraulic Controls: 72.10 in Maximum Weight: 9850 Ibs Maximum Weight: 9000 Ibs
Handwheel Controls:  72.10 in
Bearings:
Compressor - Axial: Angular contact ball bearings
Radial: Hydrodynamic - Suction and discharge sides
Gearbox - Axial/Radial: Taper roller bearings and cylindrical roller bearing
Material Specifications:
Rotor Housing: Ductile Iron 14D (ASTM A395 Grade 60-40-18)
Discharge Housing: Ductile Iron 14D (ASTM A395 Grade 60-40-18)
Gearbox Housing: Ductile Iron 14D (ASTM A395 Grade 60-40-18)
Discharge Cover: Ductile Iron 14D (ASTM A395 Grade 60-40-18)
Rotors: Forged Carbon Steel 15C (AISI 1045)
Slide Plate, Vi: Ductile Iron 16D (ASTM A536 Grade 65-45-12)
Slide Plate Stem, Vi: 303 Stainless (303 Stainless Steel)
Slide Plate, Capacity: Ductile Iron 16D (ASTM A536 Grade 65-45-12)
Slide Plate Stem, Capacity: 303 Stainless (303 Stainless Steel)
Stem Seal: Viton (V4208A90 Fluorcarbon)
Gears: Alloy Steel (AISI 4320H)
Gear Shaft: Forged Alloy Steel 13N,15N (AISI 4340)
Radial Bearings: Steel Backed Babbit (Steel Backed Babbit)
Mechanical Seal: Silicon carbide/carbon (Silicon carbide/carbon)
O-Rings: Viton 10E (ASTM D2000)
Outline Drawings:
RG Series Electrical Connection Schematic 002273
RG Series Oil Schematic - Handwheel Control - Sheet 1 001838s1
RG Series Oil Schematic - Handwheel Control - Sheet?2 001838s2
RG Series Oil Schematic - Handwheel Control - Sheet3 001838s3
RG Series Oil Schematic - Hydraulic Control - Sheet 1 002234s1
RG Series Oil Schematic - Hydraulic Control - Sheet2 002234s2
RG Series Oil Schematic - Hydraulic Control - Sheet3 002234s3
Outline 002140s1
Outline with SAE 00 Bell Housing 002172s1
Outline - Sheet 2 002140s2
Outline with SAE 00 Bell Housing - Sheet 2 002172s2
Outline - Sheet 3 002140s3
Outline with SAE 00 Bell Housing - Sheet 3 002172s3
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Company:  Ariel Corporation

Ariel Rotary Performance

Customer:  EnCana Corporation ’
Quote: Inquiry:
7.5.2.2 Casel: Ps = 10 psig, Pd = 150 psig 1005 hp  Project: Chinook Booster
Compressor Data: Driver Data:
Elevation,ft: 2000.0 Barmtr,psia: 13.651 Ambient,°F: 95.00 Type: Nat. Gas
Model: RG357M Installed Vi: Optimum Gear Ratio: 1.375 Mfg: Caterpillar
Oil Pump: P76Tx2.00x2.00 Model: G3512LE - AFRC
Rated RPM: 1800 Rated BHP: 1375.0 Rated MRS: 3230 BHP: 1005
Oper RPM: 1400.0 Calc BHP: 929 Calc MRS: 1925 Avail: 945 (60)
Services Service 1
Stage Data: #1
Flow Req'd, MMSCFD 5.365
Flow Calc, MMSCFD 6.764
BHP per Stage 926.8
Specific Gravity 0.65
Ratio of Sp Ht (N) 1.2454
Comp Suct (Zs) 0.9955
Comp Disch (zd) 0.9938
Pres Suct Line, psig 10.00
Pres Suct Flg, psig 10.00
Pres Disch Flg, psig 154.91
Pres Disch Line, psig 150.00
Pres Ratio F/F 7.127
Temp Suct, °F 60.00
Temp ClIr Disch, °F 120.00
Compressor Data:
Model RG357M
Male Rotor Dia, mm 357
MRP, psig 230.0
MRVS, psig 300.0
Capacity, % 100.0
Volume Ratio 4.84
Adiabatic Eff, % 78.0
Volumetric Eff, % 89.4
Temp Disch, °F 205.00
Male Rotor Tip Spd, m/s 35.98
Male Rotor Torque, ft-lbs  2528.7
Clr Gas Heat, BTU/h 609171
Oil Data:
Oil Pump P76Tx2.00x2.00
Brg & Seal Flow, GPM 60.0
Req'd Pump Flow, GPM 78.0
Pump Flow, GPM 91.1
Rotor Inj Flow, GPM 471
Total Oil Flow, GPM 138.2
Oil Temp, °F 160.0
Oil Density, Ib/gal 7.300
Oil Sp Ht, Btu/lb-°F 0.4850
Oil Heat, BTU/h 1321179
Bypass Oil to Separator No

11/06/2006 12:29:27

Note: BOLD = Out of Limits, ITALIC = Special Appl

File: C:\Program Files\Arie\Data\060421 Performance.run

MMSCEFD at 14.70 psia, 60.0 °F

FGB

Page: 4 of 6
Case:1 - Pkg:1



Oil Pump Report
Company:  Ariel Corporation Customer:  EnCana Corporation

Quote: Inquiry:
7.5.2.2 Casel: Ps = 10 psig, Pd = 150 psig 1005 hp  Project: Chinook Booster

Compressor Type RG357M
Gear Ratio 1.375
Suction Pressure, psig 10.00
Discharge Pressure, psig 154.91
Oper Speed, rpm 1400.0
Male Rotor Speed, rpm 1925
Required Oil Flow (Brg,Seal,Shaft), GPM 60.0
Required Pump Flow, GPM 78.0
Pump Model Pump Flow, GPM

P75Sx2.25 51.3

P75Sx2.50 56.9

P75Sx2.75 62.7

P75Sx3.00 68.3

P76Tx1.75x1.50 74.1

P76Tx1.75x1.75 79.8

P76Tx2.00x1.75 85.4

P76Tx2.00x2.00 91.1

P76Tx2.25x2.00 96.8

P76Tx2.25x2.25 102.6

P76Tx2.50x2.50 113.9

P76Tx2.75x2.50 119.6

P76Tx3.00x3.00 136.7

11/06/2006 12:29:27 Note: BOLD = Qut of Limits, ITALIC = Special Appl MMSCFD at 14.70 psia, 60.0 °F Page: 5 of 6
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Ariel Performance Information

Company:  Ariel Corporation Customer:  EnCana Corporation

Quote: Inquiry:
7.5.2.2 Casel: Ps = 10 psig, Pd = 150 psig 1005 hp  Project: Chinook Booster

Cmpr: RG357M

IN DEVELOPMENT _ - Preliminary Performance, please Contact Application Engineering for Verification.

Gear Ratio: 1.375
Installed Volume Ratio: 4.84 (Optimum)

Service 1 - Service 1

Service 1 - Stage 1
Oil Pump: P76Tx2.00x2.00
Notes:

BOLD = Out of Limits, Compressor will NOT operate with these errors.
ITALIC = Special Application, Contact Ariel Engineering for Approval.

11/06/2006 12:29:27 Note: BOLD = Qut of Limits, ITALIC = Special Appl MMSCFD at 14.70 psia, 60.0 °F
File: C:\Program Files\Arie\Data\060421 Performance.run FGB
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Rotary Gas Compressor Package

This rotary gas compression package was designed and manufactured by Enerflex Systems
Ltd., Calgary, Alberta, Canada. All piping, vessels, electrical components and controls are built
to the applicable standards and codes. While this unit has been designed and fabricated for
safe operation, it is imperative that only trained personnel, who are familiar with the system, be
allowed to control and service this package. If in doubt of any operating parameter or function of
this unit, immmediately contact Enerflex Systems Ltd.

Manual Overview

This manual contains a process overview, operating instructions, and instructions for lubrication
and maintenance. Should any questions arise concerning this manual, please contact Enerflex
Systems Ltd.

This manual contains a description of the major operating systems. This includes an outline of
the design of the package, including performance characteristics. Care must be taken to ensure
that the system functions properly.

Please refer to the appropriate section for a description of each section.
Operation

Operating techniques that are discussed in this manual are basic instructions. The field
operators will gain the skills and knowledge particular to each package.

For the initial start-up of the package, the system must be tested and verified by trained
personnel familiar with the testing procedures for new units. All components that make up this
package must be checked and verified to be safe and operating within normal parameters.

Please contact Enerflex Systems Ltd. to schedule this service.
Maintenance

The maintenance schedule that is set out in this manual is a general description and may be
subject to variations, depending on the service of the particular unit. Under extreme operating
conditions such as high or low operating temperatures, or particularly, wet gas, the routine
maintenance schedule may have to be increased.

As outlined in the maintenance schedule of this manual, routine compressor oil sampling and
analysis is critical to ensure that the compressor is properly lubricated. Should the oil samples
indicate a trend that the oil is being contaminated or is breaking down, the frequency of the oil
sampling and analysis schedule must be increased.

Page 1
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Also included in this manual, are the manufacturers’ manuals for each of the major mechanical
components. Refer to these individual manuals for routine maintenance for each of the devices.
This is required to ensure that each piece of equipment, or each device, is properly checked and
maintained.

Individual Manuals

This manual contains the individual manuals for each of the components and/or instruments.
Reference to these manuals will provide such information as routine maintenance, operating
instructions, parts lists, etc. for the individual components.

Manuals specific to the individual instrumentation components can be found in the Vendor
Literature section of this manual.

Use of this Manual

The descriptions contained in this manual will include generic information, which is common in
most rotary gas compressor packages. Reference to the specific package drawings and the bill
of materials, contained within this manual, will be necessary to establish those items which are
included with this package. If in doubt, please contact Enerflex Systems Ltd. for clarification.

For general overviews of the system operation and design, refer to the appropriate section of
this manual. For information specific to any device or instrument, refer to the appropriate
manufacturer's manual, also contained within this manual.

Safety Instructions and Warnings

The unit is designed to operate normally manned, with periodic checks, inspection, and
replenishment of engine and compressor fluids and coolant. The unitis 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.

Page 2
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

*»* 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 levelling and alignment of
equipment and required platforms.

** 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:

Transportation
Do not stand under any suspended lifts.
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.

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

Page 3
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

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.

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.

Maintenance

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

Ensure unit is locked-out prior to performing any maintenance activity (see note below).
Close process inlet and discharge isolation ball valves.

Open the by-pass valve.

Open the unit blowdown valve to reduce the unit pressure to atmospheric. If the unit is
being used in sour service a sweet purge of the unit is required.

PwonpE

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.

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.

Page 4
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Pre-Start-up Procedure
Pressure Testing & Purging

After connecting all lines to the compressor package it should be pneumatically leak tested with
air or nitrogen. The compressor package has been tested prior to shipment, but leaks can occur
during transportation. Air in the compressor shall be displaced from the system by an inert gas
prior to startup.

Drive Shaft and Driven Equipment

The compressor shaft drive has been aligned prior to shipment, as well as the associated driven

equipment. This alignment may change during transportation and therefore a final alignment

must be completed on-site prior to commissioning.

¢ The coupling shall be hot aligned and all belt drive systems are to be checked within the
first 8-hour running period.

e Check all hold down bolting.

e The cooler fan should be checked for correct direction of rotation, pitch, belts (slip), noise
and adequate airflow.

Shut down package to tighten belts.
Unit must not be operated without the belt guards installed and secured.

Oil Filtration

The package is equipped with filters for the Horizontal inlet Filter/Separator, Oil Coalescer and
screw oil delivery systems.

These shall be installed prior to shipment, but the filter installation should be confirmed prior to
start-up. The Horizontal inlet Filter/Separator and Oil Coalescer filters should be changed if the
pressure drop exceeds 50 kPag/ 7 psig (at running temperature).

The bearing and mechanical seal filter should be changed if the pressure drop exceeds
240 kPad/ 35 psid (at running temperature). Isolate and bleed/vent the filter housing prior
to changing the filter. Failure to properly vent the housing prior to opening may cause
injury.

The rotor injection filter should be changed if the pressure drop exceeds 76 kPad/ 11 psid
(at running temperature). Isolate and bleed/vent the filter housing prior to changing the
filter. Failure to properly vent the housing prior to opening may cause injury.

The package is equipped with a Y-Strainer, the strainer should be cleaned if the pressure
drop exceeds 28 kPad/ 4 psid (at running temperature).

Page 5
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Glycol

Glycol must be installed prior to start-up as follows:

Use a mixture of 50/50 ethylene glycol/water for all cooling systems.

Open all appropriate valves in the glycol loop. The glycol can then be pumped into the
system until a level has been established in the glycol storage tank.

Because of the high risk of trapping air in the system, a procedure of running the pump
until the tank storage level remains constant should be followed.

Monitor the pump discharge pressure. If no pressure rise occurs there is a possibility that
the pump is vapour locked and therefore the air shall be removed to prevent pump
damage.

Monitor the pump for excessive noise, which would likely be due to cavitation. Noise level
should moderate once a steady flow is achieved.

Compressor Qil

Verify that an oil flush has been completed prior to start-up. The compressor is sensitive to
particulates in the oil. Consult Enerflex Systems Ltd. for the required procedure if it has not been
done. Following this flush, charge the system to the normal operating level.

Care should be taken not to overfill the separator.

The compressor oil must be allowed to warm to at least 60F/16°C prior to starting.
The high viscosity of the cold oil may cause a low or no flow condition, which may
damage the compressor.

Ariel rotary compressors are equipped with hydrodynamic journal bearings which require
lubrication prior to starting. A maximum of 2-gallons is all that is required for proper
lubrication, excessive lubrication will cause flooding of the gearbox and may damage the
journal bearings. The compressor must be prelubed for the initial startup, and again, only
if the compressor has been down for 8-hours. Refer to the Ariel Booster Compressor
Control Overview for prelube sequence and permissives, located in the Control Panel
section of this manual.

The Ariel screw compressor is equipped with a mechanical shaft seal that uses oil to
prevent gas leakage although a small amount of liquid seepage is to be expected. The
drip tube from the mechanical seal should be tubed to a small pot and monitored for
excessive leakage regularly.

The compressor uses a manual throttling (globe) valve to adjust flow to the rotors in
order to maintain the required minimum gas discharge temperature. Reducing the rotor
injection oil flow will raise the discharge gas and oil temperature.

The package is equipped with a bearing and mechanical seal oil supply pump. Monitor
the pump discharge pressure. If no pressure rise occurs there is a possibility that the
pump is vapour locked and therefore the air shall be removed to prevent pump damage.

Monitor the pump for excessive noise, which would likely be due to cavitation. Noise
levels should moderate once a steady flow is achieved.
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Compressor Control

To maintain high compressor efficiency, the Ariel compressor uses two independent control
devices. The inlet volume (capacity) and discharge volume or volume ratio (Vi) control
positions are adjusted independently, which allows for Vi optimization during full and reduced
capacity conditions.

Although maintained independently, the internal bypassing (capacity control) works together
with variable (Vi) to maintain high part load efficiency.

e The Ariel rotary screw compressor uses a hydraulically actuated capacity control system.
Compressor bearing oil pressure is used to move the sliding plate (capacity control) from
40% (minimum capacity) to 100% (full load). Oil contained within the hydraulic cylinder is
used to hold the plate in a given position. The travel position of the slide plate is
determined by a feedback signal from a position transmitter mounted on the hydraulic
cylinder. Refer to the Ariel Technical Manual for more information regarding the capacity
control.

Note: The linear displacement position indicator originally supplied with the
compressor has been replaced with a position transmitter. Information regarding
this transmitter is located in the Compressor Vendor Information section of this
manual.

e The Ariel rotary screw compressor uses a hydraulically actuated variable (Vi) system.
This system can vary the internal volume ratio to save power for operating conditions.
Compressor bearing oil pressure is used to move the sliding plate (Vi control) between
2.5 Vi (minimum) and a 5.0 Vi (maximum). Oil contained within the hydraulic cylinder is
used to hold the plate in a given position. The travel position of the slide plate is
determined by a feedback signal from a position transmitter mounted on the hydraulic
cylinder. Refer to the Ariel Technical Manual for more information regarding the volume
ratio (Vi) control.

Note: The linear displacement position indicator originally supplied with the
compressor has been replaced with a position transmitter. Information regarding
this transmitter is located in the Compressor Vendor Information section of this
manual.

e Both inlet volume (capacity) and volume ratio (Vi) have visual position indication. The
position travel scale nameplates on the hydraulic cylinders provide visual indication of the
slide plates travel positions.

e Prior to starting, the capacity slide plate should be set to the minimum capacity position
(40%).

e Prior to starting, the volume ratio slide plate should be set to the maximum volume ratio
position (5.0 Vi).

After the compressor and driver are warmed up, compressor speed, Vi and capacity control
are used to load the available driver horsepower. This will be controlled automatically by the
PLC. Refer to the Ariel Booster Compressor Control Overview and Ariel Technical Manual
sections of this manual for more information regarding compressor control.
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Control System

The control system logic must be checked prior to start-up.

Ensure all electrical connections are tightened and in good condition prior to
commissioning.

All system trip switches must be pre-set and tested for logic and function prior to start-up.

Ensure that all functions of the control panel, end device settings and actions have been
tested prior to start-up. This should include a complete point-to-point function test of each
end device and associated wiring.

All fire and gas shutdown-monitoring systems should be checked and functioning before
starting the package.

Refer to the panel section of this manual for the sequence of operation.
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

Initial Starting

This procedure is based upon the assumption that all Pre-Start-Up procedures have been
completed, screw oil and glycol have been added, controls were pre-set and the control panel
has been logic and function tested.

Start-up Checklist

Ensure the following have been done prior to bumping the driver.

Compressor screw oil filled to proper level.

Engine lubrication added.

Jacket water loop filled to appropriate level with 50/50 ethylene glycol/water.
Engine turbo/compressor lube oil water loop filled to appropriate level with 50/50
ethylene glycol/water.

All equipment is clear of loose items.

All bearings are properly lubricated.

Driver and equipment hold down bolts are aligned and tight.

All valves and controls are in the proper operating position.

Screw compressor oil is warm.

PwnpE

©Co~NoO

Starting

The compressor is equipped with a PLC based control panel. Refer to the panel section of this
manual and initiate the sequence of operation.

Check the control panel to ensure all shutdowns are cleared. Reset as required.

The engine must be allowed to warm at low idle for about 10 minutes. The compressor should
be unloaded to minimum capacity and set at maximum Vi.

After warming the engine and ensuring that all machinery is running properly, the compressor
can be loaded to 60 percent of the compressor maximum flow rate. The compressor should
operate at this capacity until all the following items have been checked:

Screw oil supply pressure and temperature.

Glycol pressure and temperature.

Oil separator oil level.

Compressor, engine and pumps for excess noise and vibration.
Compressor and engine pressures and temperatures.

Shaft seals.

QOil filter pressure differential.

All operating pressures and temperatures.

ONoOR~WNE

At this point the panel can be set to automatic operation. The capacity control system should be
checked and adjusted as necessary. The speed of both capacity (load/unload) and volume ratio
(max/min Vi) rate may be set by adjusting the hydraulic capacity control valve on the
compressor. Refer to the Ariel Technical Manual, Figure 3-2 on Page 3-12 for more information.
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UNIT OPERATING INSTRUCTIONS
- Ariel Screw Compressors

The system should be monitored until the unit has been stabilized. Also ensure the inlet filter, oil
separator and oil delivery systems are functioning properly.

In the event of a shutdown, the cause must be corrected prior to restart. The restart procedure is
the same as the start-up procedure listed above.

The compressor oil must be displaced to fully unload the compressor. A gas-driven pump
automatically unloads the compressor at shutdown as well as startup.

Note: The compressor may require up to 20 minutes to fully unload after running.

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

- Screw Compressor (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. customer service manager.

GROUPS

1) Engine Driver
2) Compressor

3) Cooling System
4) Exhaust System
5) Process System

FCD-20565

Rev 1
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MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Screw Compressor (Engine Drive)

ENGINE DRIVER ROUTINE MAINTENANCE

Group 1 1/2
ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY / 3 MONTHS / 6 MONTHS / ANNUALLY
720 HRS 2500 HRS 4000 HRS 8000 HRS
Air Cleaner Filter Element Clean or Replace X
Pre-Cleaner Element Clean X
Qil 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 Clean X
Screens
QOil Pan Clean Sump X
Governor Oil Level Check X
Eng. Oil (Continuous Duty) Oil Analysis X
Eng. Oil (Continuous Duty) Oil Change X X
Qil Filter Elements Change At Oil Change
Magnetic Lube Oil Strainer Clean At Oil Change
Element
Qil 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 Check X
Level
Ignition Timing Check/Verify X
Spark Plugs - Dependent Clean/Gap/ X X X
upon Type of Service Replace
Control Rod Ends & Lubricate X X
Linkage
Governor Rod Ends Lubricate X
Cylinder Compression Check X
Ignition Cables, Primary & Inspect X
Secondary Connections
Prechamber Regulator Adjust X

FCD-20565 Rev 1 26 Jan 05



MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Screw Compressor (Engine Drive)

Group 1 2/2
ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY / 3 MONTHS / 6 MONTHS / ANNUALLY
720 HRS 2500 HRS 4000 HRS 8000 HRS
Main Chamber Regulator Check/Adjust X
Prechamber Regulator Clean or Replace X
Filter
Main Chamber Regulator Clean or Replace X
Filter
Valve Cover Gasket Replace X
Governor-Synchronizer or Adjust X
Speed Control
Admission Valve Clean or Replace X X
Assembly
Admission Valve O-ring Replace X
Carburetor, Air-Gas Valve Clean/Inspect X
Carburetor, Diaphragm Inspect X
Governor Compensating Adjust As X
Needle Valve Required
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 Remove & Test X
Thermostats
Cooling System Tube Clean X
Bundle
Engine Mounting & Align. Check X
FCD-20565 Rev 1 26 Jan 05



MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Screw Compressor (Engine Drive)

Group 2

COMPRESSOR ROUTINE MAINTENANCE
171

ITEM

20,000
HOURS

SERVCE AS REQ. MONTHLY ANNUALLY

Mechanical Seal

Check leak rate

Oil Separator Level Check Level
Oil filter differential Check
Oil Sample

Oil pressure Check
Oil Leaks Repair
Rotor Casing Noise

Rotor Casing

Vibration

Slide valve position Note
VI setting Note
:—cl)c::ﬂj gown bolt Check
Coupling Alignment Check

Qil Cooler

Check Internal
Cleanliness / Condition

Thrust Bearing

Change

This is based on the oil
analysis and the
efficiency of the inlet
gas filtering conditions.

Rotor Bearing

Change

This is based on the oil
analysis and the
efficiency of the inlet
gas filtering conditions.

FCD-20565
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MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Screw Compressor (Engine Drive)

COOLING SYSTEM ROUTINE MAINTENANCE

Group 3 1/1
ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY / 3 MONTHS / 6 MONTHS / ANNUALLY
720 HRS 2500 HRS 4000 HRS 8000 HRS
Guard/Screens Check X X
Finned Cooler Tubes Ext. Cleaning X X
Louvres Inspect X
Actuators/Linkages Check & X
Lubricate
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 / 3 MONTHS / 6 MONTHS / ANNUALLY
720 HRS 2500 HRS 4000 HRS 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 Visual Check X
Bellows
Flanged Connections Check Bolt X
Torque
FCD-20565 Rev 1 26 Jan 05



MAINTENANCE GUIDELINES FOR COMPRESSION PACKAGES
- Screw Compressor (Engine Drive)

PROCESS SYSTEM ROUTINE MAINTENANCE

Group 5 1/1
ITEM SERVICE AS REQ. DAILY WEEKLY MONTHLY / 3 MONTHS / 6 MONTHS / ANNUALLY
720 HRS 2500 HRS 4000 HRS 8000 HRS
in-Line Screens Clean X
Inlet Separator Filters Replace X
Scrubber Dumps (Auto) Activate X
Manually
Scrubber Drain Valve Manually Drain X
Temperature Indicators Check X
Calibration
Suction/Discharge Block Exercise/Grease X
Valves
PSV's Service X
PSV Flexline Connections Inspect X
Vibration/Pulsation Monitor X
Suction/ Discharge Bottle Check X
Flange Torque
Flanged/Screwed Leak Check X
Connections
Vessel Hold Down Bolt Check X
Torque
Piping Flange Torque Check X
Pip Clamps/Brackets Check X
Skid Anchor Bolt Nut - Check After 100 Hours of Initial Operation Following Commissioning.
FCD-20565 Rev 1 26 Jan 05
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A 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.

([ AREL)

A CAUTION

DO NOT ATTEMPT TO START-UP UNIT WITHOUT REFERRING TO
THIS MANUAL SECTION 3 - “START UP”.ITISALSO ESSENTIAL TO
REFER TO THE PACKAGER'S OPERATING MANUAL.

A 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 CONTACT YOUR PACKAGER
AND/OR ARIEL CORPORATION.
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

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 rotary compressors share many similarities, each model has aspects that are
unique to the particular model type. The RG series compressors are specifically designed for
the natural gas gathering market, where the majority of Ariel compressors are applied.

If you, as an operator, are familiar with Ariel rotary compressors, it is still important to review
this manual to determine the differences. If you are new to Ariel rotary compressors, it is
critical that you become very familiar with this manual prior to operating the compressor.

Rotary compressors are precision rotating equipment, requiring knowledgeable operation
and maintenance.

=t e

(T AL,

:E_j F I
CE

— Q |

FIGURE 1-1: INTEGRAL OIL SYSTEM AND BELL HOUSING MOUNTING - DISCHARGE
SIDE VIEW
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

A

FIGURE 1-2: INTEGRAL OIL SYSTEM AND W/O BELL HOUSING - DISCHARGE SIDE
VIEW

Ariel rotary compressors feature positive displacement, single stage, oil-flooded, twin screw
rotors, designed primarily for natural gas gathering, but have applications for other gases.
Heavy duty babbitted journal bearings, anti-friction rolling element thrust and jack shaft
bearings, variable volume ratio (Vi) at full and partial load conditions, variable capacity control
and changeable speed increasing gears allow RG rotary compressors to operate in a wide
variety of gas applications.

NOTE: VOLUME RATIO (VI) IS THE VOLUME OF GAS, IN ACTUAL VOLUME, AT THE
POINT WHERE COMPRESSION BEGINS, DIVIDED BY THE VOLUME OF GAS,
AT THE END OF COMPRESSION. VI = VS/VD.

Rotary compressors have few moving parts, can run at high rotating speeds, can
accommodate a wide range of compression ratios, and operate with minimum pressure
pulsations. They are generally applied in low suction pressure applications, discharging into
medium pressure lines. To maintain high compressor efficiency, care should be taken to
operate the compressor with the volume ratio (Vi) adjusted as close as possible to the
required Vi.

NOTE: REQUIRED VI = (PD/PS)1/K, WHERE
PD = DISCHARGE PRESSURE, ABSOLUTE
PS = SUCTION PRESSURE, ABSOLUTE
K = GAS ISENTROPIC EXPONENT

PAGE1-2 4/06
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Lobe Flute

‘ Female (Driven)

Rotor

Male (Drive)
Rotor

FIGURE 1-3: MALE/FEMALE ROTOR PAIR (4/6 LOBE/FLUTE RATIO) - TYPICAL

RG282M and RG357M compressors are available without bell housing and use all four
compressor feet for mounting to the skid, or with bell housing SAE flanges for mounting to the
engine and use two feet for mounting to the skid.

Oil is the lifeblood of oil-flooded rotary screw compressors. Catastrophic damage can occur
to rotors, bearings, mechanical seal and gears without adequate oil quality, volume and
viscosity. Compressor oil selection is based upon process gas composition and contaminants
at operating temperatures and pressures. Therefore if gas composition or operating
conditions change, the compressor rotating speed, lubrication selection, and gas/oil
separator operating temperature must be re-evaluated.

During compressor operation, process gas will always dilute the lubricating oil, reducing
viscosity. Liquid and solid contaminants entering with the suction gas stream must be
effectively removed to minimize the detrimental affects on the compressor and its oil system.
Pressurized oil viscosity should never be allowed to drop below the minimum requirement.
Only the oil supplier can predict oil viscosity in its diluted operating condition. Ariel rotary
screw compressors are designed for oil flooding of the process gas, with oil separation and
recirculation. Packager design and customer oil selection determines the amount of oil
carryover (loss) downstream of the gas/oil separator's coalescing filter.

This manual is designed to provide information on installation, start up, operation,
maintenance and troubleshooting of an RG 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 directly, refer to “Ariel
Telephone, Fax, E-Mail and Web Site Numbers” on Page 7-18.

This manual provides design specifications for standard current production equipment at the
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA
publication date. Do not exceed information nameplate ratings for a particular compressor.

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

NOTE: USE SERIAL NUMBERS IN ALL CORRESPONDENCE. REFERENCE
FIGURE 1-9 ON PAGE 1-11.

NOTE: INSTALLED SPEED INCREASING GEAR RATIO CAN BE DETERMINED FROM
THE GEARBOX HOUSING INFORMATION PLATE.

NOTE: THE ROTARY COMPRESSOR OFFERS TWO OPTIONS FOR CAPACITY AND
VOLUME RATIO (VI) CONTROL: HYDRAULIC AND HANDWHEEL.

The various rotary compressor control configurations are shown in Figure 1-5 on Page 1-9,
Figure 1-6 on Page 1-9, Figure 1-7 on Page 1-10, and Figure 1-8 on Page 1-10.

Compressor Operating Theory

Ariel developed the 282 mm (11.10 inch) and 357 mm (14.06 inch) male rotor diameter
oil-flooded rotary screw compressors specifically for low pressure natural gas service. RG
compressors are integrally geared, with interchangeable speed increasing gear sets, to load
driver horsepower based upon application requirements.

The rotary compressor's oil-flooded, twin screw design consists of a male rotor which drives
the female rotor. The male rotor lobes drive the female rotor flutes, as in a helical gear set.
The female rotor speed is linked to the male rotor set through the ratio of male lobes to female
flutes (4/6). An optional oil pump is directly coupled to the auxiliary end of the female rotor.
Rotor tip speeds are generally between 49 to 197 ft/sec (15 to 60 m/sec).

The male rotor is driven through an integral speed increasing gear set. The compressor and
the gearbox share a common oil system. To accommodate a wide application range, gear
ratios range from 1:1.029 to 1:2.240 speed increasing for the RG282M compressor and
1:1.000 to 1:2.667 for the RG357M compressor. The compressor's input pinion gear is driven
by a bull gear mounted on a jack shatft, that is coupled to the prime mover (engine or motor).

As the compressor's twin rotors un-mesh, at the top, the rotor flutes are exposed to the
suction gas stream and filled with gas. As the rotors turn out, the flutes are closed and sealed
by the rotor housing, creating spiral segmental compression chambers that move gas axially
toward discharge. Oil is injected into the compression chambers, after they close off from the
suction pressure, to provide sealing, cooling and lubrication. The rotor meshing, at the
bottom, progressively reduces each compression chamber's volume axially, thereby
increasing gas/oil mixture pressure. Rotor rotation progressively exposes the compression
chambers to the discharge port, moving the compressed gas/oil mixture out of the
compressor.

Discharge piping carries the compressed gas/oil mixture to a degassing vessel where the oil
is separated from the process gas using gravity separation and a coalescing filter. The oil is
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piped to a cooler and re-circulated to the compressor. See Figure 4-1 on page 4-4 and Figure
4-2 on page 4-5.

Refer to Ariel's “Oil Flooded Rotary Compressor Theory of Operation” and “RG282 Features
and Operating Theory” videos, available on CD from Ariel on request, for more details.

Compressor Capacity Control Theory

The compressor's rotor length, diameter, lobe/flute combination and rotating speed determine
full load capacity. The selected capacity control position determines inlet volume (Vs), while
the selected volume ratio (Vi) determines internal compression ratio. Capacity control
positioning provides variable part load capacities. Seven speed increasing gear set choices
are available for each compressor model. Depending upon the gear option chosen, the
compressor's maximum rotating speed and corresponding full load capacity can be adjusted
to load available driver horsepower when operating conditions change. The gear sets are
“field” changeable by replacing the bull/pinion gears as a set with a gear ratio appropriate for
the conditions. The gear set can be replaced in a properly equipped shop.

The RG series has separate inlet volume (capacity) and discharge volume (volume ratio, Vi)
control devices, instead of using a traditional slide-valve. To maintain high compressor
efficiency for varying application pressures, RG compressors have independent capacity and
volume ratio controls which provide volume ratio control for both full and reduced capacity
conditions. The capacity and Vi controls are actuated separately, but move in concert to
optimize compressor efficiency with changing conditions. Hydraulically actuated capacity and
Vi controls are typically adjusted within the driver's horsepower and speed range using a
programmable logic controller (PLC) along with compressor package feedback. Manually
actuated capacity and Vi controls are typically adjusted by an operator to meet the driver's
optimal horsepower and speed range for the operating conditions encountered.
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Female
Rotor Jack Shaft
Gear

Qil
Oil Pressure Filters
Control Valve

Mounting Flange
to Engine

Coupling

Gear Housing'’s Bell
House Access Doors

- Both Sides
Qil
Pump
Mechanical
Seal
Pinion Gear

Hydraulic

Male Rotor Manifold

./

. 2" NPT Qil Inlet
Strainer

Connection

Capacity Control -

\ ’ Hydraulic Option

Volume Ratio Vi Control
- Hydraulic Option

Bottom View

FIGURE 1-4: CROSS-SECTION - HYDRAULIC CONTROLS - TYPICAL
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FOR MODELS: RG282M AND RG357M

Specifications

TABLE 1-1: BASIC SPECIFICATIONS”

SECTION 1 - DESIGN SPECIFICATIONS & DATA

MODEL RG282M RG357M
Male Rotor Diameter, in. (mm) 11.102 (282) 14.055 (357)
Number of Male Rotor Lobes 4 4
Number of Female Rotor Flutes 6 6
L/D Ratio 2.0 2.1
Max. Input Speed, RPM 1800 1800

Gear Ratios, 7 Speed Increasing

1:1.029, 1.250, 1.433,
1.613, 1.793, 2.037, 2.240

1:1.000, 1.375, 1.567,
1.778, 2.040, 2.304, 2.667

Male Rotor Operating Speed, RPM

1040 to 4065

840 to 3210

Full-Load Inlet Volume Capacity, CFM (m3/h)

1070 to 2930
(1818 to 4978)

1320 to 5150
(2243 to 8750)

Rated Horsepower BHP (kW)

800 (597)

1375 (1025)

Suction Pressure, psia (bary)

Unconditional
3to0 75(0.21t0 5.17);
Conditional®, >75 (>5.17)

Unconditional
3t0 65 (0.21 to 4.48);
Conditional®, >65 (>4.48)

SAE “0” 91.1 (2.31)

Maximum Running Pressure, psig (barg), Discharge 230 (15.86) 230 (15.86)
Maximum Discharge Temperature, °F (°C) 248 (120) 248 (120)
Height - Mounting Feet to Jackshaft, in. (mm) 15.75 (400.1) 18.0 (457.2)
- - - - —

!\/Iammum Height, Mounting Feet to Highest Point®, 41.8 (1.06) 45.0 (1.14)
in. (M)

Maximum Width€, in. (m) 63.2 (1.61) 72.1(1.83)

w/o Bell Housing w/o Bell Housing

Maximum Length®, in. (m) 85.1 (2.16); 97.2 (2.47);

SAE “00” 109.0 (2.77)

Approximate Weight with Oil Pump & Integral Oil
System & Hydraulic Controls, Ib. (kg)

w/o Bell Housing
4825 (2200);
SAE “0” 5250 (2400)

w/o Bell Housing
9000 (4100);
SAE “00” 9850 (4475)

Volume Ratio, (Vi) Adjustable Range® 251t05.0 251t05.0
Oil Filter - Bearing, Seal & Gears, (36 = 200; 99.5% . .

- . . . 6 micron 6 micron
efficiency rating at removing particles 6 um & larger
Oil Filter - Rotor Injection, [316 = 200; 99.5%
efficiency rating at removing particles 16 um & 16 micron 16 micron
larger
Recommended Oil Retention in Gas/Oil Separator® 2 minutes 2 minutes

. See the Ariel Outline Drawings for more dimensional details.
. Hydraulic or handwheel actuated controls options available.

® Q0 T

4/06

. For more details see the Electronic Databook, available in the Ariel Performance Program.
. Higher suction pressure may be allowed under limited conditions. Contact Ariel Applications Engineering for Approval.

. Per API-619, actual retention time depends on separator design.
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FOR MoODELS: RG282M AND RG357M

SECTION 1 - DESIGN SPECIFICATIONS & DATA

TABLE 1-2: HANDWHEEL TURNS VS. CAPACITY CONTROL PoOSITION

RG282M RG357M
aowrce, | T | O e mavowmee | TR | L0,
POSITION ' POSITION '
Clockwise to Full Stop 0 100% Clockwise to Full Stop 0 100%
10 Turns from 100% 0.8 (19) 90% 12 Turns from 100% 0.9 (23) 90%
21 Turns from 100% 1.6 (41) 80% 24 Turns from 100% 1.8 (47) 80%
31 Turns from 100% 2.4 (61) 70% 36 Turns from 100% 2.8 (70) 70%
41 Turns from 100% 3.1(79) 60% 48 Turns from 100% 3.7 (94) 60%
52 Turns from 100% | 4.0 (102) 50% 60 Turns from 100% | 4.6 (117) 50%
(62 Turns) (72 Turns)
Counter-Clockwise to | 4.7 (119) | 40% (Minimum) || Counter-Clockwise to | 5.5 (141) | 40% (Minimum)
Full Stop Full Stop

NOTE: TURN HANDWHEEL COUNTER-CLOCKWISE TO REDUCE CAPACITY
(UNLOAD) AND CLOCKWISE TO INCREASE CAPACITY (LOAD).

TABLE 1-3: HANDWHEEL TURNS VS. VARIABLE VOLUME RATIO (Vi) POSITION

RG282M RG357M
Vi HANDWHEEL TRAVEL, VI Vi HANDWHEEL TRAVEL, Vi
POSITION IN. (mm) POSITION IN. (mm)
Clockwise to Full Stop 0 25 Clockwise to Full Stop 0 25
12 Turns CCW 0.9 (24) 3.0 17 Turns CCW 1.3 (32) 3.0
25 Turns CCW 1.9 (45) 3.5 33 Turns CCW 2.5 (65) 35
37 Turns CCW 2.8 (72) 4.0 50 Turns CCW 3.8 (98( 4.0
49 Turns CCW 3.9 (96) 4.5 66 Turns CCW 5.1 (129) 4.5
(62 Turns) (83 Turns)
Counter-Clockwise to 4.7 (119) 5.0 Counter-Clockwise to 6.3 (161) 5.0
Full Stop Full Stop
NOTE: TURN HANDWHEEL COUNTER-CLOCKWISE TO INCREASE VI AND
CLOCKWISE TO DECREASE VI.
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

Minimum Capacity

100% Capacity

FIGURE 1-5: HANDWHEEL ACTUATED CAPACITY CONTROL - BOTTOM VIEW -
TYPICAL

25 Vi
35 Vj o
50 Vi -

FIGURE 1-6: HANDWHEEL ACTUATED VI CONTROL - DISCHARGE HOUSING -
TYPICAL
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

«—— Minimum Capacity

-«— 100% Capacity

FIGURE 1-7: HYDRAULIC ACTUATED CAPACITY CONTROL - BOTTOM VIEW -
TYPICAL

25Vi ——
3.5Vi
5.0 Vi

FIGURE 1-8: HYDRAULIC ACTUATED VI CONTROL - DISCHARGE HOUSING -
TYPICAL
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

Product Information and Safety Plates

Use two suction flange tapped holes Center of Gravity
and one tapped hole in gearbox to
install forged eye-bolts (furnished in
tool box) for lifting compressor
separately.

TOP VIEW

/E[[

Drive End

Installed Gear Ratio
Information Plate

Compressor Serial Number, Maximum
Running Pressure, Hydrostatic Test
Pressure, Test Date, Maximum Relief
Valve Setting, Model Number, and
Tester’s Personal Stamp - Stamped On
Rotor Housing

The compressor drive shaft (with gear)
rotates clockwise, and the male rotor
(with pinion) rotates counter-
clockwise, when observer is facing
the compressor drive shaft end.

DRIVE END VIEW

Drive Shaft Direction of
Rotation Arrow - Cast-In

Unit Information Plate - Ariel Corporation Address,
Model Number, Serial Number, Maximum Rated
Speed, Maximum Suction Pressure, Maximum
Running Pressure, Oil Pump Model, and Ariel
Shipping Date

Safety Information

Inspectors Tag \

Ted b9
I!Z-II

FIGURE 1-9: PRODUCT INFORMATION AND SAFETY - TYPICAL
4/06 PAGE1-11



FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

Important Safety Information

A 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.

A CAUTION

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

A CAUTION

HOT GAS TEMPERATURES ESPECIALLY THE GAS DISCHARGE
AREAS, HOT 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: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

CAUTION Hot Surfaces CAUTION Cold Surfaces

Where these CAUTION symbols appear on the compressor, the surfaces are hot or cold when compressor is operating and
can cause injury if touched without proper insulated protective clothing. If servicing the compressor, allow these surfaces
to cool or warm to safe temperatures or wear protective clothing before proceeding. When applied to compressor cylinders,
the temperature CAUTION applies to all connected piping and equipment.

FIGURE 1-10: HOT & CoLD SURFACES - CAUTION SYMBOLS

Fastener Tightening Torque

Listed in Ariel Engineering Reference ER-63.1 are fastener tightening torque values, required
for proper assembly of an Ariel RG compressor. ER-63.1 is provided in the toolbox as a
laminated chart. ER-63.1 is also available as an electronic document on the Ariel web site.

Threads are to be clean and free of burrs. Check that the threads on the bolts are in good
condition to prevent damage to the threaded holes.

Torque values are based on the use of petroleum type lubricants on both the threads and
seating surfaces. Use lubricating oil or Lubriplate 630 on threads and seating surfaces,
except where Loctite is specified. Molybdenum disulfide lubricants and antiseize compounds
are not to be used for fastener lubrication, unless specified, or excessive stresses can result
with the listed values.

Tightening Torque Procedures

Listed below are some procedures which make fastener tightening more accurate and will
help assure that the proper torque is being applied.

1. Be sure that the torque wrench is properly calibrated and used by qualified
personnel to achieve the required fastener tightening torque for all critical parts.

2. Always check to determine over what range the torque wrench is accurate, since
most torque wrenches are not accurate over their entire range.

3. Tighten critical multi-bolt assemblies in steps. Tighten each bolt until snug using a
alternating (criss-cross) pattern. Next, tighten each bolt to 25 percent of full
torque, moving across from bolt to bolt, in a criss-cross pattern. Repeat this step
for 50, 75, and 100 percent of full torque.

4/06 PAGE 1-13



FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

4.  Always apply a slow steady increasing force to a torque wrench handle, 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 Ibs-ft (108 N-m) but is jerked, 120 Ibft (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 bolt more than what is set by a significant amount.

7. When checking tightened fastener torque, set torque wrench to proper required
torque value, slowly apply a steady increasing force to the torque wrench handle
until the 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 type adapter with a
torgue wrench to reach not readily accessible fasteners, the torque wrench setting
will not be the actual torque applied to the fastener.!

11. The ratio of actual torque at the fastener with that on the wrench scale is a
function of the adapter's length and its position in relation to the torque wrench
beam and the location on that at which the force is applied, see Figure 1-11 on
Page 1-15.

L
L+

Tw = Torque wrench setting, Ib x ft or N-m

Tw = Ta(

Ta = Torque required at fastener, Ib 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 parallel
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 degrees to the torque wrench. The torque will be the same
as on the wrench scale, see Figure 1-12 on Page 1-15.
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

FIGURE 1-12: TORQUE WRENCH WITH ADAPTOR AT RIGHT ANGLE

Ariel Bolting

Bolts have been selected that meet Ariel's strength, elongation, sealing and locking
requirements. Proper bolting must be used and tightened to the values listed in ER-63.1.

The fasteners used within an RG compressor are twelve point flanged capscrews.

NOTE: WHEN RE-ASSEMBLING OR REPLACING BOLTING, SEE THE PARTS LIST TO
DETERMINE THE PROPER FASTENER GRADE, TYPE, AND PART NUMBER.

Alarm & Shutdown (Also Refer To Section 4)

Gas Discharge High Temperature Settings

A gas discharge high temperature shutdown is required. Set within 10 percent of normal
operating temperature, to a maximum of 238°F (114°C) alarm and 248°F (120°C) shutdown.
High temperature limits are based on rotating clearance requirements.

NOTE: EXCEEDING THE HIGH TEMPERATURE SHUTDOWN LIMITATION WILL
RESULT IN CATASTROPHIC EQUIPMENT FAILURE.

Storage and Transportation of Compressor

Protect compressor to prevent corrosion and seal to prevent exchange of atmosphere, when
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FOR MODELS: RG282M AND RG357M SECTION 1 - DESIGN SPECIFICATIONS & DATA

inactive, in storage or when transporting. Consult Ariel for instructions to protect and seal
compressor to ER-25-1.

Zone 1 Environment

A Zone 1 environment requires the installation of proper intrinsically safe or equivalent
protection to fulfill the electrical requirements, where applicable.
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FOR MODELS: RG282M AND RG357M SECTION 2 - INSTALLATION

SECTION 2 - INSTALLATION

General

Compressor installation 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, but addresses those areas that the user must be aware.

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
compressor:

1. Be sure that driver will rotate compressor rotor drive shatft in proper direction, prior
to start-up. See Figure 1-9 on Page 1-11 drive end view for rotation arrow.

NOTE: THE COMPRESSOR JACK SHAFT (WITH GEAR) ROTATES CLOCKWISE, AND
THE MALE ROTOR (WITH PINION) ROTATES COUNTER-CLOCKWISE, WHEN
OBSERVER IS STANDING AT THE DRIVER LOOKING TOWARD THE
COMPRESSOR. REVERSE ROTATION CAN RESULT IN SERIOUS DAMAGE
TO THE COMPRESSOR.

2. The skid design should:

a. Transmit compressor and driver reaction forces to the foundation.

b. Be sure that there is a sufficient mismatch between the shaking forces and
the natural frequency of the skid.

c. Have sufficient stiffness and strength so that the compressor can be
mounted flat with no bending or twisting of the compressor casing, and so
that proper compressor coupling alignment can be attained and maintained.
This can be accomplished by shims or careful grouting.

Setting

Ariel RG rotary screw compressors, when supplied with an SAE mounting-flange are
designed to be mounted directly to the driver. The three point mounting method uses two (2)
compressor feet and the SAE mounting-flange to attach the compressor to its pedestal and
the driver flange, see Figure 2-1 on Page 2-2 When supplied without a bell housing SAE

4/06 PAGE2-1



FOR MODELS: RG282M AND RG357M SECTION 2 - INSTALLATION
mounting flange, the compressor is mounted using all four feet.

Follow the coupling manufacturer’s instructions for installing the coupling. Reference any
packager’s instructions, and Ariel's ER-41.1 on coupling installation.

SAE Flange
Mount

Reciprocating
Engine - Driver

O Compressor Pedestal -
Two (2) Feet, Discharge-End

1

Engine Pedestal

Package Structural Support Skid

FIGURE 2-1:ENGINE/RGM COMPRESSOR ARRANGEMENT - TYPICAL FLANGE
MOUNTED

Driver

Compressor Pedestal -
Four (4) Feet

o

Driver Pedestal

| Package Structural Support Skid

FIGURE 2-2:DRIVER/RGM COMPRESSOR ARRANGEMENT - TYPICAL W/O BELL
HOUSING

The RG compressor's integral gears (speed increasing) require a torsionally soft
(elastomeric) coupling that incorporates a flywheel adapter. The compressor's SAE flange
and input-shaft are designed to accept several manufacturers' existing coupling designs. The
straight, keyless input-shaft end location is positioned to use a flywheel adapter type coupling
that incorporates a hub with a compression-type shaft attachment method. The hub's
reusable compression design provides hub to shaft interference without heat, and allows for
multiple reuses.

NOTE: FAILURE TO INSTALL A PROPER COUPLING CAN RESULT IN COUPLING
AND/OR COMPRESSOR BEARING DAMAGE. VERIFY THE COUPLING’S
FLYWHEEL ADAPTER BOLT CIRCLE WILL FIT WITHIN THE COMPRESSOR’S
SAE BELL HOUSING. THE COUPLING MUST BE BALANCED TO ISO 1940
G2.5 AND MATCH MARKED.
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FOR MODELS: RG282M AND RG357M SECTION 2 - INSTALLATION

A wide variety of preferences and techniques exist on the subject of skid mounting rotary
compressors. The objective is to have a smooth running compressor that is not twisted or
distorted.

Setting Compressor with an SAE Mounting-Flange

The following general procedure is to be used for setting the compressor onto the package
skid;

1. Install driver to skid per packager's recommendations.

2. Lift the compressor with an overhead crane using the forged eyebolts supplied in
the Ariel toolbox. Maintaining compressor balance, near to level, will facilitate
setting the compressor. Refer to Figure 1-9 on Page 1-11 for the compressor's
center of gravity and recommended lifting points.

Align the SAE mounting-flange square to the driver housing.
4. Fit the compressor's SAE flange pilot to the mating driver groove.

Using four bolts at top and four bolts at bottom, draw the SAE flange pilot
diameter into the driver flywheel housing. Turn bolts one turn each at a time in an
alternating star (criss-cross) pattern to prevent binding the pilot fit.

NOTE: DO NOT USE THE BOLT HOLES BESIDE THE ACCESS DOORS TO DRAW
THE COMPRESSOR FLANGE TO THE ENGINE. EXCESSIVE SIDE FORCES
EXERTED ON THE COMPRESSOR'S SAE FLANGE MAY CAUSE FLANGE
DAMAGE.

6. Install remaining SAE flange bolting and tighten bolts to ER-63.1 using an
alternating star (criss-cross) pattern (25, 50, 75, and 100 percent of final torque).

7. Continue to use the overhead crane to support the compressor's weight.

A CAUTION

DO NOT SUSPEND COMPRESSOR FROM ITS SAE
MOUNTING FLANGE. THE COMPRESSOR IS TO BE
SEPARATED FROM THE DRIVER, WHEN LIFTING.
ATTEMPTING TO LIFT THE DRIVER/COMPRESSOR FLANGE
COMBINATION CAN RESULT IN SERIOUS COMPRESSOR
FLANGE DAMAGE AND POSSIBLE PERSONAL INJURY.

8. Shim the gap under the compressor's two discharge (non-drive) end feet to
positively support the compressor.
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9. With the compressor SAE mounting-flange bolting complete and the compressor
supported on its pedestal, remove crane support.

10. After finding the approximate position of the compressor, a soft foot check is to be
performed. The compressor's two pedestal mounting bolts are to be tightened in
place and then loosened. Shims are then adjusted so there is no vertical
movement more than 0.002 inch (0.05 mm) between the bottom of the
compressor feet and the skid's pedestal.

11. Consult Packager’s information for mounting bolt tightening torque values. This
work must be performed prior to the addition of piping.

Setting Compressor w/o a Bell Housing

The following general procedure is to be used for setting the compressor onto the package
skid;

1. Install driver to skid per packager's recommendations.

2.  Lift the compressor with an overhead crane using the forged eyebolts supplied in
the Ariel toolbox. Maintaining compressor balance, near to level, will facilitate
setting the compressor. Refer to Figure 1-9 on Page 1-11 for the compressor's
center of gravity and recommended lifting points.

3.  Shim the gap under the compressor's four feet to positively support the
compressor.

4.  After finding the approximate position of the compressor, a soft foot check is to be
performed. The compressor's four pedestal mounting bolts are to be tightened in
place and then loosened. Shims are then adjusted so there is no vertical
movement more than 0.002 inch (0.05 mm) between the bottom of the
compressor feet and the skid's pedestal.

Consult Packager’s information for mounting bolt tightening torque values. This work must be
performed prior to the addition of piping.

Alignment

Proper alignment is necessary for satisfactory performance. The flexible coupling will not
make up for poor alignment. Misalignment can result in:

- High bending moment on the compressor drive shaft
Large axial forces which reduce thrust bearing life
Excessive wear to the bearings

- And if severe, probable damage to various components

SAE bell housing mounting was developed for the RG series to minimize misalignment.
Actual alignment may be verified by any of a number of acceptable methods such as:

Face/peripheral
+ Reverse indicator
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FOR MODELS: RG282M AND RG357M SECTION 2 - INSTALLATION

- Across the coupling
Optical
Laser
- Mechanical direct to alignment calculating computer

When aligning a unit some procedural concerns are:

Soft foot (compressor and driver are not laying flat)
Mounting bolts are bound in skid holes, i.e. “Bolt Bound”
- Repeatable readings
Which way indicator moves (plus or minus)
Thermal growth
+ Piping stresses
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.

Vents and Drains?

It is critical, for the safe operation of the compressor, to ensure that all vents and drains are
open, functional and, if necessary, tubed off of the skid or out of the building. Depending upon
your climate and insect population it can be necessary to install screens over the vents and
drains to ensure 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. Aventshould be provided to safely relieve pressure from the system.

2. Adequate vents and drains are to be provided for mechanical seal weepage and
rotor housing oil drainage. All vents and drains must 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. Do not block view of mechanical seal weepage tube, as oil leakage rate is a visual
indication of seal condition.

Inlet Gas Debris Strainers

Foreign matter in the gas stream can effect compressor wear and lubrication. Inlet gas debris
screens with a maximum 420 micron openings (0.0165 in. aperture, 40 mesh) are required to
be installed upstream of the compressor suction flange. These screens should be monitored
by differential pressure and cleaned or replaced before differential pressure approaches the

1. Also refer to Section 4.
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collapse pressure of the screen.

Inlet Gas Liquids and Solids

Liquid water, gas condensates and solid particulate in the process gas stream have
detrimental affects on oil system gas/oil separator operating temperature and oil viscosity.
Liquid slugging that can adversely affect the compressors’s mechanical operation and oil
system must be effectively removed or compressor damage will occur.

NOTE: SOLID AND LIQUID CONTAMINANTS IN THE PROCESS GAS SYSTEM MUST
BE EFFECTIVELY REMOVED UPSTREAM OF THE COMPRESSOR.

NOTE: FREE LIQUIDS THAT ARE NOT REMOVED CAN BE PARTICULARLY
TROUBLESOME IN LOW PRESSURE NATURAL GAS SERVICE
APPLICATIONS. MINERAL DEPOSITS (SALT AND CALCIUM) CAN BUILD UP
ON THE SUCTION STRAINER SCREEN AND IN THE COMPRESSOR DUE TO
DISSOLVED MINERALS IN WATER SATURATED PROCESS GAS. THESE
MINERALS PLATE OUT WHEN WATER FLASHES OFF DUE TO PRESSURE
DROP OR HEAT.

Inlet Gas Scrubbers

Each rotary compressor must have a scrubber or some other liquid and particulate removal
device immediately ahead of the compressor and a suction strainer ahead of the compressor
suction nozzle.

When the process gas stream does not contain continuous particulate carryover, the suction
scrubber is to be designed for the removal of both free and entrained liquids, and occasional
solids that can loosen from the pipe wall. Solid particulate greater than 75 micron (0.003 in.
aperture, 200 mesh screen) should be removed from the gas stream within the scrubber
ahead of the compressor, unless a specific contaminant (iron sulfide, pipeline dust, coal fines,
etc.), requires a lower limit.

When the process gas stream does contain continuous particulate carryover of known
contaminant, the suction scrubber is to use elements that remove both free and entrained
liquids and filter the particulate damaging to the compressor. Ariel recommends particulate
filtering of the incoming gas to no larger than 5 micron. Otherwise, continuous particulate
carryover will lead to excessive wear of rotors and housing and could eventually cause
reliability problems.
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SECTION 3 - START UP

General

SECTION 3 - START UP

To be sure of a smooth start up, it is important that the items in the Start Up Check List,
provided in this section, be positively satisfied. It is also important that the operator
understand how to operate the compressor in a safe and efficient manner, prior to start up.

A CAUTION

BEFORE STARTING A NEW COMPRESSOR, OR AFTER
RELOCATING OR REAPPLYING A COMPRESSOR, OR AFTER
MAJOR OVERHAUL, BE SURE TO COMPLETE AND CHECK
OF ALL THE ITEMS ON THE START UP CHECK LIST SHOWN
IN THIS SECTION. THIS LIST IS DESIGNED TO HELP ENSURE
SAFETY IN STARTING AND OPERATING THE COMPRESSOR.

A CAUTION

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

4/06

PAGE3-1



FOR MODELS: RG282M AND RG357M SECTION 3 - START UP

Start Up Check List

For latest available Start Up Check List, see ER-10.4.2 at www.arielcorp.com.

Compressor Model RG Serial/No. R- Gear Ratio
Control Actuation - Hydraulic Handwheel
Driver Manufacturer Model Rated Speed RPM
Packager Packager Unit No.
Date Packager Shipped Serviceman
Customer Start Up Date
Location Field Contact
Field Telephone No. Unit Location
Gas Service
Compressor Oil - Make/Grade
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
maximum suction & discharge pressures, maximum and mini-

mum speed, discharge temperature been checked?

3. Have the Packager’s design operating conditions been
reviewed?

Pressure, psig (barg): Suction Discharge
Temperature, °F (°C): Suction Discharge
Maximum RPM Minimum RPM

Type of Gas SG

If start-up conditions are different check with Packager or Ariel.

4. Soft Foot Check [max. allowable 0.002” (0.05 mm)]: Have the
compressor feet supports been shimmed so the machine is not
twisted or bent?

5. Have compressor anchor and/or bell-housing flange bolts been
re-torqued?

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

7. Have coupling bolt torque values been rechecked?

PAGE 3-2
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COMPRESSOR MODEL RG SERIAL/NO. R-

YES
8. Has the compressor to driver alignment been field checked?

NO

See compressor outline drawing for shaft thermal growth value.

9. Record coupling dial indicator field verification readings in
inches (mm) at the 3, 6, 9 and 12 o’clock positions on lines pro-
vided: (not applicable to bell-house mountings)

Maximum allowable face misalignment 0.005 in. (0.13 mm) TIR
Maximum allowable radial misalignment 0.003 in. (0.08 mm) TIR

10. Does the compressor input shaft turn freely?

11. Have coupling elements been installed and has coupling been
inspected for proper assembly, including axial engagement?

12. Has any preservation oil been drained from rotor housing?

13. Have oil & gas systems been pressurized & leak tested?

14. Has proper oil been installed that matches operating condi-
tions, with a viscosity adequate for current gas analysis?

15. Has oil supplier provided gas dilution versus pure oil viscosity
information?

16. Has the compressor oil system been filled with oil to the
proper level without over filling?

17. Is the compressor oil supply isolation valve open?

NOTE: NOTE: CLEARLY LABEL UNIT WITH THE COMPRESSOR OIL MAKE/GRADE

CURRENTLY IN USE.
18. Does the compressor oil system low level shutdown work?

19. Have the properly rated elements been installed in the gas
inlet separator, oil filters and strainers, and gas/oil separator?

20. Are the oll filter elements and all oil piping primed with oil?
21. Is the low oil differential pressure shutdown installed & tubed

correctly to the bearing oil supply and scavenged oil gallery?
22. Is the low oll differential pressure shutdown set per Ariel’s rec-

ommendations & does it work on falling pressure?

23. Is there an oil cooler? Note: Recommended minimum com-
pressor inlet oil temperature is 150°F (66°C); maximum 170°F

(77°C).
24. Is the rotor injection’s oil temperature control (trim) valve set-
ting appropriate for cold start-up applications?
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COMPRESSOR MODEL RG SERIAL/NO. R-

YES

25. Is the oil temperature control valve piped for a “mixing” condi-
tion?

NO

26. If so equipped, is there a working vibration shutdown mounted
on the compressor or drive train?

27. Is there suction pressure control upstream of the compressor?
Refer to Ariel’'s performance prediction program to verify accept-

able P4, P, combination.

28. Are the suction and discharge pressure shutdowns set &
working?

29. Are the safety relief valves installed & working to protect com-
pressor gas and oil piping?

30. Is the gas high discharge temperature shutdown installed, set
at 10% above anticipated temperature & working? 248°F, max.

(120°C)

31. Is the mechanical seal leakage tubing installed, unplugged
and visible to determine if leakage occurs?

32. Have the gas suction lines been thoroughly cleaned to be
sure that no dirt, slag or other debris enters the compressor?

33. Has strainer screen been installed upstream of compressor
suction?

34. Have the oil system components been primed and the com-

pressor prelubed prior to starting?
35. Does the driver rotation match the compressor rotation arrow?

36. For engine driven units, has the machine been rolled to make
sure it is free?

37. For other drivers, has the machine been barred over by hand

to be sure it is rolling free?
38. For combustible gas applications, has the piping and com-

pressor been purged to remove all air?

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

40. Has compressor variable Vi been moved to the minimum Vi
axial position? (Vi range 2.5 to 5.0)

41. Has compressor capacity control plate been moved to mini-
mum load position, to reduce compressor start-up torque?

42. Have minimum compressor oil pressure alarm and shutdown
settings been tested?

PAGE 3-4
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COMPRESSOR MODEL RG SERIAL/NO. R-

YES NO

43. Has the Packager’s representative reviewed the Packager’s
Start-Up & Operating Instructions for the unit with the unit opera-
tor?

44. Has the separator scavenge line been connected to the gear-
box and is the scavenge control valve fully open?

Check List - After Starting:

1. When idle speed is achieved, load compressor to minimum
position & increase minimum driver speed if necessary to stabilize
load. Did the compressor bearing oil pressure come up immedi-
ately after loading the compressor?

2. Was the discharge pressure raised immediately (minimum
pressure value) to facilitate oil scavenging and lube flow?

3. Was required differential pressure in the separator, above suc-
tion achieved immediately & maintainable until normal operating
pressures are reached?

4. Are the oil filters, bearing & oil system, & hydraulic-valve-stack
pressure gauges working?

5. Are the oll filter differential pressures less than 35 psid (2.4
bary) at operating temperature, unless otherwise specified?

6. Did the compressor develop discharge pressure when capacity
control plate moved to loaded position?

7. Has the variable Vi been moved to an appropriate position?
8. Any strange noises or shaking in the compressor or piping?
9. Is the compressor system oil level within acceptable limits?
10. Is bearing oil differential pressure above minimum specified?
11. Is the high discharge temperature shutdown working?

12. Is the high discharge gas temperature shutdown set at
approx. 10% above normal discharge temperature?
248°F (120°C) maximum.

13. Is the mechanical seal weep hole leaking?
Drops/minute

14. Are there any other oil leaks? If so, where?
15. Are the scrubber dumps and high level shutdowns working?

16. Are the scrubber dumps removing all liquids from the gas
without obvious carryover?

17. Do you hear solid contaminants in the suction piping?
18. Is overspeed shutdown set?
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COMPRESSOR MODEL RG SERIAL/NO. R-

YES
19. Is the mechanical seal properly sealing gas and oil at the

NO

shaft?

20. Have all Package safety functions been tested to be sure of
unit shutdown upon malfunction?

21. After the compressor reaches normal operating conditions,
has the separator scavenge control been set to show mostly gas

flow at the sight glass?
22. After running compressor for 24 hours, are oil filter and sepa-

rator differential pressures less than maximum allowable?

23. Upon shutdown verify that compressor reverse rotation is less
than 2 seconds to be sure of check valve operation.

24. Has initial compressor operating data been recorded?

25. 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.

PAGE 3 -6
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DAILY LOG SHEET

COMPANY/LOCATION UNIT
COMPRESSOR MODEL RG SERIAL NoO. R- GEAR RATIO
Date/Time

Operator

Driver Load, HP (kW)

Driver Speed, RPM

Compressor Speed, RPM

Gas flow Rate MMSCFD (m®/s,,)

Variable Vi Position (Vi or # of turns)

Capacity Control Position (% or # of turns)

Suction Pressure, psig (barg)

Suction Temperature, °F (°C)

Discharge Pressure, psig (barg)

Discharge Temperature, °F (°C)

Compr. Bearing Oil Supply Temp., °F (°C)

Bearing Oil Differential Pressure, psid (barg)

Bearing Oil Filter Differential, psid (bary)

Rotor Injection Oil Filter Differential,
psid (bary)

Hydraulic Oil Supply Pressure, psig (barg)

Separator Coalescing Filter Differential,
psid (bary)

Compressor Oil Supply Pressure, psig (barg)

Coalescing Scavenged Oil Line Valve
Adjusted & Flow Observed

Mechanical Seal Weep Rate, drops/min.

System Oil Level

Compressor Oil added, gal (L)

Remarks:
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A CAUTION

OPERATING CONDITIONS MUST NOT EXCEED
COMPRESSOR DESIGN LIMITATIONS.

Maximum Running Pressure (MRP)

The maximum discharge pressure for these compressors is 230 psig (15.9 barg) when
running (with rotors turning) and compressing the specified fluid at maximum specified
temperature.

All compressors must be equipped with a fail-safe device to shutdown the driver (stop the
rotors) if the discharge pressure at the compressor flange exceeds the maximum allowable
running pressure.

Maximum Relief Valve Setting (MRVS)

These compressors are designed to withstand a pressure of 300 psig (20.7 barg) when the
compressor is not running.

It is the responsibility of the packager to provide relief valves to protect the equipment, piping
and oil separator. All compressors must have a relief valve in the discharge piping, set not to
exceed the maximum relief valve setting for the compressor of 300 psig maximum (20.7 barg)
or the maximum allowable working pressure of piping components whichever is less.

The pressure within the compressor MUST be lowered to the maximum running pressure or
less prior to starting.

Filling & Priming a Oil Lube Oil System - Before Starting

Filling The System

1. The normal operating oil level may be higher or lower than the level at shutdown
(at rest). The gas/oil separator, piping and oil cooler capacity and elevation affect
operating oil levels. Consult the package build book or contact Packager for the
approximate design oil fill capacity.

2. Fill the oil filters, piping, cooler and gas/oil separator to an intermediate level on
the gas/oil separator's sight glass.
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3. Runthe prelube pump or circulating pump to ensure system is filled, and bearings
and seals are pre-lubricated. Bleed piping and cooler high points vents to remove
trapped air pockets.

4. Check sight glass on separator. Oil level at start-up could be high or low on the
site glass depending upon component elevations. DO NOT OVERFILL.

5. Proper oil system level is to be checked after compressor is operating when
temperatures and pressures have stabilized and should be mid-point of the site
glass, during normal operation.

Compressor Control Devices

Ariel developed the RG oil-flooded rotary screw compressors specifically for low pressure
natural gas service. Instead of using a traditional slide-valve, the RG series has separate inlet
volume (capacity) and discharge volume (volume ratio, Vi) control devices. Compressor Vi
and capacity control positions can be adjusted independently, either hydraulically or manually
(hand wheel) depending on the purchase option.

To maintain high compressor efficiency, an RG compressor uses the two independent control
devices, which allows for Vi optimization during full and reduced capacity conditions. The
compressors capacity and Vi controls are actuated separately, but move in concert to
optimize compressor efficiency with changing conditions.

NOTE: FAILURE TO MATCH THE COMPRESSOR'S INTERNAL ROTOR
COMPRESSION RATIO (CR|yT = VIX) WITH THE COMPRESSOR'S EXTERNAL
COMPRESSION RATIO (CRgxt = PD/PS, IN PSIA FROM SUCTION FLANGE TO
DISCHARGE FLANGE) RESULTS IN EITHER OVER OR UNDER
COMPRESSION. OVER COMPRESSION WASTES MORE HORSEPOWER
THAN UNDER COMPRESSION, AND SIGNIFICANTLY INCREASES BEARING
LOADS. THE COMPRESSOR'S ANTI-FRICTION BEARING LIFE CAN BE
MAXIMIZED BY MINIMIZING EXCESSIVE BEARING LOADS DUE TO
OVER/UNDER COMPRESSION FROM IMPROPERLY ADJUSTED VI.

Capacity Control (internal recycle)

Capacity control is achieved with an internal recycle method using an adjustable horizontal
slide plate that uncovers progressive, overlapping holes connected to a bypass passage, see
Figure 1-5 on Page 1-9 and Figure 1-7 on Page 1-10. The bypass passages are designed to
recycle gas at the suction end of the compression chamber before compression begins.

NOTE: THE HORIZONTAL SLIDE PLATE ADJUSTS INLET VOLUME ONLY, WHILE
THE VI SLIDE PLATE ADJUSTS DISCHARGE VOLUME ONLY. THIS CONTROL
METHOD IS DIFFERENT THAN A TRADITIONAL SLIDE VALVE THAT AFFECTS
BOTH INLET AND DISCHARGE VOLUMES WITH A SINGLE MOVEMENT.

Internal bypassing works together with variable Vi to maintain high part load efficiency with
step-less capacity control. Internal bypassing allows the compressor load to be adjusted from

4/06 PAGE 3-9



FOR MODELS: RG282M AND RG357M SECTION 3 - START UP
100 percent down to about 40 percent of full load capacity.

Since the compressor's operating conditions often change in gas gathering applications, the
capacity control position can be selected with external adjustments. Capacity control
adjustments can be made using either hydraulic or hand wheel actuation. With hydraulic
actuation, capacity is infinitely adjustable from about 40 to 100 percent of full load capacity,
and held in place hydraulically. With hand wheel actuation, capacity is manually adjustable
from about 40 to 100 percent of full load capacity, and held in place with a stem locking pin.

Capacity Control Positioning - Hydraulic

On compressors furnished with hydraulically actuated capacity control, the slide plate
position is infinitely adjustable from a 100 to O percent of travel, with the compressor running
or stopped. The sliding plate is pressure balanced to minimize the hydraulic force required to
move it in either direction.

Compressor bearing oil pressure provides the hydraulic force used to move the sliding plate,
in both load and unload directions, from 100 percent to about 40 percent of full load capacity
at full load capacity rotating speed. Oil contained within the hydraulic cylinder is used to hold
the horizontal plate in a given position. The horizontal plate's travel position is determined
visually and electrically by a feedback signal from a precision electronic linear displacement
position indicator, see Figure 5-12 on Page 5-10.

This capacity control actuation design allows for the conversion from hydraulic to handwheel
operation, with a minimum of conversion components. Contact Ariel for conversion
instructions.

Energize Coil A,b

Pto A
B.a A B Ab A B Extend
/ >< 1 L l / |
W T T WW [ se—1 |
Hydraulic Cylinder
P T Pto B
Retract
Energize Coil B,a
Directional Control Valve
Label B,a; A,b: To NFPA/ANSI Standard:
B & A = NFPA/ANSI Standard B Port is tubed to rod side of cylinder
a & b =1S0-4401 Standard A Port is tubed to cap end of cylinder
Legend:
P = Pressure
T = Tank

FIGURE 3-1:CAPACITY CONTROL & VARIABLE VI POSITIONING CONTROL
SCHEMATIC
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Capacity Control Theory of Operation - Hydraulic

The capacity control's hydraulic cylinder is located on the male rotor side, drive end. It is dual
acting. A directional control valve is used to simultaneously direct oil to and from each side of
the hydraulic cylinder piston.

To Increase Compressor Capacity

Energize coil B (a) to change the directional valve position so that P pressurized oil goes to
B port and A port goes to T tank, see Figure 3-1 on Page 3-10. This causes the hydraulic
cylinder to retract, as pressurized compressor oil flows into the rod side of the cylinder, the
oil on the cap end of the cylinder drains into the compressor inlet nozzle port. The retracting
hydraulic cylinder moves the slide plate away from the male rotor, covering bypass holes and
increasing capacity, see Figure 1-7 on Page 1-10.

To Hold Capacity Control Position

Allow the directional valve's position to remain neutral. Oil is prevented from entering or
leaving the hydraulic cylinder, which maintains the capacity control plate in a given position.

To Decrease Compressor Capacity

Energize coil A (b) to change the directional valve’s position so that P pressurized oil goes to
A port and B port goes to T tank. Pressurized compressor oil enters the cap end of the
hydraulic cylinder causing it to extend and moving the slide plate toward the male rotor, which
uncovers bypass holes and decreases capacity.

NOTE: COLD OIL EXITING A HYDRAULICALLY ACTUATED CYLINDER(S) CAN
SIGNIFICANTLY INCREASE SLIDE PLATE POSITIONING TIME COMPARED TO
HOT OIL. IT MAY BE NECESSARY TO HEAT TRACE AND INSULATE THE
HYDRAULIC CYLINDER(S), OIL TUBING LINES AND DIRECTIONAL CONTROL
VALVE FOR COLD WEATHER APPLICATIONS.

NOTE: ANY OIL LEAKAGE IN OR OUT OF THE DIRECTIONAL CONTROL VALVE
WILL ALLOW THE SLIDE PLATE TO MOVE.

NOTE: FOR SMOOTH EXTENSION AND RETRACTION OF THE HYDRAULIC

CYLINDER, A MINIMUM OF 50 PSID (65 BARp) DIFFERENTIAL OIL
PRESSURE BETWEEN P-PORT TO T-PORT IS RECOMMENDED.
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Procedure for Adjusting Capacity Loading & Unloading Speed

Directional Flow Control Valve
with Solenoid

Screw #1 Unloading Speed
/ I Manifold Block

Electrical Control
Connections

© @&

ﬁ\ Screw #2 Loading

Speed
FIGURE 3-2:HYDRAULIC CAPACITY FLOW CONTROL VALVE - TYPICAL

Adjust upper screw (#1), on the directional flow control valve closest to the drive end, to
control the compressor unloading speed, see Figure 3-2 on Page 3-12 Remove dust cover,
loosen locknut and turn in allen screw clockwise all the way. Then turn out
(counter-clockwise) a total of nine (9) full turns. Tighten locknut and replace dust cover.
Adjustment can be made with hot or cold oil.

Adjust lower screw (#2) to control loading speed. Remove dust cover, loosen locknut and turn
in allen screw clockwise all the way. When adjusting with cold oil, turn allen screw out
(counter-clockwise) 3 to 4 full turns, to provide a good starting point. Or with hot oil turn out 2
to 3 full turns. Final adjustment is made with compressor running at desired loading speed.
After loading is set to the desired speed, tighten locknut and replace dust cover.

Capacity Control Positioning - Hand Wheel

On compressors furnished with hand wheel actuated capacity control, the slide plate position
is infinitely adjustable and may be adjusted, from 100 to O percent of travel, with the
compressor running or stopped. The sliding plate itself is pressure balanced to minimize the
manual force required move it in either direction.

A manual hand wheel is used to move the slide plate in both load and unload directions, from
100 percent to about 40 percent of full load capacity, using a non-rising stem design. A stem
locking device is used to hold the radial plate in a given position, see Figure 3-3 on Page 3-13
The slide plate's travel position is determined by counting the number of hand wheel turns,
as shown in Table 1-2 on Page 1-8 and Figure 1-5 on Page 1-9.

This capacity control actuation design allows for the conversion from handwheel to hydraulic
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operation, with a minimum of conversion components. Contact Ariel for conversion
instructions.

FIGURE 3-3:HANDWHEEL STEM LOCKING PIN - TYPICAL

Capacity Control Theory of Operation - Hand Wheel

The capacity control's hand wheel actuator is located on the male rotor side, drive end. Since
manual capacity control is adjusted by means of a hand wheel connected to a threaded rod,
no external oil is required.

The slide plate's position can be moved when the compressor is pressurized and operating.
To adjust compressor capacity, remove the stem locking device, so the stem is free to turn,
see Figure 3-3 on Page 3-13. Turn the stem by using the hand wheel on the male rotor side,
drive end.

To Increase Compressor Capacity

To adjust capacity, remove the stem locking pin, so the stem is free to turn. When facing the
hand wheel, turn the wheel clockwise to cover internal bypass holes and increase capacity.

To Hold Capacity Control Position
To hold the desired capacity control position, align hole and re-install the stem locking pin.

To Decrease Compressor Capacity

To adjust capacity, remove the stem locking pin, so the stem is free to turn. When facing the
hand wheel, turn hand wheel counter-clockwise to uncover internal bypass holes and
decrease capacity.
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Variable Vi Control

Variable volume ratio (Vi) is achieved using an adjustable slide plate on the discharge end
that changes the compressor's axial port (butterfly) size, see Figure 1-6 on Page 1-9 and
Figure 1-8 on Page 1-10. The compressor's anti-friction bearing life can be maximized, by
minimizing excessive bearing loads due to over/under compression from improperly adjusted
Vi. Ariel's method of varying Vi is different than the traditional slide valve, which does not
provide independent inlet volume and discharge volume control capability.

Since the compressor's operating conditions often change in gas gathering applications, an
appropriate Vi can be selected with external adjustments. Vi adjustments can be made using
either hydraulic or hand wheel actuation. With hydraulic actuation, Vi is infinitely adjustable
from 2.5 to 5.0, and held in place hydraulically. With hand wheel actuation, Vi is manually
adjustable from 2.5 to 5.0, and held in place with a stem locking pin.

Variable Vi Positioning - Hydraulic

On compressors furnished with hydraulically actuated Vi control, the slide plate position is
infinitely adjustable from 100 to 0 percent of travel, with the compressor running or stopped.
The sliding plate is pressure balanced to minimize the hydraulic force required to move it in
either direction.

Pressurized compressor bearing oil provides the hydraulic force used to move the sliding
plate in either direction between a 2.5 Vi (minimum) and a 5.0 Vi (maximum). Oil contained
within the hydraulic cylinder is used to hold the slide plate in a given position. The slide plate's
travel position is determined visually and electrically by a feedback signal from a precision
electronic linear displacement position indicator, see Figure 5-12 on Page 5-10.

This Vi control actuation design allows for the conversion from hydraulic to handwheel
operation, with a minimum of conversion components. Contact Ariel for conversion
instructions.

Variable Vi Positioning Theory of Operation - Hydraulic

The variable Vi's hydraulic cylinder is located on the male rotor side, non-drive end. It is dual
acting. A directional valve is used to simultaneously add and remove oil from the hydraulic
cylinder.

To Increase Vi

Energize coil A (b) to change the directional valve position so that P pressurized oil goes to
A port and B port goes to T tank, see Figure 3-1 on Page 3-10. This causes the hydraulic
cylinder to extend, as pressurized compressor oil flows into the cap end side of the cylinder,
the oil on the rod end of the cylinder drains into the compressor inlet nozzle port. The
extending hydraulic cylinder moves the slide plate toward from the male rotor, decreasing the
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butterfly profile and increasing Vi, see Figure 1-8 on Page 1-10.

To Hold Vi Position

Allow the directional valve's position to remain neutral. Oil is prevented from entering or
leaving the hydraulic cylinder, which maintains the Vi plate in a given position.

To Decrease Compressor Vi

Energize coil B (a) to change the directional valve’s position so that P pressurized oil goes to
B port and A port goes to T tank. Pressurized compressor oil enters the rod side of the
hydraulic cylinder causing it to retract and moving the slide plate away from the male rotor,
which increases the butterfly profile and decreases Vi.

NOTE: COLD OIL EXITING A HYDRAULICALLY ACTUATED CYLINDER(S) CAN
INCREASE SLIDE PLATE POSITIONING TIME COMPARED TO HOT OIL. IT
MAY BE NECESSARY TO HEAT TRACE AND INSULATE THE HYDRAULIC
CYLINDER(S), OIL TUBING LINES AND PROPORTIONAL VALVE FOR COLD
WEATHER APPLICATIONS.

NOTE: CONTACT ARIEL REGARDING VI POSITION DEAD BAND WITH PLC
CONTROLLER. EXCESSIVE VI POSITIONING IS DETRIMENTAL TO SOME
ELECTRONIC COMPONENTS.

NOTE: ANY OIL LEAKAGE IN OR OUT OF THE DIRECTIONAL CONTROL VALVE
WILL ALLOW THE SLIDE PLATE TO MOVE.

NOTE: FOR SMOOTH EXTENSION AND RETRACTION OF THE HYDRAULIC
CYLINDER, A MINIMUM OF 50 PSID (65 BARp) DIFFERENTIAL OIL
PRESSURE BETWEEN P-PORT TO T-PORT IS RECOMMENDED.

Variable Vi Positioning - Hand Wheel

On compressors furnished with hand wheel actuated capacity control, the slide plate position
is infinitely adjustable and may be adjusted, from 100% to 0% of travel, with the compressor
running or stopped. The sliding plate itself is pressure balanced to minimize the manual force
required move it in either direction.

A manual hand wheel is used to move the sliding plate in either direction, between a 2.5 Vi
(minimum) and a 5.0 Vi (maximum), using a non-rising stem design. A stem locking device is
used to hold the radial plate in a given position, see Figure 3-3 on Page 3-13 The slide plate's
travel position is determined by counting the number of hand wheel turns, as shown in
Table 1-3 on Page 1-8 and Figure 1-6 on Page 1-9.

This Vi control actuation design allows for the conversion from handwheel to hydraulic
operation, with a minimum of conversion components. Contact Ariel for conversion
instructions.
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Variable Vi Theory of Operation - Hand Wheel

The variable Vi's hand wheel actuator is located on the male rotor side, non-drive end. Since
manual Vi is adjusted by means of a hand wheel connected to a threaded rod, no external oil
iS required.

The slide plate's position can be moved when the compressor is pressurized and operating.
Turn the stem by using the hand wheel on the male rotor side, non-drive end.

To Increase Vi

To adjust Vi, remove the stem locking pin, so the stem is free to turn. When facing the hand
wheel, turn the wheel counter-clockwise to move the plate toward the male rotor, which
decreases the butterfly profile and increases V.

To Hold Vi Control Position

To hold the desired capacity control position, align hole and re-install the stem locking pin.

To Decrease Vi

To adjust Vi, remove the stem locking pin, so the stem is free to turn. When facing the hand
wheel, turn the wheel clockwise to move the plate away from the male rotor, which increases
the butterfly profile and decreases Vi.

Visual Position Indicator - Capacity Control & Vi

Hydraulically actuated capacity control and variable Vi have both visual position indication
and electronic position feedback capabilities. Hand wheel actuated capacity control and
variable Vi positions are indicated by counting number of hand wheel turns with a non-rising
stem.

Position Indicator - Hydraulic Visual

The position travel scale nameplates on the spacer/adaptors provide visual indication of the
slide plates travel positions.

Position Indication - Hand Wheel

The hand wheel actuators have no visual indication of the slide plates travel positions. The
manual hand wheels are used to move the sliding plates in either direction using a non-rising
stem design. The slide plates travel positions are most accurately determined by counting the
number of hand wheel turns on a threaded shatft, refer to Table 1-2 on Page 1-8 and

Table 1-3 on Page 1-8.
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Slide Plates Positioning at Start-up

Prior to starting, position the slide plates, hydraulic or hand wheel actuated, to the minimum
Vi and minimum capacity positions.

Minimizing compressor Vi and capacity will reduce driver starting torque.

After starting, and as soon as idle speed is achieved, immediately adjust the Vi to a position
that is appropriate for the operating compression ratio. Bearing oil pressure and discharge
pressure should increase immediately after loading the compressor. Position other oil system
valves, as required, for normal operations.

After compressor and driver are warmed up, compressor speed, Vi and capacity control are
used to load the available driver horsepower.

Thrust Balance System

The thrust balance system is integral to the compressor and not adjustable. Discharge gas
thrust loads are internally opposed by the gear set thrust load.

Gas/QOil Separator Coalescing Filter

Gas/Oil Separator Minimal Differential Pressure Requirement

A minimal differential pressure of 50 psi (3.4 bar) above the compressor suction pressure
must be maintained in the gas/oil separator, from compressor start-up until the system
reaches normal operating pressures. This minimal differential pressure is to be sure that an
adequate flow of scavenge line gas and oil will prevent the collapse of the coalescing filter
elements, that a gearbox differential pressure will allow the gearbox oil to drain at low
operating differentials, and that adequate pressure to flow oil, especially when cold, to the
inlet of the lube oil pump will prevent cavitation or inadequate oil flow to the journal bearings
and mechanical seal.

Scavenged Gas/Qil Line Flow Adjustment

The gas/oil separator coalescing filter removes residual oil from the discharge gas stream.
The oil scavenge line is necessary to minimize oil accumulation on the downstream side of
the filter. A metering valve, check valve, flow indicator and a 75 micron (0.003 inches,

200 mesh) strainer or filter are to be located in the scavenged oil line to return the
downstream coalescing filter oil to the compressor, see Figure 4-1 on page 4-4 and

Figure 4-2 on Page 4-5. With the compressor at normal operating conditions, adjust the valve
to show primarily gas flow movement into the compressor with minimal oil inclusion.
Excessive gas flow will reduce compressor performance, due to the recycled gas. Insufficient
oil flow will reduce coalescing filter performance resulting in oil carryover with discharge gas
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stream.

PAGE 3 - 18 4/06



FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

SECTION 4 - OIL SYSTEM, LUBRICATION &
VENTING

General

The oil system is vital for successful operation of oil-flooded rotary screw compressors and

deserves special attention in the package design and operation. Ariel oil flooded rotary screw
compressors utilize a pressurized, filtered and re-circulated oil system. Oil is supplied to the
compressor through rotor injection and various oil connections.

Oil flooding of the gas stream is supplied at scavenged oil and rotor injection ports. Pumped
oil supplies lubrication to the bearings, oil to the mechanical seal and speed increasing gear
mesh, and provides pressure to position the optional variable Vi and capacity control
hydraulic cylinders. The compressor oil system provides the following major functions:

1. Seals the internal running clearances and mechanical seal face.
2. Absorbs the heat of compression.
3. Lubrication of rotors, journal bearings, gear mesh and mechanical seal.

4. Hydraulic power - to move variable Vi and capacity-control hydraulic pistons.

The process gas will always dilute the oil, both mineral and synthetic, resulting in reduced
viscosity. The pressurized oil viscosity reduction can be predicted and will remain stable
provided that gas composition, pressure and temperature do not change and that any liquids
and solid contaminants are effectively removed from the gas prior to compressor suction.

Careful consideration must be given to proper lubrication selection. The degree of
compressor oil 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 gas/oil separator reservoir
temperature, the less the oil dilution.

4. Lubricant selection - some oil types are more dilution prone.

Lubricants commonly used in oil flooded rotary compressors include petroleum based
(mineral) 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 dilutive properties of the gas stream.
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- 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 lubricants’ resistance to “washing” effects.

Pressure gauges are required for monitoring pressure drop across all oil filters.

Compressor oil should be changed at regular maintenance intervals or when oil sample
results indicate the need. A more frequent oil change interval may be required if operating in
an extremely dirty environment or if the oil supplier recommends it. 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.

NOTE: THESE OIL RECOMMENDATIONS ARE GENERAL GUIDELINES. IF THE
RECOMMENDED LUBRICANTS OR FLOW RATES DO NOT APPEAR TO
WORK PROPERLY, FLOW RATES AND/OR LUBRICANT TYPES MAY NEED
TO BE CHANGED. PLEASE CONTACT THE OIL SUPPLIER FOR SPECIFIC
LUBRICANT RECOMMENDATIONS.

Lubricants

It is not Ariel's policy to recommend any particular type or brand of oil. There are many
companies who specialize in recommending blended or synthetic oil for a given application.
These consultants given the gas composition analysis and operating conditions conduct
proprietary flash gas and dilution calculations to determine proper lubrication and heat
removal, as well as oxidation inhibition, rust and corrosion inhibition, and anti-wear
properties. Using an experienced lubricant consulting service is recommended.

Compressor bearings are designed to operate with an optimum kinematic viscosity of
112 SUS (23 cSt) at compressor casing oil inlet port.

The minimum kinematic viscosity at operating conditions is 80 SUS (15 cSt).
Compressor operation with oil viscosity below 80 SUS (15 cSt) will result in inadequate
compressor lubrication with bearing and sealing deterioration.

The maximum kinematic viscosity at operating conditions is 142 SUS (30 cSt).

Once a rotary compressor oil viscosity is selected, operating viscosity is affected by
temperature and pressure in the gas/oil separator, plus ingested liquid and solid
contaminants in the suction gas stream.

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

For environmental reasons lead is increasingly being replaced in EP (extreme pressure)

additives by alternatives. Care should be taken in the selection of EP additives since it has
been proven that rolling element bearing life can be drastically reduced by chemical attack
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from unsuitable EP additives.

Automatic transmission fluids (ATF) and used engine oils are not to be used for rotary
compressor oils.

Warranty

Warranty of component failures which occur while using lubricants which do not meet these
specifications will be subject to review on a case by case basis.
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SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

ANSI Flat Face Compressor Suc-
tion Flange, Ref: Outline Drawing
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FIGURE 4-1: LUBE OIL SYSTEM SCHEMATIC - HYDRAULIC ACTUATED CAPACITY &
VI CONTROLS - TYPICAL (SEE PACKAGER’S OIL SCHEMATIC)

TABLE 4-1: [LLUSTRATIONS LEGENDS FOR FIGURE 4-1 - HYDRAULIC ACTUATED

CONNECTIONS
INSTRUMENTATION SYSTEM COMPONENTS
GAS SYSTEM ELECTRICAL
A1l Suction Flange C1TE: 3/4” E1 Vi Control PI = Pressure Indicator | 1. Inlet Scrubber 14. Orifice
A2 Discharge Flange NPTF Position Indica- | PDSLL = Pressure Dif- | 2. Check Valve 15. Temperature Control
C2 PI: 3/4” NPTF tor ferential Switch Low- 3. Strainer - 420 pm Valve - Mixing Mode
OIL C3 Spare Suction | E2 Capacity Con- | Low Oil Supply 4. Shutoff Valve 16. Differential Pressure
- Connection: 3/ trol Position PDSHH = Pressure Dif- | 5. Flow Indicator Control Valve
B1 Main Supply 4" NPT Indicator ferential Switch HiHi 6. Relief Valve 17. Capacity Unloading
B5 Scavenge Oil from | c4 TE & TSHH: |E3 Decrease Vi | PSHH = Pressure 7. 3-Way 3-Position Valve - Hydraulic
Coalescing Filter 3/4" NPTF Signal Input Switch HiHi S/D, Directional Control | 18. Vi Control Valve -
B11L.O. Pressure C5 PI: 3/4” NPTF | E4 Increase Vi -1 = 230 psig max. Valve Hydraulic
B12 Pre- Lube C8 PI: 1/4” NPT Signal Input (15.9 barg) Fail Safe | 8. Adjustable Flow 19. Oil Strainer - 420 um
B13 Hand Pump C9 PI: 1/4” NPT | E5 Increase -2 = 300 psig min. Control Valve 20. Temperature Control
Unloading . C10 Vi Stem Seal Capacity Sig- (20.7 bar,) Rising 9. Compressor Blow- Valve - Normally Open
B14 Drain for Capacity |  vent: 1/4” nal Input TE = Tempgerature Ele- Down Valve 21. Gearbox Scavenge
Unload NPTF E6 Decrease ment 10. Integral Oil Pump- |  Oil Strainer
B15L.O. Pressure C11Capacity Capacity Sig- | TSHH = Temperature Female Rotor 22. Check Valve
Drain Stem Seal nal Input Switch - HiHi. Oil 170°F Driven 22. Scavenge Oil Strainer
B16-19 Pressure Con- | vent: 1/4” max. (77°C), Discharge | 11. Coalescing Filter | 23. Back Pressure Con-
nections NPTF Y ! 12. Not Used trol Valve

B20 Valve/Cylinder
Acuation

248°F (120°C)
Pgc = Pressure - Scav-

13. Oil Filter (Filter
Bleed must be off

24. Solenoid Operated
Valve

BD = Drain enge
AP = Differential Pres- the center of top)
sure Gauge
PAGE 4 -4 4/06




FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

ANSI Flat Face Compressor Suction

c2 C Flange, Ref: Outline Drawing
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FIGURE 4-2: LUBE OIL SYSTEM SCHEMATIC - HAND WHEEL ACTUATED CAPACITY
& VI CONTROLS - TYPICAL (SEE PACKAGER’S OIL SCHEMATIC)

TABLE 4-2: ILLUSTRATIONS LEGENDS FOR FIGURE 4-2 - HAND WHEEL ACTUATED

CONNECTIONS
INSTRUMENTATION SYSTEM COMPONENTS
GAS ELECTRICAL SYSTEM
A1l Suction E7 Oil Supply C1 Suction TE: 3/4” Pl = Pressure Indica- | 1. Inlet Scrubber 14. Orifice
Flange PDSLL NPTF tor 2. Check Valve 15. Temperature Control
A2 Discharge | E8 Lube Oil Filter | C2 Suction PI: 3/4” PDSLL = Pressure Dif- | 3. Strainer Valve - Mixing Mode
Flange PDSHH NPTF ferential Switch 4. Shutoff Valve 16. Differential Pressure
E9 Rotor Injection | C3 Spare Suction Con- LoLo 5. Flow Indicator Control Valve
Filter PDSHH nection: 3/4” NPTF | PSHH = Pressure 6. Relief Valve 17.Capacity Unloading
C4 Discharge, TE & Switch HiHi S/D, 7. Not Used Handwheel
OlL TSHH: 3/4” NPTF -1 =230 psigmax. | 8. Flow Control Valve - | 18. Vi Control Handwheel
—— C5 Dischage, PI & (15.9 barg) Fail Safe Normally Open 19. Inlet Qil Strainer - 420
B1 Main Oil B15L.O. Pressure |  pSHH 1:3/4”NPTF | .2 =300 psigmin. | 9. Compressor Blow- um
Supply Drain, low C10 Vi Stem Seal (20.7 bary) Rising Down Valve 20. Temperature Control
B5 Scavenge | B16 L.O. Filter, Vent: 1/4” NPTF TE = Tempgerature Ele- | 10. Integral Oil Pump - |  Valve - Normally Open
Oil from High C11 Capacity Stem ment Female Rotor Driven |21, Gearbox Scavenge Oil
Coalescing |B17L.O. Filter, Low |  vent: 1/4”NPTF TSHH = Temperature | 11. Coalescing Filter Strainer
Filter B18 Rotor Oil Filter, Switch - o€ | 12. Not Used 22. Check Valve
B11 Lube Oil High 170°F max. (77°C), | 13. Oil Filter (Filter 23. Back Pressure Control
Pressure, B19 Rotor Oil Filter, Di e Bleed must be off the Valve
Supply. High Low ischarge 248°F
pply, Hig . (120°C) center of top)
B12 Pre-Lube |BD = Drain z
Pgc = Pressure -
Scavenge
AP = Differential Pres-
sure Gauge
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Petroleum Based Oils - also referred to as mineral oils:

Paraffinic - higher wax content, better resistance to thinning at higher operating
temperatures than naphthalenic.

Naphthalenic - (as compared to paraffinic) lower wax content, better ability to flow at low
temperatures for cold start-ups, lower resistance to thinning at higher operating
temperatures, better solvency, lower life/oxidation stability.

NOTE: ANIMAL FAT AND VEGETABLE OIL ADDITIVES ARE NOT TO BE USED IN
ROTARY SCREW COMPRESSORS.

Synthetic Lubricants

Synthetic lubricants are 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 dilution resistance, better oxidation
resistance, better lubricity, better film strength, natural detergency, lower volatility, and results
in decreased operating temperatures. These attributes can help to decrease rotor injection
feed rate requirements.

Justification for the use of synthetic lubricants is based on process gas compatibility, energy
savings, reduced lubricant usage, increased component life, decreased equipment
downtime, and reduced maintenance/labor. Some synthetic lubricants can be used in the
compressor lubrication. Consult with the lubricant supplier before using these lubricants in the
compressor.

Synthesized Hydrocarbons - polyalphaolefins (PAO) can be used as compressor
lubricants and are:
1. Compatible with mineral oils.

2. Compatible with Viton and HNBR - Buna N (high end acrylonitrile-butadiene
seals.

Generally not water soluble.
4. Requires additives to improve detergent action and improve seal compatibility.

Can be soluble in some gases. Readily diluted by heavy hydrocarbons. Verify
application with lubricant supplier.

Organic Esters - diesters and polyolesters:
1. Compatible with mineral oils.

2. Incompatible with some rubbers (O-rings), plastics, and paints.
3. Compatible with Viton seals.
4.  Primarily used in air compressors.

Polyglycols - polyalkylene glycols (PAG), polyethers, polyglycolethers, and
polyalkylene glycol ethers:
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1. Not compatible with mineral oils, some plastics and paints. Requires complete
system flush when changing to or from polyglycols. Contact oil supplier for
flushing details.

2. Can be water soluble at reduced temperature - must verify application with
lubricant supplier.

Resistant to hydrocarbon gas dilution. Excellent wetability.

Poor inherent oxidation stability and corrosion protection - requires additives.

o & W

Compatible with Viton and HNBR - Buna N (high end acrylonitrile-butadiene).

6. Not recommended for air compressors.

Associated Equipment

Associated equipment is described as the compressor package’s auxiliary components,
specified and provided by the Packager, that supports successful compressor operation
within the specified application.

Gas/Oil Separator and Coalescing Filter

All oil-flooded rotary screw compressors require a gas/oil separator, complete with
coalescing filter, to maintain the pressurized, recirculated oil system and to provide minimal
oil carry over with the process gas. Typical Lube Oil Systems, Figure 4-1 on page 4-4 and
Figure 4-2 on page 4-5, show the gas/oil separator’s location schematically, with coalescing
filter and the scavenged oil line components identified.

As defined in Ariel’'s Rotary Screw Packager Standards, Section 4: “It is the Packager’s
responsibility to determine gas/oil separator vessel sizing for a particular service, or verify
adequacy if already determined by the customer’s specifications. Gas/oil separators must be
designed to have adequate oil coalescing filtration, which minimizes oil carry over with the
discharge gas stream. The separator design shall include a coalescing filter oil scavenge
system to minimize oil carry over. This scavenge line, with sight flow gauge, check valve and
adjustable valve, must be connected to the compressor as shown on the typical lube oll
drawing.”

Oil Cooler

All compressors must have an oil cooler. Maximum allowable oil temperature into the
compressor is determined by the process gas dew point, operating conditions and the type
of oil used. Oil temperature into the compressor is recommended to be 150°F (65°C) for
maximum discharge gas cooling capability. 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, lube oil flow
rate, gas temperatures and gas compression capacities. Oil heat rejection data for each
application is determined from the Ariel Rotary Compressor Performance Program
(contact your Packager or Ariel when you need this information). The cooler should be
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mounted as close to the compressor as possible, with piping of adequate size to minimize
pressure drop of both the oil and the cooling medium.

Thermostatic Temperature Control Valve

For proper operation of the oil system a temperature control valve is required. A thermostatic
valve is available from Ariel. The maximum differential pressure between the hot oil supply

line (point B) and the cooled oil return line (point C) is to be 10 psid (0.7 bar). Refer to Figure
4-1 on page 4-4 and Figure 4-2 on Page 4-5, Iltem #15. Ariel recommends installation of the
temperature control valve in the mixing mode.

The recommended oil injection temperature is 150°F (65°C) at the compressor oil inlet ports
for maximum discharge gas cooling capability. An oil temperature of 150°F (65°C) is the
minimum temperature required to drive off water vapor in natural gas. Normally select a
temperature control valve with a 150°F (65°C) nominal temperature setting, unless other
circumstances dictate a higher setting. If operating conditions or design limitations dictate
otherwise, contact Ariel Application Engineering, see “Ariel Telephone, Fax, E-Mail and Web
Site Numbers” on Page 7-18.

Cold Ambient Temperatures

If an oil-flooded 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 compressor bearings,
gears and mechanical seal. Temperature controlled cooler by-pass valves, oil heaters, cooler
louvers, insulation/heat tracing and even buildings may be needed to ensure successful
operation.

QOil filter differential pressure increases significantly with oil viscosity greater than 2275 SUS
(500 cSt). The maximum lube oil viscosity for cold ambient temperature starting, without
pump cavitation, is 7275 SUS (1600 cSt) provided that all external piping is heat traced and
insulated. Minimum start up temperatures for full or semi-synthetic lubricants can be reduced
based on viscosity index. Start up oil viscosity must be sufficiently low to prevent pump, filter,
bearing, gear or mechanical seal damage.

When electric oil immersion heaters are used with mineral oils, the watt density of the heater
element should not exceed 5 W/In? (0.8 W/cm?) for systems without circulating pumps.
Mineral 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.

When electric oil heaters are used with synthetic or blended mineral oils, contact your oil

supplier to determine maximum heater element watt density limitations. Synthetic or blended
mineral oils generally have higher break down temperatures than straight mineral oils.
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Prelube Pumps

Ariel rotary compressors are equipped with hydrodynamic journal bearings. Therefore, the
compressor must be prelubed before starting. If the compressor was prelubed within the
previous 8 hours, it does not require prelube again. During prelube, 1/2 of the lube oil enters
the gearbox. If the compressor is prelubed successive or multiple times the gearbox will flood
with oil. This can result in damage to the journal bearings when starting. To minimize this,
Ariel recommends that a maximum of 2 to 2.2 gallons (7.6 to 8.3 L) of lube oil be supplied to
the bearings. The PLC will start prelube pump via gas turbine motor. Once a positive pressure
is indicated at the lube oil supply pressure connection or downstream of the prelube check
valve, the PLC timer will begin. After the prescribed length of time has expired, the PLC will
turn off the prelube pump and indicate permissive to start the compressor. For example, if the
prelube pumpis a 5 gpm (19 L/min) pump, then running it for 25 to 30 seconds will provide
between 2.1 to 2.5 gallons (7.9 to 9.5L) of lube oil.

NOTE: THE MECHANICAL SEAL IS DESIGNED TO OPERATE WITH AN OIL FILM AND
MUST BE PRE-LUBRICATED PRIOR TO STARTING. THE SEAL MUST BE
CONTINUOUSLY SUPPLIED WITH OIL WHILE COMPRESSOR IS OPERATING.
ANY DRY RUNNING OF SEAL, WITHOUT LUBRICATING OIL, WILL RESULT IN
SCORING THE SEAL FACES AND REDUCED SEAL LIFE.

Integral Oil System

General

An integrated oil system mounted on a RG compressor is available as an Ariel option, and is
designed to provide the required oil flow, pressure and cleanliness for multiple purposes with
minimal operating adjustments. Cooled oil is supplied to a system through a single
connection, which is then directed to the appropriate compressor connections for lubrication,
cooling and hydraulic control pressure. Refer to Figure 4-1 on page 4-4 and Figure 4-2 on
Page 4-5 for typical oil systems details.

Rotor Injection Oil Flow

Rotor injection oil pressure and flow are a function of operating conditions, specifically suction
and discharge pressures and temperatures. Rotor injection oil supply is differential pressure
driven through a filter to male and female rotor injection points. See the Ariel Performance
Program - generated summary sheet that shows predicted rotor injection oil flow and the
associated gas discharge temperature for given operating conditions.

Per Ariel's Rotary Compressor Packager Standards, discharge gas temperature must be
maintained at the greater of 150°F (66°C) or 20°F (11°C) above the gas dew point
temperature to prevent free liquid condensing in the compressor oil.

Reducing rotor injection oil flow will raise discharge gas and oil/gas temperatures, see “Gas
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Discharge High Temperature Settings” on Page 1-15 for compressor operating limitations.
Consult Ariel Applications Engineering before reducing oil flow volume.

Pumped Oil Flow

Lubricating oil is pumped through a filter and a three-way, pressure control valve to supply a
regulated oil volume for compressor bearings, mechanical seal, gear tooth mesh and input
shaft bearings. This lubricating oil also provides hydraulic oil pressure, when so equipped, to
position Vi and capacity control sliding plates.

Integral Oil System - Major Components

Oil system major components are shown on the appropriate oil schematic and include; oll
pump, strainer, filters, pressure control valve, directional control valves (hydraulic actuated
controls only), Vi and capacity control hydraulic cylinders with position indication, and low oll
supply pressure differential switch.

Lube Oil Strainers - Reference Figure 4-3 & Figure 4-4

There should be three oil system strainers.

The lube oil supply strainer (provided with lube system option) is located between the oil
cooler and the pump suction. Cooled oil supplied to the in-line “Y” strainer passes through the
40 mesh (400 micron) screen, which prevents large particles from entering the pump. The
strainer is provided with two plugged 1/4-inch female NPT gauge connections to monitor
differential pressure. The strainer basket should be removed and washed in an appropriate
solvent every 6 months, or whenever the lubricating oil is changed, or if differential pressure
exceeds 4 psid (0.3 bary). See Figure 4-3 on Page 4-11.

A “Y” strainer (provided by others) is to be located in the oil return from the gas/oil separator.
It should be removed and cleaned with the same frequency as the lube oil supply strainer.

The internal scavenged oil gallery strainer (provided with the compressor) is a cleanable
strainer basket, 30 mesh (595 micron), see Figure 4-4 on Page 4-11. It is located in the oil
return gallery passage, and should be removed and cleaned with the same frequency as the
lube oil supply strainer.

NOTE: FAILURE TO CLEAN THE SCAVENGED OIL GALLERY STRAINER CAN
RESULT IN FLOODING THE GEARBOX. IF OIL BECOMES ENTRAINED IN THE
GEAR MESH, HYDRAULIC SEPARATION OF THE GEARS WILL
SIGNIFICANTLY OVERLOAD THE BEARINGS.
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1/4 In. NPT
2In. NPT Pressure Ports 2In. NPT
Inlet Outlet

O-ring
Cleanable
Strainer Basket

Spring

Spring

Ce—__

Strainer
Basket

Pipe Plug

O-ring

FIGURE 4-4:INTERNAL SCAVENGED OIL GALLERY STRAINER IN SIDE OF
COMPRESSOR (STRAINER OUTSIDE TO INSIDE FLOW) - TYPICAL

Rotor Injection Check Valve

A check valve is installed in the rotor injection oil supply line to prevent oil and gas back flow
during startup conditions. Under very low compression ratio conditions, rotor injection flow is
not required for cooling since compression heat is also very low. The rotor injection’s port
(internal closed cell) pressure is a function of suction pressure, while rotor injection supply
pressure is a function of discharge pressure. The rotor injection check valve must be installed
horizontally to function properly. Refer to “Compressor Oil System Pressure Calculations” on
Page 4-14 for typical oil system pressure calculations.
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Rotor Injection Temperature Control Valve

Rotor injection oil flow is required to cool the compressed gas and also provide gas sealing
in the compression chamber. A manual throttling valve is provided in the rotor injection’s oil
supply line to allow for restricted cooling oil flow. See Figure 4-1 on page 4-4 and Figure 4-2
on Page 4-5, Item #20.

Oil Filters

The RG series are oil-flooded rotary compressors that use recirculated, filtered oil for multiple
purposes. QOil filter micron ratings and minimum efficiency ratings are designed to protect
compressor rotating components from damage.

Full flow oil filtration for bearing, mechanical seal internal gear and hydraulic control
actuators' full flow filtration shall equal or exceed a 6 um rating with a 200 Beta ratio

(R6 =200, a 99.5 percent efficiency rating at removing particles 6 um and larger particle
sizes).

Rotor injection full flow oil filtration shall equal or exceed a 16 um rating with a 200 Beta ratio
(R16 = 200, a 99.5 percent efficiency rating at removing particles 16 pm and larger particle
sizes).

All Ariel RG compressors with canister type filters are equipped with a continuous flowing
vent for removing entrapped process gas from the filter case. A gas/oil mixture is continuously
vented into the compressor's gear box to remove all the gas and a limited amount of filtered
oil so the filter element is in full contact with the oil flow. An in-line restriction orifice is installed
to limit the amount of oil vented.

Ariel recommends replacing filter elements before the differential pressure reaches collapse
pressure across the filter, either at normal operating conditions or at six month intervals.
Refer to sections 5 and 6 for detailed filter maintenance information. Change rotor injection
filter elements if differential pressure exceeds 11 psid (0.75 bary).

Liquids and Solid Contaminants in Gas

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

NOTE: WHEN THERE ARE LIQUIDS AND SOLID CONTAMINANTS PRESENT IN THE
PROCESS GAS STREAM, THE MOST EFFECTIVE LUBRICATION OF AN
OIL-FLOODED ROTARY COMPRESSOR REQUIRES REMOVAL OF THESE
CONTAMINANTS WITH EFFECTIVE SEPARATION BEFORE THE GAS
ENTERS THE COMPRESSOR.

To minimize compressor oil dilution, gas/oil separator operating temperatures should be
maintained about 20F° (11C°) above process gas dew point temperature at discharge
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pressure, but not less than 150°F (66°C). A separator temperature of 150°F (66°C) is
minimum temperature required to drive water vapor into process gas stream (natural gas).

Oil Pressure Regulating Valve

The oil pump is generally capable of supplying oil pressure and volume in excess of that
required for a specific application. The pressure regulating valve is used to provide an
adequate oil flow to bearings, gears, mechanical seal and hydraulically actuated control
cylinders, if so equipped, while bypassing the excess oil back into the compressor's
scavenged oil gallery. Filtered oil for hydraulic supply is taken upstream of the pressure
regulating valve and does not affect valve performance.

The pressure regulating valve is a differential pressure biased, three port valve. This valve is
located downstream of the filter, and uses two pressure input signals to maintain an adequate
bearing oil flow over a wide range of operating pressures. The valve's biased input has a high
pressure leg, which senses oil pressure downstream of the filter, and a low pressure leg,
which senses compressor internal scavenged oil gallery pressure. The valve's initial
differential pressure setting is performed during Ariel’'s compressor performance test run at
the factory.

] | L ]
1/4 In. NPTF - To
Sense Psc
1-1/4 In.
1/4 In. NPTF - \ NPTF
b Gage Port 202 ) Bypass To
s
]
| 1/4 In. NPTF - = / | \},\\ i
Gage Port 203 § 'm )
il High N IN - From o) ggn:p;"ssor
N Pump/Filter Oy
\ — ume/H & Lube
T 1/4 In. NPTF - =T
1] :/ Plugged o [~
Ty 00 U4 NPTF- 177 E\ 6
Both Sides L/8 In.
NPTF -
Plugged
IN
To Sense Psc
T
_{
T \ Bypass To Psc
ouT Psc = Pressure at Oil Scavenge

FIGURE 4-5:0IL PRESSURE REGULATING VALVE

Field adjustments of the valve setting allows Ariel rotary compressors to be applied over a
wide variety of operating conditions. Refer to “Compressor Oil System Pressure Calculations”
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on Page 4-14 to determine proper settings. Refer to Section 5 - “Maintenance” for the field
adjustment procedure.

Compressor Oil Pump

For compressor oil pump sizing, refer to the Ariel Performance Program. Changing the gear
ratio normally requires changing the oil pump to accommodate minimum and maximum oil
flow requirements.

The compressor's integral oil pump is sized for the driver-compressor package speed range
and gas application pressures, to provide adequate compressor oil flow and pressure within
the driver's normal speed range. Generally, minimum driver speed is based upon a speed
versus horsepower or torque lug curve that determines compressor and oil pump minimum
speeds. The compressor oil pump is selected to provide adequate oil system flow and
pressure at minimum driver speed and maximum compressor differential pressure, based
upon the installed speed increasing gear ratio.

The integral compressor oil pump is direct driven by the female rotor. Oil pump flow and
pressure are determined by female rotor speed and oil pressure regulating valve position.
Male and female rotor speed limitations are given, in Table 4-3 on Page 4-14. Male rotor
speed is determined by gear ratio and driver speed, and absolute minimum speed limit for a
given application is specified by the Ariel Performance Program.

TABLE 4-3:ROTOR SPEED LIMITATIONS

ROTOR GEAR RATIO, MINIMUM ROTOR MAXIMUM ROTOR
COMPRESSOR MODEL | MALE LOBES/FEMALE SPEED, RPM SPEED, RPM
FLUTES MALE/FEMALE MALE/FEMALE
RG282M 4/6 1040/900 4050/2700
RG357M 4/6 840/560 3210/2140

Minimum bearing oil supply pressure and shutdown setting are based upon the differential
pressure connection to the scavenged oil gallery. Refer to “Lube Oil Shutdowns” on
Page 4-15 for additional lube oil shutdown information.

Compressor Oil System Pressure Calculations

The pumped oil has a single entry point to the compressor. The oil is distributed internally to
the individual components, and is throttled as needed to ensure appropriate oil supply.

Listed below are the minimum compressor oil pressure requirements:

Where:Ps = Suction Pressure, absolute
Pd = Discharge Pressure, absolute
k = Ratio of Specific Heats for Process Gas in Service
psia = psig + atmospheric pressure at elevation

PAGE 4 - 14 4/06



FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING
1 (bar) = 14.5 psi
1. Hydraulic Capacity & Vi Control Actuation Pressure, normal = 55 to 60 psig (3.6 to
4.1 barg)
2. Bearing Oil Differential Pressure, normal = 55 to 60 psid (3.6 to 4.1 bary)

3. Rotor Injection Pressure > Ps x (1.63)"

4. Scavenged Oil Gallery Internal Pressure = Ps x (1.43)k

Compressor Re-Application

NOTE: IF ANY OF THE CONDITIONS LISTED BELOW CHANGE, CONSULT YOUR
PACKAGER AND/OR ARIEL (*ARIEL TELEPHONE, FAX, E-MAIL AND WEB
SITE NUMBERS” ON PAGE 7-18) AS THEY MAY REQUIRE HARDWARE
AND/OR DOCUMENTATION CHANGES. PERFORMANCE, GEAR RATIO, OIL
PUMP SELECTION AND OIL SYSTEM FLOWS MUST BE RE-CALCULATED.

GAS PRESSURES, TEMPERATURES OR FLOW REQUIREMENTS.
GAS PROPERTIES.

DRIVER TYPE, SPEED OR TORQUE.

RE-LOCATION OF COMPRESSOR TO AN ANOTHER SITE.

Lube Oil Shutdowns

PonNnpE

NOTE: THE COMPRESSOR MUST HAVE WORKING LOW DIFFERENTIAL OIL
PRESSURE AND HIGH INLET OIL TEMPERATURE SHUTDOWNS.

Pressure:

Compressor damage can occur with inadequate pumped compressor oil supply flow.

Oil flow across compressor bearings is adequate when the differential oil pressure is greater
than the alarm and shutdown setting values. The differential oil pressure shutdown switch
(PDSLL - low, low) operates by comparing a high and a low pressure, as shown on the typical
oil system schematics seen in Figure 4-1 on page 4-4 and Figure 4-2 on Page 4-5. The high
leg senses the compressor oil supply pressure, while the low leg senses the compressor’s
internal scavenged oil gallery pressure (Psc). See the schematics for the location of the
differential oil pressure shutdown switch (PDSLL - low, low).

Ariel recommends the oil pressure switch be set to actuate when oil pressure falls below the
following pressures:

Normal oil pressure = 55 to 60 psid (3.6 to 4.1 bary)

Shutdown = 45 psid (3.1 bary), falling
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FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

Temperature:

The compressor high oil temperature shutdown is to be located in the Packager’s supply oll
piping, upstream of the inlet oil strainer connection, refer to Figure 4-1 on page 4-4 and
Figure 4-2 on Page 4-5. It is to be set at 170°F (77°C) or lower.

Hydraulic Control Actuation & Cylinders

The RG series compressors has separate inlet volume (capacity) and discharge volume
(volume ratio, Vi) control devices. Compressor Vi and capacity control can be adjusted
independently by moving pressure balanced sliding plates, either hydraulically or manually
(hand wheel option).

The sliding plates, when connected to dual acting hydraulic cylinders, are designed to
operate with bearing oil supply pressure, as shown on the typical oil systems seen in Figure
4-1 on page 4-4.

Each control device, capacity and Vi, has separate hydraulic actuation and position feedback.
Hydraulic porting is accomplished using a control manifold that consists of a directional
control valve, flow metering valve, manifold block and associated inlet/outlet tubing. Two
parallel manifold assemblies are shown in Figure 4-6 on Page 4-17.

PAGE 4 - 16 4/06



FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

Manifold

/ Block

Electrical Control
Connections
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Orifice Adjustment Screw -

Dust Covers
a [lﬁl‘ Flow Metering Valves
' Bolts

S ——
4

. @’ / Brackets
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|
g] Directional Flow Control
Valves with Solenoid

FIGURE 4-6:HYDRAULIC CONTROL MANIFOLD - PARALLEL CAPACITY & VI
CONTROL VALVES - TYPICAL

©

©

Flushing Requirements

Some synthetic and mineral based oils are not compatible. Use extreme care and refer to oil
suppliers recommendations for draining and flushing the oil system when changing to or from
a synthetic oll.

The compressor is tested at the factory using a synthetic - mineral based oil and protected
with a vapor phase inhibitor in a mineral oil. These oils may not be compatible with the oll
selected for field use. Consult the oil supplier to determine if clean-out flushing is required.
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FOR MODELS: RG282M AND RG357M SECTION 4 - OIL SYSTEM, LUBRICATION & VENTING

NOTES:

PAGE 4 - 18 4/06



FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

SECTION 5 - MAINTENANCE

General Introduction

The major components of the compressor are the rotor-housing, discharge-housing and
gearbox-housing, speed increasing gears, rotors, bearings, mechanical seal, seal housing,
oil pump, compressor control devices and oll filters. The mechanical seal, oil pump with
coupling, control actuating devices and oil filters may be maintained or replaced in the field.

NOTE: IF OTHER INTERNAL COMPONENTS REQUIRE REPAIR, CONTACT ARIEL
FOR ASSISTANCE.

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
compressor covered to protect the internal surfaces from wind blown debris, except when
actually working within it. Any components that have been removed should be protected from
falling objects that might mar or chip machined surfaces.

Whenever the compressor is dismantled, O-rings at non-pressure containing positions are to
be carefully inspected before reuse, if damaged they should be replaced. O-rings at pressure
containing locations should be replaced. O-ring lubricants must be compatible with O-ring
materials, lube oil and process gas. Ariel’s standard O-ring material is viton.

A CAUTION

TO PREVENT PERSONAL INJURY, ENSURE THAT
COMPRESSOR ROTOR CANNOT BE TURNED BY THE
DRIVER 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 COMPONENT, RELIEVE ALL PRESSURE FROM THE
COMPRESSOR GAS AND OIL SYSTEMS, SEE PACKAGER’S
INSTRUCTIONS FOR COMPLETELY VENTING THE SYSTEM.
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FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

A CAUTION

AFTER PERFORMING ANY MAINTENANCE, THE ENTIRE
SYSTEM MUST BE PURGED WITH GAS PRIOR TO
OPERATION TO AVOID A POTENTIALLY EXPLOSIVE
AIR/GAS MIXTURE.

Mechanical Seal

N\ ‘&
Capscrews F&&\ AN
\E o)
Mechanical Seal d T |\E \
H i H
ousing \\ | \
Jackshaft o
\_
——
Vent-Drain o }
Tubing — ] 5
- j
d
|
q N
Stationary Half of . \\W

Mechanical Seal O-ring

Anti-Rotation
Dowel

Vent-Drain to Safe
Atmosphere

Jackshaft O-ring

Mechanical Seal Dowels

Housing
Spring Loaded Rotating-Half
of Mechanical Seal - Rotates
with Drive Shaft

FIGURE 5-1: MECHANICAL SEAL SIDE VIEW - TYPICAL

The mechanical seal prevents loss of internal process gas pressure, at the power input
jackshaft, around the shaft to the atmosphere. The seal consists of a spring loaded, pressure
balanced carbon seal assembly that turns with the input jackshaft and an outer ring which is
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FOR MODELS: RG282M AND RG357M

held stationary in the seal housing.

SECTION 5 - MAINTENANCE

NOTE: MECHANICAL SEAL CRITICAL SURFACES SUCH AS SEAL FACES, O-RING
SEATS AND FITS MUST BE HANDLED WITH EXTREME CARE,
REPLACEMENT SEAL COMPONENTS MUST BE TRANSPORTED AND
STORED IN ORIGINAL UNOPENED PACKAGING. REPLACEMENT SEALS
THAT HAVE BEEN SUBJECTED TO SUDDEN IMPACT FORCES, SUCH AS
BEING DROPPED, ARE NOT TO BE USED. STORAGE CONDITIONS MUST BE
DRY, DUST FREE AND MAINTAINED AT A REASONABLY CONSTANT
TEMPERATURE. SEALS STORED IN EXCESS OF THREE (3) YEARS SHOULD
BE RE-INSPECTED BEFORE BEING CONSIDERED FOR USE. DO NOT
DISASSEMBLE THE SEAL'S SPRING LOADED ASSEMBLY.

TABLE 5-1: APPROXIMATE COMPONENT WEIGHTS - WHEN REPLACING

MECHANICAL SEAL

WEIGHT
COMPONENT RG282M RG357M
LB (kg) LB (kg)
Bell Housing Access Cover 10 4.5 20 9
Coupling Components See Packager Information
Mechanical Seal Housing 39 17.7 42 19.1
Mechanical Seal 5 2.3 5 2.3

Replacing the Mechanical Seal

Be sure that all pressure is vented from the compressor and piping. Be sure that all the proper
tools are available, in good condition and clean. Remove the coupling guard enclosure or the
access doors on bell housing mounted models. Disassemble the coupling and remove to
allow for mechanical seal replacement. Temporarily reassemble the coupling components
and store coupling protected from dust and corrosion.

Install (slip fit) Ariel seal housing removal/installation tool provided in the Ariel tool box as part
number 002169. Push tool (over the jackshaft) into place, engaging the spring-loaded grips
onto the seal housing. The flange of the tool should be flush with the seal housing. Reference
Figure 5-2 on Page 5-4 and Figure 7-3 on Page 7-3.
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FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

FIGURE 5-2: INSTALLING SEAL HOUSING REMOVAL/INSTALLATION TOOL
Remove the seal housing vent-drain line tubing.

Remove the 12-point capscrews that secure the mechanical seal housing to the gear
housing. Using two of the capscrews as jack bolts in the two tapped holes, loosen the seal
housing from the gear housing. See Figure 5-3. Withdraw the seal housing with the
installation tool attached, off of the jackshaft to remove. Remove O-ring from seal housing,
and stationary ring half of the mechanical seal with its O-ring and discard. Be sure that the
anti-rotation dowel pin that holds the stationary ring from turning in the seal housing is
retained.

FIGURE 5-3: LOOSENING & REMOVING SEAL HOUSING & ToOoL
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FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

Remove the spring loaded rotating half of the mechanical seal with its O-ring from the
jackshaft and discard. Two large screwdrivers can be used to free the mechanical seal from
the jackshaft (engage the large holes on either side of the seal). Be sure that the drive dowels
in the jackshatft are retained. Dowels normally stay in place and need not be removed.

FIGURE 5-4: ROTATING HALF OF SEAL REMOVED

Clean parts carefully to remove dirt or residue. Check seal housing for nicks or burrs and
remove if necessary. Reassemble using a new mechanical seal with its new O-rings, and a
new seal housing O-ring. Inspect new seal to be sure it is clean and the seal faces are free
of cracks, scratches, chips and nicks. Lubricate O-rings with a high viscosity silicone fluid
such as Parker Super-O-Lube or equal.

Put the new spring-loaded rotating half of seal into place on jackshaft. Be sure that the drive
dowels are properly in place and the seal element slots are aligned on the dowels. Fully seat

seal into place using the proper assembly tool provided as part number 001788, see Figure
7-2 on Page 7-3. Seal will “snap” into place.

FIGURE 5-5: REAR VIEW ROTATING HALF OF SEAL
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FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

Remove the seal housing removal/installation tool (002169) from seal housing before
installing the new stationary seal ring. Push the new stationary seal ring into seal housing
using the proper assembly tool provided as part number 001742 to seat the seal, see Figure
7-1 on Page 7-2. Before installing stationary half of seal, be sure that the anti-rotation dowel
is properly in place in the seal housing and the slot in the ring is aligned with the dowel. Do
not push or tap against seal ring face without the proper tool or ring can crack or break.
Replace the O-ring on the seal housing.

FIGURE 5-6: INSTALLING STATIONARY HALF OF SEAL

Prior to installing the seal housing, check seal faces again. Faces are to be free from cracks,
scratches, dirt, chips and nicks. Use a clean, soft, lint free cloth or paper towel to lightly oil the
seal faces with new clean lube oil.

Reinstall seal housing with seal housing removal/installation tool (002169) in place, into gear
housing over the jackshaft, being careful to properly position the vent-drain connection
vertically downward while aligning bolting holes. Lubricate cap screws, reinstall and tighten
to torque values in ER-63.1 using an alternating-star (criss-cross) pattern in 25 percent
increments to be sure that seal elements come together squarely. Remove tools, re-install
vent-drain line tubing, coupling, and coupling guard or access doors on gear housing, as
applicable. Clean tools and return to toolbox.

FIGURE 5-7: INSTALLING SEAL HOUSING & TUBING
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FOR MODELS: RG282M AND RG357M SECTION 5 - MAINTENANCE

NOTE: THE COUPLING BOLT TORQUES ARE BASED UPON COUPLING DESIGN
AND THE POWER TO BE TRANSMITTED, CONSULT PACKAGER’S
INFORMATION FOR PROPER TORQUE VALUES.

Capacity Control Devices

Capacity control inlet volume (capacity) and discharge volume (volume ratio, Vi) devices can
be handwheel or electro-hydraulic actuated. Capacity and Vi devices are identical except for
the handwheels or hydraulic actuators. Handwheel actuated devices are positioned by
numbers of turns. The hydraulic position actuators have visual indicator plates and electronic
position indicators.

Hand Wheel Control Removal

Remove the stem locking pin, so the stem is free to turn. When facing the hand wheel, turn
the wheel clockwise to move the sliding valve plate toward the handwheel - this will make it
easier to re-engage the valve stem when reinstalling. Orient the hand wheel so a standard
socket wrench can access the capscrews. Remove the two capscrews. Turn the hand wheel
stem counter-clockwise to disengage it from the valve plate. When the threads have
disengaged, pull the stem out. Remove the two Polypac seals and the seal spacer from the
valve stem cavity. Discard and replace the Polypac seals. The seal spacer can be reused.

Hydraulic Control Removal

Retract the stem of the hydraulic cylinder to move the sliding plate toward the cylinder - this
will make it easier to re-engage the valve stem when reinstalling. Remove tubing from the
hydraulic cylinder. Disengage the two “clevis” pins and remove the linear displacement
sensor. Protect the sensor from damage. Remove the four capscrews which hold the
hydraulic cylinder to the housing. Turn the stem of the hydraulic cylinder counter-clockwise
to disengage it from the valve plate. When the threads have disengaged, pull the stem out.
Remove the two Polypac seals and seal spacer from the valve stem cavity. Discard and
replace the Polypac seals. The seal spacer can be re-used.

Double Acting Hydraulic
Cylinder

Electronic Linear Displacement
Position Indicator - Wired to
Control Panel

“Clevis” Pins

FIGURE 5-8: HYDRAULIC ACTUATED CYLINDER & HARDWARE
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TABLE 5-2: CAPACITY CONTROL DEVICES - APPROXIMATE COMPONENT WEIGHTS

WEIGHT

COMPONENT RG282M RG357M
LB (kg) LB (kg)
Hydraulic Cylinder 21 (9.5) 36 (16)
Capacity Valve Cover 55 (25) 97 (44)
Capacity Valve Plate 23 (10) 49 (22)
Vi Valve Cover 24 (12) 44 (20)
Vi Valve Plate 4 (2) 7 3)

FIGURE 5-9: CAPACITY CONTROL CYLINDER CONNECTED TO ROTOR HOUSING

Capacity Control Cavity Cleanout

First remove the hand wheel or hydraulic control as described in the “Hand Wheel Control
Removal” or “Hydraulic Control Removal” sections above, otherwise the valve stem will be
bent when removing the capacity control access cover. Remove the drain plug. While
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supporting the capacity control valve cover, remove the capscrews which hold the cover to
the rotor housing. Carefully lower the access cover and valve plate. Note, the valve plate will
be setting loose on the access cover. Remove and replace the O-ring on the access cover.
Reference Figure 5-10 on Page 5-9.

Minimum Capacity Control

100% Capacity

FIGURE 5-10: CAPACITY CONTROL SLIDING VALVE PLATE OVER BYPASS HOLES -
TyPICAL BOTTOM VIEW

Vi Control Sliding Valve Plate Removal

First remove the hand wheel or hydraulic control. As described in the “Hand Wheel Control
Removal” or “Hydraulic Control Removal” sections above, make certain that the valve plate
has been moved toward the Vi valve cover. Remove the four capscrews which hold the Vi
valve cover to the rotor housing and discharge housing. Remove the Vi valve cover taking
care not to damage the O-ring. Pull the O-ring out of the face of the rotor housing and slide
the Vi valve plate under the O-ring.

When reinstalling the Vi valve cover housing, hand tighten the four capscrews in sequence
1-2-3-4 in 1/4 turn increments until cover is firmly seated against the discharge and rotor
housings. See Figure 5-11 on Page 5-10. Torque the capscrews 1 & 4 to the full torque value
given in ER-63.1 in 25 percent increments, prior to tightening capscrews 2 & 3.
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Vi Valve Plate

Vi Vale Cover
Housing

FIGURE 5-11: HANDWHEEL ACTUATED VI CONTROL - TYPICAL

Hydraulic Actuated Control

Double Acting
Hydraulic Cylinder

Sliding Valve Plate
Actuator Stem

Visual Travel -

Indicator Plate
Electronic Linear Displacement Position
Indicator - Wired to Control Panel

FIGURE 5-12: HYDRAULIC ACTUATED - CYLINDER & ASSOCIATED HARDWARE -
TYPICAL

See Ariel Web page at www.arielcorp.com for vendor literature on electronic indicators.
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Hand Wheel Actuated Control Position Indication

See Table 1-2 on Page 1-8 and Table 1-3 on Page 1-8 for numbers of turns vs. positions.

Oil Pump and Geared Tooth Coupling

Oil Pump Replacement

Refer to Figure 5-13 on Page 5-12. To replace the oil pump, first mark the pump suction and
discharge end connections, then remove oil piping from the pump as required. To remove
pump from compressor, remove capscrews (or stud-nuts) and slide pump out, separating the
coupling halves at the sleeve. The coupling driven-half will come out attached to the pump
shaft, while the coupling sleeve is retained by the drive half of the coupling which is bolted
and dowelled to the female rotor. Remove O-ring and discard.

Loosen the key set screw and remove gear coupling-half from the pump shaft with a two or
three jaw gear puller. Inspect the coupling's geared teeth, if there is excessive weatr, replace
the entire coupling with a new assembly.

Replace the pump with a new part, correct for the compressor application. Install the coupling
driven-half to the new pump shaft with key installed and firmly seated. There should be a
slight clearance of 0.005 in. (0.13 mm) between the top of the key and the mating coupling.
Position the coupling-half on the pump shaft end so the axial spacing between the coupling
halves is 3/32 in. (2.5 mm), then tighten set screw.

NOTE: THE COUPLING DRIVEN-HALF SHOULD BE APPROXIMATELY FLUSH WITH
THE PUMP SHAFT END.

Replace O-ring(s) with new parts. Lubricate coupling sleeve teeth with clean oil. Slide the
pump into place, with shaft position rotated to properly engage gear teeth. Be sure pump flow
is in the correct direction. Be sure that the flange cover oil passage holes are aligned to
scavenged oil port for proper bearing oil flow. Replace fasteners and tighten to the proper
torque shown in ER-63.1. Pour a small quantity of oil into pump intake to lubricate new pump,
and re-attach oil piping as required.
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Coupling
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FIGURE 5-13: OIL PuMP AND COUPLING REPLACEMENT - TYPICAL

Oil Pump Coupling Replacement

NOTE: IF THE PUMP COUPLING IS REPLACED, CHECK THE SLEEVE AND HUBS
FOR ANY MACHINING CHIPS OR BURRS AND REMOVE BEFORE
INSTALLING.

To replace the entire pump coupling, begin as described in first paragraph under Oil Pump
Replacement above. Remove the fasteners as required and O-ring. Discard the O-ring.
Remove the drive coupling-half socket head cap screw. Remove the drive coupling-half and
sleeve assembly, being careful not to cock the coupling half and break the hardened dowel
pins.

Replace coupling drive half and sleeve with new parts. Position coupling drive-half, with
sleeve installed, over dowel pins and draw up by tightening the cap screw to the proper torque
shown in ER-63.1. Verify the sleeve is free to pivot on the drive coupling-half gear teeth.
Position new coupling driven-half on the end of the pump shaft and proceed with oil pump
re-installation in “Oil Pump Replacement” above.
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Drive Gear Set Replacement

TABLE 5-3: APPROXIMATE GEARBOX-ASSEMBLY WEIGHTS

WEIGHT
COMPONENT RG282M RG357M
LB (kg) LB (kg)
w/o Bell Housing 715 (325) 980 (445)
w/Bell Housing 1145 (520) 1805 (820)

Gearbox Removal with Bell Housing Flange Mounting

Be sure all pressure is vented from the compressor and piping. Remove access doors, gas
and oil connected piping, vent and drain lines and electrical connections.

Remove coupling. Temporarily reassemble the coupling components and store coupling
protected from dust and corrosion.

Supporting the compressor weight from an overhead crane while separating the compressor
from driver. Remove the mounting bolts at the two compressor feet. Ariel has identified
specific compressor lifting points, and provides lifting eyebolts in the toolbox to support
compressor weight while separating and to move the compressor. Refer to Figure 1-9 on
Page 1-11 for the compressor’s center of gravity and recommended lifting points.

While supporting the compressor weight from the crane, remove the mounting flange bolting.
Use four (4) mounting bolts in the four (4) threaded jack bolt holes. Tighten jack bolts in an
alternating-star (criss-cross) pattern, one turn at a time, to separate the compressor from the
engine. Utilizing a crane, eases the compressor to engine separation and keeps the
compressor from exhibiting a sudden downward movement once the SAE pilot diameter
disengages the driver housing bore.

Set compressor on its feet on a flat solid surface capable of supporting the weight, to allow
for changing the gear set.

Do not suspend compressor from its SAE mounting-flange, when lifting. The compressor is

to be separated from the driver when lifting. Attempting to lift the driver/compressor
combination can result in serious compressor flange damage and possible personal injury.
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Access Door
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g
Compressor Mounting
Flange

FIGURE 5-14: COMPRESSOR GEARBOX WITH FLANGE MOUNTING -
DISCHARGE-SIDE VIEW - TYPICAL

Gearbox Removal without Bell Housing Flange Mounting

It is not necessary to remove the compressor from the package. Be sure all pressure is
vented from the compressor and piping. Remove the coupling guard and coupling.
Temporarily reassemble the coupling components and store coupling protected from dust
and corrosion. Remove vent and drain lines from compressor gearbox.

Gearbox Removal (continued) - with or without Bell Housing

Ariel recommends that the gearbox not be removed from the compressor under outdoor or
other conditions which could result in contamination of the gears or bearings.

If changing the gear ratio to accommodate a change of conditions, contact your packager or
Ariel for proper application information. See Table 1-1 on Page 1-7 for gear ratios available.
A new drive gear and new pinion must be matching ratio, but new gears are not matched
sets. That is, any new gear can be assembled with any new pinon with matching ratio. If a
used gear and the mating pinion are available to the desired gear ratio, the used parts may
be installed after cleaning and inspecting to be sure that parts are in good condition, free of
corrosion or pitting and do not have an uneven or excessive wear pattern. Used drive gear
and pinion become matched sets as a result of wear-in and can only be used together.

With the compressor in the horizontal position, place a lifting lug eye bolt in the
center-of-gravity position for the gearbox shown in Figure 5-14 on Page 5-14.

Using the dowel puller provided in the Ariel toolbox as part number 002119, pull alignment
dowels to completely loosen, leaving the dowels in the gearbox housing.
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NOTE: Thermocouple wire at arrow is
not present on a typical compressor
in the field.

Figure 5-15: Pulling Alignment Dowels

Remove two capscrews, 180° apart just above the horizontal centerline from the gearbox
flange and install the two guide pins provided as part number 002151.

Figure 5-16: Guide Pins Installed

Set a crane in a lifting position, and adjust so that lifting chain or strap is tight, but without
lifting the assembly. With a correct crane setting the gear box should remain horizontal when
all the capscrews are removed.

Remove remaining capscrews. A special bolting torque adapter provided as part number
002278 is required to remove one of the capscrews. With a correct setting of the crane the
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gear box can be moved by hand away from the inlet housing. If the crane is not set correctly
the gear and pinion teeth can lock up, resisting removal. This can usually be detected by an
uneven gap from top to bottom of the flange face. A small adjustment of the crane up or down
should rectify any gear lockup. Remove the housing flange O-ring and discard.

Figure 5-17: Separating Gear Housing from Compressor

Gear Set Removal

With the gear box housing secure on a flat surface, install (slip fit) the plastic protective sleeve
tool over the end of the jackshaft. The sleeve is provided as a part the gear stop/retaining tool
part number 002119, to protect the inner bearing race shaft-surface from damage.

Figure 5-18: Installing Plastic Protective Sleeve Tool

Route the hydraulic hose provided with the hydraulic gear removal connection hardware part
number 002191 through the clearance hole in the gear stop tool. Tighten hose connection
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into the jackshaft threaded port. Install the gear stop with the capscrew provided, allowing 1/8
in. (3 mm) clearance between the gear and the gear stop to limit gear travel during removal.

Figure 5-19: Installing Gear Stop/Retainer

CAUTION: BE SURE THE GAP BETWEEN THE GEAR STOP/RETAINER TOOL AND
THE GEAR IS NO MORE THAN 1/8 IN (3 mm). FAILURE TO USE THIS TOOL
OR ALLOWING A GREATER GAP CAN RESULT IN PERSONAL INJURY
AND DAMAGE TO THE HARDWARE.

Apply hydraulic pressure, approximately 15,000 to 22,000 psi (1000 to 1500 bar) using a
hand pump such as is available from Ariel, purchased separately, as part number 002191,

until the taper fit gear pops to loosen it from the jackshaft. Move out gear stop by loosening
center capscrew slightly and re-pressurize until gear is free from the jackshatft.

Figure 5-20: Pressurizing to Remove Gear
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Repeat the gear removal procedure for the pinion gear on the male rotor, using the pinion
stop/retaining tool furnished as part number 002158, secured with a capscrew to retain the
pinion as it comes free.

Figure 5-21: Pressurizing To Remove Pinion

CAUTION: FAILURE TO USE THE GEAR STOP/RETAINERS WHEN REMOVING THE
GEAR AND PINION CAN RESULT IN SERIOUS PERSONAL INJURY.

Set the removed gear and pinion aside for storage preparation and appropriate marking as a
matched set, or scrap depending on the condition.

Relatively new bearings should not need be replaced, but consideration should be given to
bearing replacement in each individual case when changing gears.

Gear Set Installation

Be sure that shaft journals and gear bores are free from dirt, oil, rust, dings, burrs and high
spots prior to installation. Heat the replacement gear to 325°F maximum (163°C) using an
induction heater with a calibrated temperature control. Refer to the manufacturer’s
instructions for the proper use of the induction heater. Care is to be taken not to over-heat the
gears, as too much heat will result in a loss of material hardness causing premature wear.
Insufficient heating will result in difficulties at installation due to a lack of assembly clearance.
See Figure 5-22: on Page 5-19.

CAUTION: WEAR PROTECTIVE CLOTHING SUCH AS THERMAL GLOVES WHEN
HANDLING HEATED PARTS OR SERIOUS BURNS CAN RESULT.
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Figure 5-22: Heating New Gear

With the plastic protective sleeve in place on the jackshaft, quickly put the hot gear on the
shaft taper and push the gear back until contacting the shaft shoulder. Rotate the gear slowly

until it locks onto the jackshaft. Remove protective sleeve. To save time the gear may be
cooled with compressed air.

Figure 5-23: Installing New Gear
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Repeat the installation process for the pinion onto the male rotor.

Figure 5-24: Installing New Pinion
Re-Installing the Gearbox

Install the two guide pins furnished as part number 002151, 180° apart just above the
horizontal centerline in the rotor housing. Install a new O-ring in the compressor to gear box
housing flange.

Lift gearbox toward the compressor using a crane. Be sure the housings are aligned to each
other. Start gearbox housing over the guide pins. Turn jackshaft as required to align gear
teeth and check alignment of jackshatft into the bearing race. When bringing housings
together, start alignment dowels into the mating housing’s dowel holes.

Figure 5-25: Re-Installing Gearbox on Compressor
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Lubricate and install the capscrews by hand except for the two holes occupied by the guide
pins. Use hand wrench and the bolting to pull flanges to together, without loading the joint.

Finish tapping in alignment dowels using a hammer and a brass punch. Remove the guide
pins. Lubricate and install the remaining two capscrews, hand tight. Remove crane.

Figure 5-26: Setting Alignment Dowels & Tightening Bolting

Tighten the capscrews to the torque value in ER-63.1 in an alternating-star (criss-cross)
pattern in 25% increments. A special bolting torque adapter provided in the toolbox as part
number 002278 is required to tighten one of the capscrews. Clean all tools and return to
toolbox.

Stamp or vibra-etch the current gear ratio and date on the installed gear ratio/date information
plate, refer to Figure 5-27. See Figure 1-9 on Page 1-11, top view for plate location. Mark
plate even if gear ratio did not change.

[
]

[
[N

%ar RoﬂoH
+.
Date H

FIGURE 5-27: INSTALLED GEAR RATIO/DATE INFORMATION PLATE

I | E—

001625

Re-Couple Compressor to Driver

See Section 2 to re-install a flange mounted compressor on the skid. Re-install piping and
electrical connections as required.
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Reinstall coupling. Reinstall coupling guard or access doors on gear housing, as applicable.
Before start-up, refer to Section 3. Repeat check list as part of start-up.

NOTE: THE COUPLING BOLT TORQUES ARE BASED UPON COUPLING DESIGN
AND THE POWER TO BE TRANSMITTED, CONSULT PACKAGER’S
INFORMATION FOR PROPER TORQUE VALUES.

Check Oil Pump Change Requirements

When changing gear ratio, the oil pump will normally also require changing to match the new
operating conditions to the Ariel Rotary Compressor Performance Program (contact your
Packager or Ariel when you need this information). See “Oil Pump and Geared Tooth
Coupling” on Page 5-11 for pump installation instructions.

Old Gear Set and Oil Pump - Handling and Storage

Clean gear, pinion and oil pump to remove soil and grit. Treat surfaces of parts with a good
rust inhibitor, plug openings into oil pump, and package using acid free materials.

Tag/mark gears with parts identification, gear ratio, compressor model, date and the words

“Gear set - matched pair”. A gear and pinion that have run together become a matched set
due to wear-in and may be only reinstalled together as a set, when their gear ratio is required.
Mark pump packaging with part number, and description including make and model. If in long
term storage, check parts periodically and re-protect as required to prevent rusting.

Oil Filters

Refer to “Oil Filters” on Page 4-12 for the compressor’s olil filter specifications. Refer to the
Parts List for Ariel part numbers for the proper filter elements.

When changing the canister oil filters, remove the flowing vent line and blow clean with
compressed air through the bleed fitting in the T-handle. Drain oil from filter. Failure to drain
filter will result in dirty oil being introduced to the compressor internal parts and reduce parts
life. Clean the orifice with 1/32 in. (1 mm) diameter wire or standard paper clip (20/21 gage).
Close canister drain and fill the canisters with clean filtered oil using the same type and grade
as in the compressor. Trapped air will be released through the vent. Reassemble vent line
after filter has been changed and canister closed. Check for and fix any leaks.

NOTE: FAILURE TO FILL FILTER VESSELS WITH OIL PRIOR TO STARTING, AND
AFTER CHANGING FILTER ELEMENTS CAN CAUSE SEVERE DAMAGE TO
THE COMPRESSOR.

See Packager’s information for maintaining the coalescing filter in the gas/oil separator.
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Oil Pressure Regulating Control Valve

Refer to Figure 4-5 on Page 4-13.

Installation

Use Loctite 545 thread sealing compound with Loctite Activator “N” to seal
threaded connections.

Install valve, as shown on appropriate Ariel assembly drawing, with outlet
connection pointing toward compressor oil gallery inlet, valve inlet connection
pointing up, and bypass outlet connection pointing toward drive end.

Tighten valve until adjusting handle points toward oil pump end of compressor.

Turn valve handle from stop to stop (approximately 16 revolutions) to be sure of
proper mechanical operation.

Adjusting Oil Pressure Regulating Control Valve

This control valve functions as a pressuring sensing logic valve, where it permits
secondary oil flow only after a pilot pressure signal is sensed and maintained.

The set pressure must be reached and maintained in the primary oil flow leg
(compressor oil supply) before excess oil flow is directed to the secondary flow leg
(compressor scavenged oil gallery).

This valve is preset to 55 psid (3.8 bary) at Ariel during performance testing, prior
to compressor shipment.

If it is necessary to adjust a replacement control valve, first turn valve handle
clockwise to compress spring, (16 turns from minimum to maximum spring
tension), then loosen about 3 turns.

Start compressor, observing compressor's oil supply pressure on the valve's
differential pressure gauge.

If it is necessary to adjust the control valve's pressure setting, either turn valve
handle clockwise to compress spring and increase oil supply pressure, (16 turns
from minimum to maximum spring tension), or turn valve handle
counter-clockwise to loosen spring and decrease oil supply pressure.

Adjust valve's differential pressure to 55 psid (3.8 bary) at driver's rated speed
(i.e. 1800, 1500, 1400 RPM), then lock handle in position by tightening stem
locknut.

Ethylene Glycol Contamination

Ethylene glycol anti-freeze coolant mixture leaking into the oil from a water-cooled oil cooler
leak can cause bearing damage and rotor seizure due to lack of adequate lubrication. The oll
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should be changed as recommended in the Section 6, while being routinely sampled and
analyzed by a qualified laboratory to verify suitability for continued use, including checking for
ethylene glycol contamination.

If contamination is found, find and fix coolant leak. Even small quantities of ethylene glycol in
the oil can be detrimental. If contamination is less than 5 percent, drain oil, replace filters and
flush oil system, including all piping, 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 the oil are to be flushed which
includes spraying all interior surfaces in the compressor and gas/oil separator. Completely
drain cleaning mixture, being sure to drain all components of the oil system. Repeat flushing
operating using a 60-40 mixture of 10W oil and kerosene or fuel oil. Completely drain oil
system, install new filters and fill with proper oil.

If sampling indicates that glycol contamination is greater than 5 percent or compressor has
seized due to contamination, the unit is to be returned to Ariel, torn down, cleaned with
100 percent butoxyethanol, flushed with kerosene or fuel oil and repaired as required. All
surfaces that come in contact with 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.

Mineral Deposit Build-up in Low Pressure Natural Gas
Applications

Mineral deposit build-up can occur when liquids have not been completely removed from the
gas stream, particularly in low pressure natural gas applications. These minerals (such as salt
and calcium dissolved in water saturated process gas) plate out when water flashes off due
to pressure drop or heating. The minerals can build up on the suction strainer screen and in
the compressor. If mineral build-up is observed during maintenance, additional steps should
be taken for liquid removal from the gas stream prior to entering the compressor.
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SECTION 6 - TECHNICAL ASSISTANCE

Recommended Maintenance Intervals

Like all equipment, Ariel compressors do require maintenance. The frequency of
maintenance is dictated by the environment in which the compressor is placed, the loads the
user imposes on the compressor and the cleanliness of the process gas being compressed.

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, see
Section 3. 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 with the start up date of the unit. If your oil supplier's recommend oil
service changes are more frequent than the Ariel recommendations, the supplier’s intervals
should be followed. Regular oil analysis is recommended. If problems develop, an oil sample
should be taken for analysis by a reputable lab. As part of correcting the problem, it may be
necessary to change the oil in the entire system.

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.

Dailyt
1. Check oil pressures and temperature. Recommended compressor inlet oil

temperature is 150°F (65°C).

2. Check gas/oil separator oil level when compressor is in operation. It should be in
mid-sight glass and, if not, determine and correct the cause. Do not overfill.

3. Check mechanical seal vent for blowing gas, or excessive oil leakage. If blowing,
or leaking excessively, determine cause and, if necessary, replace mechanical
seal parts.

4. Check and correct any gas leaks.
Check and correct any oil leaks.

6. Check operating pressure and temperatures. If not normal, determine cause of

1. After running a new compressor (or after re-location or major overhaul) for one week or 150 hours,
shutdown and check fastener torque on gas nozzle flanges and scavenge oil connections. Refer to
Paragraph 7. on Page 1-14 for information on how to properly check fastener torque and ER-63.1
for torque values.
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10.
11.
12.

abnormality. It is recommended that a daily log of operating temperatures and
pressure be kept for reference. See Daily Log Sheet in Section 3.

Check shutdown set points. High-low pressure and temperature shutdowns set as
close as practical to current operating conditions.

Check for unusual noises or vibrations.

Check gas/oil separator scavenged oil flow indicator for oil and entrained gas flow.
Adjust as required.

Check oil filters differential pressures.
Check slide plate position. Adjust as required.

Check gas suction strainer differential pressure. See packager’s information for
details on mesh size and differential pressure limits.

Monthly (in addition to Daily Requirements)

Check and confirm safety shutdown functions.
Review oil analysis to determine if good for continued use.

Inspect, flange mounting bolts to driver, anchor bolts and shims for looseness.
Tighten as required.

Check oil viscosity requirements for current gas analysis and operating
conditions.

Every 6 Months or 4,000 Hours (plus Daily/Monthly)

Change oil filter elements? or as specified by the manufacturer or oil consultant.

Verify that oil is suitable for continued use. 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 required If the oil is replenished on a regular basis due to usage.

Clean the three (3) oil strainers, or whenever lubricating oil is changed or if lube oll
supply strainer differential pressure exceeds 4 psid (0.3 bary).

Re-tighten hold down stud-nuts to proper torque values and perform a soft foot
check. More than 0.002 in. (0.05 mm) pull down requires re-shimming.

Inspect coupling element for cracking and/or axial distortion. Realign if necessary
to hold coupling alignment within 0.002 inch (0.05 mm) TIR.

Yearly or every 8,000 Hours (plus Daily/Monthly/6 Months)

1.

Inspect compressor mounting for twist or bending by checking shimming of

1. Change rotor injection filter element more often whenever differential pressure exceeds 11 psid
(0.75 bary).
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compressor feet.
2. Check and re-calibrate all temperature and pressure gauges.

3. Change gas/oil separator coalescing filter element, or before differential pressure
exceeds collapse pressure, or as specified by the manufacturer or oil consultant.

4. Clean gas strainer.

Inspect gear tooth mesh wear pattern for abnormal or excessive wear. Reference
ANSI/AGMA 1010, “Appearance of Gear Teeth - Terminology of Wear and
Failure”.

6. Check gas nozzle and scavenge oil connection fastener torque.

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 alignment adjustment or to operating
personnel being unfamiliar with Ariel compressors. Difficulties of this type can usually be
corrected by cleaning, proper alignment 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 lubrication,
improper counter-thrust gas balance pressure, careless operation, lack of routine
maintenance or the use of the compressor for purposes for which it was not intended.

Recording of the pressures and temperatures is valuable because any variation, when
operating at a given load point, indicates trouble.

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

Low Oil Pressure Defective pressure gauge.
Qil regulating valves improperly adjusted for conditions.
Qil regulating valve bypass is stuck in the open position.
Oil pressure at pump inlet below 2 psig (0.14 bary.
Dirty or plugged oil strainer.
Dirty oil filter.
Improper low oil pressure switch setting.
Low oil viscosity (oil supply temperature too high).
Excessive leakage at seals or bearings.
Leaking oil pump check valve.
Oil pump wear.
Oil pump coupling disengaged.
Improper end clearance in oil pump.

High Oil Pressure Cold ail.
Oil regulating valves improperly adjusted for conditions.
High oil viscosity.
Oil regulating valve unable to bypass excess oil.
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PROBLEM

POSSIBLE CAUSES

Low Oil Temperature

High Oil Temperature

High Gas Discharge
Temperature

Excessive Vibration and/or
Noise in Compressor

High Oil Consumption

Excessive Leakage at
Mechanical Seal Weep Tube

Hydraulic Cylinder Motion
Erratic

Capacity or Vi Valve Will Not
Move

PAGEG6 -4

Thermostatic valve element defective.
Oil heater or thermostat defective.

Thermostatic valve element defective.
Cooler fan not working.

Oil cooler dirty.

Low oil viscosity.

Inadequate rotor injection oil rate.
Plugged oil strainer.

High oil supply temperature

High suction temperature.

High suction or discharge pressure.

Loose compressor hold down bolting.
Coupling not properly aligned.

Coupling out of balance.

Improper lube oil and/or insufficient lube rate.
Lubrication failure.

Liquids in gas.

Excessive rotor end play.

Loose or worn bearings.

Oil pump damaged.

Oil system over filled.

Separator-scavenged oil line plugged or throttling valve closed.
Excessive oil dilution from process gas.

Collapsed coalescing filter element.

Qil/ gas separator coalescing filter gaskets not sealed or defective.
Improper coalescing filter element installed.

Oil pump damaged.

Mechanical seal is not effective and should be replaced.

Entrapped air/gas in hydraulic system. Cycle cylinder for full stroke at
least twice to remove air/gas.

Differential pressure from P-port to T-port is below 35 psid (2.4 barg).
Qil is cold and very viscous.

Flow control valves need to be adjusted.

3-way hydraulic control valve jammed with debris.
Insufficient oil pressure or flow control valves closed.
Debris has jammed the valve plate.

Debris in the actuator cylinder jammed the piston.
Solenoid coil on directional control valves burned out.

4/06



FOR MODELS: RG282M AND RG357M

SECTION 7 - APPENDICES

Ariel Tools

Ariel Furnished Tools

SECTION 7 - APPENDICES

Ariel provides one tool box with each unit with customized tools included in the toolbox as

listed below.

TABLE 7-1: ARIEL FURNISHED TOOLS - REFER TO ILLUSTRATIONS ON FOLLOWING

PAGES
RG282M RG357M
TOOL DESCRIPTION
QTY| ARIELP/N ||QTY| ARIEL P/N
For Compressors with Handwheel Actuated Controls (R-0480):
Tool Box 1 A-0798 1 A-0798
Bolting Required Tightening Torque Chart - Laminated?® 1 ER-63.1 1 ER-63.1
1"--8 UNC 1 FEO300KA 1 FEO300KA
Forged Steel Eye Bolt - Lifting Compressorb 1-1/8"--7UNC | 2 FEO300LA - ---
1-1/4"--7 UNC | - 2 FEO300MA
Mechanical Seal Installation Seating Tool - Stationary Half 1 001742 1 001742
Mechanical Seal Installation Tool - Spring-Loaded Rotating Half | 1 001788 1 001788
Mechanical Seal Housing Installation Tool 1 002169 1 002169
Allen Wrench 1” for Removing Pipe Plugs with a Socket Wrench| 1 002249 1 002249

Bolting Torque Adapter for Coupling Hub Capscrews

Furnished by Cou

pling Manufacturer

For Compressors with Hydraulic Actuated Controls (R-0483), tools listed above plus:

Capacity Unloading Hydraulic Tool - Assembly Drawing only® 1 002423 1 002423
Pipe Tee - 1/4” 1 A-0958 1 A-0958
Relief Valve 1/4” 1 002325 1 002325
Adapter 1/4” NPT x 3/8” 1 002326 1 002326
Hose, 4 feet x 1/4” 1 002327 1 002327
Gear & Pinion Hydraulic Removal Tools (R-0489):

Eyebolt 3/4"--10 UNC 3 FEO300IA 3 FEO300IA
S:S;(:Srg)visetaining Tool, w/Protective Bearing Sleeve & 1 002095 1 002095
Dowel Pin Puller Tool 1 002119 1 002119
Gearbox Guide Tool (Pin) 2 002151 2 002151
Pinion Gear Stop/Retaining Tool 1 002158 1 002158
Hydraulic Gear Removal Tool - Connection Hardware? 1 002191 1 002191
Bolting Torque Adapter, 3/4” square drive x 1", 12-point socket® | 1 002278 1 002278
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TABLE 7-1: ARIEL FURNISHED TOOLS - REFER TO ILLUSTRATIONS ON FOLLOWING

PAGES
RG282M RG357M
TOOL DESCRIPTION
QTY | ARIELP/N ||QTY | ARIEL P/N
Overhaul Tool, required in addition to above tools: (R-0481) (R-0484)
Eyebolt 1"--8 UNC / 5/8"--11 UNC 1 FEO300KA 2 FEO300HA
Lifting Tool Discharge Housing' 1 002184 1 002185

a.
b.
c.

The Bolting Required Tightening Torque Chart is also available electronically on the Ariel web site, www.arielcorp.com.
See Table 1-1 on Page 1-7 for compressor weights and Figure 1-9 on Page 1-11 for lifting location connections.

A hydraulic hand pump, with a 3000 psi minimum (205 bar) rating, is required after a hard shutdown for capacity unloading
with hydraulic actuated controls, to allow restarting, see Figure 7-4. The high pressure hydraulic hand pump that is used to
remove the gear an pinion can also be used for capacity unloading. See “Ariel Tools - Purchased Separately” on page 7-6..

. Includes all required hardware for connecting a high pressure hydraulic hand pump to the gear or pinion for gear set removal,

including: fittings, tubing, hose and pressure gauge, plus Assembly Drawing 002422 showing the pump assembly and bill of
material. A high pressure hand pump is required to remove the gear sets. See “Ariel Tools - Purchased Separately” on

page 7-6. for the hydraulic hand pump available from Ariel, and reference Figure 7-12.

This tool is required to remove one (1) of the gearbox to rotor housing capscrews. See Figure 7-9.

This lifting tool is used with the compressor in the vertical position to lift discharge housing with or without rotors. See
Figure 7-10 and Figure 7-11.

Ariel provides these tools with every compressor. If you do not have the Ariel furnished tools
required for your compressor, please contact your Distributor and obtain them. These tools
are specifically designed or selected for use on Ariel RG282M and RG357M compressors.

Clean all tools before use. Be sure that the tool and the part being removed or installed are
fully engaged during the process. If a tool is missing, worn, or broken, please call your
distributor for a replacement.

CAUTION: DO NOT USE SUBSTITUTES FOR MISSING TOOLS, AND DO NOT USE

WORN OR BROKEN TOOLS.

FIGURE 7-1: MECHANICAL SEAL INSTALLATION SEATING TOOL - STATIONARY

HALF (001742)
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SECTION B-B

SECTION A-B

FIGURE 7-2: MECHANICAL SEAL INSTALLATION TOOL - ROTATING HALF (001788)

Spring Locating Pin (3)

FIGURE 7-3: MECHANICAL SEAL HOUSING INSTALLATION TooL (002169)

See Table 7-1 for Description of furnished Connection Hardware

002325

- e ﬂ[ﬁ
/ \ =
A Hydraulic Hand Pump with a 3000 psi minimum (205 bar) Rating is
required for Capacity Unloading with a Hard Shutdown - Not Provided;
or the Purchased Separately High Pressure Hydraulic Pump (R-0491)

used for gear and pinion removal can also be used for Capacity
Unloading. See Figure 7-12.

002327
002326
A-0958

FIGURE 7-4: HYDRAULIC CAPACITY UNLOADING ToOL - CONNECTION HARDWARE
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Plastic Sleeve SN T
NN _
NN Gear Stop/Retainer
NOo L
— N N
N Clearance Hole for

AN / Hydraulic Connection

\ BN
N /

\\
Y 12 Point Cap Screw
= \ 1/2"-13 x 2" Long
AN

]

(12.7 x 50.8 mm)

FIGURE 7-5: GEAR STOP/RETAINING TOOL & BEARING RACE PROTECTION
SLEEVE ASSEMBLY (002095)

Q\

FIGURE 7-6: DOWEL PIN PULLER (002119)

RS
_ O

FIGURE 7-7: GEARBOX GUIDE PIN (002151)
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FIGURE 7-8: PINION STOP/RETAINING TooL (002158)

@\ N
N

/ /

FIGURE 7-9: BOLTING TORQUE ADAPTER FOR GEARBOX CAPSCREW (002278)

L
0.0,
" ./ C

FIGURE 7-10: RG282M LIFTING TooL DISCHARGE HOUSING W/ROTOR (002184)
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FIGURE 7-11: RG357M LIFTING TooL DISCHARGE HOUSING W/ROTOR (002185)

Ariel Tools - Purchased Separately

- A High Pressure Hydraulic Hand Pump is required for removal of the gear & pinion. It
may be purchased from Ariel as R-0491 (part number 002192). Rating: 40,000 psi
(2750 bar). See Figure 7-12.

High Pressure Pump (R-0491) -
Purchased Separately

N

Furnished Connection Hardware (002191) - =
See Table 7-1 on page 7-1.

Figure 7-12: HIGH PRESSURE HYDRAULIC HAND PumP (R-0491) FOR PINION &
GEAR REMOVAL, SHOWN WITH FURNISHED CONNECTION HARDWARE

Hand Tools Required

The following hand tools are normally what is required to work on RG Ariel Rotary
compressors. These hand tools are readily available from tool suppliers and are needed in
addition to the Ariel furnished tools. Please contact Ariel if you have questions about tools on

Ariel units.
1/2" Square Drive Ratchet Wrench

2" and 6" Extensions for above Ratchet
- 1/2" Square Drive Breaker Bar
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- 1/2" Drive Speed Wrench
- 1/2" Female x 3/4" Male Adaptors
- 1/2" Square Drive Universal Joint
- 3/8" Square Drive Torque Wrench (10 LB-IN to 250 LB-IN)
« 1/2" Square Drive Torque Wrench (15 LB-FT to 250 LB-FT)
- 3/4" Square Drive Torque Wrench (to 600 LB-FT)
- Torque Multiplier (to 1400 LB-FT)
1/2" Hex Key and 1/4" Hex Key (Allen) Sockets for a Square Drive Ratchet Wrench
- 5/16" - 12 Point Box Wrench
- 1/2" x 9/16" Open End Wrench
. 3/8"x 7/16" Open End Wrench
7/8" x 15/16" Open End Wrench
« 2 - Medium Size Screw Drivers
2 - Large Size Screw Drivers
Slugging Hammer
- Brass Punch
Set of Inch - 3/8" Drive, 12 Point Sockets
- Set of Inch - 1/2" Drive, 12 Point Sockets
- Set of Inch - 1/2” Drive Crowsfoot Adapters
- 3/8" Square Drive Ratchet Wrench
- Set of Inch - 3/4" Drive, 12 Point Sockets
- 3/4" Square Drive Ratchet Wrench
3/4" Female to 1" Male Adaptor
- Strap Wrench
- Set of Adjustable Wrenches
3/8” Square Speed Wrench
« Induction Heater, capable of heating gears to 325°F (163°C)
- Set of 1/8 in. min. (3 mm) Number Stamps, or Vibrating Etch Tool
« 12in. (30 mm) Machinist’s scale

Terms, Abbreviations! and Conversion to Sl Metric?

Area
in? or square inch x 0.00064516 = meter?, or m?
in? or square inch x 6.4516 = centimeter?, or cm?

Flow - Gas®

MMSCFD or million standard cubic feet per day x 0.310 = normal meter®/second, or m%/s,,

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.
3. US standard is based on 14.696 psia & 60°F; Metric normal is based on 1.01325 bar & 0°C.
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SCFM or standard cubic feet per minute x 1.607 = normal meter/hour, or m%/h,,

Flow - Liquid
GPM or US gallons per minute x 0.0630902 = liter/second, or L/s = dm?/s

GPM or US gallons per minute x 0.227125 = meter3/hour, or m3/h

Force

Ibf 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

Ib 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

Powerl

HP or Horsepower x 0.745700 = kilowatt, or kW

Pressure? or Stress

PSI or Pounds per Square Inch x 6.89476 = kiloPascal, or kPa

1. Horsepower based on 550 ft-Ib/sec
2. G suffix (psig) indicates gauge pressure, a indicates absolute, d indicates differential

PAGE 7 -8
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FOR MODELS: RG282M AND RG357M SECTION 7 - APPENDICES
PSI or Pounds per Square Inch x 6894.76 = Pascal, or Pa

PSI or Pounds per Square Inch x 0.0689476 = bar

bar x 100 000 = Pascal, or Pa

bar x 100 = kiloPascal, or kPa

bar x 14.50377 = PSI, or Pounds per Square Inch

Speed

FPM or feet per minute x 0.005080 = meter per second, or m/s

RPM or r/min or revolutions per minute + 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) = mm?/s = centistoke, or cSt

(for a range of 33 thru 200,000 SUS)

Volume

gal or gallons (US liquid) x 3.78541 = liter, or L

Other Abbreviations

) =0hm =V/A = Volt - Ampere = Electrical Resistance

A = Ampre = Electrical Current

4/06 PAGE 7 -9



FOR MODELS: RG282M AND RG357M SECTION 7 - APPENDICES
ADPTR = Adapter

AISI = American Iron and Steel Institute

AL = Aluminum

ANSI = American National Standards Institute

APl = American Petroleum Institute

ASME = American Society of Mechanical Engineers
ASSY = Assembly

ASTM = American Society of Testing and Metals
AWS = American Welding Society

BAL = Balance

BHN = Brinell Hardness Number

BRG = Bearing

CB = Carbon Steel

¢€ = European Conformance Marking to European Union Directives
CERT = Certification

CGA = Compressed Gas Association

Cl = Cast Iron

¢ = Centerline

CL. = Clearance

COM = Common

COMP or COMPR = Compressor

CNTR = Center

CPLG = Coupling

CR = Neoprene

CSA = Canadian Standards Association

PAGE 7 - 10 4/06



FOR MoDELS: RG282M AND RG357M
CSTG = Casting

CTRL = Control

CU = Cubic

CVR = Cover

CW = Clockwise

CCW = Counter Clockwise
CWB = Cold Weather Bypass
CYL = Cylinder

DI = Ductile Iron

DIA or D = Diameter

DIN = German Standards Institute
DIS = Discharge

DRCTNL = Directional

ELEC or ELECT = Electric
EX = Explosion Proof

EXT = External

FEM = Female

FLG = Flange

FLTRS = Filters

FPT = Female Pipe Tap

FTG = Fitting(s)

Gl = Gray Iron

GPSA = Gas Producers Suppliers Association

HEX = Hexagonal

HHCS = Hexagonal Head Cap Screw
4/06

SECTION 7 - APPENDICES
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FOR MODELS: RG282M AND RG357M SECTION 7 - APPENDICES

HRC = Hardness Measurement on Rockwell C Scale
HSG = Housing

HTP = Hydrostatic Test Pressure

HWL = Handwheel

HYD = Hydraulic

IEC = International Electric Congress

ID = Inside Diameter

IFI = International Fasteners Institute

ISO = International Standards Organization

IND = Indicator

INJ = Injection

INSTALL = Installation

INT = Internal

IS = Intrinsically Safe

JBOX = Junction Box

k = Ratio of Specific Heats

k = kilo, see Figure 7-3 on Page 7-17

L/D Ratio = Length of male rotor divided by its diameter
LG = Long

LO = Lubricating Oil

LUBE = Lubricating or Lubricated

MAWP = Maximum Allowable Working Pressure
MAX. = Maximum

MECH = Mechanical

MIN. = Minimum

PAGE 7 - 12
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FOR MODELS: RG282M AND RG357M SECTION 7 - APPENDICES
MNFLD = Manifold

MNL = Manual

MPT = Male Pipe Tap

MRP = Maximum Running Pressure

MRVS = Maximum Relief Valve Setting

MSP = Maximum Static Pressure

N/A = Not Applicable

NAC or Nace = (National Association of Corrosion Engineers), now NACE International
Corrosion Society

NEC = National Electric Code

NFPA = National Fire Protection Association
NI = Non Incentive

NO. = Number

NOM = Nominal

NPT = National Pipe Thread

NPTF = Dryseal Pipe Threads

OD = Outside Diameter

Ps = Suction Pressure

P4 = Discharge Pressure

% = Percent

PC = Piece or Personal Computer
PIST = Piston

PLC = Programmable Logic Controller
PMP = PUMP

P/N = Part Number
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FOR MoDELS: RG282M AND RG357M
POS = Position

PRS = Pressure

QTY = Quantity

RED = Reducing

RBLD = Rebuild

RD.HD = Round Head

RLR = Roller

ROT = Rotary

RTD = Resistance Temperature Detector
SAE = Society of Automotive Engineers
SBB = Steel Backed Bronze

SD or S/D = Shutdown

SF = Stainless Steel Tubing and Fittings
SG = Specific Gravity

S| = International System, as applied to the modern metric system
S. N. or S/N = Serial Number

S.V. = Slide Valve

SHCS = Socket Head Cap Screw
SNOID = Solenoid

SPCL = Special

SPCR = Spacer

SPEC = Specifications

SS or SST = Stainless Steel

STD = Standard

STL = Steel
PAGE 7 - 14
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FOR MoDELS: RG282M AND RG357M
STN = Station

STR = Straight

SUC = Suction

SYS = System

T'CPL = Thermocouple

THD or THRD= Thread

TIR = Total Indicator Reading

TPI = Threads per Inch

TRAV = Travel

UL = Underwriters Laboratory

UNC = Unified (Inch) National Coarse Screw Threads

UNF = Unified (Inch) National Fine Screw Threads

UNLD = Unload

UPS = United Parcel Service

SECTION 7 - APPENDICES

V; or Vi = Volume Ratio = Volume of gas, in actual volume, at point where compression
begins, divided by volume of gas, in actual volume, at end of compression:

\YJ
Vi = \-/5
d
V = Volts = Electrical Potential
VIB = Vibration
VLV = Valve
VOL = Volume
VT = Viton

W = Watt = Power

W/ = With

W/O = Without

4/06
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FOR MoDELS: RG282M AND RG357M
WT(S) = Weight(s)

ZC =Zinc

2ND = Second (Two)

2SHT = Drawing Has Two Sheets

SECTION 7 - APPENDICES

Gas Analysis Common Abbreviations

TABLE 7-2: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
NEOCS5 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
CcO Carbon Monoxide CcO
CO2 Carbon Dioxide CO2
H2S Hydrogen Sulfide H2S
H2 Hydrogen H2
02 Oxygen 02
N2 Nitrogen N2
H20 Water H20
He Helium He

PAGE 7 - 16
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FOR MODELS: RG282M AND RG357M SECTION 7 - APPENDICES

TABLE 7-2:GAS ANALYSIS COMMON ABBREVIATIONS (CONTINUED)

COMMON ABBREVIATION COMPONENT NAME (SYNONYM) | CHEMICAL FORMULA
Ar Argon Ar
Air

Metric Factors

TABLE 7-3:USEFUL S| METRIC MULTIPLE AND SUB-MULTIPLE FACTORS

MULTIPLICATION FACTOR PREFIX SI SYMBOLA
1 000 000= 10° mega M
1000 = 10° kilo k
100 = 107 hecto® h
10 = 101 dekaP da
1=10"1 deci® d
.01=107° centiP c
.001 =103 milli m
.000 001 = 10°® micro

a. Maintain upper and lower case letters as shown.
b. Not Recommended, but occasionally used.

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 (Formerly Ariel
Newsletters)

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.

A complete listing of these Bulletins is available at the Ariel Website (www.arielcorp.com),

selected Bulletins are available at the Web site, or copies may be obtained from the Packager
or from Ariel.

Vender Literature

When available, vendor literature on purchased parts used in Ariel Compressors is provided
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FOR MoODELS: RG282M AND RG357M

SECTION 7 - APPENDICES

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

TABLE 7-4:ARIEL CONTACT NUMBERS

CONTACT

TELEPHONE

FAX

EMAIL

Ariel Response Center

Spare Parts

Order Entry

888-397-7766
(toll free USA & Canada) or
740-397-3602 (International)

740-397-1060

arc@arielcorp.com

740-393-5054

spareparts@arielcorp.com

740-397-6450

N/A

Ariel World Headquarters

Technical Field Service

740-397-0311

740-397-3856

info@arielcorp.com

fieldservice@arielcorp.com

Web Site: www.arielcorp.com

- 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.

Calls are answered by voice mail.

3. Leave Message: caller’'s name, telephone number, serial number of equipment in
guestion (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 to purchase Ariel Parts.

PAGE 7 - 18

4/06



ARIEL RG282M and RG357M Rotary Screw Compressors

Male Rotor Diameter

282mm

RG357M

357mm

L/D Ratio

2.0

2.1

Capacity, CFm
Capacity, m3/hr

1,070 to 2,930
1,818 to 4,978

1,940 to 5,200
3,296 to 8,835

Maximum Input Speed 1,800 rpm 1,800 rpm
Gear Ratios 1.06,1.24,1.42,1.61, 1.0,1.35,1.57,1.76
1.80,2.03,2.25 2.04,2.31,2.65
Rotor Operating Speed 1,484 to 4,050 rpm 1,200 to 3,210 rpm
Rated Power, bhp 800 1,375
Rated Power, kW 597 1,026
Maximum Allowable Discharge Pressure, psig 230 230
Maximum Allowable Discharge Pressure, barg 15.9 15.9
Suction Pressure Range, psia* 3to75 3 to 65
Suction Pressure Range, bara* 0.21to 517 0.21t0 4.48

* For extended suction pressures, please contact Ariel.



FEATURES

Wide Efficiency Range — A new Ariel 4/6 lobe rotor profile is
designed specifically for natural gas service and provides a
wide, high-efficiency operating range.

Integral Gearbox — The RG282M and RG357M incorporate an
integral gearbox to match current and future needs with a gear
ratio change. The seven available gear ratios enable optimum
matching of available gas engine drivers with compressor flow
and efficiency.

Variable Vi — Since operating conditions always change, the Vi
(internal compression ratio) is continuously adjustable from
2.5 to 5.0 while the unit is running. Manual handwheel or
hydraulic actuators are available.

Capacity Control — Inlet flow can be continuously adjusted
while the unit is running from 100% to 30% of full load capacity.

Manual handwheel or hydraulic actuators are available.

The RG282M and RG357M’s unique oil system
includes a reliable female rotor-driven oil
optimum compressor performance at full- and partial-load  pump. As an option, the compressors accom-
operating conditions. modate existing oil systems with a single-
point connector.

Flexibility — Independently controlled Vi and inlet flow allow

Long Bearing Life — Hydrodynamic radial bearings and thrust-
balanced angular contact ball bearings are standard. The thrust from the helical cut drive gears acts opposite
the rotor thrust to reduce axial bearing loads.

Long Seal Life — A pressure-balanced, spring-loaded carbon seal is installed on low-speed input shaft.

Designed for Packaging — The optional SAE bell house mounting with integral gear design enables a
common skid for a wide range of compressor flows. This feature also minimizes the time required to align
the engine and compressor. Top suction and side discharge connections result in low input shaft height and
simplified piping arrangement.

Ease of Maintenance — Ample maintenance access is provided to permit changing the seal element without
disturbing the compressor or engine connections.

Oil Pump - To ensure adequate oil pressure to the bearings, mechanical seal, Vi and capacity controls, a
female rotor-driven oil pump is standard on the RG282M and RG357M.

Integrated Oil System — A complete single attachment point oil system, including filters and control valves,
is available as a factory installed option.

Dedicated Manufacturing Facility — Ariel rotary screw compressors are manufactured at a dedicated facility
specifically equipped to machine, assemble, and test rotary compressors.

Production Unit Performance Testing — Each rotary screw compressor is performance tested on air to
measure the unit’s capacity and power consumption.



A WORLD STANDARD GAS COMPRESSOR

Oil Filters

Female Rotor-Driven
Oil Pump

Oil System Single-Point
Connection

VIEW FROM BELOW
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Radial Bearings Mounting
System

Hydraulically
Actuated Capacity
Control
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Volume Ratio Control



THE ARIEL NETWORK

Ariel’s success is based on strong relationships built
on mutual respect and trust. Employees, vendors,
distributors, and end users are all part of the Ariel
Network.

Ariel Compressors are marketed and packaged
through a long-established network of elite com-
pression system engineering companies. Ariel’s
Authorized Distributors integrate the compressor
with a structural skid, a prime mover, piping, pulsa-
tion control, cooling systems, process valving, and
control systems.

® All Ariel distributors adhere to Ariel’s strict
packaging standards.

® Ariel’s large network offers the most complete
service and parts coverage available in the

Id The Ariel network of authorized distributors have the
world.

engineering expertise and experience to design and assemble
complete packaged systems—ready for delivery to the field.

CUSTOMER SERVICE

We are committed to supporting our compressors for
life. If there is a problem with an Ariel compressor,
we'll help you solve it — now.

ARIEL CORPORATION
WORLD HEADQUARTERS
35 Blackjack Road
Mount Vernon, Ohio 43050 USA
Telephone: 740-397-0311

® The Ariel Network is composed of more than 1000
Ariel-trained field servicemen and technicians,

worldwide. Fax: 740-397-3856

® Ariel’s policy ha§ always been to ro.u’Finer ship stan- 24-HOUR SUPPORT
dard parts within 24 hours of receiving an order. Field Service: 740-393-5052

@ Ariel gas compressors are backed by more than 100 Spare Parts: 740-397-3602
parts and service outlets close to every major natu- Parts Fax: 740-393-5054
ral gas field.

8 REGIONAL SALES OFFICES

® Avriel’s Service and Technical Schools are held fre- Denver, Colorado » Fort Worth, Texas
quently, free of charge, for engineers and field Houston, Texas « Miami, Florida
servicemen. These courses are taught by Ariel Buenos Aires, Argentina « Jakarta, Indonesia
engineers and technicians directly involved in the Bielsko Biala, Poland « Moscow, Russia
subject material.

® The availability of Ariel manufactured parts at

2.5K 6/04

competitive prices will ensure your Ariel compres-
sor's maximum reliability and productivity.

Ariel’s goal is to offer the best customer care and
service. Our warranty and our treatment of warranty
issues clearly show our commitment to this goal.

® www.arielcorp.com

World Standard Gas Compressors



START UP CHECK LIST -

RG ROTARY COMPRESSORS

Compressor Model RG Serial/No. R- Gear Ratio
Control Actuation - Hydraulic Handwheel
Driver Manufacturer Model Rated Speed RPM
Packager Packager Unit No.
Date Packager Shipped Serviceman
Customer Start Up Date
Location Field Contact
Field Telephone No. Unit Location
Gas Service
Compressor Oil - Make/Grade
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
MAWP, maximum suction & discharge pressures, maximum and

minimum speed, discharge temperature been checked?

3. Have the Packager’s design operating conditions been
reviewed?

Pressure, psig (barg): Suction Discharge
Temperature, °F (°C): Suction Discharge
Maximum RPM Minimum RPM

Type of Gas SG

If start-up conditions are different check with Packager or Ariel.

4. Soft Foot Check [max. allowable 0.002” (0.05 mm)]: Have the
compressor feet supports been shimmed so the machine is not
twisted or bent?

5. Have compressor anchor and/or bell-housing flange bolts been
re-torqued?

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

1 Revised/clarified to add RG282M & RG357M.

Retyped on FrameMaker.

1 013029 3-3-06

0 010774 8-14-02

REV DESCRIPTION REV | EC DATE | REV

EC

DATE

PAGE 10F6
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START UP CHECK LIST -

RG ROTARY COMPRESSORS

Compressor Model RG Serial/No. R-

YES NO

7. Have coupling bolt torque values been rechecked?

8. Has the compressor to driver alignment been field checked?

See compressor outline drawing for shaft thermal growth value.

9. Record coupling dial indicator field verification readings in
inches (mm) at the 3, 6, 9 and 12 o’clock positions on lines pro-
vided: (not applicable to bell-house mountings)

Maximum allowable face misalignment 0.005 in. (0.13 mm) TIR
Maximum allowable radial misalignment 0.003 in. (0.08 mm) TIR

10. Does the compressor input shaft turn freely?

11. Have coupling elements been installed and has coupling been
inspected for proper assembly, including axial engagement?

12. Has any preservation oil been drained from rotor housing?

13. Have oil & gas systems been pressurized & leak tested?

14. Has proper oil been installed that matches operating condi-

tions, with a viscosity adequate for current gas analysis?
15. Has oil supplier provided gas dilution versus pure oil viscosity

information?
16. Has the compressor oil system been filled with oil to the

proper level without over filling?

17. Is the compressor oil supply isolation valve open?

NOTE: CLEARLY LABEL UNIT WITH THE COMPRESSOR OIL MAKE/GRADE CUR-
RENTLY IN USE.

18. Does the compressor oil system low level shutdown work?

19. Have the properly rated elements been installed in the gas
inlet separator, oil filters and strainers, and gas/oil separator?

20. Are the oll filter elements and all oil piping primed with oil?

21. Is the low oil differential pressure shutdown installed & tubed
correctly to the bearing oil supply and scavenged oil gallery?

22. Is the low oil differential pressure shutdown set per Ariel’s rec-
ommendations & does it work on falling pressure?

PAGE 2 OF 6 REV 1 ER-10.4.2



START UP CHECK LIST - “
({ ARIEL)

RG ROTARY COMPRESSORS

Compressor Model RG Serial/No. R-

YES NO

23. Is there an oil cooler? Note: Recommended minimum com-
pressor inlet oil temperature is 150°F (66°C); maximum 160°F
(71°C).

24. Is the rotor injection’s oil temperature control (trim) valve set-
ting appropriate for cold start-up applications?

25. Is the oil temperature control valve piped for a “mixing” condi-
tion?

26. If so equipped, is there a working vibration shutdown mounted
on the compressor or drive train?

27. Is there suction pressure control upstream of the compressor?
Refer to Ariel's performance prediction program to verify accept-
able P4, P, combination.

28. Are the suction and discharge pressure shutdowns set &
working?

29. Are the safety relief valves installed & working to protect com-
pressor gas and oil piping?

30. Is the gas high discharge temperature shutdown installed, set
at 10% above anticipated temperature & working? 248°F, max.
(120°C)

31. Is the mechanical seal leakage tubing installed, unplugged
and visible to determine if leakage occurs?

32. Have the gas suction lines been thouroughly cleaned to be
sure that no dirt, slag or other debris enters the compressor?

33. Has strainer screen been installed upstream of compressor
suction?

34. Have the oil system components been primed and the com-
pressor prelubed prior to starting?

35. Does the driver rotation match the compressor rotation arrow?

36. For engine driven units, has the machine been rolled to make
sure it is free?

37. For other drivers, has the machine been barred over by hand
to be sure it is rolling free?

38. For combustible gas applications, has the piping and com-
pressor been purged to remove all air?

39. Have start-up instructions for other package equipment been
followed?
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START UP CHECK LIST -

RG ROTARY COMPRESSORS

Compressor Model RG Serial/No. R-

YES NO

40. Has compressor variable Vi been moved to the minimum Vi
axial position? (Vi range 2.5 to 5.0)

41. Has compressor capacity control plate been moved to mini-
mum load position, to reduce compressor start-up torque?

42. Have minimum compressor oil pressure alarm and shutdown
settings been tested?

43. Has the Packager’s representative reviewed the Packager’s
Start-Up & Operating Instructions for the unit with the unit opera-
tor?

44. Has the separator scavenge line been connected to the gear-

box and is the scavenge control valve fully open?

Check List - After Starting:

1. When idle speed is achieved, load compressor to minimum
position & increase minimum driver speed if necessary to stabilize
load. Did the compressor bearing oil pressure come up immedi-
ately after loading the compressor?

2. Was the discharge pressure raised immeaiately (minimum
pressue valve) to faciliatate oil scavenging and lube flow?

3. Are the oil filters, bearing & oil system, & hydraulic-valve-stack
pressure gauges working?

4. Are the oil filter differential pressures less than 36 psid (2.5

barg) at operating temperature, unless otherwise specified?
5. Did the compressor develop discharge pressure when capacity

control plate moved to loaded position?
6. Has the variable Vi been moved to an appropriate position?

7. Any strange noises or shaking in the compressor or piping?

8. Is the compressor system oil level within acceptable limits?

9. Is bearing oil differential pressure above minimum specified?

10. Is the high discharge temperature shutdown working?

11. Is the high discharge gas temperature shutdown set at
approx. 10% above normal discharge temperature?

248°F (120°C) maximum.
12. Is the mechanical seal weep hole leaking?

Drops/minute
13. Are there any other oil leaks? If so, where?
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START UP CHECK LIST - “
({ ARIEL)

RG ROTARY COMPRESSORS

Compressor Model RG Serial/No. R-
YES NO

14. Are the scrubber dumps and high level shutdowns working?

15. Are the scrubber dumps removing all liquids from the gas
without obvious carryover?

16. Do you hear solid contaminants in the suction piping?
17. Is overspeed shutdown set?

18. Is the mechanical seal properly sealing gas and oil at the
shaft?

19. Have all Package safety functions been tested to be sure of
unit shutdown upon malfunction?

20. After the compressor reaches normal operating conditions,
has the separator scavenge control been set to show mostly gas
flow at the sight glass?

21. After running compressor for 24 hours, are oil filter and sepa-
rator differential pressures less than maximum allowable?

22. Upon shutdown verify that compressor reverse rotation is less
than 2 seconds to be sure of check valve operation.

23. Has initial compressor operating data been recorded?

24. 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.
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START UP CHECK LIST -

RG ROTARY COMPRESSORS

DAILY LOG SHEET

COMPANY/LOCATION UNIT
COMPRESSOR MODEL RG SERIAL NO. R- GEAR RATIO
Date/Time

Operator

Driver Load, HP (kW)

Driver Speed, RPM

Compressor Speed, RPM

Gas flow Rate MMSCFD (m%/s,)

Variable Vi Position (Vi or # of turns)

Capacity Control Position (% or # of turns)

Suction Pressure, psig (barg)

Suction Temperature, °F (°C)

Discharge Pressure, psig (barg)

Discharge Temperature, °F (°C)

Compr. Bearing Oil Supply Temp., °F (°C)

Bearing Oil Differential Pressure, psid (barg)

Bearing Oil Filter Differential, psid (bary)

Rotor Injection Oil Filter Differential,
psid (bary)

Hydraulic Oil Supply Pressure, psig (barg)

Separator Coalescing Filter Differential,
psid (bary)

Compressor Oil Supply Pressure, psig (barg)

Coalescing Scavenged Oil Line Valve
Adjusted & Flow Observed

Mechanical Seal Weep Rate, drops/min.

System Oil Level

Compressor Oil added, gal (L)

Remarks:
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BOLTING REQUIRED TIGHTENING TORQUE - h@gﬁg
RG SERIES ROTARY COMPRESSORS

Visit Ariel Web Site: www.arielcorp.com for Latest Edition

Fastener Tightening Torque

Listed in the following table are fastener tightening torque values, required for proper
assembly of an Ariel RG compressor. Refer to the Ariel Technical Manual concerning a sub-
ject component for detailed assembly procedures.

Threads are to be clean and free of burrs. Check that the threads on the bolting is in good
condition to prevent damage to the threaded holes.

Torque values are based on the use of petroleum type lubricants on both the threads and
seating surfaces. Use lubricating oil or Lubriplate 630 on threads and seating surfaces,
except stainless steel capscrews use Never-Seez Regular Grade and except where Loctite
is specified. Molybdenum disulfide lubricants and anti-seize compounds are not to be used
for fastener lubrication, unless specified, or excessive stresses can result with the listed
value. These torque values are for current production equipment.

TABLE 1: CAPSCREW (OR STUD-NUT) & PIPE THREADS TIGHTENING TORQUE VALUES

NOMINAL SIZE CAPSCREW OR STUD-NUT - GRADE 8|  >EATING DGOR(ZEE'QT STUDS -
INCH X TP

(METRIC mm x p) LB-ET (N-m) LB-FT (N-m)
3/8-16 35 (45) 195 LB-IN (22)

7/16 - 14 55 (75) 25 (35)

1/2 -13 85 (115) 45 (60)

5/8 - 11 165 (225) 80 (110)

3/4-10 295 (400) 150 (200)

7/8 -9 470 (640) 235 (320)

1-8 705t (1000)* 350 (475)
M6 x 1 grade 10.9 105 LB-IN (12)
M12 x 1.75 grade 10.9 75 (100) ---
NPT Pipe Threads Hand Wrench T\llam A E:Jtsi\i—)alt_grct?igellg?NS)Thread Sealant

1. Pending torque wrench capacity, 600 Ib-ft (820 N-m) is acceptable.

The bolting has been selected to meet Ariel's strength, elongation, sealing, locking and
mechanical clearance requirements. Proper bolting must be used and tightened to the val-
ues listed in the table above.

The standard bolting fasteners used in an RG compressor are twelve point, grade 8, flanged
capscrews.

NOTE: WHEN RE-ASSEMBLING OR REPLACING BOLTING, SEE THE ARIEL PARTS LIST TO
DETERMINE THE PROPER FASTENER GRADE, TYPE AND PART NUMBER.

See Packager’s Instructions and reference ER-26.1 in Ariel Packager’s Standards for
compressor to skid hold down bolt torques.

PAGE 10F 1 REV O EC012844 11-7-05 ER-63.1



BOLTING REQUIRED TIGHTENING TORQUE -
RG SERIES ROTARY COMPRESSORS

APPENDIX

Notes to print ER-63.1 as an Ariel Part for toolbox charts:

1. Source: Coyne Printing or equal.
2. Print page 1 only with blank back. Do not print this page 2.
3. 10 point paper 8-1/2 x 11 inches.
4. 10 mill clear plastic lamination - 2 sides, 1/8 inch sealed.
5. 5/16 inch diameter holes for standard 3 hole notebook.
0 012844 11-7-05
REV DESCRIPTION REV EC DATE REV EC DATE
PAGE 2 www.arielcorp.com REV 0 ER-63.1



UNIT PROTECTION FOR EXTENDED STORAGE
- ROTARY COMPRESSORS

1.0 PURPOSE

1.1 This procedure covers corrosion protection of rotary screw compressors as shipped
from Ariel. It is also to be used when a compressor is put into extended storage. Individual
compressors or compressors in a gas/oil system package can be protected using this proce-
dure.

1.2 Following this procedure will protect the compressor internally for at least one year. After
one year, the compressor gas passages and visible portions of the rotor pair are to be
inspected, and if the protective coating is in good condition, it can be closed up for another six
months. If any deterioration is observed, or after 18 months, or if the compressor shaft has
been turned, then re-protect according to this procedure.

2.0 MATERIALS AND EQUIPMENT

2.1 Use the following materials and equipment or equivalents:

2.1.1 Aliquid vapor corrosion inhibitor CCI 300 (Corroless), grade CCI 300M for mineral oil
and CCI 300S for synthetic oil. If the customer oil is not known use CCI 300M,

2.1.2 Two gallons (8 L) of lube all,
2.1.3 Waterproof cloth tape,

2.1.4 Temporary metallic covers (blind flange, "skillet" or equal) and neoprene gaskets to
close the suction and discharge flanges if compressor is taken out of service.

2.1.5 A corrosion-inhibiting pump, oil filter 10 microns or better and necessary pipe fittings,
are required to implement this procedure.

3.0 PROCEDURE

3.1 Mix 1 quart (1 L) of corrosion inhibitor with two gallons (8 L) of lube oil.

3.2 Remove the suction and discharge flange covers. Spray the inhibitor mixture into the
compressor gas passages covering all internal housing and rotor surfaces that can be
reached through the suction and discharge flange openings.

Was specific quanties of corrosion inhibitor
3 013234 5-15-06
3 |for each model, now 1 quart plus 2 gallons
lube oil mixture regardless of model 2 | oor | e
u g ’ 1 ECNB8050
0 ECN7293 6-25-98
REV DESCRIPTION REV EC DATE REV EC DATE
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UNIT PROTECTION FOR EXTENDED STORAGE
_ROTARY COMPRESSORS

3.3 Rotate the male rotor 180 degrees and repeat the spraying process.

3.4 Pour one 1 quart (1 L) of inhibitor mixture into the discharge chamber. Pour one quart
(1 L) of the mixture into the suction chamber. Reinstall the discharge and suction flange cov-
ers and gaskets to retain the inhibitor.

3.5 Drain the filter bowls and remove the filter elements, if present. Remove the pipe
between the bearing filter and pressure control valve and connect the inhibitor pump to the
pressure control valve inlet. Pump the remainder of the inhibitor mixture into the compres-
sor, then replace the pipe. The compressor should not be stored with the filter elements
installed as they can be damaged by the corrosion inhibitor.

3.6 Reassemble all covers and gaskets, remove pump connections and return all com-
pressor piping connections to their original configuration. Tape the clearance opening
between the drive end rotor shaft, or jackshaft as appropriate and the mechanical seal cover
to prevent any exchange of air in the compressor frame. Plug or otherwise seal the mechan-
ical seal weepage tube. The external section of drive shaft should be protected as follows:
Clean the shaft, then apply a thin film of inhibitor to the shaft, cover with waterproof cloth
tape and secure with duct tape as necessary.

3.7 Tag the unit with date protected, noting that the compressor shaft should not be turned
and whether mineral or synthetic oil was used to preserve the compressor.

3.8 Inspect the compressor after one year. If any deterioration is observed, repeat the pro-
tection. Also repeat the protection after 18 months, or if the rotor shaft, or jackshaft, has
been turned for any reason.

4.0 RECOMMISSIONING COMPRESSOR TO SERVICE

4.1 Before going back on-line, drain the inhibitor mixture and install the filter elements. The
pre-lube pump should be operated and each lube supply point fitting loosened to be visually
assured of a lube oil supply. It may be necessary to flush the compressor and oil system if
the inhibitor mixture is incompatible with the compressor operating lube oil. Consult your
lube oil supplier to confirm compatibility. Remove the waterproof cloth tape at the drive shaft
and uncover the mechanical seal weepage tube.

4.2 Check fastener tightening torques on all bolting which may have been loosened as a
result of applying this procedure and all critical bolting as a result of re-applying the unit to
service. Refer to the Ariel Technical manuals for tightening information and the torque charts
(ER-63.1 for RG compressors) for fastener torque values. Documents are available on the
Ariel web site at: www.arielcorp.com.

4.3 Utilize the appropriate start-up check list (ER-10.4.2 for RG compressors).

PAGE 2 OF 2 REV 3 ER-25.1



Directional Control Valve
Solenoid Operated 001988

Size D03 (06) | ...4600PSI (320 bar) | ...21 GPM (80 /min)

+ 4 Way, 3 Position directional control valve

» Cylindrical DC solenoids with removable coils -
Electrical Connectors can be rotated in either
direction by 90°

» 24VDC solenoids with integrated transient
voltage suppressor

e Four-lan spool - reduced functional
dependence on fluid viscosity

¢ Wet pin core tubes

» Installation dimensions to 1SO 4401-03-02-0-94,
DIN 24 340-A6, NFPAT3.5.1 M R1, and ANSI
B93.7 D03

Functional Description

The Ariel directional conirof valve 001988 consists the nut (8), the solenoids can be turned or

of a housing (1}, a control spool (5) with two replaced without interfering with any seals of the
centering springs (4), and cylindrical operating valve. Inthe case of solenoid malfunction or
solenoids {2,3). power faiture, the spool of the valve can be

The three-position directional control valve is fitted shifted by manual override (), provided the

with two solenoids and two springs. pressure in T-port does not exceed 25 bar. The
The operating solenoids are DC solenocids. The valve housing {1}is phosphate coated and the

connectors (6,7) can be turned 80°. By loosening solenoids (2,3} are zinc coated.




Order information

Directional Control Valve P/N - -001988

Valve Dimensions

Dimensions in inches and millimeters {(in brackets)
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Technical Data - rorariel solenoid valve; 24vDC/1.29A Coils w/DIN connector sockets and
bipolar transil diodes built into each socket

Valve Size Us {mm) D 03 (06}
Maximum flow GPM (L/min} 21 (80}
Max operating pressure at port PAB P81 (bar) 4600 (320)
Max. operating pressure at port T PS8l (bar) 3000 (210)
Pressure drop PSI (bar} see Ap - Q characteristics
Hydraulic Fluid Petroleum oils (HM, HL, HLP}
Phosphate ester fluids {HFD-R}
Fluid temperature range (FPM Seals) °F (°C) ~22... +178 (-30... +80)
Ambient temperature max. °F (°C) 4. +176 (-20... +80}
Viscosity range SUS {mm¥/g) up o +122 (+50)
Maximum degree of fluid contamination Class 21/18/15 to SO 4406 {1999)
Max. allowable voltage variation % DC:£10 AC: +10
Max. switching frequency /haur 15,000
Switching time, on: at v= 156 SUS {32mm?/s) ms DC; 30...50 AC: 30... 40
Switching time, off: af v= 156 SUS {32mm?/s) ms DC:10... 50 AC: 30... 70
Duty cycle % 100
Service life cycles 10’
Enclosure fype to DIN 40050 P85
Weight Ibs (kg) 4.84 (2.2)
Mounting Position Any
Solenoid Coil
= o TRANSIL o
| =z N Solenoid coil with bipolar transit
= N diode/transient voltage suppressor
; and terminal for the electrical
R e e EE connector DIN 43650.

Manual Override

Standard mode! - captured manual override

Standard medei solenoid retaining nut

Spare Parts

ltiem Description Type, size, quantity Order Numbet
1. Solenoid 24VDC /1,29 A wibipolar transile diode Q61991
2 Solenoid Nut and O-ring Nut Mat'l: Black Polycarbonate; 22 x 2 C-ring 484-9951
3. Complete Seal Kit Mat'l; Viton; 8.25 x 1.78 (4 pcs.}, 17.17 x 1.78 {2 pes.) 484-9971
4 Individual Mounting Seal Mat'l: Viton: 8.25 x 1.78 HY273220925168




Spare Parts (cont.)

|
Solenoid Coil - P/N 001991 ..I_E_

Nut with Seal
Seal Kit
Single Seal Ring

Stud Kit - P/N 001992 (not shown)* " I.

g =

=
=

001992 Siud Kit includes (4) 10-24UNC x 3.88" long Studs and {4) stud nuts for valve stack of {1) 001988 and (1) 001989

Notes:

Ariel Corporation
35 Biackjack Road
Mount Vernon, OH 43050 USA
Phone: 740-397-0311 * Fax: 740-397.3856 * E-mail: ARC@ARIELcorp.com *  Infernet: hitp:/fwww.arielcorp.com

Subject to change without notice




Sandwich Plate

Double Throttle Check Valve

001989

Size D03 (06)

..4600PS} (320 bar)

..21.1 GPM (80 I/min)

assemblies

Meter-out control

Throttle valves in channels Aand B

Flow adjustment - adjustment elements

B93.7 D03

Sandwich plate design for use in vertical stacking

Installation dimensions to 1SO 4401-03-02-0-94
DIN 24 340-A6, NFPA T3.5.1 M R1, and ANS}

Functional Description

The Ariel double throttie valve 001989 is used to
control flow rates in (2) separate line (A, B) of the
hydraulic circuit. A throttle valve is built into each
channel, A and B. The valve resfricts the fluid flow in
one direction while providing reverse free-flow in the
opposite direction. The throttling spocl is adjusted by
means of a sef screw and each spooi position corre-
sponds with a certain passage area. Traditionally
known as a meter-out direct operating flow control
sandwich, fluid entering from port A1 shifts the valve
seat against the spring, thus creating a passage
which allows reverse free-flow to port A2 (funtion as a
check valve). Fluid entering port B2 Is throftled to port
B1 via agroove and an annulus area. The sandwich
design enables simple stacking with the other compo-

Al

F 9

nents of the same size, in this case the directional
control valve 001988 is installed against the
surface marked A1 & B1 below and with the
valve surface marked A2 & B2 mating to the
surface of the hydraulic manifold. The separate
O-ring plate with fitted O-rings provides sealing
between the valve 001289 and the hydraulic manifoid.
The orientation of the throttle check valves in the vaive
body corresponds with the symbols shown on the
valve and ihe figure below. Dowell pin hole at bottom
mating surface (manifold} is immaterial. The set
screw can be operated by a hex key wrench (Allen
wrench) measuring 5mm across the flats, The valve
housing is phosphate coated, the surfaces of the
other parts are zinc coated. Seals are viton.




Order Information

Flow Control Vaive P/N --001989

Schematic

Circuit Diagram
Meter-Out Symbol ?

Directional Valve Side Manifold 001
989 001988
oM BT e
r 7 o
. o e e o o
; ; i i ] N Ea— :
‘ - . kS i ‘ "
i : ET . .
L o —_— J & t % ¢ ST TR ) »
2 = * : LQDMJ i wla) T}Wi&a 3
Manifold Side ; bk E— ¢
i 1 | A— b
. b o e v v e da o e 1 o e e e
Valve in channels A & B ;
L T
Technical Data
Valve Size U3 (mm) D03 (06}
Maximurm flow GPM (L/min) 211 (80}
Max operating pressure at port PAB PS1 (bar) 4800 (320)
Hydraulic Fluid Petroleum oils (HM, HL, HLP)
Phosphate ester fluids (HFD-R)
Fiuid temperaiure range (Viton Seals) °F {°C} 4. +176 {-20... +80)
Viscosily range SUS (mm?afs) 98 ... 1840 (20 ... 400)
Maximum degree of fluid contamination Class 21/18/15 to 1SO 4406 {1999)
Weight ibs (kg) 2656 (1.2)
Mounting Position Any
Valve Dimensions: Spare Parts:
Seal Kit
Type Dimensions / Qty
. A 1 O-ring 17.62 x 2.62 (2 pcs.)
ke g O-ring 9.25 x 1.78 {2 pes.)
- i‘é Viton " 525-9940
og ] = Q-ring 6.75 x 1.78 (2 pes.)
o 27 Backup Ring 17.83 x 22,19 x 1.14 (2 pcs.)
Backup Ring 943 x 6.73x 1.14 (2 pes)

Notes:

. S (i) WAL 1. Mounting stud kit 001992 f fing (1) 001988 and {1)
; T TYTTE - | . Mounting stud ki or mounting an
o L1125 b S 001989 in valve stack
o ——y 3
“‘[%;W“‘W“W&l“ - = @ 2. The orientation of the throttle check valves corresponds
i _g . with the name-plate symbo!
- o 3. Adjusment hex is 5mm flat to flat. Use appropriate hex key
oo Thest i % or wrench to adjust flow seiting.
e 1 =

Ariel Corporation
35 Blackjack Road
Mount Vernon, OH 43050 USA
Phone: 740-397.0311 *  Fax: 740-397-3856 = * E-mail: ARC@ARIELcorp.com *  Infernet: hitp:/fwww.arielcorp.com
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OPTIONAL BELL HOUSING

SO THE ENDS OF THE SPRING CURVE TOWARD

THE TAPER BEARINGS.

i IDWAVE SPRING TO BE PLACED IN THE BORE

& f6.

® FOR NOTES, SEE SHEETS #1, #2, #5,

ASSEMBLY
_ (GEARBOX)

= RG35/M_COMPRESSOR [

ARIEL CORPORATION
35 BLACKJACK ROAD
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11/29/06 Ariel Corporation SO# 2000350

RG357M MAIN COMPRESSOR ASSEMBLY
HYDRAULIC CONTROLS
REF. DRWG. 002221

Seq Itm# Comp PN# Qty Part desc
1 1 002295 1 HSG,ROTOR, 300# RG357M
1 2 002139 1 HSG,DIS,300#(BUILD#2) RG357M
1 3 002069 1 GEARBOX W/OUT BELLHSG  RG357M
1 4 002000 1 ROTOR (PAIR) RG357M
1 5 002506 1 VLV, FANNAR RG357M
1 7 002018 1 VLV-UNLOADING, RG357M
1 9 002043 1 COVER,UNLOAD.VLV, RG357M
1 10 002012 1 COVER,M.ROTOR, RG357M
1 11 002014 1 COVER,F.ROTOR, RG357M
1 12 002044 4 SEAL-OIL,FLOAT.M.SUC/F_.DIS357M
1 13 002296 1 HSG, INLET, RG357M
1 14 002045 1 RETAINER ,M_.THRUST RG357M
1 15 002046 1 RETAINER,F.THRUST RG357M
1 16 002106 4 O-RING,VT,7.987 1.D.X.103
1 17 002010 1 HOUSING, SEAL RG357M
1 18 002047 1 SPACER RING-OIL SEAL, RG357M
1 20 002402 1 JACKSHAFT RG357M
1 21  FPO500MS 2 DOWEL PIN, 374 X 4 -0002
1 24 002120 1 INNER SPCR,M.THRUST BRG RG357M
1 25 002121 1 INNER SPCR,F.THRUST BRG RG357M
1 26 001132 1 COVER,DIS. RG282/RG282M/RG357M
1 27 FCO120HI 6 12 PT CAP,5/8-11 X 1-1/2 G8
1 28 002039 1 WAVE SPRING,10.629 BOREX.400
1 29 001408 2 O-RING,VT, 1.1091.D.X.139
1 30 A-3500 2 O-RING,VT, 8.395 0.D.X.210
1 31 002230 1 O-RING,MOLDED, VT, RG357M
1 32 002105 1 O-RING,VT,30.2211.D.X.275
1 33 001868 2 SLEEVE BRG,M.SUC/F.DIS RG357M
1 34 001958 2 SLEEVE BRG,M.DIS/F.SUC RG357M
1 35 PP0810GB 3 PIPE PLUG,1/2NPT,HEX HD,STL
1 36 A-0039 1 O-RING,VT, 4.020 0.D.X.210
1 38 A-2393 1 O-RING,VT,14.395 0.D. X .210
1 39 A-1811 2 O-RING,VT, 3.020 0.D.X.210
1 41 A-3511 1 O-RING,VT,10.395 0.D.X.210
1 42 FCO120EG 8 12 PT CAP,3/8-16 X 1 G8
1 42 FCO120EG 3 12 PT CAP,3/8-16 X 1 G8
1 45 FC0120GK 3 12 PT CAP,1/2-13 X 2 G8
1 46  FCO120GH 4 12 PT CAP,1/2-13 X 1-1/4 G8
1 46  FCO120GH 6 12 PT CAP,1/2-13 X 1-1/4 G8
1 47 FCO1201IM 9 12 PT CAP,3/4-10 X 2-1/2 G8
1 48 FCO120HL 12 12 PT CAP,5/8-11 X 2-1/4 G8
1 49 FCO120KR 54 12 PT CAP,1-8 X 3-3/4 G8
1 50 FCO110GM 3 SHCS,1/2-13 X 2-1/2 G8
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RG357M MAIN COMPRESSOR ASSEMBLY
HYDRAULIC CONTROLS
REF. DRWG. 002221

1tm#

Comp PN#

FTO230DE
PP0O851CB
FT0230DG
FPOSO0FB
FPO504LM
002274
002131
001143
FTO230DF
002035
FTO235AF
001978
000014
001149
001995
001151
002407
002408
002186
PP08101B
PPO810KB
PP0O851GB
PP08501B
PP0O850KB
PPO851MB
PPO850NB
002054
A-0138
FC0134BC
000837
000529
002536
A-0640-A
002539
FRO571CC
A-0640-B
002122
002055
002049
002123
FCO120EF
002188
002275

Ariel Corporation SO# 2000350

Qty

NNNRPRPRPRPRPORPRRPEPENARENNENAMOONRPRPRPRPONENDRERNENNNERERD

Part desc

SNAP RING - INTERNAL 7.250
PIPE PLUG,1/4NPTF,STL,FLUSH
SNAP RING - INTERNAL 7.750
DOWEL PIN, 1/4 X 3/8 -0002
DOWEL PIN,PULL,3/4 X 2-1/2
SEAL-POLYPAK TYPE-B 5/8 X 7/8
O-RING,VT,25.9401.D.X.275

WAVE SPRING,8.542 BORE X.400
SNAP RING - INTERNAL 7.500
WAVE SPRING,7.500 BORE X.400
SNAP RING - INVERTED 1.000
MECH.SEAL-4.25,LP,VT,b282/M,357
THRUST BRG,208/260/282/M/357M
THRUST BEARING, RG282/M/357M
CYL RLR BRG,DRV SHAFT RG357M

TAPER RLR BRG, RG282/357M
PINION - 1.000 RATIO RG357M
GEAR - 1.000 RATIO RG357M

BUSHING BRG, 5/8 X 7/8 X 3/4
PIPE PLUG,3/4NPT,HEX HD,STL
PIPE PLUG,1"NPT,HEX HD,STL
PIPE PLUG,1/2NPTF,FLUSH,STL
PIPE PLUG,3/4NPTF,HEX SOC,STL
PIPE PLUG,1"NPTF,HEX SOC,STL
PIPE PLUG,1-1/4NPTF,FLUSH,STL
PIPE PLUG,1-1/2NPTF,HEXSOC,STL
OILER-GEARS RG357M
NAME PLATE,ARIEL LOGO

BUT HD CAP,10-24 X 1/2 316SS
HEX RED BUSH,ST, 2M X 1F
CAUTION PLATE VENTING

INFO PLT,ROTARY UNITS

INFO PLATE,SUCTION

INFO PLATE, INPUT SPEED RG357M
DRIVE SCREW,U-TYPE #6 X 1/4,SS
INFO PLATE,DISCHARGE

SPACER - FEMALE (.637")

SPACER - FEMALE (.513") RG357M
SPACER SET,THR.BRG,MALE RG357M
SPACER SET,THR.BRG,FEML RG357M
12 PT CAP,3/8-16 X 7/8 G8
SPACER,STEM SEAL 282M/357M
SEAL-POLYPAK STD 5/8 X 1-1/8



11/29/06 Ariel Corporation SO# 2000350

RG357M MAIN COMPRESSOR ASSEMBLY
HYDRAULIC CONTROLS
REF. DRWG. 002221

Seq Itm# Comp PN# Qty Part desc
105 A-0901 MALE ELBOW,STL, 1/2T X 1/2P
106  PTO200FB 29 SS,TUBING,1/2 0.D.X.035 WALL
108 FC0134cCB BUT HD CAP,1/4-20 X 3/8 316SS
110 001905 LO MESH ELEMENT1-1/4,282M/357M
111 002537 INFO PLATE,GEAR RATIO/OIL PUMP
112  FPO500EB DOWEL PIN, 3/16 X 3/8 -0002
114 002395 ORIFICE, .172DI1A,3/4-10 X 3/4
116 002443 ADAPTER, TAIL ROD RG357M
117  PPO830PB PIPE PLUG,2"NPTF,SQ HD,STL
118 002104 SPACER RING,BRG REMOVAL RG357M
119 002103 BACKING RING/DOC RING  RG357M
120 002102 BACKING RING/M.THRUST  RG357M
122  FWO505DA WASHER,3/8 X 1"0.D.X 1/8THK SS
123 001847 COVER,FANNAR VLV RG357M
124 002149 SOC FLT HD M6-1.0 X 20 CL.10.9
125  FPO504LK DOWEL PIN,PULL,3/74 X 2
126 002067 SHIP_FLG.COVER,16",300%#,ANSI
127  A-1838 LATHE CUT SEAL,17.5 OD X 17 1D
128  FCO172NJ 2 HEX HD CAP,1-1/4-7 X 1-3/4 NY
129  A-1887 SHIP FLG COVER,10.0"- 300#
130 A-2455 LATHE CUT SEAL,13-3/8 OD X 1/4
131  FCO103KI HHCS,1-8 X 1-1/2 G2
133 PP0810MB PIPE PLUG,1-1/4NPT,HEX HD,STL
134  FPO500MO DOWEL PIN, 374 X 3 -0002

RPRRRPRRRPRRPRPRRPRRPRRPRRRRERRPRPRRPRRPRPRRPRRRRRRERRRERRRPRRPRRRRRRRERRERRRRRR
[EEY
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138 002148 WASHER,M6 X 32 X 4, C"SUNK

140 002396 ORIFICE, .156DI1A,5/8-11 X 1/2
141 002182 PINION RETAINER, RG357M
142 FC0101GJ HEX HD CAP,1/2-13 X 1-3/4 G8
143 002189 SPACER RING,TAPER RLR BRG 357M
144 002190 TAPER RLR BRG,NARROW 357M
145  A-0827 MALE CONN,STL, 1/74T X 1/4P
146 PT0200CB SS,TUBING,1/4 0.D.X.035 WALL
147  A-6099 SLEEVE CAP PL,1/4T X 7/16

148 002510 PIPE PLUG,2"NPTF,HEX SOC, MAG
149 002513 BOLT,VIBRATION SENSOR,1-1/2LG
201 FCO0120CE 12 PT CAP,1/4-20 X3/4 G8
202 002445 PIN-POSITION SHORT, .688,RG282M
203 002449 COTTER PIN,HAIRPIN, 3/16-1/4
204 002466 HYDRAULIC CYL,VI RG357M
205 002467 HYDRAULIC CYL,CAPACITY RG357M
206 002444 PIN-POSITION LONG,2.250,RG282M
207 002503 BRACKET-POS TAG RG357M
208 002531 BRACE,HYD.CYLINDER RG357M
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RG357M MAIN COMPRESSOR ASSEMBLY
HYDRAULIC CONTROLS
REF. DRWG. 002221

Seq Itm# Comp PN# Qty Part desc
1 209 002040 2 POSITION INDICATOR RG357M
1 210 002218 1 V1 CONTRL POSITION TAG RG357M
1 211 002038 1 CAP_CONTRL POSITION TAG RG357M
1 213 002450 2 BUSHING,PILOT ADPTR 282M/357M
1 216  PSO099EE 5 MALE CONN,SS,1/2T X SAE-8
1 218 001994 1 CTRL MNFLD ASSY,2" 282/M/357M
1 228 001667 1 ADAPTER,STL,1/4F X SAE10M
1 229 PS0098DD 1 MALE ELBOW-POS,SS,1/2TXSAE-8
1 230 A-11129 1 L O PRESS GAUGE,ASHCROFT 300#
1 231 PPO861EB 1 SAE PLUG,SOC.HD,#6,9/16-18
1 232 PP0861GB 1 SAE PLUG,SOC.HD,#10,7/8-14
1 233 PP0802GD 4 PIPE PLUG,1/2NPT,SQ HD,PLASTIC
1 235 PS0097DD 4 MALE ADAPTR,SS,1/2T X SAE-8
1 236 PSO070DB 2 UNION TEE,SS, 1/2T
1 237 FC0102DJ 1 HEX HD CAP,5/16-18 X 1-3/4 G5
1 238 002540 1 TUBING CLAMP, TWIN 1/2" TUBE
1 239 002515 1 CHECK VALVE,1/2T
1 240 002285 2 ADAPTER BUSHING,SAE-10 X SAE-8
1 244 002303 1 CHECK VALVE-BUSHING 3/4M X1/2F
1 245 A-11700 1 FEMALE BRANCH TEE,SS,1/2TX1/4P
1 246 002328 1 ADPTR, 1/4"MNPT X 1/4"MJIC,STL
1 247 002329 1 CAP,1/4"JIC,STL
1 248 A-7614 2 PLUG-TUBE FIT,FEMALE,STL,1/2T
1 250 002404 1 PIPE PLUG,1-1/2NPTF,SQ SOC,MAG
1 260 FNO469FA 2 JAM NUT,HEX,7/16-14,SST
1 263 A-9441 2 UNION ELBOW,SS,1/2T
1 901 002229 0 MECH.SEAL REPL._KIT,VT RG357M
1 902 002177 0] STRAINER ORING,40MM O.D. X 4MM
1 903 002242 0] RG357M PINION/GEAR SET  1.000
1 904 002243 0 RG357M PINION/GEAR SET  1.375
1 905 002244 0 RG357M PINION/GEAR SET  1.566
1 906 002245 0] RG357M PINION/GEAR SET 1.778
1 907 002246 0] RG357M PINION/GEAR SET  2.040
1 908 002247 0 RG357M PINION/GEAR SET  2.304
1 909 002248 0 RG357M PINION/GEAR SET  2.667
1 911 001991 0] SOLENOID-DIR CONT VALVE 282/M
1 912 002019 0] CONN.DIN 43650 TYPE/FORM"A™
1 913 001990 0 WAFER, LIGHTED RG282/M,357M
1 914 001988 0 VLV-DIRECTIONAL CTRL, RG282M
1 915 001989 0] VLV-FLOW CONTROL, RG282/M,357M
1 916 001993 0] MANIFOLD BLOCK-2 STATION,2"SPC
1 917 001992 0 KIT,NUT/STUD,10-24UNC X 98MM
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Seq
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RG357M

LUBE OIL SYSTEM

REF. DRWG.=002147

1tm#

Comp PN#

001663
002178
001864
002522
002523
PBO110KG
A-0895
A-0934
A-0971
A-2746
A-2746
A-2767
A-8250
A-11051
A-11056
A-0967
A-11141
002143

002109
PP0810MB
PPO801PA
PS0091JJ
PSO091KK
PSO099EF
PS0092HH
PS0092JJ
A-12895
PT0200JD
PTO200KF
PT0200CB
PTO200EB
PB0110DB
002541
A-0831#1/2
A-0831#1
FC0134CC
A-0886
A-0401
PPO860GB
A-7614

Qty

Ariel Corporation SO# 2000350
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Part desc

VLV, GLOBE 1-1/4NPT,SCH 80
CHECK VALVE, 2"NPT

SEQUENCE VALVE SAE 20 282/M
L.O.PSID GAUGE, RANGE 0-100
L.O.PSID GAUGE, RANGE 0-30
ADPTR BUSH STL,SAE-24M X1-1/4F
STREET ELBOW,STL,1-1/4P 90
MALE CONN,STL, 3/8T X 1/4P
MALE ELBOW,STL, 1T X 1"P
HEX PIPE NIPPLE,STL, 2 NPT

HEX PIPE NIPPLE,STL, 2 NPT
MALE ELBOW,STL,1-1/4T X 1-1/4P
L O STRAINER, 2"NPT

HEX RED BUSH,STL,2M X 1-1/4F
MALE CONN,STL, 1-1/4T X 1-1/4P
MALE CONN,STL, 1T X 1P
MALE PIPE ADPTR 1-1/4NPTXSAE20
FLANGE,4 BOLT,2"NPT

STRAIGHT TEE, 2"NPT,SCH 80,SS
MALE ELBOW,STL, 1/74T X 1/2P
STREET TEE,STL, 1-1/4"P
MOUNTING STUD, FILTER

OIL CANISTER,COMPLETE282M/357M
PIPE PLUG,1-1/4NPT,HEX HD,STL
PIPE PLUG,2 NPT,SQ HD,CORED
MALE CONN,STL,1 X SAE-16

MALE CONN,STL,1-1/4 X SAE-20
MALE CONN,SS,1/2T X SAE-10
MALE ELBOW-POS,STL,1T X SAE-16
M.ELBOW-POS,STL,1-1/4TX SAE-20
MALE RUN T,STL, 3/8T X 3/8P
SS,TUBING, 1" OD X .065 WALL
SS,TUBING,1-1/740.D.X.095 WALL
SS,TUBING,1/4 0.D.X.035 WALL
SS TUBING,3/8 OD X .035 WALL
ADAPTER BUSH STL,SAE 6M X 1/4F
TUBING CLAMP, TWIN 3/8" TUBE
TUBING CLAMP, 1/2" TUBE

TUBING CLAMP, 1" TUBE

BUT HD CAP,1/4-20 X 1/2 316SS
BULK.UNION,STL, 1/74T X 1747
BRACKET ,BULKHEAD UNION
PLUG,STL,SAE-10

PLUG-TUBE FIT,FEMALE,STL,1/2T
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Seq
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RG357M

LUBE OIL SYSTEM

REF. DRWG.=002147

1tm#

Comp PN#

FWOS03I1A
FNO451HD

FCO120H1
002405
A-2186
A-0948
PSO098AA
A-2113
002174
PS0094CC
PS0104FC
001982
002211
002212
002213
PP0O810CE
002227
002226
FCO0110GK
002150
001803

Qty

Ariel Corporation SO# 2000350

OOOO0OO0OOOOOONNNRENONRRPRPRPRPPRPWOW

Part desc

WASHER, FLAT,HD.5/8 DIA. STEEL
HEX NUT,H/W,2H,5/8-11

MALE ADPTR,SS,1-1/4T X 1P
UNION ELBOW,1-1/4T X 1-1/4T
HEX RED BUSH,STL, 1"M X 3/8"F
BRACKET ,DIF PRESS GAUGE

12 PT CAP,5/8-11 X 1-1/2 G8
ADAPTER BUSH,VT,SAE20 X SAE16
MALE RUN T,SS, 1/74T X 1/4P
PLUG-TUBE FIT,FEMALE,SS, 1/4T
MALE ELBOW-POS,SS,1/4TXSAE-4
STREET ELBOW, STL,1/4P

BRACKET ,DIFF.PRES.SW,282M/357M
MALE BRNCH T,STL,POS.1/2TXSAE8
REDUCER,STL,1/2T MALE X 1/4T
SOC.FLT HD.CAP 1/4-20X3/4 SST
FILTER HOUSING BASE 282M/357M
FILTER HOUSING COVER 282M/357M
O-RING,VT, 180MM X 5MM

PIPE PLUG,1/4NPT,HEX HD,SS
FLTR ELEM KIT,16UM 282/M,357M
FLTR ELEM KIT,6UM 282/M,357M
SHCS,1/2-13 X 2 G8
O-RING,VT, 2.2341.D._X.139
STRAINER ELEMENT KIT,2"
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11/29/06 Ariel Corporation SO# 2000350

REF_SHEET R-0532
OIL PUMP, PO76T X 2.75 X 2.50
REF.DRWG.= 001705

Seq Itm# Comp PN# Qty Part desc
8 1 002483 1 OIL PUMP,PO76TX2.75X2.5 ASSY
8 2 000933 1 COUPLING,1.250 NOM.DIA.
8 3  FCO110FG 1 SHCS,7/16-14 X 1 G8
8 4  FPO500HG 2 DOWEL PIN, 3/8 X 1 .0002
8 5 000318 1 O-RING,VT, 3.9841.D.X.139
8 6  FS0400EB 1 CUP PT.SET-SCREW, 3/8-16 X 3/8
8 9  FC01206GlI 4 12 PT CAP,1/2-13 X 1-1/2 G8
8 99 000696 0] KEY,5/16X15/32X1-3/16
8 907 001817 0] OIL PUMP KIT,P75SX2.25 SWEET
8 908 001818 0] OIL PUMP KIT,P75SX2.50 SWEET
8 909 001819 0 OIL PUMP KIT,P75SX2.75 SWEET
8 910 002166 0 OIL PUMP KIT,PO75SX3.00 SWEET
8 911 002163 0] OIL PUMP KIT,P76TX2.00 SWEET
8 912 002164 0] OIL PUMP KIT,P76TX2.25 SWEET
8 913 002165 0 OIL PUMP KIT,P76TX2.50 SWEET
8 914 002485 0 OIL PUMP KIT,P76TX1.75X1.50SWT
8 915 002486 0] OIL PUMP KIT,P76TX1.75X1.75SWT
8 916 002487 0 OIL PUMP KIT,P76TX2.0X2.0SWEET
8 917 002488 0 OIL PUMP KIT,P76TX2.25X2.25SWT
8 918 002489 0 OIL PUMP KIT,P76TX2.75X2.50SWT
8 919 002490 0] OIL PUMP KIT,P76TX3.0X3.0SWEET
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002592
002424
002423
002327
002326
002325
002249
002169
001788
001742
FEO300MA
FEO300LA
FEO300KA
ER-63.1
A-0958
A-0798

Ariel Corporation SO# 2000350

CAPACITY/FANNAR VALVE TOOL
CAPACITY UNLOAD TOOL

DRAWING, CAPACITY UNLOAD TOOL
HOSE4FT,1/4"MNPTX1/4"FJIC,SWVL
ADPTR,1/4"MNPT X 3/8'"HM,SST
RELIEF VLV,1/4MNPTX1/4FNPT,STL
ALLEN WRENCH, 1™

SEAL HSG. INSTALLATION TOOL
MCH.SEAL CARBON INST.TOOL 282
MECH.SEAL SEAT INST.TOOL RG282
EYEBOLT,1-1/4-7 UNC
EYEBOLT,1-1/8-7 UNC
EYEBOLT,1"-8 UNC

TORQUE CHART, RG SERIES

PIPE TEE,1/4 FEMALE,STL

TOOL BOX

RPRRRNNRRPRRRRRRROR
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29706

RG282M & RG357M PAPER TAGS

REF .DRWG.=002469

1tm#

Comp PN#

001764
001765
001766
002468
001769
001770
001771
001772
001774
001550
002605
A-6104
A-6105
A-6108

Qty

Ariel Corporation SO# 2000350
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Part desc

LUBE OIL INLET TAG

LUBE OIL PRIMING POINT TAG
MECHANICAL SEAL DRAIN TAG
MANUAL UNLOAD TAG

FILL OIL FILTER W/OIL TAG

SET DIFF PRESS TO 55 PSID TAG
GREASE METAL COMPONENTS TAG
VALVE TO REMAIN CLOSED TAG
LIFT POINT TAG

SUCTION FLANGE TAG

DIFF PRESS CONN (HIGH) TAG
CAUTIN LABEL ADHESIVE/FR.ENG
CAUTION LABEL ADHESIVE/BK.ENG
ENVELOPE,CAUTION LABELS



APPLICATIONS

AMOT’s MPD Switch can detect and alert equipment
operators of the presence of metal particles in non-
conductive fluid lubrication systems (lube oil, trans-
mission fluid, etc.). The MPD can be used with
AMOT’s MPD Controller or an alternate, approved
controller. Common MPD applications would include
the following:

B RECIPROCATING EQUIPMENT
~ Gas Engines
~ Diesel Engines
~ Compressors

B ROTATING EQUIPMENT
~ Gas Turbines
~ Steam Turbines
~ Transmissions and Gear Boxes
-~ Pumps
~ Compressors

Metal
Particle
Detector

MP

AMOT's MPD detects metal particles in lubrication
fluids.

The MPD Must be used with an intrinsically safe control
system in hazardous areas.

FEATURES / BENEFITS

B UNIQUE GRID SENSING TECHNOLOGY

~ Detects metal particles, metal
chips, and metal dust.

~ Detects _all conductive metal par-
ticles (including non magnetic
metal particles).

~ No moving parts.

B DUAL SEAL WITH WEEP HOLE CON-
STRUCTION

~ Meets API 614
~ Meets National Electric Code

B SEPARATE CONTROLLER AVAILABLE
FOR USE WITH MPD

~ See AMOTform 1309, Model 8545B
for MPD Controller.

~ Complete Metal Particle Detector
system available from AMOT.

FORM 1165



ECONOMIC BENEFITS OF INSTALLING
AMOT MPD SYSTEM

~ MPD makes maintenance proactive instead of reactive.
MPD alerts equipment operators of metal particles in lubri-
cating fluids caused by worn bearings, connecting rods,
pistons, rings, camshafts or other metallic parts. Corrective
maintenance can then be scheduled to minimize costly
down time.

~ By alerting equipment operators of metal particles in
lubricating fluids, MPD assists in the prevention of unnec-
essary repairs and replacement of expensive parts ,i.e.,
replacement of a bearing instead of a crankshaft.

OPERATION

Operation of AMOT's Metal Particle Detector switch (MPD)
is simple and straight forward. Process Fluid, such as lube
oil or transmission fluid, enters at the top of the MPD’s body.
Fluid then travels through a perforated board containing a
plated electrical grid on the board’s top and bottom sides.
Fluid exits through the bottom of the MPD body. (Refer to
Figure 1.)

Activation of the MPD switch occurs when metal particles
bridge the gaps on the MPD’s electrical grid and complete
a normally open (N.Q.) electrical circuit to drive an alarm or
shutdown relay. (Refer to Figure 2.)

INSTALLATION

For in depth installation instructions, refer to AMOT Form
No. 1248 and Drawing No. 10956.

Instaliation of the MPD is accomplished in four (4) steps:

1. Locating where the MPD will be mounted.

The MPD must be located in a side stream of the lube oil /
fluid system, after the pump but before the filter. (Refer to
Figure 1).

2. Mounting the MPD.

Mountthe MPD with the grid in a horizontal position. It does
not matter which process port is the IN port so long as
the flow through the MPD is from top to bottom and the
grid is on a horizontal plane. Two 5/16-18 UNC mounting
holes are cast into the MPD body. Isolation valves should
be used as in Figure 1 to facilitate inspection and service of
the MPD switch. :

3. Piping the process fluid to the MPD.

When connecting the piping, never use excessive force to
stop thread leakage. Apply a quality thread sealant such
as Loctite™ Pipe Sealanttothe MPD’s pipe threads. Do not
permit debris to enter the MPD while piping (this will set off
the MPD).

4. Making MPD electrical connections.

All wiring to and from the MPD should be done in accor-
dance with the applicable electrical code. End Cap (22)
should be removed (with a 1/2" S.A.E. drive ratchet) to
access the MPD’s terminal block, flying leads or plug con-
nector (depending on the MPD connection option ordered).

SERVICE & MAINTENANCE

Refer to Figure 3, cross sectional.

Prior to servicing or maintaining the MPD:
Make sure all electricity is disconnected from the MPD.

Ensure all process pressure is relieved from the grid
compartmentbefore removing the MPD’s end cap (block
valve closed, bleed valve open).

CAUTION:

Fiow to the MPD should be limited to prevent starving
the equipment of oil (use an orifice, needle valve, etc.).

AMOT MPD requires minimal maintenance. Recommended
maintenance would include removal and replacement of the
MPD’s End Cap O-Rings (23 ), Grid O-Ring Seal (8), and
Grid Board ( 2). Inspection of the aforementioned compo-
nents should take place during the equipment’s scheduled
maintenance.

Multi Meter Grid Conductivity Test

Grid (2 ) should be inspected for signs of lacquering or
residue build up which will interfere with the grid’s ability to
detect metal particles and complete the electrical circuit.
AMOT recommends using a multi meter to test the grid's
ability to complete an electrical circuit.

Remove End Cap (22) with a 1/2" S.A.E. drive ratchet. Pull
the Grid (2) free ofthe MPD body (26) by hand. Use the multi
meter to determine the grid’s conductivity. Touch one multi
meter probe to each of the MPD’s grid pads. Short the grid
out by placing a small metal object (such as a penny or
screw) across the grid. If the grid will not short out, it must
be replaced. :

FIGURE 3: CROSS SECTIONAL

7
2777222 ///
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Recommended Spares / Service Parts
Kit 10829X001

Description

Ref. No. | Qty. Part No.

2 1 10831 Grid

23 2 11462L001 | End Cap O-Ring, Viton
8 1 1919L001 | Grid O-Ring Seal, Viton




FIGURE 1
MPD INSTALLATION DIAGRAM

HIGH PRESSURE OIL
—

SLIER RECIPROCATING

ROTATING EQUIPMENT

XP_POWER

CONTACTS

AMOT 1.S.
MPD CONTROL UNIT

oece)

EXIT BLOCK VALVE

BLEED
VALVE

PUMP g )

*Flow to the MPD should be limited to prevent starving the

equipment of oil (use an orifice or other means of adequate
restriction).

SUMP

[RELAY QUTPUT

FIGURE 2

MPD SWITCH DIAGRAM

CIRCUIT OPEN

CIRCUIT CLOSED
(NO PARTICLES ON GRID)

(PARTICLES ON GRID)

Metal particles gather on the MPD's Grid to complete an
electrical circuit. Refer to right diagram.

DIMENSIONS

{Shown ininches, +/-.010)

3.312

[~ 1.375 ~~= 1.375

6.312

AMOT
=y CONTROLS

MP

Metal
Particle
Detector

2.500 DIA

o

DISTANCE FOR
GRID REMOVAL
2.250 MIN.

OIL SUPPLY CONNECTIONS
172-14 NPT

OR
3/4-16 UNC-2B
SAE O-RING BOSS SEAL

PRIMARY O-RING
SEAL VENT
CONDUIT CONNECTION

3/74~14 NPT

MOUNTING THREADS
5/16-18 UNC-28B
X 0.625 FULL THREAD

o | .625
0.8/2—————1 W/‘

r 1

hiﬂ/' |

/
1.562
INAR (o) ———
1.250 CoEA Prgl =
f 22
_L - N
VK -
%/ 1.625 DIA
3.125 %, —_
’N*d‘ ——
T
L-——I.BIZ-H
2x
1.125 DIA

0,520 SQUARE HOL

3

USE 1/2" RATCHET DRIVE
TO REMOVE COVERS.



SPECIFICATIONS

HOW TO ORDER

Body & End Caps .....c.cccccoeiinrnnnnninnnn, 316 Stainless Steel  To order the MPD, construct the appropriate model num-
SEAIS oo Viton (Buna Optional)  Der from the Model Code Table or specify the following
. information:
Electrical Connections .............ccoooviiiiiriiiniieennee. Plated Tin
Grid Electrical Ratings ..... Refer to AMOT Drawing 10956 1) AMOT MPD Switch
Flow Coefficient (Cv) .......................................... 4.34 2) Body Material (Stainless Steel); Table A.
Flow of Oil at 80 PSi ...ocooveiieeeiieeicc s 27 GPM . .
: : L 3) Process Fluid Connection:
(180 SSU, Specific Gravity .90, No Restriction On Outl.et) 1/2" NPT, SAE, or BSP (Pl): Table B.
Temperature Rating .................... -10 to 400 deg. F (Viton)
-55 to 225 deg. F (Buna) 4) Electrical Conduit Port Connection (3/4" NPT);
Maximum Working Pressure................... Standard: 200 psi Table C.

.......................................... High Pressure Version: 800 psi

5) Electrical Connection Type:

Recommended Wire Gage ..........ccceevveevinnnnnnnn. 16 gauge Terminal Plug, Terminal Block, or 18" Wire Leads;
(Terminal Block Version) Table D.
Lead Wire Gage.........cevveervievimreeeniicinianiiiininenenen. 16 gauge .
. . . 6) Seal Material:

(Versions With Lead Wires) Viton or Buna: Table E.
Approvals .......c.ccovieeninnnne UL Class 1, Groups A, B, C, &D
Only ifinstalled per AMOT Drawing 10956 (Intrinsically Safe)
Shipping Weight 7 bs. AMOT can also supply a UL approved control box for use

......................................................... * with the MPD. Contact AMOT or your local representative

for details.
MODEL CODING TABLE
MPD 1 R T 5 W 2 - R--
Basic Sgsign I _—I_—Special Requirements (Spec. Code)
Model Level Seal Material Code No., See Table E
No. Electrical Connection Type Code No., See Table D
TABLE A TABLE B TABLE C
Product Type Code No. Qil Port Connection Code No. Electrical Conduit Port Code No.
Stainiess Steel R 1/2 NPT T 3/4 NPT 5
Stainless Steel, 1/2 SAE w
High Pressure P 1/2 BSP(P1) U
TABLE D TABLE E

Electrical Connection Type Code No.

Seal Material Code No.

Electrical Connection Code No. Seal Material Code No.
Wire Leads, 18" w Viton 2
Terminal Plug ' P Buna N 1
Terminal Block T

[ = Non Standard

The AMOT MPD product is a tool to assist in the monitoring / detection of undesirable conditions which may resuit in reduced engine life or catastrophic
failure. Like other monitoring or engine life diagnostic devices / tools, it is not guaranteed to increase engine life and / or eliminate catastrophic failure.
The MPD product is primarily a random oil sampling device which may detect the presence of metal particulates in the lubrication oil. AMOT recommends
using the MPD in conjunction with good preventative maintenance practices and other bearing temperature sensors, etc. It is the user's responsibility
to select the appropriate MPD grid which determines the MPD's sensitivity in detecting metal particulate.

AMOT Controls Corporation AMOT Controls Ltd. AMOT Controls Corporation

401 First Street Western Way 230 Orchard Road
Richmond, CA 94801 Bury St. Edmunds P33 3SZ # 09-230 Faber House
Tel: (510) 236-8300 Suffolk England Singapore 238854

Fax: (510) 234-9950 Tel: (01284) 762222

Fax: (01284) 760256

Tel: (65) 235-8187
Fax: (65) 235-8869

Form 1165 D951

©1997 AMOT Controls Corporation
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P/5/Pr76

pump or motor service instructions

A—_—
GENERAL INSTRUCTIONS system. The first requirement of good A pump must be drivenin the direction of __
These service instructions will familiarize maintgnance of hydraulic equipment is rotationfor.which it was built; otherwise,
you with Commercial’s single and mul- cleanliness. MAKE SURE YOU DIS- pressure will bloyv the shaft seal. Check
tiple pumps and motors — their com- ASSEMBLE AND ASSEMBLE YOUR the e.xploded view below for proper
ponent parts — the relative position of ~HYDRAULIC EQUIPMENT IN A CLEAN  direction of rotation.
each part — proper methods for assem- AHEA. COMMERCIAL’S REPLACE-
bly or disassembly of the units — care  Our pictures show aModel P76.Notesin  paENT PARTS
and use of these oii hydrauiic power units  the text cover variations between this o
— so that best performance and longer  ynit and the P75 model. Commercial’s replacement parts are of
working life will result for your benefit original equipment standards. For as-
itis agood ideato check all replacement s;_red qL:ja:'ty of matﬁzﬁ!tan.d workmsln—
To facilitate the repair of these units —  parts closely before installing to ensure ~ °''P. @nd for compatibility in assembly,
and before any work is done — we that no damage occurred during ship- USE ONLY GENUINE PARTS FROM
suggestthatyou firstread all ofthesteps  ment. COMMERCIAL.
used in disassembly and all of the steps Itis agoodideato check all replacement
used in building up the unit. USE CAUTION [N GRIPPING ALL parts closely before installing to ensure
PARTS IN THE VISE TO AVOID DAM-  that no damage occurred during ship-
Dirt is the enemy of any hydraulic AGING MACHINED SURFACES. ment.
EXPLODED VIEW AND PARTS LIST % |
i.Snap Ring [PAN% /\§@ :
2. Spacer or Outboard Bearing !
3. Seal Retainer @ * AN /'OA : . J N
ST T =~ DO VIR - 9
S
5. Seal @(33 VNS Q &
6. Shaft End Cove!' @ 1 i\\)) > W \® % N . N
7. Check Assemblies or Plug 7 A ® — 5% “\
8. Ring Seals ; W, 15 @bg/
9. Roller Bearings @ R( |
LN
10. Pocket Seais 1 X\@ & %@g . I 01
11. Thrust Plates < \Q) B ®
12 Inteqral Drive Shaft m \ y
12. Integral Drive Shaft Wl
and Gear Set A / ( NS 147
13. Gasket Seals L & 0_\\ -
14. Gear Housing @ QDO’A ﬁ’\ hf/ﬂ .
11;A¢Dowelt.PinsS(hP71<‘5ton|y) T *:‘;\\/ '5' S\ @@ .
. Connectin a 7 AT | 27
16. Bearing Ce?rrier ) ~Z \:o/’ YR @ M@sﬁ @
17. Matched Gear Set l @‘/ {.@) < o > @
18. Gear Housing e % { /® A b
18A. Dowel Pins (P76 only) o ) - @ Ry
19. Plug .%/(@ oy
20. Port End Cover — — \\ NG, &7 ()
21. Name Plate 18 @ 'S @ g
22. Drive Screws B .~ \/\\/ 8
23. Washers L2 Xy
24. Studs or Cap Screws @ ®\0‘/\p@\¢/\\f>
25. Nuts 0 SN WAL
Pll-lg 7 in position B gives clockwise @QD ﬁéz\ %}‘% >L
rotation \\\p;g'\ @;4 S "o/':‘b fle- /‘-3.'-
Plug 7 in position A gives counterclock- N@‘S f%) h
wica ratatinn AN Wl 184
T IDW W RLIRIW I, g S 'd p—
Check valves in both positions give ~
bi-directional rotation. N

ITEMS SHADED APPLY TO MULTIPLE ASSEMBLIES ONLY.

@]

© 1989 Commercial intertech Corp.
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As a gwde in answermg the questlon “How much wear is
alilowed before the part shouid be repiaced?”, we oiier the
f

VVUd' Ill CACECDD UI UUO bul Uul llUbUbbl‘
tates replacement of the gear housing.

Place a straight-edge across bore. If you
can slip a .005" feeler gage under the
straight-edge in the cut-out area, replace
the gear housing.

Pressure pushes the gears against the
llO'u'Sil‘lg on the iow pressiire side. As the
hubs and bearings wear, the cut-out

becomes more pronounced. Excessive
cut-outinashort period of time indicates
excessive pressure or oil contamination.
If the relief valve settings are within
prescribed limits, check for shock pres-
sures ortampering. Withdraw oil sample
and check it and tank for dirt.

Where cut-outis moderate, .005" or less,
gear housing is in good condition, and
both ports are of the same size, housing
may be flopped over and reused.
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Any wear on gear hubs detectabie by
touch, or in excess of .002" necessitates

ronlnr\nmnnf Nickina arooving. fretting
NICKING, greeving, -n;uu:g

of teeth surfaces or head discoloration
also necessitates replacement. Scoring,
grooving or burring of outside diameter
of teeth generally means replacement is
necessary unless damage is light and can
be stoned off.

]

e

S:’

‘.—-————-J
DRIVE SHAFTS:

Replace if there is any wear detectable by
touch in the seal areas or at the drive
coupling. .002” wear is the maximum
allowable.

Wear in the shaft seal areas indicate oii
contamination and shaft replacement is
required. Wear or dam

aqge to snlines
damage splihes,

keys or keyways necessitates replace-
ment.

@
é

THRUST PLATES:

The thrust piates seai the gear section at
the sides of the gears. Wear here will

allow internal ana thao aasi
(A0 internai ollppuyc, ulal ID, UII VVIII

bypass within the pump. .002” maximum
wear is allowable. Replace thrust plates if
they are scored, eroded, pitted or dis-
colored. Check center of thrust plates
where the gears mesh. Erosion here
indicates oil contamination. Pitted thrust
piates indicate cavitation or oil aeration.
Dlscolored thrust plates indicate over-

nhahly inciiffin
ucu.uy lllOulllbIUIll UII

(-



€

O

==

Y

(

- J

DOWEL PINS:

If either the dowel pin or dowei hoie is
damaged, the pin or machined casting,

PR T —— A varnla~na
or both, must be replaced.

If more than reasonable force is required
to seat dowels, the cause may be poorly
deburred or dirty parts; cocking of dowel
in the hole; or improper pin-to-hole fit.

ee

—

-

|

BEARINGS:
if gears are repiaced, bearings must be
replaced. Bearings should fit into bore
with a light press fit. A neat hand fit is
allowable. If bearings can fall out, bore
may be oversize.

ﬁ

| £ P
‘———-—————/
CHECK VALVES:

Examine small check valves in shaft end
cover to make sure they are intact and
functioning. If there are no check valves
here, make sure the high pressure side of
the shaft end cover is plugged.

©)
a00989
——— e ———

-—

SEALS AND GASKETS:

T Lbine mend ommlismnnr ann

Repiace alli rubber and polyme seals
whenever disassembling pump. Include
all “O” rings, pocket seals behind thrust
plates, shaft seal and gasket seals.

11
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Arbor Press
o Awl

e Bearing Puller (Owatonna Tool Co.
MD-956 or equivalent)

¢ Clean Lintless Cloths

® Deburring Tool (an old file with
the cutting teeth ground off)

® Machinist's Hammer

e Soft Rubber Hammer

® Permatex Aviation Form-A-Gasket
No. 3D Sealant or equivalent

®* Medium Grit Carborundum Stone
® Oil and Grease

® Snap Ring Pliers

e Center Punch

® Sharp Razor Blade

® 2 |large Screwdrivers/Pry Bars
® Torque Wrench

® Vise with 8” Minimum
Open Spread

e Light Duty Bearing Puller
for Seal Retainer

e Special Steel Sleeve

or Cardboard Sleeve

Steel Ball

C
| A | B | Radiusl D Dia. l E Dia.

P75/76 |4’?/Ls"

4ooo|
.002

"
5 I |1 379

All External surfaces must be
free of scratches and burrs.

1.259 7

PR |
| R 1757 ‘—]
| . | F‘L L'r" ~
= Iz , I V..
/ T ! %'’ DRILL ROD
7 »
e S
346 " DRILL ROD //
4"
Check vaive tool is made
from a 4" length of 4"
drill rod. The drawing gives 5/ -
detaits for making this e Z
handy tool |
T R e
- uu
b !
. 310 1582
1261968 |
CRad. _ — " Dia. Drill Through Hole
\ .
Vel
1l
!
()
r’l-k\
PR
I I
! ! ! The snecial steel glasve is
\ The special stee! sleeve is
| | used to fit over the drive
| ! shaft to protect the shaft
| i 8 sealduringinstallation, This
| \ can be made from bar stock.
I
| 1
| | 1
co I 1.
T I i
. ! | .
-l
S
E
qER
- D lr- —
|
FO
| Chamfer |
A002| 300 |
- .000
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lubrication and oil
recommendations

Ail parts, with the exception of the outboard bearing, are tubricated by the hydraulic oil in the
circuit. Particular attention must be paid to keep the oil in the system clean. Whenever thereis a

pump or motor failure, and there is reason to feel that metal particles may be in the system, the
oil must be drained, the entire system flushed clean, and any filter screens thoroughly cleaned
orreplaced. New oil shou!d be supplied for the entire system. Oil suitable and recommended for
use in circuits involving Commercial's pumps and motors should meet the following
specifications:

Viscosity: e 50 SSU minimum @ operating temperature

7ocnn '
7500 SSU maximum @ starting temperature

e 150 to 225 SSU @ 100°F. (37.8°C.) (generally)
44 t0 48 SSU @ 210°F. (98.9°C.) (generally)

Approximate SSU at. . .

oil 100°F. 210°F
Grade (37.8°C) (98.9°C.)
SAE 10 150 43
SAE 20 330 51

Viscosity Index: 90 minimum

Aniiine Point:+175°F (80°C) minimum

Recommended Additives: Foam Depressant
Rust and Oxidation Inhibitors

Other Desirable Characteristics:

& Stability of pnyon,u! and chemical characteristics.

¢ High demulsibility (low emulsibility) for separation of water, air, and contaminants.
e Resistant to the formation of gums, sludges, acids, tars, and varnishes.
¢ High fubricity and film strength.

General Recommendations:

A good quality hydraulic oil with the characteristics listed above is essential to satisfactory
performance and long life of any hydraulic system.

Oil should be changed on regular schedules in accordance with the manufacturer’'s
recommendations, and the system periodically flushed.

Oil temperature in reservoir must not exceed 200° F., (93.3°C.) with a maximum operating
temperature of 180° F. (82.2° C.) recommended. Higher temperatures will result in rapid oil
deterioration.

Reservoir capacity should equal in gallons the pump outputingpm or the total gpm of all pumps
where there is more than one in the system

Qil poured into the reservoir should pass through a 100 mesh screen. Pour only clean oil fro
clean containers into the reservoir. A 100 mesh screen may be used in the suction line leadin g
the pump. A suction filter should be of sufficient size to handle twice the mep capacity. ltmust
be cleaned and checked regularly to avoid damage due to contamination and cavitation

Normal Temperatures:

0°F. (—18°C.) to 100°F. (37.8°C.) Ambient
100°F. (37.8°C.) to 180°F. (82.2°C.) System
Be sure vour oil is recommended for the temperatures you expect to encounter.

13
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District sales offices:

ACTON, ON L7J 2M6 CANADA
Commercial Intertech Ltd.

6 Commerce Crescent, P.O. Box 450
Phone: (519) 853-0770

Facsimile: (519) 853-3837

BENTON, AR 72015-0647
20138 I-30

P.O Box 647
Phone; (501) 94-0334
Facsimile: (501) 794-0

oUINANN I ancno_A104
W AU, T DUUI0-9J 1

6501 West 65th Street
Phone: (708) 594-1161
Facsimile: (708) 458-2463

-

DALLAS, TX 75234-7311

2655 Villa Creek Drive, Suite 299
Phone: (214) 241-1975
Facsimile: (214) 241-2128

HICKSVILLE, OH 43526
373 Meuse Argonne
Phone: {419) 542-6611
Facsimile: (419) 542-8871

KINGS MOUNTAIN, NC 28086-0219
101 Canterbury Road

P.O.Box 219

Phone: (704) 739-8232

Facsimile: (704) 739-2269

ORANGE, CA 92667-5597

341 West Collins Avenue

Phone: (714) 639-4630

Facsimile: (714) 532-4126
YOUNGSTOWN, OH 44501-0239

1775 Logan Avenue
P.O. Box 239

Phone: (216) 746-8011 » Telex: 433-2153

Facsimiie: (214) 746-1148

lobal Headquarters are located at 1775 Logan Avenue; Youngstown, Ohio 44501-0239 - U.S.A.

... We're putting technology to work worldwide

Subsidiary companies:

MINNEAPOLIS, MN 55428-4998
Qildyne Division

Commercial Intertech Corp.

4301 Quebec Avenue, North
Phone: (612) 533-1600
Facsimile: (612) 533-0082

MINNEAPOLIS, MN 55434
Cylinder City, Inc.

1532 93rd Lane, N.E.

P.O. Box 34220

Phone: (612) 780-2550
Facsimite: (612) 780-2565

PORT MELBOURNE, VICTORIA 3207,

AUSTRALIA

Commercial Hydraulics Pty., Ltd.

265 Ingles Street, P.O. Box 191
Phone: 61-3- 646-2017 - Telex: 34-377
Facsimile: 61-3- 646-2257

SAO PAULO, BRAZIL

Commercial Intertech do Brasil Ltda.
Avenida Paulista,460

3. Andar,01310 - SP

Sao Paulo, Brazil

Phone: 55-11-285-4977

........ 4_NAQ_AACED
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BEDFORD,, MK41 OES, ENGLAND
Commercial Hydraulics Bedtord Ltd.
Shuttleworth Road, Goldington Estate
Phone: 44-234- 270-404

Telex: 82-339 COMMHYD G

I'd(,bl[ﬂlle 44-234- 273-118

COVENTRY CV5 9AX, ENGLAND
Commercial Hydraulics Keelavite Ltd.
Birmingham Road, Allesley

Phone: 44-676-22441

Telex: 31-375 KEELA G

Facsimile: 44-676-22029

GLOUCESTER GL3 4XE, ENGLAND

Commercial Hydraulics Gloucester Ltd.
Gloucester Trading Estate, Hucclecote
Phone: 44-452- 618-666

Telex: 43-651 CHCLOS G

Facsimile: 44-452- 371-106

GRANTHAM NG31 9SJ, ENGLAND
Commeicial Hydraulics Kontak Ltd.
Belton Park , Londonthorpe Rd.
Grantham Lincolnshire

Phone: 44-476-64105

Facsimile: 44-476-66462

LIVERPOOL L9 7BW, ENGLAND
Commercial Hydraulics Liverpooi Ltd.
Long Lane, Fazakerley

Phone: 44-51 525-5933

Telex: 629-561 COMLIV G
Facsimile: 44-51 523-4198

FRANCE

Commercial Hydraulics Astron S.A.R.L.

BP 73,

20, rue Pierre Mendes - France, Torcy
77202 Marne La Vallee Cedex 01
Phone: 33-1-646-21100

Telex: 693-737F

Facsimile: 33-1-6462-1093

HAMBURG 90, GERMANY
Commercial Intertech GmbH
Grossmoorbogen 9, D-2100
Phone: 49-40-771085

Telex: (17) 403950

Facsimile: 49-40-7654602
LAMADELAINE, LUXEMBOURG
Commercial Intertech S.A.

NQ riadalaRara | Q71

SY, rue Ge ia Karle, w- -vulu

Phone: 352-503-7271
Telex: 848-3367
Facsimile: 352-50-13-59

STOCKHOLM, SWEDEN
Commercial Hydraulics AB
Saldovagen 5, S-175-62 JARFALLA
Phone: 46-8-795-5660

AAAAAAAA 20 [af=3p k|
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VERONA, ITALY
Commercial Hydraulics SRL
Via dell ‘Agricoiture 1/A
Phone: 39-45-715-7533
Telex: 843-35 1893
Facsimile: 39-45-715-7539

Designers and Manufacturers of Fluid Power Components, Worldwide; Pressed Metal Products, North America;
Filtration and Separation Products, Worldwide; and Pre-Engineered Buildings; Europe.
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Vickers®

Pressure Relief

E.-T-N

Sequence, Unloading, Back Pressure,

Counterbalance, and Reducing Valves

“R”, “UR”, and “X” 03/06/10/12 Series
Pressures to 210 bar (3000 psi) — Flows to 284 I/min (75 USgpm)

VICKERS

Released 7/94




Vickers® |

Pressure Relief

E.-T-N

Sequence, 