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SECTION 1: HAZARD WARNING

CAUTION CAUTION CAUTION

BEWARE! GAS PROCESSING UNITS ARE COMPLICATED ANI)
DANGEROUS PIECES OF EQUIPMENT IF YOU ARE NOT FULLY

TRAINED AND FAMILIAR WITH THEIR OPERATION.

BEFORE STARTING THIS UNIT
FAMILIARIZE YOURSELF }VITH THE UNIT

A gas/air mixture under pressure can explode!!!
Sour gas is extremely poisonous!!!

You can be severely injured or killed.

Make sure the unit is sufliciently purged of any explosive
mixture and there are no gas leaks before starting.

Unit startup/shutdown procedure to be carried out by trained,
authorized personnel only.

Operational inquiries can be directed to Propalc
For replacement parts / maintenance assistance contact Propak

After completing the above, begin proper starting procedure.

l

CAUTION CAUTION

505 East Lake Boule.vard, Postal Bag #2 Airdrie, Alberta, Canada T4B 2C3
Bus: (403) 912-7000 Fax: (40il 912-7095 email: email@propak-sys.com

CAUTION
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PARTS / SERVICE / COMPRESS'O'V REVAMPS

TTTITITITITTTTTTITIITTTITIIT¡IIIIITTIT¡IITIIII

An authorized distributor for Dresser-Rand, Knox Western, Sullair and Mycom
compressors, offers a wide range of services for the following Quality
compression products:

OEM after-market market parts support for the following compressor products:

Dresser - Rand
. HOS Series
o VIP Series
. RHD / RDS Series
. Cub / Supercub Series
. KOA / KOB / KOC Series
. Worthington

Knox Western
EagleSeries
TP Series

Sullair / Mvcom
Oil Flsoded serew
Compressors

Services offered:
. Compressor Overhaul
r Routine Compressor / Engine Maintenance
o Field Revamps and Package Modifications
. Complete Shop Re-packaging
. Consignment parts agreements

Propak's factory trained service technicians use only genuine OEM parts.

o Compressor Re,manufacturino
complete repackaging service for all makes of compressors that
covers re-engineering, modifying unit drawings and operating
manuals, cooler re-rating and manufacturing, vessel fabrication, field
installation / construction, and unit start up.

WITH PROPAK COMPRESS IO N
YOU CAN EXPECT MORE AND SPEND IESS

j CônfaCtS: Sèrvicé DerrnilRichter 4o,3¡-9IT-7?|57
Parts Barry Sweetman 403-912-7251
Sales Winston McHardy 403-912-7281

PhoneSales:403-912-7000 Fax:403-912-7011 Email:sales@propak-sys.com
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PRODUCT & FIELD SERVICES DIWSION

IIIITITIIIIIIIIIITTTITITTIIITTTI¡¡II¡ITITITITT

Propak's Product & Field Services Division provides complete field

services for all your gas processing needs.

. Engineering Feasibility & Plant Optimization Studies

. PlantTroubleshooting

¡ Plant Mothballing

. Turnaround Planning

. Operator Training

r Maintenance & Repairs

o Vessel Repairs & Modifications

. Exchanger Re-tubing & Repairs

. Aerial Cooler Re-rating & Repairs

. Direct Fired Heater Re-rating & Burner Management

. Direct Fired Heater Coil, Burner, Refractory Repairs

o Tower Inspections & Re-traying

o Piping Modifications & Repairs

. Extensive Parts Inventory

. Mycom Compressor Parts & Services

AVAILABLE 24 HRS

QUALITY PRODUCTS AND SERWCE

Contacts

Phone Service:
Fax:

Service:
Parts:

Pat Randall
Barry Sweetman

l-800-408-4434 Canadian & US Customers
ernaìl : prandall@propak-sys.com

403-9t2-7260
403-912-725t

403-912-7000
403-912-7252

rNG/NEFRS TABRiCAIORò^ ¿ {ìoNSIRl-/r:ì /OR:i FoR oil .{ (;A,(ì PROOESS/N
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The following describes a modularized and packaged gas compressor, designed and fabricated for Apache Canada

Limited, consisting of a compressor, natural gas driven engine and aerial cooler being used for the compression of a

The inlet flow is a natural gas mixture. Three stages of compression deliver the gas to the pipeline at 1200 kPag

(minimum), and 49 oC. The gas mixture consists of the following components;

1.0000TOTAL

0.0

0.0003

0.0063

0.0233

0.9201

0.0360

0.0073

0.0012

0.0015

0.0010

0.0005

0.0005

0.0021

8-10ppm

HYDROGEN

HELIUM

NITROGEN

CARBON DIOXIDE

METHANE

ETHANE

PROPANE

I.BUTANE

N-BUTANE

I.PENTANE

N.PENTANE

HEXANE

HEPTANE +

HYDROGEN SULFIDE

MOLE FRACTIONCOMPONENT

Apache Canada Limited. - Hamburg Gas Plant, Alberta
Natural Gas Compressor, Propak Project#99404
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PROCESS

All process piping and vessels have been designed for sour gas service, with l/8" corrosion allowance'

stage one suction has been designed for a pressure of4516 kPag at l4goc' stage one discharge has been designed

for a pressure of 4447 kPag at 176oC and has a full flow relief valve set at 3412 kPag'

stage two suction has been designed to 4516 kpag at r4g"c. The second stage discharge psv has been designed for

full flow and has been set at 8720 kPag.

stage three suction has been designed fo 9067 kpag at l[g"c. The second stage discharge PSV has been designed for

full flow and has been set at 11377 kPag'

INSTRUMENT AIR

The instrument air system is designed for a maximum pressure of 1034 kPag. Protection for this system must be

provided upstream ofthe compressor skid edge'

ENGINE FUEL AND START GAS

The engine fuel supply tine is designed for a maximum pressure of 1034 kPag. Protection for this system must be

t , provided upstream of the compressor skid edge'

The engine start gas has been designed for 1034 kPag start gas supply pressure. Protection for this system must be

provided upstream of the compressor skid edge'

q3

2/';
Apache Canada Limited - Hamburg Gas Plant' Albe¡ta
Ñatural Gas Compressor, Propak Proiect #001 62
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Operations and Maintenance Manual
Propak SYstems Unit #99404

The following text describes a packaged gas compressor unit, designed and fabricated

for Apache Canada Limited at the Hamburg Compressor Station, LSD: 02-06-097-11

W6M. Compression of the gas stream is provided by a 1478 hp gas engine driven'

three throw reciprocating compressor'

CAUTION Operation and adiustment of this equipment should only be attempted by

quatified personnel, and accordingty the equipment descriptions and operating

procedures contained herein assurne a thorough working knowledge of 9as

compression systems, equipment, and safety procedures. Please refer to the standard

instructions contained in tab A of the Dresser-Rand lnstruction and Parts list, enclosed

in the "compressor"' section of this manualfor additional information.

WARN]NGII Service to this equipment shoutd never be undertaken other than by fully

quatified personnel, with specific training in the safety procedures required to work in

explosive or toxic gas (HZS) environments, and using onty appropriate fools and safety

equipment. ln no instance shoutd any pressure component, instrument, valve, or other

part exposed to the proce.ss gas stream be removed, disassembled, opened, or

otherwise disturbed causing process gas to escape inside the compressor building

without first depressurizing, futty purging with non-toxic gas, and positively isolating all

process gas piping system connections from the compressor building. Approved

breathing apparatus must always be worn to prevent personal iniury or death'

3



Equipment safety alarms inctuding electronic fire, and combustible gas detection

sysúems, should never be bypassed or defeated.

1.0 OVERVIEW

The compressor unit described herein is designed to compress a gas mixture in three

stages from a suction pressure range of 25-200 psig, to a discharge pressure of

approximately 1 200 psig.

The new unit is a fully packaged modular gas compressor. All equipment is mounted

on a concrete filled structural steel skid, c/w cooling and lubrication systems, controls,

gas scrubbers, pulsation bottles, pressure piping and appurtenances. A self framing,

insulated steel building is installed on the skid base to enclose the equipment and clw a

bridge crane for field service of heavy lift components. Care has been taken in the

design and detail of the equipment to ensure safe and reliable performance within the

design parameters. Unless stated specifically herein, never disarm or disable any

safety switches or alarms without first consulting the manufacturer. Always consult the

manufacturer prior to changing the operating parameters or loading configurations to

those outside the design performance envelope. The manufacturer should be

consulted immediately in the event of severe vibration, unusual mechanical noise, or

other abnormality. Among other various shutdown devices, process pressure

transmitters and temperature thermocouples are provided for both real-time indication

and to protect the compressor from extreme operating conditions, and to cause the unit

to shutdown in the event of process upset conditions (i.e. loss of inlet pressure, blocked

discharge line, failed valve, etc.). The pressure transmitters are mounted locally at the

process connection (inlet pulsation bottle nozzle and pressure piping d.ownstream of

each of the discharge pulsation bottles) and are equipped with isolating block and bleed

needle valvesl at the process pressure sensing point. The process thermocouples are

installed in the inlet suction piping to each stage and in the discharge pulsation bottle

nozzles.

4
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CAUTTON: These needle valvesl are installed for service only and should always

remain futty opened. Never operate the unit with the needle valves closed, or the

control panel safety protection and shutdown system will become disabled.

2.0 PERFORMANCE

Stages 1,2 & 3 compress inlet gas from the suction range 25-200 psig to approximately

1200 psig. Compressor discharge pressure is a function of the resistance of the flow

system downstream of the compressor.

Separate performance curves for stg-1 ,2 & 3 are included in the "PROCESS" section

and are calculated at varying inlet pressures and WCP settings. The discharge

pressure and engine speed are fixed for each peformance curve, inlet pressure (psig)

varies across the x-axis, capacity (mmscf/d) and horsepower (bhp) vary on the y-axis of

the graph. Lines are alphanumerically labeled and each represents a different setting

(percent of total extension) of the WCP (variable volume clearance pocket). The

compression horsepower read from the performance curves does not include the

approximately 58 bhp required to drive the cooler fan. This should be added to the

aggregate of the stg-1, 2 & 3 horsepower to obtain the total brake horsepower for a

given condition. Performance is calculated at rated speed, capacity and horsepower

may be corrected for actual operating speed as follows:

W 
x mmscf/d or bhp = corrected mmscf/d or bhp

Refer to the Section 6 of this manual for the "PROCESS" section included with this

overview for flowrates at individual suction pressures.

5
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2.1 COMPRESSOR PERFORMANCE DATA SHEETS

The following is a sample performance data sheet:

DRESSER-RÀND GAS FIELD COMPRESSOR PERFORI¿ANCE (DRSIZE copyright 1996-199? V1.2)

PÀCKAGER: Propak ComPression DÀTE

16CATION: Àlberta FILE
,'OB/REF : 1?00 Bhp Stock Unit CA.I.C BY

JOBSITE : ÀrÌb T (F) : 95. À1t. (FÍ) : 3000.
Ref . Pressurê ( PSIA) : LA.'IO Ref . T$P. (F) : 60.
CoMPRESSOR: Frile : 6 HOs 4 Stroke (IN): 6.0

.....calc RPM : 1000.0 Max RPM : 1200'0
DRIVER: Type : Gas Engine AvaiL (gP) : 1715.0

: .Iul 28, 1998
: C1?006H3.DÀT " 1rl
: Propak Engineer
Atn ( PSIÀ): 13.17

Rod Dia(IN) t 2.50Q
Cooler (¡¡P): ?0.0
Model: G3606TALE

1)
2l
3)
Ã)
5)
6)
7l
8)
9)
r"0
l_L
t2
13
r4
15
L6
t7
18
19
2ñ
2r
22
23
24

25
26
27
2A
29
30
31
32
33
34
35
36
37
38
39
40
4L
42
43
44
45
46
L7
4A
49

Stage Nuriber
Gas
Dry Gas Mol-. Weight
Dry Gas Spec. Cravity
Cp/Cw 0 L4.7/60
.Avg. Tmp. Eq)on. (K)
Avg. vo1. 8xpon. (N)
Gas Crit . Tspêrature
Gas Clit. Pressure
z Standard
z Suction
z Discl¡arge
Inlet Tspetature
Inlet Press. Q CYt F].g
Interstage Press. DroP
Disch. Press, G Cyl FIg
Ratio of compression
Adiabatic Disch. TsP.
Est. Actual Disch. T4P
stg. Piston Disp1.
Stg. Inlet Capacity
CÀPACIÍY ÀCTUÀL WET
CAPÀCIIY ACTUAT. DRY
TOTA¡, COMPRESSOR POVI'ER

F
PSIG

*
PSIG

1
Natural

L8.827
.650

!.277
L.264
t.257

3A4.O92
675.5,(19

.998

.970

.965
60.00

t47 .75
2.OO

290.14
1.885

134 .59
146. 98

904.7
754.6
L2.24
12.22

1645.00

2
Natural

18.827
.650

L.2'17
L.256
t.253

384.092
675.549

.998

.962

.961
120.00
284.08

1.50
664.55
2.280

226.20
239.38
704.3
452.2
L2.24
!2.22

3
Natural

L8.427
.650

L.277
L.275
t.295

3A4.092
675.549

.998

.915

.923
120.00
6s4.39

1.00
1414.00

2.L38
223.27
232.O3
250.2
L9L .4
L2.24
t2.22

Ps= 150 psig
Pd= 1400 PSIG

(1) stg 1 cy1 N.A

R
PSIA

F
F

CFM
ACFM

MMSCFD
MMSCFÐ

HP

Slagê nuribèr at. (¡lElcE)
Frmê Ext/Cyl . Bore
Cylinder Pattern
RDP PSIC
¡4AWP PSIG
cy1. Action/HE Rod Dia. Act./IN
Brake powêr / cylindêr HP

ItE Disch. Vol. Eff .

CE Disch. Vol. Eff.
HE rnLet vol. Eff.
CE Inlet Vol. Eff.
Àvg. Inlet VoI. Eff.
HE C1êaranêê Reqd.
HE Clearancê Min.
HE Pocket Open
HE clearance Àdded
CE Clearance Rèqd.
CE Clearancê Min.
cE Clearance Àdded
Valve Model - HE

valve Model - cE
Va].ves / Corner (HE/CE)
Va'l¡¡c T,ift - HE
Va].ve Lift - CE
valve Lift Area - HE

Llr L/L 2/2 3/3
#/rN 1/13.OOO 3/13.000 2/LL.5OO 4/ 7.OO0

cl2202
585 .0
644.0

DÀ/ .00
432.2
49.52
5L.26

GL2202
585.0
644.O

NA/ .0o
11 .8

.00

.00

.00

.00

.00
17.80
17.80

.00
.0

17 .70
L7 .10

.0
PF67
PE67

2/2
.080
.080

10.420

eL2L97
1500.0
16s0.0

82.00
84.47
83.43
22.08
17.80
3.95
34.1

r7 .70
L7 .70

GL22OL
775.O
855.0

DA/ .00
614 .9
26.50
40.38
51.14
77.93
64.54
48. 61
18.80
35.00

DÀ/ .00
545.9
4L.32
43.97
74.29
79.05
76.67
2't .27
L't.70
10.00
22.L

2L.30
2L.30

.0

IN3
t
*

IN3

IN
IN

SQIN

ÞF'67
PFA8
PF48

pl'67

2/2
.080
.080

L0.420

6

185.8
19.80
19.80

.0
PF'60
PF6O

2/2
.080
.080

7.360

L/t
.080
.080

s.6¿0



50
51
52
53
54
55
56
5"'
58
59

valve Lift Àrêa - CE SQIN
API Inlet V].v VêI Àvg. FPM

F].ange GaE load - T
Flange cas Load - C

Max. AIIorû. Gas Load
Conbined Rod Î¡oad - E
Conbined Rod Load - C

Max AlLow Rod Load
Rêcip. Weight 0 xHD Pin
Reversal 0 XHD Pin

10 . 1¡20 10,420 1 ,360
6251.3 625L,3 6889.6

LBF -125 !7476
r,BE -125 -L9626
r,BF 60000 60000
rJBE' 375A7 28L23
LBE. -26939 -27222
LBF 60000 60000
f.B 379.0 379.0

DEG 160.0 175.0

s. 640
6388 .3
36251

-409L4
60000
32265

-30896
60000
379.0
175.0

22292
-32446

60000
22277

-33149
60000
379.0
170.0

t)
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Following is a line by line chart for interpretation of the performance data sheets

variable volume clearance pocket (VVCP) percent openH.E. pocket open (%)39

cylinder minimum or inherent head end clearance volumeH.E. clearance volume
minimum (%)

38

total required head end clearance volume at the specified design
condition (inherent clearance plus added clearance)

H.E. clearance volume
required (%)

37

the numerical average of line 32 &.33; or ACFM + CFM:average inlet
volumetric efficiency

percent average inlet
volumetric efficiency

36

cylinder crank end VEI"q : calculated degrees ofcrank rotation where

the cylinder CE suction valves are opened + l80o
percent C.E. inlet
volumetric efficiency

35

cylinder head end VEI"q : calculated degrees ofcrank rotation where

the cylinder HE suction valves are opened + 180o

percent H.E. inlet
volumetric efficiency

34

cylinder crank end VEd"r1 : calculated degrees of crank rotation where
the cylinder CE discharge valves are opened + l80o

percent C.E. discharge
volumetric efficiency

33

cylinder head end VEd"q : calculated degrees of crank rotation where

the cylinder HE discharge valves are opened + 180"
percent H.E. discharge
volumetric efficiency

32

compressor brake horsepower (bhp) per cylinderbrake power per cylinder31

DA:double acting; NA:non-acting; SACE:single acting crank end;

SAHE:single acting head end / HE piston rod dia. (if used)
cylinder action /HE rod
diameter (inches)

30

cylinder nameplate maximum allowable working pressure (psig)
maximum safety relief valve setpoint

MAWP29

cylinder rated discharge pressure - maximum operating pressure (p4g)RDP28

Dresser-Rand cylinder pattern number or casting reference numbercylinder patternan

compressor frame extension number (crank throw) and cylinder bore

diameter (inches)
frame extension / cyl. bore

diameter (inches)
26

Stage ofcompression for each cylinder end.Stage number at (HE/CE)25

total compressor bhp at the specified operating condition, (includes

frictional hp and auxiliary hp)
total compressor power
(brake horsepower)

24

gross rated capacity dry (mmscf/d X3% at 14.65 psia & 60"F.)actual capacity (dry)23

gross rated capacity wet (mmscf/d!3% at 14.65 psia & 60'F.)actual capacity (wet)1t

acfm : gas flowrate at inlet conditions, swept volume (cfm) x
volumetric efficiency : acfm

inlet capacity
(actual ft3 per minute)

2l

cfm : total piston displacement or swept volume for each stage at the

calculated operating speed

piston displacement
(ft3 per minute)

20

temperature based on known efficiencies ('F.)estimated actual discharge
temperature

19

Td" : adiabatic gas discharge temperature for each stage ('F.)adiabatic discharge
temperature

18

Rc": Pd/Ps for each stage, ratio ofabsolute pressuresratio of compressiont7
Pd. : gas discharge pressure at the cylinder flange (psig)discharge pressurel6

ÂPn : estimated pressure drop (percent) through the interstage gas

cooler and scrubber
interstage ÂP15

Ps, : gas inlet pressure at the cylincler flange (psig)inlet pressuret4
Ts" - gas inlet temperature to each stago ('F.)inlct tcmpcraturc13

gas properties: i.e.; molecular weight, specific gravity, ratio of specific
heats, pseudo critical properties, compressibility, etc.

gas description2-t2
data for each stage of compression follows itr vertical coluulusstage numberI

DESCRIPTIONNAMELINE #

I



the calculated degrees (crank rotation) ofcrosshead pin load reversal
(180" : 50Yo, equal or perfect load reversal)

degrees reversal at the X-
head pin

59

total weight (lbs) of the reciprocating mass, measured at the crosshead

pin (inctudes the M,""'o component of the con rod assy)
reciprocating weight (lbs) at
X-head pin

58

the manufacturer's rated maximum permissible piston rod or frame

load (lbs force)
maximum allowable rod
load (lbf)

5/

is the actual piston rod force in compression); the sum of all
static (gas) loads and inertial forces at the calculated rpm

combined rod load - C
(tbÐ

5Õ

is the actual piston rod load (lbs force in tension), ie; the sum ofall
static (gas) loads and inertial forces at the calculated rpm

combined rod load - T
(lbÐ

55

maximum static piston rod load (calculated in lbs force) that may be

applied to the frame (specified by the manufacturer)
maximum allowable gas

load (lbÐ
54

static piston rod load (lbs force in compression) that result from gas

pressure measured at the cyl flange acting on the piston area
flange gas load - C (lbÐ53

static piston rod load (lbs force in tension) that result from gas pressure

measured at the cyl flange, acting on the piston area
flange gas load - T (lbf)52

average inlet valve gas velocity (feet per second) calculated using API
formulae

API average inlet valve
velocity (fps)

5l
crank end fully opened valve lift area (sq. in.)valve lift area C.E. (in')50

head end fully valve lift area (sq. in.)valve lift area H.E. (in')49

crank end valve plate design lift (inches)valve lift C.E. (inches)48

head end valve plate design lift (inches)valve lift H.E. (inches)47

number of valves installed in the cylinder H.E. / C.E. (minimum 2, one

suction and one discharge)
valves per corner
H.E. / C.E.

46

cylinder crank end valve model number, size or type (description)valve model C.E.45

cylinder head end valve model number, size or type (description)valve model H.E.44

total in3 of all clearance volume added to the crank end of the cylinder
(frxed spacers, clearance plugs, or VVCP)

C.E. clearance volume
added (cubic inches)

43

cylinder minimum or inherent crank end clearance volumcC.E. clearance volutne
minimum (%)

42

total required crank end clearance volume at the specified design
condition (inherent clearance plus added clcarancc)

C.E. clearance volume
requiretl (%)

4l

total in3 of clearance volume added to the head end of the cylinderH.E. clearance volume
added (cubic inches)

40

DESCRIFTIOìINAMELINE #

I



2.2 GAPAC¡TY CONTROL SYSTEM

The compressor is equipped with an automatic stage-1/3 gas bypass system that

recycles stage-3 aftercooled gas back to stage-1 suction. Compressor suction pressure

is monitored via pressure transmitter (PT-100) at the inlet to the compressor. This

signal is used by the PLC to control the engine speed (llP-219), and the bypass

pressure control valve (PCV-100). The goal is to maintain a constant suction pressure.

Under normal operating conditions, the engine is running at full speed (1200 RPM) and

PCV-100 fully closed. Setpoints allow the engine speed to react to the first 50-60% of

the signal and the bypass valve (PCV-100) to react during the remaining portion of the

signal. Some overlap is normal, ie: on a falling signal the engine speed may decrease

to approximately 900 rpm before the bypass valve begins opening. As the suction

pressure drops, the engine speed will respond by decreasing, followed by the bypass

valve opening to maintain the suction pressure set point at PT-100. As described in the

start sequence, once the unit is warmed up, the bypass control valve (PCV-100) PID

and the engine speed controller (SS-229) PID are switched by the operator to

automatic control.

Each compressor cylinder is a double acting design and the stg-1 and stg-2 cylinders

are complete with a manually adjustable head end variable volume clearance pocket

(WCP). WCP's enable the addition of clearance volume to the head end of the

cylinder, reducing the volumetric efficiency and thus reducing the flowrate and load.

The effect of adding clearance with the WCP's is shown on the performance curves

enclosed in the "PROCESS" section of this manual. Additional fixed clearance can be

added to the cylinder by installation of spacer rings, valve spacers, or clearance plugs.

The cylinders can also be operated in a non-acting or single acting mode by removing

the suction valves from one end, or both the head and crank ends of the cylinder, to

provide large increments of capacity control.

CAIJTION: The manufacturer should be consulted prior to removal of valves or

changing any cytinders to a single acting mode to ensure sufficient rod reversals exisf

to provide lubrication, and also to ensure dynamic load limits are not exceeded. Severe

damage to the equipment may result from improper loading configuration.
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3.0 COMPRESSOR

The compressor is a Dresser-Rand 6HOS-4, three cylinder, balanced, horizontally

opposed reciprocating gas compressor, s/n: 6HF853. The compressor crankshaft is

forged alloy steel and has a 6.0" stroke, with a maximum rated operating speed of 1200

rpm. The package maximum speed limit is 1200 RPM and comes with a Metrix, non-

indicating vibration transmitter, (VT-288) mounted on the compressor to shut the

package down if any abnormal conditions occur that would cause excessive vibrations

during operation. The compressor cylinder bore diameters and component serial

numbers are specified in the following table and should be used for reference when

ordering parts:

6HC26561925yes#4dla36.00" 0

#3balance

6HC26551265yes#2dla29.50" 0

6HC2654495yes#1dla115.00" ô

serial
number

MAWP
(psig)

WCPcrank
throw

typestage
#

bore
dia. {in}

Each cylinder is double acting, the 15" cylinder contains Dresser-Rand "PF67" series

plate type suction and discharge valves on both the head and crank end, the 9-112"

cylinder contains Dresser-Rand "PF48" series valves, and the 6" cylinder also contains

Dresser-Rand "PF48" valves. Process gas is admitted to the cylinder volume (at

cylinder flange suction pressure) through the suction valves. As horizontal piston

movement displaces volume in either the head end or crank end of a given cylinder, the

pressure of gas contained within the cylinder by the compressor valves (acting as one

way check valves) is increased to the discharge pressure of that stage, then is

displaced through the discharge valve for the duration of the stroke. The cylinder

castings are all nodular iron and gas cooled. All cylinder bores and pressure packings

are force feed lubricated by a positive displacement injection system. The pistons are

cast iron c/w combination rider bands/compression rings, piston rods are AlSl 4142

annealed carbon steel c/w rolled threads and 8-18 RMS finish in the packing travel

area. The cylinders are c/w standard single compartment distance pieces that are
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vented to the atmosphere (building eave) outside the compressor building (after

passing through the Packing Vent & Drain Seal Pot, T-130).

Care should be taken when ordering replacement service parts for the compressor in

that many common parts have been designed with special metallurgical consideration

that may not be readily apparent. lt is recommended that the operator familiarize

himself with the compressor and its parts by reading the Dresser-Rand lnstruction and

Parts Lists located in Section 7 under the heading "Compressor" of this manual. To

ensure the correct and genuine Dresser-Rand factory replacement parts and for

authorized warranty service, Contact Propak Compression at 1-800-408-4434 or (403)

912-7000 (24 hours).

3.1 COMPRESSOR RUNN¡NG GEAR LUBRICATION

Long compressor service life and reliability is highly dependent on an adequate supply

of clean lubricant. Please refer to the "Compressor" section of this manual for the

manufacturer's recommended crankcase lubricating oil specifications.

The compressor frame running gear (crankshaft main and connecting rod bearings,

crossheads, pins and bushings) are lubricated by way of an integral positive

displacement gear pump that is direct driven from the compressor crankshaft. The oil

pump supply is drawn from the compressor crankcase sump (approximately 216 liter

capacity) and circulated through a shell & tube type lube oil cooler (E-277) and 10

micron full flow oil filter assembly (F-250). The oil filter is equipped with a local

differential pressure gauge (DPl-250), which is a canister type with a replaceable

element and is frame mounted. A pipe plug is provided and the bottom of the filter

housing to allow it to be drained. An externally adjustable oil pressure regulating valve

(set @ approximately 414 kPag), and a non-adjustable pressure relief valve (set @ 620

kPag) are provided to maintain a constant oil flow and pressure, and to protect the

equipment from overpressure. Cooled and filtered lube oil is returned to pressurize the

main oil gallery at approximately 345 to 414 kPag. Lube oil temperature and pressure

is continuously monitored by the unit control panel with low pressure shutdown

protection set for 241 kPag falling, and high oil temperature shutdown protection set for
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BzC rising. Locally mounted temperature gauges are also installed on the cooler inlet

and outlet for indication.

A WILDEN, model T2, pneumatic diaphragm pump (P-276) is provided for timed and

permissive prelube and timed postlube services. The unit control panel logic ensures

that the permissive has been satisfied before the "OK to Crank" signal is given. Timers

are adjustable by programmed logic in the control panel, however they are preset and

should require no adjustment. The pump is automatically activated from the control

panel via a shuttle valve (SV-276). The compressor frame oil level is regulated by a

Kenco LCE-9 automatic level controller (LC-270), c/w low oil level shutdown switch and

level indicator. Clean crankcase lube oil is supplied from the 400 liter daytank (integral

to the upper bridge crane rail) through a disposable, 17 micron spin on oil filter (F-270)

that requires only annual replacement to ensure free flow to the level controller. A

second pneumatically operated WILDEN T2 diaphragm pump (P-270), is included c/w

barrel fill hose to facilitate refilling the overhead storage tank. Used crankcase oil is

drained to an 800 liter waste oil storage tank located between the main skid members

behind the compressor inside the building, through a manual gate valve.

NOTE: Compressor oil should be sampled and analyzed monthly to establish service

intervals. The compressor oil filter should be serviced at every oil change.

3.2 COMPRESSOR CYL¡NDER AND PAGKING LUBRICATION

The compressor is equipped with a force-feed injection lubricator driven by the

compressor main oil pump driveshaft. Oil is injected into the cylinder bore at high

pressure to lubricate the piston rings and valves, and into the pressure packing to

lubricate the piston rod and provide sealing oil for the packing rings. Each compressor

cylinder has a top and bottom connection that enables lubricant to enter the cylinder

bore, and a pressure packing lube oil feed connection. Excess cylinder lubricant is

entrained in the discharge gas flow and a packing drain line enables excess packing oil

to drain into the Packing Vent & Drain Seal Pot (T-130), which will periodically need to

be drained into the on-skid waste oil storage tank (T-284). The system is a distributor

block design which manifolds the individual pump outlets from the lubricator into a

single master distributor block, and then divides the oil flow into two distribution blocks
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servicing the various cylinder bore and packing injection points. Stainless steel

instrument tubing is used to direct the oil to from the distributor block to a check valve

installed at each injection point, that prevents high pressure gas from bubbling back into

the oil lines. Each injection pump in the lubricator box has an adjustable output, and by

varying the effective plunger stroke, the pump displaces an increasing or decreasing

quantity of oil to the master distributor block. The total flow rate can be monitored by

observing the cycle pin on the master distributor block or by counting the rate of oil

drops visible in the sight glass of each individual pumping unit. A Manzel Lube

Line Alert no-flow shutdown switch monitors the oil outlet flow from the pump manifold

to the master distributor block and the control panel will shut down the unit if the switch

senses a loss of oil flow. The cylinder lubricator oil supply is taken from the compressor

crankcase oil supply line (downstream of the oil filter, F-250).

Compressor piston ring and valve life are dependent upon a supply of clean lubricant

that is injected direcfly into the cylinder bore at high pressure. A properly lubricated

cylinder will have a uniformly wetted bore when inspected through an open valve cover,

and residual oil will not collect or form a pool in the lower part of the cylinder bore.

Excessive cylinder oiling may cause discharge. valve plate and spring damage.

Likewise, injected lubricant is necessary for proper pressure packing sealing and

service life. lnsufficient packing lube will result in gas leakage into the distance piece,

high temperatures, premature packing ring and piston rod wear. Prior to start up,

ensure the lubricator box has an oil level visible in the sight glass. During initial

commissioning or after an extended shutdown, each lubricator should be primed using

the hand plunger and the tubing lines bled of entrapped air. Please refer to the

"Compressor" section of this manual for a detailed description of the recommended

service and maintenance to the lubricator injection pump system.

3.3 COMPRESSOR FRAM E AND CYLINDER COOL¡NG SYSTEU

To minimize the formation of carbon deposits on the discharge valves, the maximum

process gas temperature of lubricated cylinders should be kept below 163'C (325"F), a

temperature that is well below the operating limits for the cylinder casting, piston, rings,
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and valve materials. High discharge temperatures often indicate the onset of a

compressor valve failure. The discharge cylinder temperatures are monitored by the

unit control panel logic. Alarm setpoints are set at 149"C (300"F) rising for each

cylinder and shutdown setpoints are set at 163"C (325'F) rising.

Coolant flow through the tubeside of the compressor lube oil cooler (E-480) is manually

regulated with a 1-1t2" globe valve. Locally mounted temperature gauges are provided

on the inlet and ouflet sides of the shell side of the cooler. The compressor lube oil

cooler should be inspected for corrosion or fouling during annual or other major

inspections. The cooler end bonnets can be removed for internal inspection and

cleaning of the tubes. Proper treatment and maintenance of the auxiliary water system

will prevent premature tube corrosion or fouling.

All cylinders are gas cooled, whereby most of the frictional heat and heat generated

during the compression process is carried into the discharge gas stream. A smaller

percentage of this heat energy is rejected to the atmosphere through the cylinder walls'

4.0 ENGINE

The compressor prime mover is a Waukesha L7O42GL natural gas fueled engine (S/N:

C-12g7011), with a rated maximum continuous load of 1478 bhp @ 1200 rpm' The

engine is a heavy duty, V-12 cylinder, turbocharged and intercooled, four cycle

overhead valve design. Refer to the engine manufacturer's detailed operation and

service instructions located in "Engine" heading under Section 7 of this manual for

detailed starting and maintenance procedures.

Always start the engine with the compressor start up bypass valves fully opened and

allow a sufficient warm up period before loading the engine. The engine is equipped

with a replaceable dry element air filter on each turbocharger inlet air housing, and the

intake air piping system draws cool air from outside the building. A manually operated

air diverter valve enables drawing (or mixing) warm air from the cooler discharge air

plenum during cold seasons.
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It is advisable to allow a brief cooling down period at 700-800 rpm with the compressor

unloaded prior to stopping the engine. This will ensure the exhaust turbocharger and

cylinder head temperatures are reduced and ultimately extend engine service life.

Frequent emergency or rapid shutdowns at full load can result in overheating of the

turbocharger shaft bearings as the cooling oil flow ceases, and coolant boiling inside

the cylinder head jacket water passages resulting in thermal stress cracking of the

cylinder head flame deck or exhaust valve ports. The unit control panel controls the

engine stop and start functions, pre-post lube cycle, and monitors the engine oil

pressure, oil level, oil and water temperature, vibration, and high exhaust temperature

shutdown switches. Engine speed (rpm) and total run time hours can be displayed on

the unit control panel display screen.

4.1 ENGINE LUBRICATION

The engine main bearings, connecting rod bearings, piston pins, camshaft bearings,

valvetrain, and other internal components are pressure lubricated from the main engine

oil pump (P-250), which is gear driven from the engine crankshaft. Lubricating oil is

circulated through the remote mounted shell & tube oil cooler (E-241) and the full flow

oil filter (F-253). The oil filter is equipped with a local differential pressure gauge (DPl-

253) and a removable end closure to facilitate service and removal of the filter

elements. A 3-way thermostatic valve bypasses oil flow around the oil cooler during the

engine warm up period to maintain the minimum recommended oil temperature. A

pneumatic vane pump (P-226) is installed on the engine for timed and permissive

prelube (PT-257 set @ 70 kPag 1¡ a timeO postlube services. The unit control panel

logic ensures that the permissive switch has been satisfied at the expiration of the

prelube timer before the "OK to Crank" signal is given. Timers are adjustable by

programmed logic in the unit control panel, however they are pre-set and should require

no adjustment. The pump is automatically activated from the control panel via a

solenoid valve (SOV-228) to the engine shuttle valve.

The engine crankcase oil level is regulated by a Kenco LCE-27 automatic level

controller (LC-262), c/w low oil level shutdown switch. Clean crankcase lube oil is

supplied from the 400 liter daytank (integral to the upper bridge crane rail) through a
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disposable spin on oil filter (F-261) that requires only periodic replacement to ensure

free flow to the level controller. Propak recommends frequent (monthly as a minimum)

engine crankcase oil sampling and analysis to ensure no contamination of the lube oil

exists. Engine oil is monitored with pressure and temperature transmitters, as well as

local temperature indicators. Alarm and shutdown set points are programmed into the

unit control panel to protect the engine. Engine oil filtration is handled with a primary

and secondary filter. The primary filter (F-253) is remote mounted with differential

pressure indicator (DPl-253) across the inlet and outlet of the filter. Filter elements are

to be replaced when the DPI reads 83 - 103 kPa (the oil pressure drop through new

filters is 14 - 21 kPa). Refer to the engine parts booklet for element part numbers. The

secondary filter is mounted on the inlet to the engine and serves as a final strainer,

straining the oil prior to reaching the internal injection points. The strainer has a

washable magnetic element.

A pneumatically operated WILDEN T2 diaphragm pump (P-260) is included c/w barrel

fill hose to facilitate refilling the overhead storage tank. Used crankcase oil is drained to

an 800 liter waste oil storage tank located between the main skid members behind the

compressor inside the building (note, this a common waste oil tank for the entire skid),

through a manual gate valve. Engine oil should be sampled and analyzed monthly to

establish service intervals, not to exceed 720 hours. More frequent service intervals

may be required if impurities are present in the fuel gas. The oil filter should be

serviced at every oil change.

4.2 DRIVE COUPLING

The compressor crankshaft is directly coupled to the engine crankshaft using a Thomas

CMR-700 flexible disk coupling (CPL-295). Care should be taken not to misalign or

substitute drivetrain components that might alter the torsional or mass elastic properties

of the system. The drive coupling can be accessed for service or inspection by removal

of the coupling guard. Excessive vibration often results from coupling misalignment,

broken or damaged coupling bolts or disks. Drive coupling misalignment can lead to

premature engine and/or compressor main bearing failure, and may present a serious

operating hazard from flying debris in the event of coupling failure. lmmediately have
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the drive coupling and alignment inspected by a qualified serviceman if unusual

vibrations are present or misalignment is suspected. The unit should be fully

depressurized and engine starting and fuel gas systems positively shut off with locking

valves prior to removal of the coupling guard and manually barring the engine.

WARNING: Never operate the compressor without the coupling guard firmly secured to

prevent personal iniury or death from the rotating machine elements

4.3 ENGINE FUEL GAS SYSTEM

Clean, dry fuel gas is to be supplied at site to the skid edge connection. The fuel gas

supply pressure is to be regulated to 1034 kPag maximum pressure priorto entering

the skid. A skid edge ball valve enables isolation of the entire fuel gas supply system.

A fuel gas filter (F-220) has been provided and sized to remove 95% of particles in the

gas, 0.1 microns and larger. Periodic inspection of the filter is required and

replacement filter elements are readily available. Ensure the supply valve is fully

closed, open the manual drain valve and verify the gas pressure has been fully

depleted from the piping and vessel prior to inspecting or replacing the filter element.

A low pressure regulator supplies engine fuel gas at 172 kPag to the fuel gas shutoff

valve (FCV-223) that is automatically opened by a solenoid valve in unit control panel.

The fuel gas shutoff valve is a 'fail-safe' valve that will close on loss of power, ESD, or

shutdown signal, and will vent residual fuel gas from the downstream side to the

engine. The engine is equipped with a Fisher low pressure regulator for each cylinder

bank at the carburetor fuel inlet (c/w engine). Please refer to the detailed operating

description and service instructions for the fuel system, enclosed in the "Engine"

section of this manual.

4.4 ENG¡NE STARTING MOTOR

Sweet dry start gas is supplied to a skid edge connection, and can be isolated with a

manual 2" ball valve, with an isolating ball valve to prevent accidental engagement of

the starter motor while servicing the engine or compressor. Upon a crank signal from
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the unit control panel and following a satisfactory pre-lube cycle, a pilot valve (FCV-227)

will open and gas will flow through the turbine type starter, a TDI TURBO TWIN model

T112-60001-B1R pneumatic starter (STR-227). As the gas flows through the starter,

the engine will begin to turn over. At an engine speed between 30 and 100 RPM, the

ignition will be enabled, followed by the opening of fuel gas valve, FCV-223. As the

cylinders begin to fire, the engine speed will increase. At an engine speed between

100 and 200 RPM, the crank signal will be disabled. A wye strainer is installed

upstream of the starter, and should be frequently inspected to maximize the starter

motor service life. The starter motor gas is exhausted above the building eave through

a 3" vent line.

4.5 ENGINE EXHAUST SYSTEM

The engine exhaust is routed outside the building from the turbocharger outlet using a

stainless steel exhaust system with stainless steel expansion joints to allow for thermal

expansion of the piping system. The tubing is specifically designed for exhaust system

temperatures and flows, and has been insulated inside the compressor building with

ceramic wool and aluminum cladding for personnel protection and to keep excess heat

from radiating into the building on warm days. Care should be taken not to damage the

outer cladding of the exhaust system when handling the exhaust piping. Never apply

force or strain when reinstalling the piping to align the turbocharger flange bolts (excess

strain will cause distortion of the housing and premature turbocharger failure). Consult

the manufacturer's detailed operating and service instructions enclosed in the "Engine"

section of this manual. The package is equipped with a Silex model JAT-14'critical'

grade exhaust silencer (KS-225), located near the air cooler on a separate structural

steel support, to provide the maximum attenuation of exhaust noise. The lower head of

the silencer has a drain plug that can be opened to drain any accumulated water if the

unit has been (or will be) shut down for an extended period.

4.6 ENGINE ELECTRICAL CONTROLS:

The engine electrical controls consist of Waukesha Custom Engine Controls, lgnition

Module and Detonation Sensing Modules. The detonation sensing module monitors
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cylinder firing and can adjust the individual cylinder timing to improve fuel economy and

protect the engine against miss-firing, pre-ignition, etc. There is an alarm and shut

down switch to prevent any damage to the engine in the event of excessive detonation.

4.7 ENG INE PRE-LUBRICATION

Both the engine and compressor are pre-lubricated prior to each startup and post

lubricated following a shutdown. The engine pre-lube pump consists of a lubricator and

a gear pump, driven by an instrument gas motor. The lubricator needs to be filled

manually with oil, prior to start up and checked periodically, between start-ups. Engine

pre-lube is enabled by a PLC signal to energize solenoid valve, SOV-228, and the

engine oil system is pressured up. The engine pre-lube cycle is satisfied once the timer

expires, initially set for 1 minute at the time the package was built.

4.8 ENGINE GOOLING SYSTEM:

The engine Jacket Water system is designed to cool the engine block, and has local

temperature indicators mounted on the piping. The auxiliary water system provides

cooling to the engine turbocharger inter-cooler, engine lube oil and compressor lube oil.

The auxiliary water also has local temperature indicators installed to the piping system.

The glycol surge tank, T-2354/8, provides adequate expansion for each water system,

as well as having low-level shutdown switches mounted to maintain adequate water

volumes for cooling.

5.0 A R COOLER ASSEMBLY

A propak model 1-SV-1-156-312-F process cooler assembly is installed on a separate

skid to provide intercooling and aftercooling of the process gas downstream of each

stage of compression, as well as glycol cooling for the Engine Jacket Water and

Auxiliary Water systems. The cooler is a sloped vertical bundle, forced draft fin tube

design with a Moore class 5OO0 model 60ED-VT 13' (156') diameter, 11 blade

aluminum fan. The fan is belt driven via a jackshaft assembly from the engine

crankshaft front pulley. The jackshaft transmits power to the fan sheaves and is

mounted below the skid floor grating on sealed, self aligning pillow block bearings. The
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cooler fanshaft bearings and jackshaft bearings have grease connections manifolded

to a common point for ease of service, idler sheaves enable adjustment of the drive

belt tension. The fan blade pitch can be manually adjusted by loosening the u-bolts

that fasten the blade shaft to the fan hub, rotating the blade to the desired angle

(maximum pitch is 24o), and re-torquing the u-bolts to the specified value. These

should be set and maintained within the cooler manufacturer's specified limits to ensure

adequate cooling air flow and prevent overstressing the blades. The torque of the fan

blade mounting u-bolts should be checked at routine service intervals to ensure they

remain properly tensioned. Access to inspect and service the fanshaft is by a mandoor

installed on the cooler structure.

The fan blades are installed on the drive hub using a clevis arrangement to enable

blade pitch adjustment. Access to inspect and service the drive belt is by a removable

guard. Mesh bug screen frames are affixed to the front of the cooler air inlet louver

frame to facilitate removal for cleaning. Please refer to the "Cooler" section of this

operating manualfor manufacturer detailed operating and service specifications.

A Murphy VS2 vibration switch (VSH-225) is mounted on the cooler frame structure. ln

the event of a broken fan blade, or similar failure, the switch will trip and cause the unit

control panel logic to shutdown the unit.

WARNING: To avoid senous personal injury or death, never operate the compressor

without the fan guard firmty secured to the cooler structure, and never allow any

persons to enter the cooler fan structure while the compressor is operating. Prior to

entering the cooler structure for inspection or service, always ensure the cooler fan

motor stafter is positivety tocked out to prevent accidental or inadvertent engagement of

the fan.

5.1 PROCESS GAS COOLING SYSTEM

lndividual process gas cooling coils (AC-210, AC-211 , AC-212) are installed

clownstream of each stage of compression, c/w SA-249 seamless steel tubes and post
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weld heat treatment of the header box assemblies. The gas cooler headers are

pressure vessels with Canadian Registration Numbers and ASME "U" stamps. Each

header nameplate provides relevant material and design information and although the

vessel requires no specific maintenance, the owner is responsible to undertake a

corrosion surveillance program (usually by ultrasonic NDE inspection) and periodic

internal inspection and cleaning as required.

CAUT\ON.. Gas cooler headers are heat treated pressure vesse/s. Never apply a

flame heat source, strike an electric arc, or otherwise weld directly to the vessel wall.

Automatic louvres are provided on each gas coil, c/w individual Kimray model T-12

temperature controllers (TC-210,IC-211 and TC-220) installed at each cooler outlet

nozzle. The temperature controllers each sense the process cooler discharge

temperature for each stage, which then operates individual discharge air louvers over

each process gas cooling section. The normal design gas discharge temperature range

is 100'-120"F.

5.2 ENGINE JACKET WATER COOLING SYSTEM

The engine jacket water system absorbs heat from the engine block and cylinder heads

and rejects it to the atmosphere through the engine jacket water fintube coil (AC-230).

Coolant flows out of the cooler at71oC, is circulated by the engine jacket water pump,

and a high temperature shutdown switch (TE-233) set at 93'C.1 protects the system

from overheating. The primary temperature control is the thermostat installed on the

jacket water outlet manifold of the engine, and manually adjustable aluminum louvers

are provided on the fintube cooling coils.

A jacket water surge tank allows for thermal expansion of the coolant and system make

up, c/w a visual sight glass and 7 psig pressure cap that vents to the atmosphere. A

liquid level switch (LS-230) will annunciate a shutdown at the unit control panel in the

event of low coolant level. When refilling the system, first ensure the surge tank

pressure cap is removecl to vent any entrapped air from the system. The
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recommended coolant is an inhibited 50% mixture of water and ethylene glycol, and

should be sampled and analyzed semi-annually to ensure purity and existence of

corrosion inhibiting additives.

5.3 AUX¡LIARY JACKET WATER COOLING SYSTEM

The auxiliary jacket water system absorbs heat from the engine turbocharger

aftercooler, engine lube oil cooler and compressor lube oil cooler, and rejects it to the

atmosphere through the auxiliary jacket water fintube coil (AC-220). Coolant flow out of

the cooler at 54"C. is circulated by the engine auxiliary water pump. Temperature

control is by the manually adjustable aluminum louvres are provided on the fintube

cooling coils.

A jacket water surge tank allows for thermal expansion of the coolant and system make

up, c/w a visual sight glass and 7 psig pressure cap that vents to the atmosphere. A

liquid level switch (LS-220) will annunciate a shutdown at the unit control panel in the

event of low coolant level. When refilling the system, first ensure the surge tank

pressure cap is removed to vent any entrapped air from the system. The

recommended coolant is an inhibited 50% mixture of water and ethylene glycol, and

should be sampled and analyzed semi-annually to ensure purity and existence of

corrosion inhibiting additives.

5.4 ArR RECIRCULATION SYSTEI4

A cooler air recirculation system is installed on the cooler fan structure that enables the

warm discharge airflow to be re-directed over the face of the cooler and back to the fan

inlet at low ambient temperatures. This system is designed to minimize the risk of

hydrate formation or condensed water freezing off the gas coil tubes in cold weather' A

Fisher temperature controller automatically opens or closes the recirculation louvers.

Nylon mesh bugscreens are affixed to velcro strips on the face of the cooler fanguard to

facilitate removal for cleaning. Removable shoulder plugs with gaskets are installed in

the outside of the gas header boxes (plug sheets) that can be removed to inspect or

clean the tubes, tapered npt plugs are used in the jacket water headers. Please refer to
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the "Cooler" section of this operating manual for the manufacturer's detailed operating

and service specifications.

6.0 PULSATION BOTTLES

Gas pr.rlsation bottles (V-1 21, V-122, V-123, V-124, V-125 and V-126) are installed on

the suction and discharge of each compressor cylinder, and are acoustically designed

to limit induced vibration by dampening gas pulsation to acceptable levels. These

vessels are constructed from carbon steel and contain internal choke tubes. The

pulsation bottles have no adjustable controls or instruments. The pulsation bottles

should be removed for visual internal inspection through the inlet and outlet process

gas nozzles or through the supplied inspection connection. A plugged drain connection

is installed on the lowest point of the discharge pulsation bottles. Suction screens

(stainless steel mesh over a carbon steel cage) are installed upstream of each inlet

pulsation bottle to prevent foreign matter from entering the compressor cylinders.

These screens are to be removed for inspection and cleaning at the first (500 hour)

service interval. Although these screens are often considered to be temporary "start

up" screens, we recommend leaving the screens installed permanently. As part of a

regular maintenance program, these screens should be periodically removed and any

accumulated debris removed from the piping and screen. The pulsation bottles are

pressure vessels with Canadian Registration Numbers and ASME "U" stamps. Each

vessel nameplate provides relevant material and design information, and will state the

design corrosion allowance (0.1250"). The vessel requires no specific maintenance,

however the owner is responsible to undertake a corrosion surveillance program

(usually by ultrasonic NDE inspection) and periodic internal inspection and cleaning as

required.

CAUTION: Pulsation bottles are heat treated pressure vesse/s. Never apply a flame

heat source, strike an electric arc, or otherwise weld directly to the vessel wall

7.0 INLET GAS SCRUBBERS

A vertical inlet gas scrubber (V-100, V-110, and V-120) is provided upstream of each

stage of compression, utilizing a non-replaceable stainless steel mesh pad demister
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element to remove any free liquid droplets prior to entering the compressor. Each gas

scrubber has been fitted with a liquid level sight glass, 1" npt manual drain valve, 1" npt

automatic drain, 1-1t2" pneumatic liquid level controller and a high liquid level switch or

level transmitter. The high liquid level shutdown function is hard wired to the unit

control panel. The scrubber manual drain valves should be opened periodically to blow

out any sediment that might collect at the bottom of the vessel, and should be opened

to fully depressurize the vessel prior to servicing any of the scrubber controls' The level

sight glass should also be periodically blown down to keep the gauge glass clear and

prove the connections. The lnlet gas scrubbers are pressure vessels with canadian

Registration Numbers and ASME r¡LJ" stamps. EaCh veSsel nameplate provides

relevant material and design information, and will state the design corrosion allowance

(0.1250"). The vessel requires no specific maintenance, however the owner is

responsible to undertake a corrosion surveillance program (usually by ultrasonic NDE

inspection) and periodic internal inspection and cleaning as required'

CAUTION: lnlet gas scrubbers are heat treated pressure vesse/s. Never apply a flame

heat source, strike an electric arc, or otherwise wetd directly to the vesselwall'

8.0 PRESSURE P¡PING SYSTEM

The on-skid process pressure piping system is designed and fabricated in accordance

with ANSI 831.3 specifications, and applicable Provincial codes and standards'

Process piping connections terminate at the skid edge'

A 60mm 300# RF x ggmm 150# RF, spring operated, pressure safety relief valve (PSV-

200) is provided on the discharge of stage one. The car sealed lockwire on the PSV

must be intact to indicate the setpoint (3412 kpag) has not been adjusted or tampered

with. The psv should be cleaned and reset periodically to ensure reliable operation in

the event of equiPment failure.

A 4gmm 600# RF x 60mm 150# RF, spring operated, pressure safety relief valve (PSV-

420) is proviclecl on the discharge of stage two. The car sealed lockwire on the PSV
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must be intact to indicate the setpoint (8720 kPag) has not been adjusted or tampered

with. The PSV should be cleaned and reset periodically to ensure reliable operation in

the event of equipment failure.

A 48mm 900# RF x 73mm 300# RF, spring operated, pressure safety relief valve (PSV-

420) is provided on the discharge of stage two. The car sealed lockwire on the PSV

must be intact to indicate the setpoint (11377 kPag) has not been adjusted or tampered

with. The PSV should be cleaned and reset periodically to ensure reliable operation in

the event of equipment failure.

The PSV outlets are manifolded to a 114mm 150# RF high pressure vent header that

terminates at the skid edge.

An automatic, 33mm 900# RF, control valve (PCV-100) is provided to bypass from the

after-cooler to the initial suction. The bypass control valve is controlled from the unit

control panel.

A manual ball valve for start up bypass is also provided on the stg-3 discharge to stg-1

suction line. This start up bypass valve should be fully opened prior to starting the unit.

The process gas piping system also contains one manual depressurization (blowdown)

valve installed on the stg-3 discharge system and an automatic blowdown valve (ESDV-

101). When opened, the manual blowdown valve will fully depressurize the unit by

venting gas to the high pressure vent header.

WARNING: Atways verify that the unit has been purged and fully depressurized prior

to seruicing any pressure containing components.

9.0 LOCAL COMPRESSOR PLC CONTROL PANEL

The compressor unit has an on-skid Modicon programmable logic control (PLC) panel,

built by Propak Systems Ltd., which utilizes an Modicon Micro 110CPU61200 processor
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l-,
and a color euick panel Junior Touch-Screen operator interface. The PLC will perform

automatic control for the engine speed, and capacity control bypass valve, as well as

unit start-up and shutdown control and provide local operator interface of the unit.

The pLC input cards accept discrete (on/off) non-incendive inputs from local skid

shutdown switches and accepts and displays analog inputs from locally mounted

pressure transmitters, temperature elements (thermocouples) and vibration

transmitters. When the PLC logic circuitry senses a fault input from one of the

transmitters, it will initiate a unit alarm and will initiate a shutdown by grounding the

ignition and closing the engine fuel gas valve. The Quick Panel display will display all

alarm and shutdown status, and annunciate the "first out" channel until cleared by the

operator. Each of the discrete input channels can be configured as class A, B, b, or C.

There is one mode of shutdown described as "ESD".

The ,,ESD" mode is the Emergency shutdown mode where the compressor is shutdown

and depressurized. The "ESD" mode will occur if the local "ESD" button on the PLC

panel is depressed, the local "ESD" button at either entrance to the building, a remote

ESD signal is received from the Plant PLC, any other shutdown listed on the shutdown

key in Appendix "4" occurs, or if the power fails.

Class "4" inputs are the most critical inputs.

bypassed, even when the machine is stopped

immediately and will prevent start-up.

They are always monitored and never

Class "A" shutdowns initiate a shutdown

Class "8" inputs become healthy during start-up, such as oil flow and vibration' During

the Class "8" timer, these inputs are individually monitored as they become healthy.

After the Class "8" timer expires, all Class "8" inputs are monitored'

Class "b" inputs are inputs that must become healthy a short period after start-up, such

as lube oil pressure. They are monitored only after the Class "b" timer expires.
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Class "C" inputs are individually monitored as they become healthy (e.9. rise above the

"falling" setpoint) for the first time. No timer is associated with Class "C" inputs.

Refer to the "ELECTRICAL' section of this manual (SECTION 9) for compressor panel

details.

9.I AUTOMAT¡C MODE

Compressor suction pressure is monitored via pressure transmitter (PT-100) at the inlet

to the compressor. This signal is used by the PLC to control the engine speed (l/P-

219), and the bypass pressure control valve (PCV-100). The goal is to maintain a

constant suction pressure. Under normal operating conditions, the engine is running at

full speed (1200 RPM) and PCV-100 fully closed. As the suction pressure drops, the

engine speed will respond by decreasing, followed by the bypass valve opening to

maintain the suction pressure set point at PT-100. As described in the start sequence,

once the unit is warmed up, the bypass control valve (PCV-100) PID and the engine

speed controller (SS-229) PID are switched by the operator to automatic control.

9.2 MANUAL MODE

The engine speed (SlC-229) can be manually controlled, if desired, by calling up the

PID screen on the Quick Panel display for the engine speed and pressing the "mar'ìual"

mode soft key. The driver speed may be varied by changing the controller output via

the soft-keys on the Quick Panel display. The output (0-100%) is displayed on the

screen while the speed is being manually adjusted. When the control is returned to the

"automatic" mode, the engine speed will return to its automatic control set point position

in a smooth "bump less" transfer.

The bypass control valve (PCV-100) can be manually controlled, if desired, by calling

up the PID screen on the Quick Panel display for the bypass valve and pressing the

"manual" mode soft-key. The bypass control valve position may be varied by changing

the controller output via the soft-keys on the Quick Panel display. The PID output (0-

1000/o) is displayed on the screen while the valve is being manually operated. When
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the control is returned to the "automatic" mode, the bypass control valve will return to its

automatic PID control set point position in a smooth "bump less" transfer.

9.3 QUICK PANEL OPERATOR INTERFACE

See Appendix "A" for HMI flow sheet

1O.O COMPRESSOR PACKAGE START UP SEQUENCING AND CONTROL LOGIC

The following procedure outlines only the basic steps required prior to a routine cold

start of the unit. lt is assumed the operator is familiarized with the equipment and has

thoroughly read the manufacturer's operating and safety instructions for each piece of

equipment that forms the compressor package. A qualified compressor technical

service representative or field engineer should be present when starting the unit for the

first time or after an extended shutdown period.

Prior to followinq the instructions below, the "Compressor Start-Up Check List"

and "After Start-Up Check List" from Appendix "An' must be read and understood.

It is recommended that a photocopy of the checklists in Appendix "4" be made in order

that a "clean" copy is available at all times.

1O.1 CONTROL PANEL PRE START CHECKS

Before attempting to start, the operator must ensure that all shutdown devices on the

compressor skid are cleared. The Modicon "pull to start" ESD buttons locally mounted

on the engine, must both be pulled out. These buttons should only be pressed in an

Emergency situation, because manual intervention to pull them out again, prior to the

next start, is required. DO NOT use these buttons to stop the engine, if there is no

emergency, as this is not the normal shut down sequence. Confirmation that all

shutdowns have been cleared, can be achieved by viewing the Quick Panel

"Compressor Start" screen, where if all shutdowns are clear a "No shutdowns present"

message will be displayed. The final discharge to stage 1 suction automatic bypass

control valve (PCV-100) is in the open position at this point.
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1O.2 START UP . COMPRESSOR

Press the "START" button and the following startup sequence will occur as displayed in

the "Compressor Start" screen (provided no shutdowns are present and the engine is

ready, i.e. no Plant ESD):

A) The Quick Panel screen will change to the compressor start screen and the engine

speed and bypass valve will automatically be switched to manual control.

B) Once a manual purge and pressurization has been completed the "Purge CMPLT"

soft key should be pressed to confirm that the purge was completed (once this

button has been pushed it will disappear).

C) The engine and compressor prelube cycle is started. The prelube and postlube

timers are configurable through the Quick Panel.

D) Once the prelube timer has expired and the compressor oil pressure (PT-281) is

satisfactory the engine will begin to crank (energize SOV-223).

E) Upon a satisfactory pre-lube, the start sequence continues on to the engine crank

cycle.

10. 3 ENGINE START SEQUENCE

ENGINE CRANK CYCLE:

A) Engine speed control is set by the PLC for manual control to lP-219 at 700 RPM.

B) Signal sent from PLC to energize SOV-223 which opens the engine start valve,

FCV-223. Flow of gas to the starter, STR-227 begins to crank the engine.

C) At an engine speed of 50 to 100 RPM, a signal is sent from the PLC to: enable the

engine ignition system and energize SOV-223. Energizing SOV-223 opens the fuel

gas valve , FCV-223 and fuel gas flows to the engine carburetor.

D) At an engine speed of 100 - 200 RPM, the crank cycle is satisfied and disabled

(reset). Upon closing start gas valve, control gas is vented to atmosphere in the

cooler plenum.

E) The engine will ramp to minimum operating speed of 700 RPM, as controlled by the

output to lP-219

4mA = 3psig= 700RPM
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20mA = 15 psig = 1200 RPM

F) SS-229 counts the flywheel teeth (208) and this frequency is converted to an analog

signal for the PLC to read.

G) At this point the warm up cycle starts, engine speed wíll be at minimum and the

recycle valve will be fully open. This feature can be bypassed, if the unit is already

warm. When the warm-up timer is timing, manual engine speed control will be

disabled.

H) Upon completion of the warm-up cycle, the bypass valve and engine speed will be

set to auto control as described below, and the engine speed will be ramped up to

1200 RPM automatically. An auto-manual loading option is available in the local

PLC control panel for the operator to disable the automatic signal and manually

operate the capacity control bypass valve (see 9.2 "Manual Mode", page 26).

IIARNING! To prevent explosion, always ensure the compressor cylinders, piping system and

vessels are fully purged of any entrapped øir prior to starting.

11.0 COMPRESSOR STOP AND SHUTDOWN SEQUENCING

11.1 COMPRESSOR STOP

The compressor unit can be stopped normally, via the "compressor stop" soft key on

the PLC Quick Panel display. During a normal stop sequence; the engine speed will

ramp down to 700 RPM, the compressor will be unloaded with PCV-100 slowly

opening, and the cool down timer will start, for 5 minutes (adjustable). Upon completion

of the cool down cycle: a signal from the PLC will be sent to de-energize SOV-223,

closing the engine fuel gas valve (FCV-223); the ignition will be disabled two to three

seconds later, and the engine will start to slow down; the post lube cycle will start. The

delay in ignition disabling allows the fuel to burn off. The post lube cycle operates the

engine and compressor pre/post lubrication pumps for an adjustable time period, set

initially for 2 minutes. The pumps will stop at the conclusion of the post-lube cycle, and

the unit will remain pressurized until the unit is either restarted or the auto-blowdown

timer expires, at which point, PCV-100 fails closed and the unit is automatically

depressurized as ESDV-101 opens.
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11.2 COMPRESSORSHUTDOWN

The PLC will initiate a shutdown sequence automatically if a discrete or analog

shutdown setpoint is tripped. The shutdown sequence will follow the same steps as the

compressor stop cycle described above.

11.3 COMPRESSOR ESD OR PLANT ESD

The compressor emergency shutdown (ESD) is activated either locally via the ESD

pushbutton on the PLC cabinet, either ESD pushbutton located at the entrance to the

building, via a hard-wired ESD signal from the separate remote main plant PLC, or if

there is a power failure. The ESD sequence is an emergency situation and will follow

the same steps as the compressor stop cycle described above, with the followinq

exceptions

The engine and compressor post-lube oil pump cycle will not start

The automatic blow down sequence will be initiated immediately.

There will be no cool down cycle.

lntegral timers and explosion proof output relays control the system purge, pre/post

lube oil pumps, engine fuel gas valve, automatic blowdown valves, ignition system

ground, and starter motor crank valve.
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12.0 MAJOR COMPONENT SERIAL NUMBER RECORD

99404-126V-126 2"d Stage Discharge Pulsation BottleI9
99404-125V-125 2nd Stage Suction Pulsation Bottle18

99404-124V-124 2'd Stage Discharge Pulsation BottleT7

99404-123V-123 2'd Stage Suction Pulsation Bottlet6
99404-122V-I221't Stage Discharge Pulsation Bottle15

99404-l2IV-121 l" stage Suction Pulsation BottleI4

99404-120V-I20 3'd Stage Suction Scrubber13

99404-tt0V-110 2"d Stage Suction ScrubberT2

99404-100V-100 l't Stage Suction Scrubber11

99404-107Control Panel10

99404-230Auxiliary Water section (AC-230)9

99404-220Jacket V/ater section (AC-220)8

99404-212Stage 3 inter-cooler section (AC-212)7

99404-2tlStage 2 inter-cooler section (AC-211)6

99404-2t0Stage 1 inter-cooler section (AC-210)5

6HC2656Dresser-Rand 6.00" $ stage 3 cylinder5

6HC2655Dresser-Rand 9.50" $ stage 2 cylinder4

6HC2654Dresser-Rand 15.00" $ stage 1 cylindera
.,'

6HF853Dresser-Rand 6-HOS-4 compressor frame2

c-12970/r'Waukesha L7042 GL gas engine1

Serial nl¡rnber
Compuuent Deutri¡rtiontrtom

#
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13.0 APPENDIX ffA''
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HMI FLOW SHEET

( Apache Ganada Limited - Job#99404

)

MAIN SCREEN

JACKETWATER
SCREEN fSETPOINT

SETPOINTS 11TEST BYPASSSPÉED CONTROL PIDBYPASS VALVE PIDTIMERSPID TUNINGSTART SEQUENCE

2SETPOINTS 2PID TUNINGPID TUNING

3BYPASSVALVE PIDSPEED CONTROL PIDBYPASSVALVE PID

SCREEN 4
SPEED CONTROL PID

gffi
11

18

10

5
4

15
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PROPAKTconPREssrofl
Page I of3

Customer:

COMPRESSOR START-UP CHECK LIST

Start-up rlqfc'

ÊN(ì/NFFRS. FABRICATORS & CONSTRIiCIORS FOR O/L d GÁS PFOCESS/NG

Propak Unit No.

Customer Cnnf¡cf'

Customer Unit No.

Compressor Model:

Serviceman: Location

Contact Phone:

Contact

Frame Serial No.:

6:

YES

Cylinder Serial No: I

Cylinder Size No. 1

Compressor Crankcase Lube Oil : Cylinder Lube Oil

Driver Model Spec:

Rated RPM:_ Engine Lube Oil:_ Coolant Type

PRIOR TO STARTING

Do you have parts books, instruction manua| special tools & spares?

Check compressor desigrr limitations such as rod loads, speed, discharge pressures

and temperatures. Determine what operating conditions are.

3. Determine the desigrr operating conditions
Suction Pressure: PSIG Suction Temp.
Discharge Presswe:_ PSIG Discharge Temp
Maximum Minimum RPM:

4. Ensure unit is properþ supported. Piles properþ shimmed & welded on at least two sides

5. Have the driver feet been shimmed so unit is not twisted? Record pulldown readings.

Cooler End

6. Have the compressor feet & crosshead guide supports been shimmed so the machine
is not twisted or bent? Record pulldown readings

Coupling End

7. Check crosshead clearances on all corners.
8. Record minimum crosshead clearances:

5

NO
L
ì.

6421 J.



PBOPAKTconPREsstofl

Page 2 of3

9. Check & record inboard outboard piston rod n¡nout.

Throw l. Throw2. Throw3.
IN- IN-

OUT OUT

IN IN
Throw 4. Throw 5.

IN
Throw 6.

IN

YES

Throw 6

OUT OUT OUT OUT

10. Have the scrubbers, piping & supports been checked for any pulling or twisting?
Comments:

I 1 . Have the coupling bolt torque's been checked?

12. Check & record coupling alignment. (Maximum allowable .005 TIR)

RECORD INITIAL COLD INDICATORREADINGS HERE

FACE RIM

Crankshaft End Play

NO

13. Check & recordpiston clearances:

Throw 1. Throw2. Throw2
HE FM HE

Throw3. Throw4. Throw5.
HE- HE- HE-

CE CE CECE- CE- CE

HE

CE

14. Ensure proper oil is being used with regard to ambient temp., special gases or
other extreme conditions.
Comments:

15. Fill oil levels, prime filters, prime lubricator lines to cylinders & packing.

I 6. Install all shipped loose gauges, floats (ifapplicable)
16. Are the crankcase oil level controllers working, set to proper level & supply open?
17. Does the oil level shutdowns work?
18. Is the low oil pressure shutdown installed and tubed correctly to downstream

side of the filter?
19. Does the low oil pressure shutdown work?
20. Does the force feed lube shutdown work?

Ê]VG/NEERS FABR/CAÎORS & CC)NSIRUCIORS FOR T-)/L .{ (;A.S PROCÊ.S.S/¡/G



PROPAKfuconPREsstofl

Page 3 of3

21 . Check lubricator blowout disc. & set lubricator punps to % pump stroke.
22.llas thc cooler sectiou been checked for twisting, p{opür'footiug & pull dowls?
23. Are the cooler louvers free and have filll travel with the actuators?
24. Isthefanpitchsettodesiredangle? ( Deg.)Torqueblades&hub.

25. Fill coolant level & bleed offsystem.
Engine water pump _Turbo wastegates

_Turbo intercooler Compressor Cylinders

_Aux. 
.Water pump Engine outlet

26. Check jackshaft & idler bearings, sheaves & belts for alignment & torque.

YES NO
27. Ctrease all fittings:

Compressor VVP'S
_Aux. Water pump

Belt tensioner
Governor linkages

Engrne water pump
Cooler Bearings
Idler Bearings

_Carburetor linkages

¡

28. Check all control panel firnctions.
29. Xe prima¡y & secondary packing vents & the distance piece vents open?

30. Are the packing vent & drain lines tubed in such a way that oil will not collect
in the tubing & cause blockage.?

1. Is there a suction controller installed?

32. Are the suction, interstage & discharge shutdowns working?
33. are there relief valves installed on the discharge of each stage?

34. Have all incoming lines been blown out to remove water, slag, dirt etc
I.E. Suction gas, fuel gas, start gas etc.

35. Ensure suction screen is in place.

36. Set up compressor to desired performance curve.
37. ering in gas & purge entire system to flare.
38. Pressurize system & check for leaks. Repair as required.
Comments:

FNTJ/NFERS. FAERICAIORS & COÑSIRI/CTORS FOR (,'I d G'AS PROCESSiNG

39. nump electric motor drives for fans, lube pumps, water pumps & compressor
to ensure proper rotation.

40. Pre-lube engine & compressor.
41. Close suction & discharge. Open bypass & adjust pressure in compressor

approx. 500 KPA.
42. Propak's start-up and operating instructions for the unit shall be reviewed with

the operator.

1

Page 1 of2



PROPAK
GOnPRESSTOfl

AFTER STARTUP CTIECK LIST

1 . Start rmit & take note of any unnsnal noises, pressures, temperatrrres or vibration.

YES NO

ÊN(j/Nl/-R,ç |AIJRICA rnRs l{ l)ON,s¡R/iCfOR,S FoR Oll t (.'Arì pRr)CESS//VG

4
5
6

2. Check engine governor operation.
SetMinimum speed: RPM

Set High Idle: RPM
Check governor compensation, no load
Check & set Engine Overspeed: RPM

3. Bring unit up to speed and slowly load compressor. Watch pressures, temperatures
and liquid levels in scrubbers etc.

Did the oil pressure come up immediately? PSIG
Are the filter differential pressure gauges working?
Adjust lubricator rate to break in cycle. per Minute)

Is the distribution block indicator pin moving?
7 . Set low oil pressure shut down to 25 PSIG, falling.
8. Set engine ignition timing to spec. (__Deg. BTDC)
9. Set engine fuel gas presswe to 5.5" - 6.0- H20
10. Set carbwetor to engine manufactures spec. Be sure engine is firing on all cyl.
1 1 . Rdjust cooler louvers to control at proper temperatures.
12. fetunit stabilize & adjust high discharge temp. shutdowns to approx. 2 deg. C.

, above operating temperature. Confirm safe operating temperature.
13. Ctrect all engine temperature shutdowns to onsure correct shutdown points
14. Co through the operation on all controls to enswe proper operation:

Durnp Valves Engine speed control _suction control
_Auto/lvlanual stations Discharge controller By-Pass Controller

Blowcase controls ESD & Blowdown
15. Are the scrubber dump & high level shutdowns working?
16. How often do they dump ( )minutes
17 . Have all panel functions been tested to assure shutdown of unit upon
malfunction?
18. ere the rod packing vents blowing? Feel tubing for heat.

19. Are the wiper packing draining excessively?
20. Check for oil leaks. Shut down, repair leaks Comments:

Page2 of2

YES

21. Check and record coupling alignment while unit is hot and record.

NO



PBOPAKGOnPRESATOfl

l-;
FACE

22. Pull suction screen, check for contamination & replace. Comments

RIM

FN(ìI/VÈr.Rl; fAHR()A/ORù^ .{ OONS/Rll)i ORù^ ÊOR ()/i ¿ GA,S PRôCESS/NC

23. lurge unit and restart. Bring unit up to ratcd speed and pressure.

24. Record all readings, lube rates, temperatures & pressures on separate sheet.

25. neview proper operation with the operator and give contacts for parts &
service requirements. Leave unit manuals on site.

26. Comments on overall unit, problems encountered, things that could be done differently etc:

I



LOCAL PLC . ALARMS / SHUTDOWNS
PROPAK JOB # 99404

PRESSURE SET POINTS

Slage 1 l-OW sucl¡on prêssrtrc

Stage 1 HIGH suct¡on pressure

Stage I HIGH discharge pressure

Stage 2 HIGH d¡scharge pressure

Stage 3 HIGH discharge pressure

Stage 1 HIGH different¡al pressure

Stage 2 HIGH differential pressure

Stage 3 HIGH d¡fferential pressure

Êngine Oil LOW pressure

LOW Compressor Oil Pressure

TEMPERATURE SETPOINTS

Stage 1 HIGH suct¡on temperaturc

Stage 1 HIGH d¡scharge temperalure

Stage 2 HIGH suct¡on temperalure

Stage 2 HIGH discharge lemperaturc

Stage 3 HIGH suct¡on temperature

Stage 3 HIGH discharge lemperature

Engine JW HIGH temperature

Engine O¡l HIGH temperature

Engine Man¡fold (RHS) HIGH temperature

Engine Man¡fold (LHS) HIGH temperature

Compressor HIGH o¡l temperature

VIBRATION SET POINTS

Compressor Vibration

Drive lvlotor V¡brat¡on

Cooler Vibrat¡on

STGlS

STGlS

STGlD

STG2D

STG3D

STG 1

STG 2

STG 3

eng¡ne mount

Local

STG 1 SUCT

v-122

STG 2 SUCT

v-'124

STG 3 SUCT

v-126

engin€ mounted

engine mounled

eng¡ne mounted

engine mounted

Local

Comp

l\rotor

PT- 100

PT-100

PT-210

PT-211

PT-212

LOGIC

LOGIC

LOGIC

PT-257

Pr-241

TE-100

TE-122N5

TE-1 10

rE-124

rE-120

rÉ-126

TE-233

'lE-254

TE-2714

fE-2715

TE-281

Wka 892.23.510

Vvika 892.23.510

Wka 892.23.510

Wka 892.23.510

Wka 892.23.510

progfammed

programmed

programmed

Wka 892.13.500

Wika 892.13.500

ATS Alltemp Al-8113

ATS Alltemp Al-8113

ATS Alltemp Al-8'113

ATS Alltemp Al-8113

ATS Alltemp Al-8'l'13

ATS Alltemp Al-8113

ATS Alltemp Al-8113

345 kPag, F

1380 kPag, R

2900 kPag, R

6970 kPag, R

9200 kPag, R

2100 kPag, R

5450 kPag, R

7580 kPag, R

172 kPag, F

241 kPag, F

50'c, R

149'C, R

70'c, R

149'C, R

70'c, R

149'C, R

88'C, R

90'c, R

63'C, R

63'C, R

77"C, R

'1.2 ips

1.2 ips

172 kPag F

1520 kPag, R

3070 kPag, R

7800 kPag, R

10200 kPag, R

2300 kPag, R

5600 kPag, R

8270 kPag, R

'138 kPag, F

276 kPag, F

60"c, R

163'C, R

80"c, R

163'C, R

80'c, R

163'C, R

93'C, R

96"C, R

66'C, R

66'C, R

82'C, R

'1.5 ¡ps

1.5 ¡ps

f¡eld set

analoguE

analogue

analogue

analogue

analogue

LOGIC

LOGIC

LOGIC

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

analogue

descrete

c

B

B

vT-288

vT-205

VSH-225

METRTX 5484C-123

METRTX 5484C-123

MURPHY VS2EX

B

B

B

ClassShutdown

Setpo¡nt

Alam
Setpo¡nt

Devica

Tvpê

Dev¡cê Makê/ModêlDevice Tag

Number

Device

Locãtlon

Descript¡on

Cooler Fan



LOCAL PLC . ALARMS / SHUTDOWNS
PROPAK JOB # 99404

a

(
B

B

B

PUSH BUTTON

PTANT CONTROL

on h¡gh level

on h¡gh level

on high level

on h¡gh l€vel

on low leveì

on low level

on low level

upon no flow

on low level

700 RPI\¡, F

1320 RPM, R

730 RPM, F

1275 RPM, R

descrete

descrete

descrele

descrete

descrete

descrete

descrete

descrete

descrete

descrete

descrete

Red Button

TERIVINAL

Rosemount 3051CD

Murphy 1100-SS

[rurphy 1100-SS

Murphy 'l 100-SS

Murphy 111 1

Murphy 1'1'l1

Kenco LCE I

lvanzel Lube Line Alert, P/N: M928

Kenco LCE 27

Dynalco P/N: M928

Dynalco P/N: M928

REMOTE

CONTROL

LtT-100

LSH-'110

LSH-120

LSH-130

LSL-2354

LSL-2358

LSL-270

FSL-289

LSL-262

ss-229

ss-229

PLC

INPUT TO PLC

v-100

v-110

v-120

v-130

T-2354

T-2358

Compressor

Lubricator

Eng¡ne

Engine

Eng¡ne

OTHER SHUT DOWN SW|TCHES

Emergency Shutdown

REMOTE SHUTDO\¡/II

Stage 1 Level Shutdown HIGH

Stage 2 Level Shutdown HIGH

Stage 3 Level Shutdown HIGH

Seal Pot Level Shutdown HIGH

Engine JW Level Shutdown LOW

Engine AW Level Shutdown LOW

Compressor Crankcase LOW o¡l Level

Compressor Cyl¡nder No Flow Lube Oil

Engine Crankcase LOW oil Level

Eng¡ne Speed, LOW

Engine Speed, HIGH

ClassShutdown
SêtÞo¡nt

Alarm
Setpo¡nt

Device

TvÞe

Device MakerModelDevice Tag

Number

Oevice

Locat¡on

Descrlption

NOTÊ: Setpo¡nts are based on Des¡gn Point performance (see "Perfomance" sect¡on ofthe Operalion &

Ma¡ntenance manuals). Thesè setpo¡nts are for compressor prolecl¡on against such conditions as valve failure

or exceed¡ng rod load l¡m¡ts. Should a shutdown occur, plèasè consult the compressor operating manual and/or

contact a Propak Compression seryice representative @ l-800-408{434 or (403} 912-7000,

(-
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c/o Optima Engineers & Gonstructors lnc.

Hamburg, Alberta
2-6 Compression Project, Optima #20690

1478 hp Gas Gompressor Performance Gurves

Pd (!ine) = 1200 Psig
Speed = 1200 rpm

175 200

12

t0

I

6

4

2

o
ILo
Ø
E
ã
ì
.9lr

'€i
lllr

0 25 50 75 100 125

Suction Line Pressure (psig)

150

I 400

1200

o-r
o

=oo.
I 000

800

600
0 25 50

Calc. By: JWS
Propak S.O. #99404 / 99420 (two compressor packages)

75 100 125 150 175 200

Suction Line Pressure (psig)

PROPAKT

./

Ø(1)

(7)$ry(4t-L

Propak 1 SV1-1 56-312-F forced draft cooler
(1 x) 1 5.00"ö stg. I cylinder @ 1200 RPM
(1x) 9.50"{ stg. 2 cylinder D.A. @ 1200 RPM
(1x) 6.00'þ stg. 3 cyl¡nder D.A. @ 1200 RPM
Ts=1 1OoF/T¡nt"r =1 20'F/ Taner =1 1 0'F/S.G.=0.62

7
/

,

to

(5) (8)

(2)
(1) t

rLB!'p-

Waukesha 7042GL lean burn natural gas engine
Continuous site power @1200 RPM = 1478 hp
Elevation = 2500 ft asl / Cooler drive = 58

conPREsslon



I

PROPAKTCONPRESSTOTÚ

Project
#99404 I 99420

Customer: Apache Canada Ltd
Location: Hamburg,Alberta
L.S.D. : 2ô-97-11W6M

D.A. = Cylinder is Double Acting

9!BVE.N9IES,:

COMPRESSOR UNLOAD Pd=1200 psig

Comoressor: Dresser-Rand6HOS-4
Driver: Waukesha 7042GL engine, 1478 Bhp @ 1200 RPM
Cooler: Propak model 1SV1-156-312-F, engine jackshafr drive

S.A.C.E. = Cylinder is Single Acting, Crank End N.A. = Cylinder is non-acting

(1
(2
(3

(4

Curve information is calculated at 1200 RPM.
Horsepower and capacity vary linearly with speed within the operating range of 800-1200 RPM.
Do Nor opERATE uncnlñe ourStDE oF cURVE LIM¡TS. lF ADDIIoNAL PERFoRMANcE ls REQUIRED,
OONTACT PROPAK COMPRESSION @ 1-800-4084434 or (403) 912-7000'
Curve points are limited by available power, compressor rod load, cylinder volumetric efficiency and discharge
temperature.

Calc. By: JWS
Propak S.O. #99404 I 99420 (two compressor packages)

6.00"0
Stg-3
cvl.

9.50'ô
Stg-2
cvl.

#4#2

Dresser-Rand
6HOS-4

#1 #3

Balgnca
Throw

cvl.
StgFl
15.00'{

Oil Pump End Drive End

D.A.10Ao/oD.A.s.A.c.E.8

D.A.0o/oD.A.s.A.c.E.7

D.A.25%D.A.1O0o/oD.A.6

D.A.Oo/oD.A.100o/oD.A.5

D.A.0%D.A.75o/oD.A.4

D.A.0%D.A.50%D.A.3

D.A.Oo/oD.A.25o/oD.A.2

D.A.0%D.A.0o/oD.A.1

WCP
% open

Throw #4
6.00'ö

WCP
% open

Throw #2
9.50',ö

WCP
% open

Throw#3
Balance

WCP
% open

Throw #1
15.00'0

Curve #
Stase 3Stage 2Stase 1



Dn¡SSER-RÀI¡D cAS FIEÍ.D CoMPRESSOR PERFOR¡{AI{CE (DRSIZE coPytighÈ 1996-2000 tfrl.3a)

PÀCKAGER: PROPAß COMPRESSIOÀI DÀ!E: Oct 2' 2OOO

IOCAIION: Eaoburg 12'61 ,.ãaberta FILE: 9404-{20.DAI " 8n

.toB/REF : ll¡rache Ca¡¡ada / o¡¡ti¡a Englneers cA¡c By: ü.Saxinger

.TOBSIEE : åeb r|l (r) : 90. àIt,. (m) : 230O. ¡lt¡ ( PSIA): L3.42
R€f . Presrure ( DSIÀ) : 1¡[.70 Ref . fenp. (F): 60.
COMPRSSSOR: Fra¡e : 6 EOS 4 Stroke (tN) : 6.O Rod Dia(IN): 2.500

......calc RP¡{ : 1200.0 Max RPM : 1200.0 Coôles (EP) ! 58.0
DRIVER: Iþe : Gas Engíne Avail (EP) : 1¡!78.0 Model: 7O42eL

Stege Nuúer
Cas
Drf' Gas Mol. ÌTeight
Drl' Gas Spec. eravity
celcv e L4.7160
Avg. :leDp. E:q)on. (K)
.Àvg. Vol. Eq)on. (N)
Gas Crit. lleq>erature
Gas Crit. Pressure
z Stand¿ld
Z Suction
Z Discharge
In].êt têq)eraturê
Inlat Press. G Cyf flg
Interstage Prêss. DroP
Disch. Press. G Cyl Flg
Ratio of, Compression
ndia¡ratic Disch. TenP.
Est. Actual Disch. TeroP
stg. Piston Displ.
Stg. Inlet Capacity
Cå,PACITT ACET'AÍ, If,ET
CÀPACTTT ÀCTÛÀÍ, DRÏ
TOTAT. COMPRESSOR POVIER

PSfA

PSIG

PSIG

F
F

cll.l
Àcrl.f

uÈfscFD
lrMscEx)

gP

1
Natural

17 .958
0.620
L.287
L.264
L.262

31L.286
612.994

0.998
0.975
0.914

110.00
196.00

1.75
389.20
L.923

193.38
224.17
715.9
619.8
11. 87
11. 80

1418. 93

2
Natural

1? .958
0.620
L.287
L,27L
L.273

3?1.286
672 .998

0.998
o.956
0.95?

120.00
382.15

1.50
704.41,
1.815

198.62
2L2.70

510.2
326 -7
11. 84
11.79

3
Natural

17.958
0. 620
L.287
1.285
1.308

31L.2A6
672.998

0. 998
o -922
o -929

120.00
693.6¿

1- 00
L2t2.OO

1. ?33
195.16
20¡t.35

2L5.2
175. 9
LL.g2
11 .80

Ps (line)= 200 PsiE
Pd (11ne)= 1200 psig

Curve I

R

l.

t

.1:::--:
i

cyl Àction/m nod Dia. Àct.
Brake powêr / cYlinder
EE Disclr. Vol. Eff.

stage nu¡nber at (HElcE)
Framê Ext/cy].. Bore
Cylinder Pattern
RDP
t'ß¡{P

CE Disch. Vo].. Eff.
EE Inl€t Vol. Ef,f.
CE Inlet Vol. sf,f.
Àvg. Inlet VoI. Ef,f.
EE Clearance Reqd.
EE Clearance Min.
EE Pocket Open
EE Clearance Added
CE Clearance Reqd.
CE Clearance I'fin.
CE Clearance Added
Valve Model - EE
Valve lif'cdel - CE
valves / Corner (æ/cE)
valv€ Ll,ft - SE
Valwe Lift - CE

Valve Líf,t A¡ea - EE
Valve Lif,t À¡ea - CE

ÀPI ¡nlet Vlv VeI Àvg.
Flange Gas Load - f
F].a¡¡ge Gas Load - C

Max. Al1ow. Gas Load
Coubined Rod Load - T
ConbLned Rod l¡oad - C

l.lax âJ-low Rod Load
necip. IÍeight G :(Ð Pin
RsversaX G XED Pin

tlL olo 2/2 3/3
*/rN 1./15.OOO 3/10 .OOO 2/ 9.500 4/ 6.000

G12203 BAI,A¡¡CE G12199 G12196

/INsAcE/
EP5

PSTG
PSIG

¿50.0
¡¡95.0

14 .20
LA.2O

0.0
PE.6?
PE.6?

0.0
0.0

t{À/0.00
o.0

0.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00
0.0

:om(
:ocþ(
o/o

0.000
0.000
0.000
0.000

1150.0
1265.0

DÀ/0.00
4¡¡1.9
19.39
53 .59
30.97

P¡'¡¡8
PE¿8
2/2

0.080
0.080
5. 640
5. 6¡¡0

1279.6
19385

-2477.8
60000
27977

-36283
60000
362.O
1?0.0

1750.0
1925.0

Då,/0.00
386. ¿
54
52
82
80
81
24
24

0

8s.5?
58 .27

109.30
17 .10

100 .00
392.L
1?.80
17 .80

0.0

0.00
33.9
0.00
1.58
0.00
6.59
3.29
4.50
4.50
0.00
0.0

5

I
A
1
1

.47

.72

.95

.29

.62

.80

.80

.00
0.0
.90
.90

L

:i

:j

I

29
29

IN3
t
t

rN3

0.0
0
0

IN
IN

SQIN
s9rN

FPM
LBF
I,BF
LBE'
I¡BE.
LBF
IJBF

I¡B
ÞEG

LO.420
10. ¿20

10034.2
32230
-962

60000
51733

-368¡¡1
60000
362.O
1¡1O.0

o.0
PA48
PE'48
L/L

0. o80
0.080
5. 6¿0
5. 6¡10

5d93. 6
8707

-18061
60000
28943

-3L732
60000
295.0
155.0

2/2
0.080
0. o80

60000

l
429t12

-29381
60000
295.0
160.0



DnESSER-RAI{D GÀA EIEÍ¡D CoDdI)RESSOR PERFORTtßr¡cg (ÞRSIZE coPl¡right 1996-2000 vl '3a)

PÀCKAGER: PROPAK COT-ÍPRESSION

LOCjMION: Earburg 12-61 , Alberta
JoB/REF : Â¡rache Ca¡¡ada / optílo¿ Engíneers
,IOBSIIE ! Ãnb r (F) : 9O. Àlt' (m) :

R€!. Pressure ( PSIâ) ¡ 1¡¡.?0 nef ' Tenp' (F):
COIPRESSOR: Eraûe : 6 BOS ¿ Stloke (XN) ¡

......calc RPM : 1200.0 Max RP!',í !

DRfvER: 1þê : Gas Engine Avail (EP) :

DÀÍE: Oct 2, 2OOO

E.ILE: 9/¡04-420.DÀT n 7n
c;A¡¡c BI: it.Saxínger
2500. Àtû ( PsrÀ) t L3.42

60.
6.0 Rod Dia(IN): 2.500

12OO.O Cool€r (EP): 58.0
1{?8.0 Model: 7O42eI.

,!
..:

i:

':.

;.i
È

Stag€ Nuúer
Gas
Dry Gas tdol . ÎIeight
Dry Gas SPec. GrawitY
cP/cv e L4.1/60
Avg. 'llenp. E¡(Pon. (K)
.Àvg. Vol. E:çon. (N)

Gas Crit. Seqterature
Cas Crit. Pressure
z Stândard
z Suction
Z Discharge
Inlet :!€q)erature
Inlet Press. G CYI Flg
InÈerstage Press. DroP
Disch. Press. 0 CYI Flg
8âtio of, ConPression
.ãdiabaÈíc Disch. lleoP.
Est. Àctua1 Disch. :l€ûP
Stg. Piston DisPl.
StE. Inl.et CaPacity
CAPÀCI:IY ÀCÌcÛÀ! IùET

CAPACIÎI ACTttAfJ DRY

'IþfAf¡ COMPRESSOR PO{ER

stage nu¡ber at (IrE/cE)
F¡ane ExÈ/Cyt. Bore
Cylinder Pattern
RDP
!ÍAT{P

Brake poú¡er / cYlinder
EE Disch. Vol. Eff.
CE Disclr. VoI. Eff.
EE Inlet Vol. Eff,.
CE Inlêt Vol. Eff.
Avg. Inlet vol.. Eff-
EE Clearance Regd.
EE Clearance Min.
EE Pocket O¡ren
EE Clearance ådded
CE Clearance Reqd.
CE Clea¡ance uin.
CE Clearance .Added
Valwe Model - EE
valve Model - CE

valves / corner (EE/CE)
Valwe Lift - EE
Valwe Î¡ifg - CE
Valve tift Area - EE

Va1ve l¡if,t A¡êa - CE

API rnlêt Vlv Val âwg.
Flange Gas Load - Í
FI¡¡¡ge Gas Load - C

M¡x. ål.low. eas Load
Coobined Rod Î¡oad - l!
Co¡qbíned Rod Ûoad - C

Max ållow Bod Load
aocip. wêight e xED Pin
8ôv€rsal G XÐ Pin

L2
Natural. Natural
1?.958 17.958
o.620 0.620
t.287 L.2A7
L.263 L.269
1.260 L.210

R 3?1.286 311.286
PSrA 672.998 672.998

0.998 0.998
0.9?8 0.960
o.977 0.961

F 110.00 120.00
PSrG 1?1.50 3r13. ¡¡0

t 1.?5 1.50
PSIG 3/t9. ?6 6¡t¡¡. 31

1.964 1 .8¿3
F 195.87 200.30
E 22't.12 2L4.17

cFM ?15.9 s10-2
ÀcEt.l 616.3 318 . ¿

ìIMSCFD 10.39 10.37
MMf¡cED 10.32 LO -32

EP L327.79

tlt olo
s/rN 1/15.ooo 3/1o.ooo

Ps (l.ine)- 175 Psig
pd (line)= 1200 psig

Cu¡:rre I

3
Natr¡ral

1?. 958
0. 620
1.281
L.282
1.302

37L.2A6
672.998

0. 998
0. 928
0. 935

120.00
634.44

1.00
1212 .00

1. 891
207.L5
2t6.75
2L5.2
169. 1
10 .34
10.32

.ei

{ 212 313
2/ 9.500 41 6.000

e12199 G12196
1150. 0 1750. 0PSIG

PSIG 1265. 0

DA/o .00
397. I
L7.64
52.6L
28.s6
85.15
56.85

109.30
17.10

100. o0
392.L
17.80
17.80

0.0
PF48
PF¡I8

212
0.080
0.080
5. 640
5.6¡t0

1279.6
18166

-2301{
60000
29680

-35818
60000
362.0
175.0

1925.0
DA./o .00

391.1
49.06
{7.09
80.05
76-83
18.44
24.80
24.80
0.00
0.0

29.90
29.90

0.0
Pl'{8
PF¡l8
LIL

0.080
0.080
5.6¿0
5.6¿0

s493. 6
10381

-194¿¡¡
60000
27337

-30(¡76
60000
295. 0
160.0

cL2203
450.0
495.0

BAT.A¡{CE
0.0
0.0

0.00
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0. 00
0.0

0.00
0.00
0.0

:ocr¡(
o/o

0.000
o.000
0.000
0.000

0.0
0
0

cyl. Àction/gE Rod Dia- Àct. /rNsAcE/o.00 NA/
EP

$
t
t
t
t
t
t
t

rN3
t
t

IN3

A82.L
0.00

s0.39
0.00

86. 09
d3.05
1¿.50
1¿.50

000

fN
ll¡

SQIN
s9rN

rPM
!BA
LB¡.
IAl.
taF
!B¡'
T¡BE.

L8
DEG

0.0
1¡¡.20
L4.20

0.0
PF67
PF67

212
0.080
0.080

10.420
10. ¿20

1003¡[.2
29784
-a42

60000
51853

-36302
60000
362.0
1rt5 .0

A2942
-29381

60000
295 .0
160 .0

xpo(

60000



DREssER-RiA¡tD cAs FrEr,D coMpREssoR pERFoRlat{cE (DRsrzE copx'light 1996-2000 vl .3a}

PACKtrGER: PROPAK COMPRESSION
IOCAIION: Eanburg 12'61, ÀAbe¡ta
,toB/nEF : åPacho Canada / oPtin^a Engineers
itoBstaE : å¡lr Í (a) : 90. ått' (Fr)
R€f. Pressure ( PSIÀ) : 14.?0 R€f,. EcDp' (F)

COMPRESSOR: Fraae : 6 EOS l¡ Stroke (IN)
.... ..calc Rltl : 1200.0 Dla:ß RPM

DRWER: Iþe : Gas Engine âwail (EP)

DÀlfE: Oct 2, 2OOO

FILE: 9¡10¡l-¿20.DÀÍ " 6n

cjAÍ.C BI: ,t.SaxiDger
: 2500. Ats ( P91À): 13.¿2
: 60.
: 6.0 Rod Dia(IN): 2.500
: 1200.0 Coolor (EP): 58.0
: 1{?8.0 Model: 7O42GI'

StaEs Nr¡¡ber
Ges
DrT Gas Mol. lfeighÈ
D¡a' Gas SP€c. Gravity
cÞlcv g 1t.7/6O
åvg. :leúP. E:q)on. (K)
Àvg. Vol. E¡qton. (Ñ)
Gas Crit. :[eq)erature
Gas Crit. Pressure
z SÈa¡rdå¡d
z Suction
Z Díscharg€
fnlot leqt€rature
tnlet Prêss. 0 CYI Ffg
Interatage Press. DroP
Disch. Prê33. G Cl'I fl-g
Råtio of CoBPression
ådiabatic Disch. IenP.
Est. Actual Disch' EenP
Stg. Piston DísPl.
Stg. Inlet CaPacitY
CAIACITT ÀC,llUÀI. I{IET

CåPACITY å,CTT'AJ, DRY
!OTA¡. COMPRESSOR POTIER

R
PSIÀ

l.
PSIG

*
PSIG

l.
F

clll
ACI'M

!,û'{scFD
MMSCED

SP

1
Natural.

1? .958
0.620
L.287
L.26L
1.259

31L.2A6
612.998

o.998
o.981
0.980

110. 00
14?.00

1. ?5
310. 01
2.016

2
Natura]'

17.958
o.620
L.287
L.267
L.267

37L,286
672.998

0.998
o.965
0.965

120.00
30¿.3s

1. 50
s83. 60
1.879

202.4L
2L1.34

s70.2
308 .3

8. 90
8. 85

3
Natural

17.958
o.620
L.287
L.278
t.297

3?1.286
672.994

0.998
0.935
0.9{3

120.00
5?4.6¡t

1.00
1212.00

2.08/¡
220.^2
230.86

2L5.2
161.0
8.88
I .85

ps (Il.ne)-- 150 ¡rsig
Pd (Iine)= 1200 Psig

Currte I

198. 98
231.36
715.9
611.9

a -92
8. 85

L227.68á."
Å

Stage r¡u¡ber at (HE/CE)
Fra¡e Ext/CYl. Bore
CylJ.nder Pattèrn
RDP
¡ißlfP
c!'1. Action/æ nod oia.
Bralse potúêr / cylinaer
EE Disch. Vo1. Ef,f,.
CE Disdr. vol. Eff.
EE In]'et VoI. Eff.
cE Inlet Vol. Eff,.
Avg. Inlet Vol. Eff.
EE Clâarar¡ce Reqd.
EE Clearance Mín.
EE Pocket OPen
ËE clearance Àdded
CE Clearance Reqd.
CE Clearance Min.
CE Clearance Àdded
Va1ve Model - EE

Valve t4fode]- - CE

Valves / corner (EE/CE)
Valve Lift - EE
Valve Lift - CE
valve l¡if,t å¡ea - EE
va]-ve l,if,t A¡€e - CE

åPI lnlet vlv vel. Àvg.
Flange Gas Load - :[
FlanEe Gas Load - C

Mâx. åJ.lott. Gas Load
Coùíned Rod Load - l!
Co¡¡bfned Rod toad - C

Mar ållow Rod Load
Reclp. lfeight € I(ãD Pin
Reversal G XÞ Pin

LlL olo 2/2 3/3
#/rN 1/1s.ooo 3/10 .OOO 2/ 9.s00 ¡tl 6.o00

eL2203 BAr.AllcE G12199 G12196
PSrc 450.0
PSIC 1¡95 .0

Acr./rNsAcE/o.00 l{A/
EP 429.6

1150.0 1750. 0
1265.0 1925.0

DÀ/0.00
352.9
15.57
51 . ¡¡5
25.62
a4.62
55.12

109.30
1? .10

100.00
392.1
1?.80
1? .80

0.0
PF{8
PF¡!8

212
0.080
0.080
5. 640
5.640

7279.6
16929

-2L2A8
60000
31¡t07

-35351
60000

0.0
0.0

0.00
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0. 00
0.0

¡cþo(
:offi
olo

0.000
0.000
0 .000
0.000

0.0
0
0

IN
flr

sQlN
sQtN

FPM
LBF
1¡BF
I¡Bl.
I¡BF
I.BE
f,BF

l¡B
DEG

0.00
48.97
0.00

85.48

14.50
1¿. 50

0. 00
0.0

L4.20
1¡l .20

0.0
PF67
PA67

212
0.080
0 .080

10.420
10 . ¿20

1003¿.2
27285

-722
60000
51973

-35761
60000
362.O
155.0

60000
a2942

-29381
50000
29s.0
160.0

DA/o.00
388.¿
43. ¿¡8

4L.27
?6.58
12.70
14 .64
2¡1 .80
24.80

0.00
0.0

29.90
29. 90

0.0
PF48
PF48
Llt

0.080
0.080
5.6¿0
5.6¿0

5¿93.6
L2O7L

-20842
60000
25720

-28909
60000

t
t
t
t
t
t
t
*

rN3
t
t

IN3

42.74

362.0 295.O
170.0 155.0



DRESSER-RII{D G,Ag FIEIÐ coMPREssoR PERFOR¡'IA¡¡CE (DRSxzE coPyright 1996-2000 vl '3a)

PACKAßER: PROPÀK COMPRESSION DAIE: OC! 2, 2OOO

I¡CjATION! Earaburg 12-61 , Alberte IIILE: 9¡104-1¡20.DAr n 5r
,IOB/REF : Ã¡racl.e Canad¿ / Opti¡oå Engineers CjALC BI: at.Sa:(ingêr
üOB6I¡E : å¡b f (F) : Þ0. Àlt. (r!) : 2500. AtE ( PS¡,A): L3.42
8€f. Pressur€ ( PSI:A) ¿ tÅ.1O Ref. TenP' (F): 60'
co¡æREssoR: FråÃê : 6 los ¿ stroke (I¡{) : 6.0 Rod Dlê(rN): 2.500

......Clrl.c RPM : 12O0.0 Ma:ß RPM : 12O0'0 coolât (ED): 58'0
DRTVER: lyp€ : Gas Engiûe avaíl (EP) : 1¡178.0 Model: 7O42G\'.

St3gê Nu¡bêr
Gas
Dry Gås ¡úo1. w€ight
Dry Gas spec. Glavity
Ølcv e Lt.7/60
ÀvE. Tan¡.. E:q)on. (K)
Avg. Vol. E:q)on. (N)
Gac Crit. Teq)eratule
Cas Crit. Pressure
Z Standard
z SucÈion
Z Discharge
fnleÈ lênperatur€
Inlet Pres3. G CyI Flg
Interstage Prêss. DroP
Disch, Press. G Cf'l Ffg
Råtio of Compression
ådiabatic Dísch. !emp.
Est. Actual Disch. TenP
Stg. Piston DisPl..
Stg. Inlet CapacítY
CjAPÀCITT ACTUAI, I{AT
CAPACITY ÀCTqAT, DRY
TOTå¡ COMPRESSOR POI{ER

PSIÀ

PSIG

PSIG

F
E.

cEll
ACllf

loæcro
t{Ms¡cED

SP

1
Natural

17.958
0.620
L.287
1.259
L.257

3?1.286
612.998

o.998
o.984
o.983

110. 00
L22.SO

1.75
269. 89
2-OAl

203.01
236. 08
715.9
606.2

7 .47
?.40

1115 - 63

2
Natural

17.9s8
0.620
L.287
1.26s
t.264

31L.286
612.998

0.998
0 .969
0 .969

120.00
264. 93

1. 50
522.04
L.924

205. 11
220.60

510.2
295.6

1 .44
7.40

3
Natural

17.958
0. 620
L.287
L.214
L.292

37L.286
672.998

0. 998
0. 9¡¡1
0.950

120.00
514 .01

1.00
1212.00

2.323
23s.36
246.95
2t5.2
151.1
7.42
7.40

Ps (1ine)= 125 Pslg
Pd (J.ine)= 1200 Psig

Curve I

R

F

t

cL2203 BAI.AÌ¡CE G1219

RDP PSTG 450.0
}IAÌ|P PSIG ¡¡95.0
cTI. Action/EE Rod Dia. Àct../rNsAcE/0.00 NA/o
Brake povrer ,/ c1'linder EP 3?6.1

Stage number at (HE/CE)
Frâme Ext/cyl. Bore
Cylinder Pattern

EE Disch. vol. Eff.
CE Disch. Vol. Eff,.
EE Inlet Vol. Eff.
CE ¡nlst Vo].. Eff.
Àvg. Inlet vol. Eff.
EE Cleara¡rce Reqd.
EE Clêarance Min.
EE Pocket OPen
E Clea¡a¡rce Àdded
CE Clearance Reqd.
CE C].earancê Min.
CE Clêarance Àdded
Valvê Model - EE
Valve Model - CE

Valwes / corner (sE/cE)
Valwe Lif,t - EE
valvê Lift - cE
Valve Lift A¡ea - EE
Valve Éift A¡eå - CE
âPI Inlet Vlv Vel Àvg.
F1a¡rge Gas Ûoad - T
Fl¡ng€ Gas Load - C

tlax. À1lor. Gas ¡¿oad
Co¡bined Rod Load - ,|[

Co¡bined Rod Load - C

lfax Àllow Rod Load
Rocip. Weight C :llD Pin
8ôvotsa¡. G :GD Pin

LlL OlO 2/2 3/3
*/rN 1/15.OOO 3/10 .OOO 2/ 9.500 ¡¡,/ 6.000

c12196
1750.0
1925.0

DAlo. 00
375.8
37 .67
35.23
72.36
61.66
70.01
24.80
24.40

.0

.0
00
.0
00
00
00
00
00
00
00
00

9
0
0

0
0

0

0.0
0
0

1150
1265

IN3
t
t

IN3

IN
IN

SQIN
sQxN

FPM
LBF
I¡Bl.
LBF
IAF
IAF
IAF

ÍrB
DEG

0.00
47.22
0.00

8¿l , 68
42.34
14.50
14.50

0.00
0.0

1¿.20
L4.20

0.0
PF67
PE.67
212

o.080
o.080

10. ¡t20
10. {20

1003¡l .2
24720

-601
60000
52093

-35218
60000
362 .0
155.0

o.0
0.00
0. 00
0.0

:oocx
xþor
o/o

.000

.000

.000

.000

DA/o.00
30?.0
13.08
50.0s
2L.95
83.9?
s2.96

109.30
1?.10

100.00
392.L
17.80
1?.80

0.0
PF48
PF48
2/2

0.080
0.080
s.640
5.640

7279.6
L5662

-19525
60000
33170

-3¿656
60000
362.0
170.0

PF/I8
PF¿8
LlL

0 .080
0 .080
5. 6{0
5.640

5¿93.6
13786

-222s8
60000
2¡t083

-26888
60000
295.0
160.0

0
0
0
0
0
0
0
0 0.

0
29.
29.

0

00
.0
90
90
.0

0
0
0
0

60000
42942

-29381
60000
295 .0
160.0



DRESSER-RÀND GÀ.5 FIELD COa@RESSOR PEREORIIßI{CE (DRSIZE coPyright 1996-2000 v1'34)

PACKÈGER:
toclÀEroN:
droB/REr :

DRTVER:

{'OBSIAE: ånbT (F)
RÊf. Prêssurê ( PSIA)
COMPnESSOR: Fraag

. Calc Itfjtl
av?€

PROPAIK COMPRESSION
la¡¡burg (2-61, Alberta
Àpache Canada / OPtit¡a Engineers

DÀfE: Oct 2' 20OO
FILE: 9404-420.D4Í Ú 6n

C,ã¡rC BI: il.Saxinger
: 2500. At¡! ( PstA): L3.42

60.
6.0 Bod Díå(IN): 2. s00

: 1200.0 Coolcr (EÞ): 58.0
¿ L478.0 Model: 7O42eL

90.
1¡[. ?0

6EOS4
1200.0

etr. (rE)
Ref . Tenp. (l'):

SÈroke (fll) :
t¿ax RPM

: Cas Engine Avail. (EP)

Stagê Nt¡¡nber
Gas
Dry Gas llol. }leight
Dry Gas Spec. GlavitY
cElcw g Lr.1160
Avg. !o-F. t:(trton. (ß)
Avg. Vol. E¡qton. (N)
Gas Crit,'lteûfteratr¡re
Gas Crit. Pressure
Z Standa¡d
Z Suction
Z Díscharge
Inl.et :leq)êrature
fnlêt Pr€ss. G CyI flg
fnterstagê Press. DloP
Dlsch. Press. ß Cf'I flg
Råtio of ConPression
åÅi¡batic Disch. TenP.
Est. Actual Dísch. ÍenP
StE. Piston DísPI.
Stg. Inlet CapacitY
cÀtAcrly ÀcruAr. wEr
CåPÀCITY ACTT'A¡ DRY
|rOTå¡ COMPRESSOR POTIER

PSIâ,

PSIG

PSIG

E'

F
cEl{

¡ICFM
ll¡itsCFD
!ô{scFD

EP

1
Naturaf.

17.9s8
0.620
L.287
L.264
,,.26L

371.286
672.998

0. 998
0.981
0.980

110.00
14? .00

1.75
233.O4
1.536

163.51
196.08

2
Natural

1?.958
0.620
L.281
1 .260
L.262

31L.2f¡6
612.998

0.998
0 .973
0.97¡t

120.00
228.73

1.50
606.28

2 .559
2{3.93
26L.6L

510.2
43¿t - 1

9. r¡6
9. ¿0

3
Natural

17.958
o. 620
L.287
L.279
1.299

37L.286
612.99f,

0.998
o.932
0.940

120.00
596. 98

1 .00
L2t2.OO

2.008
215.31
225.40
21s.2
L64.2

9.42
9.39

Pe (line)= 150 Psig
Pd (J.ine)= 1200 Psig

Currre 7

R

a

t

715
649

9.

.9

.7
A7

9. ¿0
L320.22,tli

i,.i
stagê nr¡¡ber at (EE,/CE) L/L 0/O
Frame Ext/cyt. Bo¡e */rN 1/15.000 3/10.000 2

rN3 0.0
t 14.20
t 1¡1 .20

rN3 0.0

PF67
2/2

0.080
0.080

10. {20
10. r¡20

1003¡t .2
1¿061
-122

60000
51973

-36028
60000
362 .0
1?5.0

2/2
/ 9. soo
c12199
1150.0
1265. O

DÀlo.00
558.3
36.33
35.96
7 6.Ã9
75.72
76.11
17 .10
17.10

0 .00
0.0

1?.80
17 .80

0.0

PE'48
212

o.080
o.080
s. 640
5. 6¿¡0

7279.6
23786

-27884
60000
33622

-3t929
60000
362. O

175. O

3/3
4/ 6.OOo

G12196
1?50 .0
1925.0

DA/o.00
390.5
45.58
43. ¡16

77 -95
7¡¡. 33
7 6.1,4
2¡t. 80
24.80
0.00
0.0

29.90
29.90

0.0
PF¡¡8
PF48
L/t

0 .080
o .080
5.6¡10
5.640

5493.6
1ld¿0

-20320
60000
2632r

-29611
60000
295.0
155.0

Cylinder Pattern
RDP
¡áA9lP
cy1. Actsion/tB Rod Dia
Bralce power ,/ cylínder
EE Disct¡. VoL. Eff,.
CE Discb. Vol. Eff'
EE In1et Vol. Eff.
CE Inlet Vol. Eff.
Àvg. Inlet Vo].. tff.
EE Clearånce Regd.
tIE Clêarance Min'
EE Pock€t OPen
EE Cl'earance Added
CE Cl-earance Reqd.
CE Cleararice Min.
CE Clearance ådded
Va]'ve !{odel - EE
valve l'todêl. - CE

Valves / corner (EtlcE)
Valve Lift - BE
Valve Lif,t - CE
Va]-ve Líft å¡ea - l¡E
va].vê l¡ift À¡ea - CE

.âPI Inlêt V1v Ve]- Avg.
Flange Gas Load - I
Flaage Gas Load - C

tdax. ÀIlow. Gas &oad
Conbin€d Rod Load - T
Cotined Rod Load - C

¡{ex Àllow Rod Load
Recip. lleight ß :rED Pin
8åversa]' G XED Pin

eL2203 B.AÎ,ÀÌ,¡CE

PSrG 450.0
PSIG 495.0

. Acr./rNsÀcE/o.0o l¡A/
EP 3L4.7

0.00
6rt.56
0.00

90. ?6
45.38
14.50
1¿.50
0.00

.0

.0
00
.0
o0
00
00
00
00
o0
00
00
.0
00
00
.0

0
0

0.
0

0.
0.
0.
0.
0.
0.
0.
0.

0

IN
IN

SQIN
SQIN

I'PM
IAF
lAF
I¡BE.
IAF
TiBl.
I¡BE.

¡.4
DEG

0.
0,

0

xþor
o/o

0 .000
0 .000
0.000
0 .000

0.0
0
0

60000
42942

-29381
60000
295 .0
160.0

PF67 ffiX PF48

\l



DRESSER-RâÌID cn5 FIELD Coûdp8nssoR PEREOAI'ANCE (DRSÍZE coDlraight 1996-2000 v1.3a)

PACKAGER: PROPÀK COù{PRESSION
LOCAEION: Ea:drurg (2'6, , Illbert'a

I Opti-t¡å Engineers
90. å,1r. (rrl

DAEE: oct 2, 2OOO
FILE: 940,t1-420.D48 r 5r

C,ã¡C BI: it.Saxing€r
: 2500. ¡ltú ( PSIA) : L9.42

.jOBIREF : åpache Canada
i'OBSIEE: rúE (F)
R€f. Pr€8surs ( PsIÀ)
COMPAESSOR: FTåEê

......Calê RPM

DRTVER: ryPê

Itêf . 8@P. (P) : 60.
stroke (IN): 6.0
Max RPM : 1200.0

Rod Dia(rN): 2.500
Cool.cr (BP): 58.0

1r¡.70
6 EOS ¡1

1200.0
ea3 EnEinê AvaLl (EP) : 14?8.0 Model: 7O42Gr¿

Stage Nr¡Eber
Gas
Dr1' Ges }!ol. lleight
Dry Gas SPec. Gravity
cÞlcv g Lr.7/60
llwg. |ÍarÍ.. E:q)on. (K)
Awg. Vol . E¡qton. (N)
Gas Crlt. E€qtêratl¡le
Gas Crit. Pressure
Z Stand¿rd
Z SucÈion
Z Discharge
Inlet ![€q)êrature
In1st Press. G CYI Ffg
Interståg€ Press. DroP
Dísch. Press. G Cyl' Flg
Satio of, Compression
Àdiabatic Discb.|ÍenP.
Est. Àctual Dlsch. IenP
stg. Piston Displ.
Stg, Inlet CapacitY
CåPÀCIIY ACTOAIJ llE[
C;APACITY AC:FITåÍJ DRY

TOTå¡ COMPRESSOR POI{ER

PSIA

F
PSfG

t
PSIG

F
E{

cEll
ACFM

M!4SCtÐ
¡,ûdscFf)

gP

1
¡¡atural

1?.958

198.78
1 .561

165.35
198. 35
715.9
647.2
7.97
7.90

]-204.16

2
Natural

17.958
0.620
L.241
1.251
1.259

37L.286
6?2.998

0. 998
o.977
0.978

120.00
195. 07

1.50
5¿3.38
2.671

249.L4
267.68

570.2
425.1
1.96
7.90

3
Natural.

17 - 958
0. 620
L.287
L.276
L.294

37L.286
672.998

0. 998
0. 939
0. 9¡l?

120.00
535 .03

1.00
t2t2.OO

2.234
229.99
24t.L4

215.2
154. I
7.92
7 .90

Ps (].ine)= 125 pslg
Pd (line)= 1200 Psig

Curve 7
620
2A7
263
260

0.
1.
1.
1.

37L.286
672.998

0.998
0.98¿
0.983

110. O0
L22.SO

1.75

R

\
stage nr¡¡ber at (EE/CE)
Fra¡e Ext,/Cyl . Bore
Cylinder Pattelr¡
RDP
!'fÀlÍP
cl'l . Àction/EE Rod Dia.
Brake power / cylinder
El Disct¡. VoI. Ef,f.
CE Discl¡. VoI . Eff,.
EE InI.êt VoI. Eff.
CE Inl.ot vol. Ef,f.
Avg. Inlet Vol. Eff.
EE Cleara¡rce Reqd.
EE Clearå¡¡ce !lin.
EE Pockêt OPen
Eg Cl€ara¡lce Added
CE Clearance Reqd.
CE Clearance ùlin.
cE C:'earar¡ce .Èdded
Valve ¡4odê1 - EE
Valve llodel - CE
Valves / cotne= (EElcE)
Valva LifÈ - EE
Va:.ve T.if,t - CE

Valve l¡lfÈ Area - EE
valvo l¿ift Ârêa - CE

ÀPI fnlet V].v VêI Avg.
t'lang€ Gas Load - :l
Flange Gas Load - C

tdax. Àllott. Gag Load
CoÉined Rod l¡oad - |l
Coùined Rod Load - ê
Max Àalow Rod Load
Eeci¡r. tf€ight C :GD Pin
R€vêrsal e xsD Pin

LlL olo 2/2
s/rN 1/1s.ooo 3/10.000 2/ 9.s00

cL2203
PSIG ¡¡50 . O

PsIc ¿t95.0
Acr. /rNsAcE/o.00

EP 273.5

0.0
0.0

o. o0
0.0

0.00
0.00
0. o0
o. o0
0.00
0.00
0. o0
0.00

¡1A/

t
t
t
t
$
t
t
*

IN3
t
t

IN3

BAI.A}¡CE G12199
1150. 0
1265. 0

DA/o.00
493.2
3¡l .¡¡0
3.1 .02
?5.06
7A.23
14.65
17.10
1?.10

o .00
0.0

17.80
17.80

0.0
PF48
Pr48
2/2

0.080
0.080
5. 6¿0
5. 640

7279.6
22022

-25641
60000
33515

-322Lt
60000
362. 0
170. 0

3/3
4/ 6.000

G12196
1?50.0
1925. 0

DÀ/0.00
381. ¡¡

39.70
37 -34
73.92
69.52
7L.72
24.80
2¿.80
0.00
0.0

29.90
29.90

0.0
PF¿8
ÞFl¡8
L/L

0. o80
0.080
5. 640
5. 6¿0

5¡193. 6
13191

-2L761
60000
24650

-27664
60000
295.0
160.0

IN
IN

sgrN
SQIN

FPM
LBF
I¡BF
l¡BF
LAF
T,BF
ûaF

ÎJB
DEG

0.00
63. ¿tB

o. 00
90. 41
45.2L
1r¡. 50
14. 50
0.00
0.0

t4.20
L4.20

0.0
PF67
PF6?
2/2

0 .080
0 .080

10. ¡[20
10. ¿20

1003¿ .2
12504
-601

60000
52093

-3568¿
60000
362.O
180.0

0.0
0.00
0.00
0.0

tcp(x
:ocffi
0/0

0.000
0.000
0.000
0 .000

0.0
0
0

60000
a2942

-29381
60000
295.0
150.0



DRESSER-RIA!¡D GAs FrEr.D coù{pREssoB pEnE'oR¡aNcE (DRsrzE copyright 1996-2000 lxl .3a)

P:ACK¡GER: PROPåX COMPRESSION
t.oCiAEIOli¡: EaDburg 12'61 , Alberta
,tOB/REr : åPach€ Can¡da / o¡ltina E¡rEineers
itOASlrE : ¡nb Í (F) : 90. åIt' (8"[)

Ref. PressuEê ( PgIÀ) : 1{.?0 Ref,. Be¡¡P' (f)
CoMPRESSOR: Fra¡¡a : 6 EOS ¡¡ Sttoke (IN)

......C¡l.c RÞM : 1200.0 Ma:ß RPM

DRWER! EIPÇ ! Gas Enginc âvail (EP)

DA'!E: Oct 2' 2OOO

FIÍ,E: 940¡l-420.Dtrll n 4tr
CALC BI: il.Saxl'nger
2500. At¡ ( PSIA) i 13.42

60.
6.0 nod DLa(IN): 2.500

1200.0 Cool'êr (EP, t 58.0
L{7A.0 Model: 7O42eI'

Stågê Nr¡úer
Gas
Dry Gas Mo].. vfaight
Dry Gas SPoc. Gravity
Çplcv e L4.7/6O
Avg. l!êBP. E¡qton. (K)
Avg. Vol. E¡q)o¡. (N)

Gas Crít. feqrerature
Gas Crit. Pressu!ê
z Standård
Z Suction
z Disclrarge
Inlet l[oúPerature
Inlet Pregs. ß CYf Flg
Intelstage Pre33. DroP
Disch. Prê33. G Cf'l F]-g
Râtio of ComPression
lldiabatic Disch. TemP.
Est. Àctua1 Disch. TenP
Stg. Piston DisPl.
stg. InI.êt CaPacitY
cÀPÀcrrr .Èc:rgAr. wET

CÀPACITY ÀCTTIAI, DRY

TO[A¡, COMPRESSOR PO9IER

R
PSIÀ

BSIG

PSIC

F
F

cE.}l
ÀcEt{

MM!'CID
!,lMscEn

EP

1
Natural

17.958
0.620
L.287
1 .261
1 .259

31L.286
6?2.998

0.998
0.987
0.986

110.00
98.00
1.75

164.33
1 .595

16?.89
20L.47
715. 9
543.8

6. ¿8
6.41

10?4.50

2
Natural

17.958
o.620
L.281
1.255
L.256

37L.286
672.998

0.998
o.981
0.982

120.00
161.21

1.50
479.38
2.A22

256.02
275.63

570.2
¿1¿. 6

6.41
6. rt1

3
Naturel

17. 958
o. 620
L.281
L.272
1.288

37L.2A6
672. 998

o. 998
o. 946
0.955

120 . O0
4?1 .99

1 .00
L2t2.OO

2.525

Pg (Iine)= 100 Psig
Pd (].ine)= 1200 psig

Cu!'t¡€ 7

F

t

246.78
2s9.45

2t5.2
1¡13.0

6.43
6 ¡11

{
f,

:

:.

i.

.

i:

il

É
,ll

':

ìì

f¡

stage nr¡mbe¡ at (IrE/cE)
Framê Ext/CYI. Bore
Cylinder Pattern
RDP
!,'AWP
C¡'1. Action/æ nod oia.
Brake power / cYtl-nder
EE Disch. Vo].. Eff.
CE Disctr. Vol. Eff.
EE Inaet Vol. Eff.
CE Inl-êt Vol. Ef,f.
Avg. In].et Vol. Eff-
EE Clearance Reqd.
EE Clearance !tin'
EE Pocket oPen
tÎn Clearancê Àdded
CE Clêarancê Reqd.
cE clearance Min.
CE Clearå¡rce Àdded
Valve Model - EE
valw6 l{odel - CE

valwes / Corner (BElcE)
Valwe l,t ft - EE
Valwe Lift - CE

Valwe Lift â¡€a - EE

Valve Lifg Alea - CE

å.P! Inlet VIv Vel Awg.
Flange Cas Load - r
Flange Cas Load - C

t{ax. Àl1or. Gas Load
Coubined Rod load - E

Conbined Rod toad - C

Dlax Âllow Rod f.oad
RÊêÍP. tteight G lED Pin
Rsversaf- G tfÐ Pin

Llt olo 2/2
#/rN 1/1s.ooo 3/1o.o0o 2/ 9.500

GL2203 EAr.AllcE G12199
PSIG 450.0
PSIG ¡I95.0

À,ct./NsÀcE/0.O0 lrA/0
EP 231.8

0.00 0.00
62.05 0.00

0. o0 0.00

1150.0
126s.0

DA/o.00
425.5
32 .03
31.63
73.1¿
72.24
72.69
17 .10
17 .10
o.00
0.0

17 .80
17.80

0.0
PF¿8
PF48
2/2

0.080
0.080
s. 6¿0
5.640

7279.6
20199

-23343
60000
33742

-30619
60000
362.0
170.0

3/3
4/ 6.000

c12196
1?50.0
1925.0

DÀ/0.00
360 .5
33.56
30.95
68.87
63. 51
66.19
24.80
24.80
0.00
0.0

0.0

0.0
0.0
.00

0.0
0
0

t
t
t
t
t
t
c
t

IN3
t
t

IN3

89.93
¡14.96
1¡1 .50
14.50

0.0
t4.20
t4.20

0.0
PF6?
PE'67
2/2

0 .080
o .080

10.420
to.420

1003¿.2
1091¡¡

-481
60000
s22L4

-35339
60000
362.0
1?5 .0

0.00
0.00
0 .00
0.00
0.00
0.0

0.00
0.00

o00

90
90

29
29

0.00.0

TN
IN

SQIN
sQrN

FPM
taF
LBF
I¡BF
IAF
IAF
¡,BF

I,B
DEG

:cþor
¡cKEl(

olo
0.000
0.000
o.000
0.000

PF48
PF/¡8
LIL

0.080
0.080
5.640
5.640

5{93.6
L1974

-23240
60000
22949

-25185
60000
295. O

160. O

60000
42942

-29381
60000
295.0
160.0



DnES9ER-RIND Gâ5 FrEID Cor.rpnEssoR DERETORIdAI{CE (DRSIZE (:oPllright 1996-2000 vt.3a)

COÈ'TPRESSION DArE: Oct 2' 20OO

(2-6, , Alberta FII'E: 9¿04-1120'DA! tr 3n

Ca¡¡ada / opti-Eå Englneers cåI.c BY: it'saxinger
(F) , Þ0. Àlt. (r8) ¡ 2500. At¡ô ( PSIA) ; L3'42
PglA) : 1¡t.?0 Ref,. AoP. (F): 60.

: 6 los l¡ staoke (rN): 6.0 Rod Dia(IN): 2'500
ÞM : 1200.0 Måx aPM : 1200.0 coo].ct (BP) ! 58'O

: Gaa Enginc Àvail (EP) z Lt78.0 !{ode]': 7O42GT'

PACKAGER3 PROPåß
IOCjAMON: Eålburg
.tOB/nE!. : â¡raahe
.IOBSITE : AnÈl T
8åf. Preslu¡c (

COÛ'IPRESSOR: Fråae
... " 'Calc

DRN¡ER: ry'Pê

Stagê Nuúer
Gat
DLa' cas ldol. lfeíght
Drl' Gas SPêc. Gravity
cÞlcv g L4.7l6O
Àvg. llen¡r. E:(tton. (ß)
Avg. Vol. E:çon. (N)

Gas Crit. feq)erature
Gas Crit. Pressulê
Z Standard
Z Suction
Z Discharge
rnl€t Ea'dE€ratur€
Inlet Pre33. @ Cyl FIE
fnterstaEe Press. DroP
Disch. Pres3. G CX'1 ffg
Satl'o of CoraPresslon
Àdial¡atLc Dísch. TenP.
Est. Actual Disch. TenP
Stg. Piston DisPl.
Stg. Inlet CaPacity
cÀPACrrr ¡\c1"0A', wEtr
CAPACITY ÀC$'AJJ DRY
frþrÀI. CoMPRESSOR POVIER

PSI.A

E,

PSIG
t

PSIC

t'r
cEll

ACFM
MI{SCED
lrltscED

EP

1
Natural.

17.958
0.620
1.287
t.260
1.258

371 .286
612.999

0.998
0.990
0.989

110.00
73.50

1. ?5
t29.67
1.646

L77.66
206.L2
715.9
638.6
5.00
4. 93

925.47

2
Natural

1?.958
0.620
L.28?
L.252
1.253

37L.286
612.994

0.998
0.98s
0.985

120.00
127.L6

1.50
4L4.22
3.0¡t2

265.34
286.33

s10.2
398.5
4.99
¿.93

3
Natural

17. 9s8
0. 620
L.281
t.261
1.283

37L.286
672.998

o. 998
0. 9s3
0. 963

120.00
{0?.81

1 .00
7212.00

2.909
266.34
281 .35

2L5.2
L27.7
4.95
4 .93

Ps (line)= ?5 psig
Pd (Iina)= 1200 PsiE

Curve ?

R

\ stagê nunber at (EE/CE)
Franê Ext/cyt. Bore
Cylinder Pattern
NDP
IñTIP
C1'1. Àction,/æ nod Oia.
Erake pogter / cI'Under
EE Disch. vol. Ef,f.
CE Disch. Vol. Eff.
E Inlet Vol. Eff.
CE Inlet Vol. Eff.
Avg. Inlet vol. Eff.
EE Clearance Reqd.
EE Clearance Min.
tf¡! Pocket Opên
EE cIêara¡ce Àdded
CE Cl-€ara¡ltce Regd.
CE Clêara¡¡ce Min.
CE C1earance Àdded
Valve llodel - EE
Valve Modêl - CE

Va]-ves / corner (E/cE)
Valve Lift - EE
Valv€ Lift - CE
Valve f,ift Atea - EE
VaIv€ Í¡ift ârea - CE

ÀPl Intet vlv vsl Avg.
Flange Gas Load - E
Flange Gag aoad - C
túax. âIlow. Gas Load
coEbined Rod l.oad - !!
CoóLned Rod lload - c
l{ar Allow lfod Loed
aeaig. lÍeight G XaD Pin
Râ\¡erÉal. G xÞ Pln

tlL olo 2/2
f+/rN 1/15.ooo 3/10.ooo 2/ 9.soo

GL22O3 B,ALA¡¡CE G12199
PSIG 450.0 0.0 1150. O

PSIG ¿¡95 . O 0. O 1265. O

Àct../rNsAcE/o.oo ¡rA/0.00 DAlo.0o
EP 189. ¡[ 0. O 354.2

3/3
4/ 6.000

c12196
1750. o
1925. O

DA/o.00
325.1
21.L2
24.24

0.00
60.01
0.00

89.20
¡t¡t. 60
14.50
14. 50

0. 00
0.0

L4.20
L4.20

0.0
PF6?
Pî67
212

0.080
0.080

10..¡20
10.420

1003¡t .2
92A9
-361

60000
s2334

-3499{
60000
362.0
1?5.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.o

0.00
0.00
o.o

:oaþ(
XKET

o/o
0.0Q0
0.000
0.000
o.000

28 .95
28.54
?0 .3?
69 .3?
69 .8?
17 .10
17 .10
0.00
0.o

17 .80
17.80

p.0
PF¿8
PF48
212

0. 080
0. 080
5.640
5.6tlO

7279.6
18314

-20972
60000
3{304

-29L64
60000
362. O
1s5. O

t
t
t
t
t
t
t
I

I¡I3
$
t

TN3

IN
IN

SQ¡N
sorN

FPM
TJBF

1,BF
IAF
I.BI'
I.BI'
I¡BF
I'B

DEG

.3562

60000
t2942

-29381
60000
295. o
160. o

55. ?3
59.04
24.80
24.80
0.00
0.0

29. 90
29.90

0.0
PE'¡¡8
ÞF¡¡8
LIL

0.080
0 .080
5.640
5.6ttO

5493.6
16789

-24740
60000
27261

-22666
60000
295. O

1¿5. O

0.o
o
o



DRESSER-RA¡¡D GeS FrEÛD COMPRESSOR PERTOR¡4¡ICE (DRSIZE coPfrlLghe 1996-2000 v1'3a)

PÀCKAGE8: PROPåK COMPRESSION
locAaION: narburg (2-6)
,toB/REF : Àpachê Ca¡rada
iIOBSIIE: ânb! (Fl
Rsf. Prc¡¡u¡c ( PsfA)
COMPnESSOR: FraBe

......Cål.c RPM

DR|ñTER: Ð'P€

, åJ.berta
/ optf¡¡a Engfneera

DATE: Oct 2, 2OO0
FILE: 9¿04-¿20.DAr

C,A¡¡C BY: dt.SaxinEer
2500. Àtû ( PsIÀ):

60.
6.0 Rod Dta(IN) :

1200.0 Cooler (EP) ¡

: 90.
: 1¡l .?0
:68O3{l
:1200.0
: Gas Engine

A1r. (Fr) :
R6f . Ee8P. (E.):

stroke (rN):
Ma:r RPM !

rsil

7.3.42

2.500
58.0

Àvai]. (EP) : 1¡l?8.0 ldodcl: 7O42e\

Stage Nt¡¡ber
Ger
Dry Gas trlol. ltet'ght
Dry Gas Spec. GrawitY
cÞlcv e L4.7/60
åvg. EeEIt. E:.Pon. (K)
Avg. Vol. E¡qron. (N)

Gas Crit. Ieqtêraturê
Gas Crit. Prêgsure
z standård
Z Suctiorr
Z Discharge
Inlêt T€úperature
Inl€t Pre33. Q CYI !.lg
Int€rstag€ Press. DroP
Digcl¡. Pre33. G Cf'f Ffg
Ratio of, ConPrêssior¡
Àdiabatic Disch. TeúP.
Est. ¡lctual Disch. llenP
Stg. Piston DisPl.
stg. Xn].et CaPacity
CÀPÀCITY ACTI'A¡ WET

CAPACIIY åCrItAf¡ DRY

TOTÀTJ COMPRESSOR POI{ER

R
PSü\

r
PSIC

t
PSIG

F
I.

cEll
ACFM

MMSCEÐ
r.tMstcFD

HP

I
Natura].

17.958
0. 620
L.281
L.260
1.258

37L.286
672.998

0. 998
0. 98¡t
0. 983

110. O0
t22.50

1. ?5
263.44
2.O31

199. 96
22L.46
L452.2
119.9

9. 61
9.52

1393.18

2
Natura¡.

17.958
0.620
L.287
L.263
1 .26¡¡

371.286
672.998

0.998
0.970
0.9?1

120.00
258. 60

1. 50
611.32
2.291

229.4L
2t6.24

570.2
389. 6

9.58
9.52

3
NaËuraI

17.958
o.620
L.287
1.280
1.299

31L.286
672,998

o. 998
o.932
0.939

120.00
601.9s

1.00
1212 .00

1.991
21¿.19
224.22
2t5 .2
164.9

9.54
9.52

Ps (line¡= 125 Psig
Pd (line)= 1200 Psig

Cu¡.ve 6

stage number at (SE,/CE)
Fra.De Ext/cyl. Bore
Cylínder Pattern
RDP
¡{AÌIP
cyl. Àction/æ Rod oia-
Brake power / CYlinder
EE Disch. Vol. Eff.
CE Disch. Vol. Eff.
EE Inlet Vol. Ef,f.
CE fnlet Vol. Eff.
Àvg. Inl.et Vol. Eff.
EE Cleara¡¡ce Reqd.
EE ClearancE l4in.
EE Pocket Open
EE Clearance âdded
CE Clearancê Reqd.
CE Clearance Min.
CE Clearance Added
Valve ¡lodêl - EE
Valve ldodêl - CE

valwes / Corner (E/cE)
Va1ve LifÈ - m
Valwe Lift, - cE
Valve Lift Àrea - EE
V¡lve l¡Lft À¡ea - CE

ÀPI Inl-êt Vlv Vel Avg.
F1enge Gag Load - lr
Flarrge Ga3 toad - C

Mar. Al¡.ow. Gas Load
Coùined Rod f.oad - ?!

coüblnêd Rod load - C

Marß All-ort Rod Load
Recip. lfeigtrt G fãD Pin
R€vêrsal G XaD Pin

L/L olo 2/2 3/3
#/rN 1/15.000 3/10 .0oo 2/ 9.s00 ¿./ 6.000

G12203 BAr.åNCE C12199 G12196

¡rcr. /rN DÀ/0.
EP 446

13

PSIG ¿I5O. O

Psrc 495.0

48.38
23.11
85.18

0.0
0.0

¡rA/0.00
0.0

0.00
0.00
0. o0
0.00
0. o0
0. o0
o.00
0. 00
0.0

0.00
0.00
0.0

:rxxr
XICEK
0/o

0 .000
0 .000
0 .000
0.000

11s0. O

1265.0
DA./o.00

¡99.5
30.20
¿0.98
58 .30
?9.10
68.70
40.15
1? .10
25.00

PF¡T8
PE.¿8
212

0.080
o. o80
s.6{0
s. 6¿O

7279.6
22001

-2627L
60000
27223

-3Å2L7
60000
362. O

170. O

1750.0
1925 .0

DAlo.00
390.8
46. 0¿
¿3. 95
78.24
74.61
16.46
24 -AO
2A.AO

0-00
0.0

29.90
29.90

0.0
PE.¿¡8

PF48
L/t

0.080
0.080
5.640
5.640

s{93. 6
11299

-20204
60000
26¿58

-29861
60000
295"O
155.0

00
.2
L2

5¡1 .14
95.80
14.50

100. o0
98.0

17 .80
17.80

o.o

IN3
t
t

IN3

0.0
0
0

TN
IN

SQIN
sQrN

FPM
I¡BF
l¡BF
LBF
I;BF
IJBF
I¡BF

LA
DEG

862.0
L4.20
L4.20

0.0
Pr67
PF67
2/2

0.080
0 .080

10. ¿20
10. {20

1003¿.2
236L3

-25508
60000
21L81

-35057
60000
362.0
175.0

¡*

\:

60000
42942

-29381
60000
295.0
160.0



DRE8SER-Rã¡ID GAs FIELD coMDREssoR DERroa¡{AltcE (DRsrzE coFytlght 1996-2000 v1.3e)

rl PACKTGER: PROPàß COMPRESSTO}T
l,oCiÀlION: Eanburg (2'61 , Àlberta
.toB./REF : Apache Canada / qplina Engineers
.ÍOBSITE : rnb !! (F) : 9O. Aft. (F!)
RÊf . Prêssure ( PSIA) : 1¡l .70 Ref . reu¡r. (F)
COû'IPRESSOR: Frane : 6 EOS 4 Stroke (IN)

......C41c RÞM : 1200.0 !!ax RPM

DRrVER: Ð,I'€ : Ga3 Engi.ne lwail (EP)

DAIE: OcÈ 2, 2O0O
FILE: 940¡l-42O.DAll ' ¿tr

CiAI¡C BT: it.Saxinger
¡ 2500. Àtû ( PSIà): L3.t2
: 60.
: 6.0 Rod Dia(rN): 2.500
: 1200.0 Coolet (EP): 58.0
: 1¡l?8 , 0 Moda.I-: 7042ef,

Stag6 Nuúer
Gas
Dry Gas !dol. lfeight,
D:lal Cas Spec. Gravity
Çp/cv e 14.7/60
Avg. T€D¡t. E:q)on. (K)
Avg. Vo].. Ex¡lon. (N)
Gas Crit. ll€q)ereture
Gas Crit. Pressure
z Standård
z Suction
Z Discharge
fnlet lfeogarature
rnleÈ Press. C cyl rlg
Interstage Presg. DroP
Dlsch. Pr€ss. G Cf'f Flg
nåtio of, Conpression
ediabatic Disch.ilenp.
Est. Actual Disch. :lenp
stg. Piston Displ..
Stg. InLet Capacity
CAP¡ICITI ACTUÀÍ. I{EI
cÀPÀcr|tr ÀcruAf. DRY
rOTÀ¡ COMPRESSOR PO!{ER

I
Natural

17.958
0.620
L.287
1.258
1.256

31L.2A6
672.994

0 .998
0.987

2
Natural

17.958
0.620
L.287
L.260
L.26L

31L.286
672.998

0.998
0.9?5
o.976

120.00
2L2.59

1.50
530.08
2.¡¡05

234.9L
252.7L
s10.2

64
58

3
Natural

1?.95S
0.620
L.287
L.275
L.292

37L.286
672.998

Ps (11ne)= 100 Psig
Pd (l.íne)= 1200 Psig

Cu¡¡¡c 6

R
PSIA

E'

PSIG
t

PSIG

l'
f.

cElt
Àcllt

MMSCED
MMSCED

EP

0 .985
110. 00

98. 00
1. 75

2L6.6L
2.065

201. 3s
223- 63
L452.2
762.L

', .67
?.58

t222.27

0. 998
0. 941
0.949

120.00
521.93

1.00
1212.00

2.289
233.31
244.13
2L5.2
152 .5

?. 61
? .58

37
7
1

6.2

¿¡{

stage nu¡be¡ at (EE/CE)
E"raEe Ext/Cyt. Bore
Cylinder Pattêrn
RDP
MÈIIP
C¡'I. Action/EE Rod Dia.
Brake porter ,/ c¡'linder
EE Disct¡. Vol. Eff.
CE Disê!¡. vol. Ef,f.
EE rnlet Vol. Eff.
CE Inlet Vol. Eff.
Àvg. InI-€t Vol. Eff.
EE Cl€arance Reqd.
EE clêaraace Min.
E Pochet Open
EE Cl€arance Àdded
CE Clearance Regd.
CE Clearancê !fin.
CE Clearance Àdded
Velvê ldodet - EE
Va1ve l{odel - CE
Valves / Corner (BElcE)
valvê LifÈ - EE
Va].we f¿if,t - CE
Valve f¡ift å¡ea - EE
Valve l¡1ft Àr€a - CE
.âPI InI€t Vlv Vel. Àvg.
Flang€ Gas l,oad - |[
F1ange Gas toad - C

Mart. Àllow. Gas &oad
Coubined Rod Load - l!
ConbLned Rod f,oad - C

Max tllow Rod Load
8ecip. wêight 0 xsD Pin
8årrêrsaa G XID Pin

LlL OIO 2/2 3/3
*/fñ t/L'.OO0 3/10.o0o 2/ 9.s00 4./ 6.O00

GL2203 Bår.AÌ¡CE G12199 G12196
PSIG d50.0 0
PSrG 495.0 0

Àcr./rN DÀ/0.00 NA/o.

1150.0 1750.0
1265.0 1925

DAlo.00 DÀ/0.
422.6
27.48
38 .69
55.13
77.62
66.3?
¡10.15
17-10
25.00

98.0
1? .80
17 .80

0.0
PEr¡8
Pr48
2/2

0.080
0.080
5. 6¿0
5. 6¿0

7279.6
19903

-23548
60000
29220

-32897
60000
362.0
165.0

3?8o

.0

.o
00
.0
00
00
00
00
00

,0
00
.0
44

EP
t
t
t
t
t
t
t
s

TN3
t
t

IN3

36¡¡ .9
11. 8t¡
41.6L
21. 08
8¡1 .78

0 .00
0 .00
0 .00
o.0

0.00
0 .00
o.0

:orxx
tcþg
o/o

Pr67
PF67
2/2

0.080
0.080

LO.tL20
10.420

1003¡¡.2
1989?

-2444L
60000
31253

-3{{{6
60000
362 .0
180 .0

38
36.03
72 .96
68 .38
70 .61
24.80
24.80

0 .00
0.0

29.90
29. 90

0.0
PE'48
PF{8
LIL

o. o80
o. o80
5. 6¡¡0
s. 6¿o

5¡¡93. 6
13562

-22073
60000
24297

-27Ltg
60000
295. O

160.0

090
o00
o00
o00
o.0

o
0

0
0
0
0
0

o.
o.
o.
0.

52. 93
95. 80
14. 50

100. 00
862 .0
L4.20
L4.20

0.0

TN
TN

SQIN
SQIN

E.PM

LAF
tBE'
LBF
LBE
I¡BF
LBE'

LB
DEG

60000
42942

-29381
60000
295.0
160.0



DRESSER-R;A¡|D cAS FXEI¡D CO{pRESSOR PERFOR!'ÍAI|CE (DRSIZE coPyright 1996-2000 Vl .34)

PåCKAGER:
ra¡ciÀr¡IoN:
.'OB/REF :
jIOBSIIIE :

PROPåK COMPRESSION
Banburg 12-61, åJlcerta
À¡rache Canada

ÀEb I (F)
/ qptila Engineere
: 9O. A:.t. (FI) :

: 14.70 Rsf,. Ten¡r. (F):
: 6 EOS 4 Stroke (IN):
: 1200.0 li!a¡( RPM !
: Gaa Engine Àvail (EP) :

DTIIE: Oct 2' 2OOO
FIIE: 9¡10¡l-¿20.D:AE r 3il

C.A¡¡c Bt: it.Saxinger
2500. Àtú ( PsIÀ): 13.{2

60.
6.0 Rod Dia(IN) : 2.500

1200.0 Coo1êr (FP): 58.0
1¡¡78.0 Model:7Oâ2GI'

Raf. Pre¡¡u¡c ( Psrâ)
COMPRESSOR: Fråüe

......C41c RPM
DRTVER: Iþê

Stage Nunber
Gag
Dry Gas t{ol. tÍeight
Dry Ga3 Spee. GravitY
Çplcv e L4.7l6o
.evg. lten¡r, E:q)on. (K)
¡[vg. vol. Erçon. (N]
Gag Crit. Têq)eraÈure
Gas C!lt. Prêssure
Z Standard
Z Suction
Z Discharge
tnlet Ieqrerature
Inlet Prees. € CYt' FJ.g
t¡rtêrstagiê Press. DroP
Disch. Press. G CI'J' Fl.g
Ratio of, ConPression
ãdial¡atic Disch. 8êDP.
Est. åctua]. Disch. TenP
Stg. ?iston DisPl.
Stg. rnJ.et CaPacitY
CåPACIrI ACTUAL I{Ef
CAP¡|CIIY ACETTÀÍ, DRY

:[OT¡II. COMPRESSOR PO¡ÍER

PSlA

PSIG

PSIG

F
t¡l

cEl.{
ÀcE:¡'f

¡'û,rsctD
fll}lsClD

BP

1
Neture]-

17.958
0.620
L,2A1
L.257
1.255

371 .286
6?2.998

0.998
0.990
0.989

110.00
73. 50

1.75
169. 59
2.LO6

203.54
226.94
L452.2
736.0
5.76
s. 68

102?. 68

2
Netural

17.9s8
o.620
t.287
1.256
1.2s7

37L.286
672.994

o.998
o.980
0.981

120.00
166.38

1.50
447.63
2.564

242.83
267.A7
570.2
356.7

5.73
5. 68

3
Natural

1?.958
0.520
L.287
L.269
L.286

37L.286
672.994

o. 998
o. 950
0. 959

120.00
440.72

1.00
L2L2.OO

2.698
255. 95
269.63
2L5.2
136.0
5.70
s.68

Ps (liae)= 75 Psig
Pd (line)= 1200 Psig

Curl¡e 6

R

F

t

'î,-'{
Stage nunber at (HElcE)
Fraûe Ext/Cyl. sore
Cylinder Pattern
RDP PSIG
tiff,lfP PSrG
cÏt. Ãction./gE Rod Dia. Àct../IN
Bralse por^ter / cYlinder EP

EE Disct¡. vol. Ef,f. *
CE DiscÌ¡. Vo].. Ef,f. t
EE Inlet Vol. Eff. t
cE rnl€t Vol. Eff,. t
åvg. tnlet Vol. Eff. t
EE Clearance Reqd. t
EE Clearance Min. t
EE Pocket O¡ren t
8E Clêara¡ce Added IN3
CE Clea¡ance Reqd. t
CE Clearance Min. t
CE Clearance Àdded IN3
Valwe ¡{od€I - EE
Valwe l{odel - CE

valvês / Co¡ner (EElcE)
Valvo ¡,íft - EE IN
Valve l¡ift - CE IN
Valw€ ÛIft À¡ea - EE SQIN
VaIvê ú1ft A¡ea - CE SQIN
å^PI Inlêt Vlv Vel. Avg. FPM

Flange Gas Load - !8 I¡BE'

8l-ange Gag Load - C l¡BE'

tlax. ÀIlow. Cas toad LBE'

Coùined Rod Load - !! f,EE'

Codtin€d Rod l¡oad - C l.lF
l.tax å].low Rod l.oad IAE
Racip. I{eight e xED Pín IrB
Råversal G fED Pl.n DEe

LlL OlO 2/2
ItlrN 1/1s.OOO 3/1O.OOO 2/ 9.500 4/

eL2203
450 .0
{95.0

DA/o.00
283.4
10.00
46.52
18.11
84.18
51.15
95. 80
14.50

100.00
862 .0
L4.20
1¡t.20

o.0
PE.67
PE67
2/2

o. o80
o. o80

10. ¿20
10. ¿20

1003¡¡.2
161{8

-173¡¡1
60000
3535¿

-33826
60000
362.O
1?5.0

BLI.A¡¡CE
o.0
0.0

NA/o. 00
o.o

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.0

0.00
0.00
o.o

¡ooo<
:ocx¡t
olo

o.000
o.000
0.o00
o.000

o.o
o
o

60000
42942

-29381
60000
295. O

160. O

e12199
1150 .0
1265 . O

DÀ/0. 00
342.3
23.90
35. 68
50. 5¡¡
75.47
63. 00
¿¡0. 15
1?.10
25. 00

98. O

17.80
1?.80

o.o
PE /t8
PE'¿t8

212
o. o80
o. o80
5.640
5. 6{0

7279.6
1?738

-20752
60000
3t9t2

-311?9
60000
362. O

170. O

3/3
6.000

G12196
17s0. o
1925. O

DA/o.00
3¿5.2
30.45
27.1L
65. 91
59. 9?
62.94
24.80
2rr.80

o.00
0.0

29.90
29. 90

o.o
PE'¿8

'/

PE'¡[8
LIL

0 .080
0.080
5.6¿0
5.6¡¡O

5a93.6
158s8

-2397t
60000
22t25

-23957
60000
toR fi

150. O



DRESSER-RAÌ|D cA¡¡ rIELD COTPRTSSOR PERI'OBIANCE (DRSIZE copyright 1996-2000 Vl .3a)

PÀCKAGER:
tpciMroN:
JOB/BEF !

dIOBSI'IIE :

Rêf. Pressurc ( PsIÀ)
COtIPRESSOR: Frå¡oe

......Cale RPM
DRII'ER: $fp€

PROPåK CCS'PRESSION
Ea¡burg (2-61, ¡llberta
Ãpache Canada / Optj-ua EnEineers

åEb $ (r)

DAIIE: oct 2, 2OOO
FII¡E: 940{-(¡20.DÀ:! il lltr

CA&C Bl: dt.saxinger
2500. AtD ( PSIà) ¡ 13.¡12

60.
6.0 Rod Día(Il{): 2.500

1200.0 Coolêr (8F) ! 58.0
1¡¡78. 0 Model: 7O42CI,

90. A1r. (rr):
14.70 Ref,. BenP. (F) :

5 EOS 4 Stroke (IN):
1200.0 Max RPM ;
eas EngLne evatl (EP) :

Stag€ Nu¡ber
Gag
Dry Gas l{o1. lfeight
Drl' Gas Spec. Gravity
cÞlcv e L4.7l6O
¡[vg. :ÍeBp. E:q)on. (K]
Àwg. Vol. E¡q)on. (N)
Gac Crit. llemperature
Gas Crit. Pressure
z Standard
z suction
U Discharge
Inlst !€qreraturê
Inl'et Press. 0 Cyf flg
IDtôrståg€ Press. DroP
Disch. Preas. G Cf.l Flg
Ratio of, Compression
.ãdiabatic Disch. fenp.
Est. Actual Disch. EenP
StE. Piston Displ.
Stg. Inlet capacity
CåPACITY ACrIIA]: WEA

CÀPACXIY ACrgAtJ DRÏ
TOT¡ITJ COMPRESSOR POIIER

R
PSIA

PSIC

PSIC

l.
F

cn{
ACFM

MltsctD
lrMf¡c¡1)

UP

1
Natural

17.958
o.620
L.287
1.259
L.257

37L.286
672.998

o. 998
0.987
o.986

110.00
98.00
1.75

205. 11
1.961

19¿. 61
21,6.79
L452.2
a2L.2
8.27
8.1,7

131á. 82

2
lfatura]-

17.958
0.620
L-287
1.258
1-260

37L.286
672.998

0.998
o.9?6
o.977

120.00
20L.29

1.50
555.0?
2.644

248.08
266.45

570.2
427.4
a.24
8. 1?

3
Natural

1? .958
0.520
1.287
L.276
L.294

37L.286
672.998

0.998
0.938
o.9¡¡6

120. OO

546.5¡¡
1.00

L2L2.OO
2.188

227.L3
238 . O6

2L5.2
156.7
8.20
8.17

Ps (l.ine)= 100 Psig
Pd (Iine)= 1200 ¡rsig

Curve 5

F

t

,{'
iL1

Stage nu¡ber at (EEICE)
Frane Ext/Cyl. Bore
Cylinder Patterr¡
RDP
tatvP
Cl'].. Àction/BE Rod Dia.
Erak€ power / cylinder
EE Dísct¡. VoI. Ef,f.
CE Disch. Vol. Eff.
EE InI-êt Vol.. Eff,.
cE Inl€t vol. Eff.
Àvg. Inlet Vol. Eff.
E Clearance R€gd.
EE Clearå¡rce ldin.
EE Pocket Open
EE Clearance Àdded
CE Clearance Reqd.
CE Clearance Min.
CE Clearance àdded
Valwe l{odel - EE
Valve l{ode]. - CE
Valweg / Co¡nø¡ (EElcE)
V¡¡ve lift - BE
Va1ve I¡if,t - CE
valv€ &ift å¡ea - EE
velv€ I¡ift Area - CE
ÀPI Inlèt vlv Vêl Avg.
F1angê Gag Load - f
Flsngê Ges Load - C
Max. A1lor. Gac Load
Coúined Rod Load - :f
CoDbin€d Rôd Load - C

llax ållow Rod Ipad

LlL OlO
fl/rN 1/1s.ooo 3/1o.ooo 2/

ET22O3 BAI¡ÀNCE

2/2
9. s00

c12199
1150.0
126s. O

3/3
4/ 6.000

c12196
1750.0
1925.0

DÀ/0.00
383.9
¡¡0.81
38. ¡¡9
74.13
70 .49
72.6L
24 .80
2¿.80

0.00
0.0

PSTG
PSIG

.ãct../rN
SP
t
t
t
t
t
t
t
t

IN3
t
t

rN3

SQIN
FPM
I¡BF
¡.BF
LAF
LAF
LBF
LBF

450.0
495.0

DA/o.00
368.9
16. ¡!O

50.25
28.03
85.89
56. 96
95.80
14-50

0.0
0.0

lfA/o.00
o.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00
0.0

ffi
xEx:(
olo

0.000
0. o00
0.000
0.000

100.00
862.O
L4.20
1¡l .20

o.o
PF67
PE 6?
212

o.080
o.080

10.420
10. ¿20

1003¿ .2
L7922

-19¿10
60000
33285

-3¿¿¡¡0
60000
362 .0
180.0

DA/o.00
505. r¡

3¡1 .78
3¡t.41
75.35
7¿.5¡t
74.94
17.10
17.10
0.00
0.o

17 .80
17 .80

0.0
PI.48
PF¡l8

212
o. 080
0.080
5. 6¡tO
5. 640

7279.6
22352

-26065
60000
33531

-32509
60000
362. O

170. O

PFr¡8
PE.{8
LlL

0.080
0.080
5.640
5. 6(¡0

s¿93. 6
L2866

-2Le98
60000
2d961

-28118
60000
295. O

155.0

29.
29.

o

90
90
.0

rN
IN

SQIN

o .0
0
0

00006

Reci¡r. lfeighÈ g :GD Pin LB
8ênersal G fD Pin DEG

429t2
-29381

60000
295. O

160. O



DRESSER-RA¡¡D cAS I'IEf¡D co'tpREssoR DEREOR¡{A¡,¡CE (DRSÍZE coPyrigbt 1996-2000 Vl .3a)

PACKAGER: PROPÂß COMPNESSIO}¡
!óCATION: Eå¡burg 12-61 , Albêrta
aroB/REF : Àpaclre ca¡ladå / optf¡¡a EnEineers
,IOBSIEE : åù T (F) : 90. Àlt' (FI)
Râf . Paêgsure ( PSljA) '. t{.70 Ref ' re4¡' (E)

CoI{PRESSOR: Fraae : 6 EOS ¿ Stroke (IN)
......C41c RPM : 1200.0 !'tå:ß aPM

DRfvER: TJ¡P€ I Gae Enginc Àvail (EP)

DÀEE¡ Oct 2' 2OO0
I.ILE: 940¿t-{20.DAT Ú 3r

CÃ,I¡C BY: it.Sa:ßinger
: 2500. Atû ( PSIA): L3-42
¡ 60.
: 6.O Rod Dia(IN): 2.500
: 1200.0 Coo1er (EP) ¡ 58.0
: 1¡178.0 Model': 7Ot2C1'

Stagê Nunber
Gas
Dry Gas !{o1. tÍeight
Dry Gas Spec. GravitY
cÞlcv g L4.7l6O
Ilvg. fenp. E:(Pon. (ß)
Àvg. vol. Erçon. (N)

Gas Crit. feq)erature
Gas Crit. P¡esgure
Z Sta¡rdard
Z Suction
Z Dlscharge
Inlet Têqteratu!€
Inlet Pr€sr. G CYl' Flg
Intêrstag€ Press. DtoP
Disch. Press. g CYI fIE
Ratio of ComPression
.ãdiabatic Disch. TenP.
Est. Actual Disch. TemP

Stg. Piston DisP1.
Stg. Inlet CaPacity
CAPACIET ACSOAIT WEr
CåPÀCITT ACSUÀI, DRY
TOTAÍ, COMPRESSOR POI{ER

R
PSrÀ

PSIC

PSIG

E.
El

cru
Àcllf

¡ôrscFD
MM¡¡CFI)

EP

1
NaturaI-

17.958
0.620
L.287
L.257
L.256

37L.286
6?2.998

0.998
0.990
0.989

110.00
?3. 50

1. ?5
159. ¡11

1.988
196. 05
2L9.27
1^452.2
802.8
6.29
6. 19

1117.0¿

2
l{atural-

17 .9s8
o .620
L.287
1.255
1.256

37L.286
672.998

0 .998
0.981
0 .982

120.00
156.39

1. 50
¿l?0. 19
2.848

257.19
27 6.98
570.2
tL2.7
6.26
6. 19

3
Natural.

1?.958
0.620
L.287
L.27L
t.287

31L.2A6
6'72.998

0.998
0.9¡17
0.9s6

120.00
462.94

1.00
L2L2.OO

2.572
249.37
262.3L

2L5.2
141. 0
6.22
6.19

Pg (li.ne)= 75 psig
pd (l.ine)= 1200 pstg

Curve 5

E.

t

::

É

I lti

stage nunber at (HE./ct)
Frane Ext/cyl. Bore
CyJ.inder Pattern
RDP
¡44?fP
CXrl. Action,/æ nod Pia.
Brake power / cylinder
EE Disch. Vo]-. Eff.
CE Disch. VoI. Ef,f.
EE InXet Vol.. Eff.
CE Inlet vol. Ef,f.
Àvg. tnlet Vol. Eff.
EE Clearance Regd.
EE Cl€arance Min.
EE Pocket OPên
EE Clealar¡ce ådded
CE Clearance Reqd.
cE Clealance l¿in.
CE Clealance Added
Valve Mode]. - EE

Valva ttodel - CE

valves / Cor¡rer (m/cE)
Valve f.ift - EE
Valve l¡Lft - CE
Valve Lif,t Al€a - EE

Valve Lif,t Atea - CE

åPI Inl€t vlv vê¡. Avg.
ElanEe Gas l"oad - E
Flange Gas Load - C

Max. llllow. Gas Load
Coúlnsd Rod Load - !
Coúlned Rod l¡oad - C

Max Allow Rod f.oad
aåciP. ffeLght 0 xtD Pin
Reversal G XsD Pin

LlL olo 212 3/3
#/rN 1/1s.oo0 3/1O.OOO 2/ 9.500 4/ 6.000

PSIG
PSTG

¡rct. /rN
AP
t
t
t
t
t
t
t
t

IN3
t
t

IN3

cL2203
¿50 .0
495.0

DA/o.00
288 .3

BjAI.AI{CE
0.0
0.0

t{A/o. 00
0.0

0. 00
0. 00
0. 00
0. 00
0. 00
0. 00
0. 00
0. 00
0.0

0. 00
0.00
o.0

XEET
XEÍX
olo

0 .000
0 .000
0 .000
0.o00

c12199
1150.0
1265.0

DAlo.00
{15.6
31. 64
3L.24
72.8L
71. 90
72.35
1?.10
17.10
0.00
0.0

1?.80
17.80

0.0
Pr¡¡8
PF¡I8
2/2

0 .080
0.080
5.6¿0
5.6{0

7219.6
19935

-23011
60000
33?96

-3099¡t
60000
362.O
170. O

c12196
17s0 .0
1925.0

DA/o.00
356.4
32.67
30.01
68.05
62.53
65.29
24.80
24.80
0.00
0.0

29. 90
29.90

0.0
PF48
PF¡I8
LIL

0.080
0.080
5.6¡¡0
5.640

5493.6
1s230

-23t32
60000
22105

-2tt829
60000
295.0
160.0

15. 02
49.42
25.97
85.44
55. ?0
95. 80
14. 50

100.00
862.0
L4.20
L4.20

0.0

IN
rtÍ

sQrN
s91N

FPM
I,BF
LBE.
f,AF
LBF
LBF
LBE'

LB
DEG

PF67
PF6?

212
0 .080
o.080

10 .420
10.420

10034.2
14400

-155¿3
60000
37t52

-33831
60000
362 .0
175.0

60000
a2942

-29381
60000
295.0
160.0

o.0
0
0



DRESSER-F.â¡D cAS tIErÐ coMpREssoR PERFO$.,ANCE (DRS¡ZE coPf,iright 1996-2000 V1.3a)

PACKACER: PROPN( COMPRESSION
IÐC;A:IION: Eamburg 12-61 , åaberta

I Optit!å Engineers
90. A1r. (ET)
1{.?0 Ref. IenP. (F):

6 EOS ¡l Strok€ (lN):
1200.0 Max RPlf ¡

Gas lagine åvail (EP) : 1478

DåEE: oct 2, 2OO0
FXI,E: 9¡t04-420.DÀT tr 2"

CâLC BY: if.Saxinger
: 2500. âtr ( PSrÀ): L3.42

O Rod Dia(IN): 2.500
0 Coolc¡ (EP): 58.0
0 Model: 7042eI¿

üOB/REf : ã¡rache Canada
tOBSIlll: ånbÍ(Í')
Råf. PrGssure ( PslA)
COùIæRESSOR: Fraae

60
6

1200..C¡IC RPM

DR:wER: EYPo

Stage Nu¡ber
Gag
Dry Gas túoI. Íleight
Dry Gas SPec. Gtavity
cÞlcv g L4.1/6O
Àvg. :[eDP. E¡.Íton. (K)
Àvgr. Vol. E:çon. (N)

Gas Crit. Ieq)erature
Gag Crit. Ptgssure
Z standard
Z Suction
Z Discharge
Inlet Teq)eratur€
¡nlêt Þress. @ Cyl Flg
tatcrstôgê Press. DroP
Disch. Press. 0 CYI flg
Râtio of ConPression
Adiabatic Disctr. lteoP.
Est. Actual Disch. feñF
Stg. Piston DísPl.
Stg. Inlet CaPacitY
c¡tPAcrrl AcntAf, wEl
CJIPÀCITT AC:FI'AÍ¿ DRÏ
ÍOTA¡¡ COMPRESSOR POÍIER

PSIÀ

El

PSIG
t

PSIG

F
r

cElf
Àctlr

MMSCAD
ÌßtscFD

EP

I
Natural

17.958
0. 620
t.287
1.255
L.254

3?1.286
612.998

0. 998
0.993
0. 992

110. o0
¿9.00

1 .7s
113. ¿7
2.033

198.48
223.40
t452.2
172.8

4.33
4.24

886.50

2
Natural

17.958
0.620
1.287
1.251
1.252

37L.2A6
612.998

0.998
0. 986
0. 98?

120.00
111.25

1.50
383.56

3.18¿
21L.59
293.51

570.2
388.4
4.30
4.24

3
Natural

17. 958
o.620
t.287
1.265
1.280

31L.286
672.994

0. 998
o. 957
o. 967

120.00
3?7.61

1 .00
L2L2.OO

3. 13t¡
216.64
293.20
2L5.2
119.0
4.26
4.2Á

Ps (].:lne)= 50 psig
Pd (líne)= 1200 Psig

curr¡ê 5

R

,Fi 
.,ì

f¡{

24.02
21. 01
58. 62
sL.27
54. 95
24.AO
24.AO

o. o0

#/IN

PSIG
PSIG

Àct. /rN
gP
t
t
t
t
t
c
t
t

fN3

stagê nu¡nber at (sE/cE)
Fraûe Ext/cyl. Boro
Cylinder Pattern
RDP
I{AIYP
C¡'1. Action/sE nod oia.
Brat<e porer / Cylinder
EE Disch. Vol. Ef,f.
CE Disct¡. Vol. Eff.
EE In].êÈ vol. Ef,f.
CE In]-et Vol. Eff.
Avg. Inlêt vol. Eff.
EE Clêara¡¡ce Reqd.
EE Clearânce Min.
EE Pocket OPen
EE Clêarance Ãdded

Llr 0/0
1/15.000 3/1o.ooo

GL22O3 BA¡.AT¡CE

¿50.0 0.0
¿95.0 0.0

DÀ/0.00 t{A/o.00
207 .3 0.0
12.85 0.00
{8.10 0.00
22.62 0.00
84.68 0.00
53.65 0.00
95.80 0.00
14.50 0.00

100.00 0.00
862 .0 0.0

2/2
2/ 9.soo

c12199
1150.0
1265.0

DA/o.00
319.7
27.2L
26.19
68.63
67.57
68.10
17.10
17 .10
0.00
0.0

17 .80
17.80

0.0
PF48
PF¡l8
2/2

0.080
0.080
5. 6{0
5. 6¿0

1279.6
17¿¡19

-198rtg
60000
34?16

-28595
60000
362.0
150.0

3/3
4/ 6.000

c12196
1750.0
1925.0

DAlo. oo
302 .8

CE Clearanca Reqd.
CE Clearance Min.
CE Clearar¡cê Add€d
Valvê Model - EE
Valve l{odel - CE

Valwes / corner (EElcE)
Valwe ¡.ift - EE
Valve Lift - CE
Valve f.if,t årea - 8E
Valwe &if,t å¡ea - CE

åPX Inlet Vlv Vel Àvg.
8llnga Gag Load - !f
F¡,anEe Gag úoad - C
¡lax. À11o!t. Cat Loed
CoúL¡ed Rod Load - 'lE

Coúined Rod Load - C

Max Allow Rod Load
RacLp. wêight G rD Pin
Råvêraal G :(Ð PLn

t
t

IN3

IN
IN

SQIN
SQIN

EPM
T,BF
f,B¡'
LBI'
I¡BE.
I¡Bf
l¡BF

I¡B
DEG

L4.20
L4.20

0.0
PF6?
PF6?

212
0.080
0.080

10. ¡!20
10. ¡!20

1003¡¡.2
10835

-11633
60000
¡!1062

-33222
60000
362.0
1?5.0

o.00
o.00
0.0

:(rEK
:cE¡X

olo
0.000
0 .000
0 .000
0 .000

0.0
0
0

60000
{2942

-29381
60000
295.0
160.0

0.0
29.90
29.90

0.0
PF4I8
PF{8
L/L

0.080
0 .080
5 .6¿0
5.6{0

5¿93.6
176¿3

-25446
60000
20{80

-2LÁA?
60000
295.0
1{0.0



DRESSER-RA¡¡D GAs FIEüD COMDRESSOR PERFOBI'ÍANCE (DRSlzE coPyrigbt 1996-2000 v1'34)

(
PJASKAGER: PROPAß COMPRESSIO}¡

,toBlREE' : å¡rache Canada / qpti-¡oa Engineers

DAIE: Oct 2. 2OOO
FIÍ.E: 9¡10¿l-ll20.DA:f r 4n

CALC B!: it.gexingêr
2500 Àt¡¡ ( PSIA): L3.42

60
6 0 Rod Dia(XN) :

O Coo].er (EP) ¡

O ¡lodel': 7OÃ2Cf.

2.500
58 .0

.'OBSIIE: ånbI (F)
Rsf,. Pressure ( Psn')
Co¡{PRESSOR: Fraae

......calc REM

DRTVER: IÏ"€

A1r. (FE) :
Ref,. Ae¡¡p. (F) :

Strohe (IN) ¡

90.
1¿.70

6BOS{
1200.0 Mä. RPM

: Cat Engin€ avail (EP)
¡ 1200
-. L478

Stagê Nt¡¡ber
Gag
DrT Ga3 !1o1. I{eight
D!a' Gas SPec. Gravity
cÞ/cv A L4.7/60
Àvg. Ío-F. E:qron. (K)
Àvg. Vol . t¡ßpon. (N)

Gas Crit. lleqrerature
Gag Crit. Pressur€
Z Standard
Z Sr¡ction
z Discharge
fnlet lle¡¡Paraturê
Inlet Pr€ss. Q Cyl. Flg
¡nterstage Press. DroP
Disch. Prêss. 0 Cf'l Flg
Satio of ConPression
âdiabatíc Disch. :feDP.
Est. Actual Disch. leuP
Stg. Piston DisP]-.
Stg. Inlet CaPacítY
CAPACITT ACTT'A¡, T¡Ef,
C]APÀCI,1cY ÀCT1T'AI, DRY
TOTAI. COMPRESSOR POÍIER

PS¡A

PSTG

PSIG

Eì

r
CFM

ACFM
¡,tMscE'D
!.ll.rscED

EP

1
Natural

1?.958
0.620
L.247
1.258
1 .256

31L.286
672,998

o.998
o.987
0.986

110.00
98.00

1. ?5
2L1.45
2.O72

201.83
224.4L
L452.2

875. ¡l
8.81
8.71

1395.38

2
Natura].

1?.958
o.620
L.281
1 .259
1.261

3?1.286
6?2.998

o.998
o. 975
0.976

120.00
2L3.4L

1.50
577.78
2.606

2¿6.15
264.20

510.2
430.5
I .78
8 .71

3
Natural

1?.958
o. 620
L,287
t.278
L.296

37L.286
672.998

o. 998
0.935
0.9{3

120 .00
568 .91

I .00
L2L2.OO

2.LOA
22L.76
232.29
2L5.2
160.1

8.1 4
8.?1

Ps (1ine)= 100 Psig
Pd (line)= 1200 Psig

Cr¡rv6 ¿

R

F

t

(':( -Ìr
U' /.r'

stage nu¡ber at (lfElCE)
Frane Ext/cyl. Bore
Cylinder Pattern
RDP
lawP
CyI. Action/EE Rod Dia.
Brake poner / cylinder
EE Disct¡. vol. Eff.
CE Disct¡. VoI. Ef,f.
E InIêt vol. Eff.
CE ¡nlet Vol. Eff.
Àvg. In].et Vol. Ef,f.
EE Clearance Regd.
EE C].earance Uin.
EE Pockêt OPên
EE Clearanee Added
CE Clearance Regd.
CE Clearance Min.
CE Clearance Àdded
Valve !4od€1 - EE
Valve fúodel - CE

valvês / Co¡ner (EE/CE)
Valve Lift - EE
Valve I¡if,t - CE

Valve f.if,È Âlea - sE
Valve Lift Arêa - cE
åP¡ In16t Vlv Vel. Àwg.
Flatrgê Gas Ûoad - lt
Fl.anga Gas load - C

Max. Allon. Gas Load
Co¡bined Rod Load - f
Coúlned Rod toad - c
l{ar ål1ow Bod Load
Recip. lfeight e xED Pi.n
Råvêrsal 0 :lSD Pin

LlL OlO 2/2 313
#/rN 1/1s.Oo0 3/1o.OOO 2/ 9.s00 4/ 6.000

PSIG
PSIC

Àct. /rN
EP
*
t
t
t
t
t
t
t

I¡¡3
t
t

IN3

IN
IÑ

SQIN
SQIN

I'PM
f.BF
T¡BE'

I¡BF
I¡BF
tBF
LBF

l¡B
DEE

c12203
450 .0
495.0

DA/o.00
422.L

ÊÀI,Àl{CE
0.0
0.0

t{A/o .00
0.0

0.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.0

o.00
0.00
0.0

:offi
:CEEX

ol0
0.000
0.000
o.000
0.000

0.0
o
0

60000
42942

-29381
60000
295.0
160.0

c12199
1150.0
1265.0

DA/o .00
528.9
35.¡t9
35.L2
?5.88
75.09
?5 . ¡¡9
17 .10
17 .10
0.00
0.0

17.80
17 .80

0.0
PF48
PF{8

212
o. 080
0. 080
5. 6¡10
s. 640

7279.6
2299L

-2681s
60000
3356?

-t30E?
60000
362.0
170.0

G12196
1?50. 0
1925. 0

DA/o.00
387. 6
42.94
40.7L
7 6.22
72.27
74-24
24.80
2Ã.AO

0.00
o.o

29.90
29.90

0.0
PE48
PF¿8
Llt

o.080
o.080
5,6¿0
5. 6¿0

5¿93. 6
L2234

-20976
60000
25s65

-2882L
60000
295. 0
155. O

20.
41 .
36.
8¿.

46
43
55
70
62
48
50

60.
15
1¡t
75.00
646.5
Lt.20
L4.20

0.0
PF6?
PF6?
2/2

0.080
0 .080

10 . ¿120

10. ¡120
10034 .2

200r11
-21589

60000
31106

-34658
60000
362 .0
180 .0



DRESSER-R;ÀI¡D GÀS FIELD COMPRESSOR PERTOR¡dã¡¡CE (DRSIZE coPyright 1996-2000 r'1'3a)

ÞACKAGER: PROPAß COMPRTSSIOT{ DAIEE: Oct 2' 2OOO

IpcarloN: Eanbulg 12-6' , àLberta EItt: 9{0¿l-l¡20.ñ¡$f tr 3tr

itoB/REF : åpache canada / oe¡tiu¿ Engineers cåLc BY: J.Saxinger
¡IOBSISE : ÀEb E (F) , go. åat. (Fll) : 2500. Àtt ( PSIA): 13.¿Û2

8Êf. Pr€souro ( PSIÈ) : 1¡l .?0 Ref . :!ent¡. (F): 60'
Co¡.IPRESSOR: Frasê : 6 EOS ¿ Sttoh€ (IN): 6.0 Rod Dia(rN): 2'500

......C41c RPll : 1200.0 Mâ¡ß RPM ¡ 1200'0 Cooler (EP): 58'0
DRWER: ¡¡pe : Gas Engine evail (EP) : 1¡178.o Model: 7o42e,'

Stag€ Nl¡sber
Gaa
DrT Gae trlol. lteight
Dry Gas SPec. Gravity
celcv e t4.7/60
Avg. A€ap. Er<Pon. (K)
Avg. Vol. E:<¡ton. (N)
Gas Cr:Lt. :leq)eraturå
Gas Crlt. Pr€ssur€
z Standård
Z Suction
Z Discharge
Inlet :leq)erature
InlEt Press. Q Cyl F].g
fnterstage Prêss. DroP
Disch. PrEs3. 0 Cl'I Flg
Râtio of Compression
ådiabatic Disch. Eeo¡r.
Est. Actua1 Disch. IenP
Stg. Piston Displ'
Stg. Inlêt CaPacitY
CåPÀC¡TT ACTSA¡ WET

CAPACIrI ÀCE('AT. DRI
IOTA¡ COMPRESSOR POI{ER

PSXÂ

PSIG

PSIG

F
F

c¡l.t
Àc¡'l.t

!.lMftclÐ
!,tltscFD

EP

1
Natural

17.958
0.620
1.247
1, -257
I .255

31L.2A6
612.998

0.998
0.990
0.989

110.00
?3.50

1 .75
169.35
2.103

203.37
226.91
L452.2

858. rt
6.72
6.62

118?.29

2
Natural

1?.9s8
o.620
L.2A7
1 .255
t-2s1

3?1.286
612.998

0.998
0.980
0.981

120.00
166.15

1.50
¿88. ?7
2.197

254.49
274-32
s10.2

3
Natura]-

17. 9s8
0. 620
1,.287
L.272
L.289

3?1.286
672.998

0. 998
.0. 9¡¡5
0. 954

120.00
48L.24

1.00
L2L2.OO

2.477
244.L4
256.59

2L5.2
1¡lr¡. 9
6.64
6.62

Ps (Iine)= ?5 Psig
Pd (Ifne)= 12O0 Psig

Curr¡e {

R

F

t

6.4¡11

6.69
6-62

lf;+
S¡\

stage nr¡¡¡ber at (sE/cE)
Frâae Ext/cyl. Bore
Cylinder Pattern
RDP
¡dAlÍP
c¡'1. Action/æ nod oia.
Brake power / cylindêr
EE Disch. VOI. Ef,f,.
CE Disch. Vol. Ef,f.
EE ln1et VoI. Eff.
CE In].êt Vol-. Eff.
Àvg. Inl€t VoI. Eff.
EE Clearance Reqd.
EE Clearance Min.
EE Pockêt OPen
gE Clêarance ådded
CE Clearance Reqd.
CE Clearance Min.
CE Clearance .ãdded
valv€ Model - EE
Valve l{odeI - CE

Valveg / corner (EElcE)
valv€ Lift - EE
Valve f,ift - CE
Valve Î¡ift .e'rea - EE
Valve l¿ift Area - CE
ÀPI I¡let VIw VeI Avg.
Flange Gas Load - :!
Flange Gas Load - C

rrhx. ållow. Gas Load
Co¡¡bined Rod f.oad - !!
CoDbíaed Rod l¡oad - C

l{a¡¡ âllor Rod Lo¡¡d
R¡clI'. weight' G :(ED Pt-n
Râversal e re Pin

tl\ olo 2/2
#/rN 1/1s.ooo 3/1o.Ooo 2/ 9.soo

PSIG
PSIG

c12203
450.0
r¡95.0

DÀ/0.00
330.6
19.20
¿16.58
34.71
84.2L
59.46
75. rt8
14.50
?5.00
6¿6.5
L4.20
L4.20

0.0
PF6?
PF6?

212
0 .080
0.080

10 . ¡120

10. ¿t20

1003¡¡.2
16107

-L7299
60000
35395

-3¿001
60000
362.O
175 .0

BAIÀITCE G12199
1150. o
1265. O

DÀ/0 .00
435. 6
32.4L
32.O2
73.¿6
72.57
73.01
17 .10
17 .10
0.00
0.o

17.80
17 .80

0.0
Pr48
PF¡I8
2/2

0. 080
0.080
5. 640
5. 6¿O

7279.6
20469

-23683
60000
33688

-30850
60000
362. O

170. o

3/3
4/ 6.000

G12196
1750.0
1925.0

D¡t/o.00
364.3
34.47
31. 90
69. 69
6¡1 . ¿t8

67.08
24.80
24.80
0.00
0.0

29.90
0.0

PF48
PF¿8
UL

0.080
0.080
5. 540
5. 6¿0

5493.6
L47L2

-23024
60000
23199

-255¡¡8
60000
295.0
160.0

0.0
0.0
.00
0.0

00
00
.0
0
0

.0

.0
o

i[ct. /rN t{A/0

0.00
0.00
0.00
0.00
0.00
0. 00
0.00
0.00
0.0

0.00
0.00

EP
t
t
t
t
t
t
t
t

IN3
t
t

IN3

9029

0.0
XEEK
tcxg

o/o
.000
.000

XN
¡N

sQlN
SQIN

APM
I.BE
L8F
l¡BF
I,BF
I¡BF
ûaF

f,a
DEC

0
o
0
0

60000
42942

-29381
60000
295.0
160.0



DRESSER-RI¡{D cAS FrEr¡D COMPRESSOR DEnFORlfã}¡cE (DRSIZE coPyrlght 1996-2000 V1'3a)

PACKAGER: PROPåß COMPRESSTON DÀEE: OCt 2' 2OOO

f¡ctrrIoN: Eanburg 12-61 , åiJ¡erta l'ÎLE: 940rt-¿20'DÀI n 2Ú

,toB/8ttl : åPache cenadå / oPtlDa Engineers cÈ¡c Bl: it'saxinger
.¡OBSIIE | à¡!b E (Fl : bO, AIt. (FT) : 2500. Àta ( pslÀ): L3.42
R€f . Pressure ( PSIjA) : 1¡1.70 lt€f ' Î€Dp' (f): 60'
CoMPRESSOR: Fra¡e : 6 EOS ¿ Sttoke (IN): 6.0 Rod Dia(IN): 2'500

......c¡lc RÞM : 1200.0 Måx BPM : 1200'0 Coolcr (EP): 58'0
DRn/En,: ry?ô : Gaa Enginc Àvait. (EP) : 1t178.0 Model: ?oA2Gl'

Stage Nr¡¡ber
Gas
Dry Gas tÁol. lleight
Dry Cas SPec. Gravity
Ølcv g LA.'t/60
Àvg. lt€DP. Etq)on. (K)
Avg. Vol. E:<Pon. (l{)
Gas Crit. feqrerature R

Gas Crit. Prêssure PSIA
Z Standard
z Suction
Z Discharge
Inlet l!€q)€rature F
rnlet Prê83. ß CYf FIg PS¡G
Inter3tagê Press. DroP t
Disch. Press. G c¡'l Flg Psre
Batio of Comprêssion
Adiabatic Disch. Ien¡r. l'
Est. Àctual. Disch. TeEP F
Stg. Piston DisPl. cEl'l
Stg. Inl.êt CaPacitY ACEII
CAPÀCIEY ÀCAUÀ¡, WEA !1n{SCED

CAPACITY ACTTTAL DRT MMÁ¡CFI)

fOTÀ¡ COMPRESSOR PO!f,ER EP

Stage nunber at (EE,/CE)
Frane Ext/CX'1. Bore #/IN
Cylinder Pattern
RDP PSIG
¡dAWp PSIG
cy]'. Action/m nod Dia. Act./IN
Brakê power ./ cYtinder EP
EE Disch. Vol. Eff. t
CE Dlsch. Vol. Eff. t
EE Inlet VoI. Ef,f. t
CE In1et Vol. Eff. t
Avg. InJ.et vol. Ef,f. t
EE Clearanee Reqd. t
EE C].êâra¡rce Min. t
rfn Pocket Open t
EE Clealance Àdded IN3
CE Clearance Reqd. t
CE Clearance Min. t
CE Clearance Added IN3
Valve Model - EE
valve ¡4odel - CE

Valves / cornar (sElCE)
Valve Lift - EE IN
Valve ¡,ifE - CE lN
Valwe Lift ålea - EE SQIN
V¡lvê Î,ifü A¡ea - CE SQIN
API fnlet Vlv \l€l' Àvg. E'PM

Flange Gas Load - f LBF
E'lange Gas Load - C LBA
Max. A11orr. Gas l¡oad LBF
Coúlned Rod f,,oad - E I¡BF
Coùtned Rod Load - C LBE'

t{ax Allor Bod r¡oad ¡¡Bl'
Recip. lfelght G :{ED Pin LB
8€v€rsal' B XBD Pin DEG

1
Natural

17.95S
0.620
L.287
1 .255
L.254

31t.286
672.998

0.998
0 .993

2
Natural

17.958
0. 620
L.287
L.252
1.253

37L.286
672.998

0.998
0.986
0.986

120.00
118. 65

1.50
397.92
3.115

268. 91
290.44

570.2
393 .5
4.62
4.56

3
Natural

17. 958
0. 620
t.287
L.266
L.28L

31L.286
672.996

0. 998
0. 955
0. 965

120.00
391 .75

1 .00
L2L2.OO

3.024
27L.72
28? .50

2L5.2
L23.2
4.58
4 ,56

Ps (line)= 50 Psig
Pd (aine)= 1200 Psig

Curvc {

o.992
110. O0
¡¡9.00

1.75
121.01
2.L54

206.23
23
1¿
I

10O3¡¡.2
12131

-12965
60000
39730

-33050
60000
362.O
170 .0

60000
42942

-29381
60000
295. o
160.0

7279.6
L7842

-20378
60000
34525

-28865
60000
362.O
155.0

5¿93.6
L7243

-2s115
60000
208r19

-22036
60000
295. 0
1¡û0. O

1.54
52.2
30.6
4.66
4.56

{f a, 945.49

LlL OlO 2/2 3/3
1/1s.ooo 3/10.000 2/ 9.5OO 4/ 6.000

GL2203 BArã,¡rcE G12199 G12196
4so.o 0.0 1150.0 1750.0
495. O 0.0 126s.0 1925.0

DA/o.oo !{A/o.oo DA/o.00 DA/o.00
238.9 0.0 336.1 313.?
L7.2t 0.00 2a.o1 25.48
45.24 0.00 27.66 22.53
3L.12 0.00 69.s1 60.43
83.40 0.00 68. ¿8 s3. {¿
s?. s6 0. 00 68.99 s6. 93
?5. 48 0. 00 17 . 10 24 .80
1¡¡.50 O. 00 17.10 24.80
?5. OO 0.00 0.00 0.00
646.5 0.0 0.0 0.0
L4.20 0.00 17.80 29.90
L4.20 0.00 17.80 29.90

0.0 0.0 0.0 0.0
PF6? X¡OCE PE'¿8 PF48
PF67 ffiXX PF¡I8 PF{8
212 OIO 212 LIL

o.o8o 0.000 0.080 0.080
o . o8o o .000 0.080 0. 080

10 . rt2o 0.000 5. 5¡10 5. 640
10 .420 O.000 5. 640 s. 6¿0

0.0
0
0



DRESSER-RãI¡D cAS FrEr,D COMPRESSOR PERFOR¡,|AI¡CE (DRSIZE coPFlight 1996-2000 Vl .3a)

(
PÀCKAGER: PROPåß COMPRESSTOI{

IPCIA'IION: Eanburg 12-6, ' Àlberta
JoB/REF : A¡rache Canada / oPÉla Eng:ln€ers

DAIÍE: OcU 2, 2OOO

FIIE: 9404-¡I20.DAE x 3tr
CÀ¡C BY: af.Sa:ringer

: 2500. Atû ( PSIA): L3.42JOBSIIE ! ãEbr (r)
Ref,. Pregsure ( Psae')
CoI'ÍPRESSOR: l'raDe

......calê Rtü
DRIVEB: qTP€

: 90.
: 1¡l .?0
:6EOS¡l
: 1200.0
: Cas Engl-ns

Àlt. (Fr)
Ref . llen¡r. (F):

Stroke (¡N):
lú¡t( RPD(

Àwail (EP)

60.
6.0 Rod Dia(IN): 2.500

: 1200.0 Cooler (EÞ) ¡ 58.0
: 1{78.0 Mode].: 7O42Gr'

stâge Nu¡ber
Gas
Dr1' cas Mol. IÍ€ight
Dra¡ Gas sPea. Gravity
cplcv Q L4.7/60
Âvg. fe-F. Erq)on. (K)
Avg. Vol. Ex¡ron. (N)
Gag Crit. leq)erature
Gas Crit. Pressure
Z Standard
Z Suctl.on
Z Discharge
Inl.et Eet¡peraturê
Inl.et Press. g Cyl Flg
fnt6rsÈag€ Ptess. DroP
Digch. Pross. Q C¡'l- Flg
8åtio of Coupression
.âdiabatic Disch. TenP.
Est. Actual Disch. llenP
SLg. Piston DisPl.
Stg. Inlêt Capacity
cÀPÀcrEv ÀcrqAr, ÌlEÎ
CAPACIII .ACTI,AÍ. DRT
:TOTAÍ, COMPRESSOR POVIER

PSIA

r'
PSIG

t
PSIG

F
t'

cE'Èt
ÀcEt!

¡,IMSCED
!,IM¡¡CFD

EP

1
Natural

17.958
0.620
1.287
1.256
1.2s5

31L.286
612.998

0.998
o.990
o.989

110. 00
?3.50
1.75

181.79
2.246

2L2.Ol
236. 11
1452.2
927.9

7 -26
1.L6

1275. 85

2
Natural

17.958
0.620
L.287
1.256
1.258

31t.286
672.998

o.998
o.979
0.980

120.00
178.37

1.50
511.87
2.139

252.28
21

5
4

3
Natura¡-

1?.958
0. 620
L.2A7
L.274
1.291

37L.286
672.998

0. 998
0. 9¿3
0. 951

120.00
s03.99

1.O0
L2t2.OO

2.368
237,99
249.42
2L5.2
149.3

7 .18
7.L6

Ps (line)= 75 Psig
Pd (line)= 1200 psig

Curve 3

R

L.32
70.2
20.7
7.22
?.16

dî' 
*¡

Stage nr¡mber at (sE/cE)
Frame Ext/cy1. Bore
Cylinder Pattern
RDP
I'tÀYtP
Cyl. Àction,/m Rod oia,
Brake povter ./ Cl¡linder
EE Disch. Vo]-. Eff.
CE DiscÌ¡. Vol. Eff.
EE Inlet vol. Eff,.
CE Inlet Vo].. Eff.
Àvg. fnlet VoI. Eff.
E Clearance Reqd.
EE Clearance Min.
EE Pocket Open
EE Clearance Àdded
CE Clea¡a¡rce Reqd.
CE Cleara¡¡ce Min.
CE Clearance lldded
Valve Mode1 - EE
Valve Mode]' - CE
valves / corner (EE/CE)
Valve Ltf,t - EE
Valve Lif,t - CE
Valve Llft A¡ea - EE
Valve Lif,t ¡ttêa - CE
¡lPI ¡n¡.êt vlv vel llvg.
Flange Gas Load - l!
Elange Gas Load - C

túax. âllow. Gac Loed
Coùined Rod Load - !8

Coobined Rod f.oad - C

tlax ãllor' Rod Load
8eclp. lfeight G :{ED Pin
Råvcrsal G XED PLn

L/L OlO 2/2
#/rN 1/1s.000 3/1o.ooo 2,/ 9.soo

c7-2203
450 .0
1¡95 .0

DÀlo.00

BÀIÀIICE
PSIC
PSIG

Act.,/IN
EP

NA/o.00

GL2L99
1150.0
1265.0

DA/o.00
¡¡60.1
33.30
32.9L
74.L9
73.33
73.76
17.10
17.10

0 .00
0-o

1? .80
17.80

0.0
PE /tB
PF¡l8
2/2

0.080
0.080
5. 6/10
5. 6¡t0

7279.6
2LL27

-2¡¡515
60000
335s8

-31423
60000
362.0
165.0

3/3
4/ 6.O0O

c12196
1750.0
1925.0

DA/o.00
372.6
36.70
34.22
71.58
66.73
69. ls
24.80
24.80
0.00
0.0

29.90
29.90

0.0
Pr48
PF¿8
LIL

0.080
0.o80
5.640
5.640

5¡193. 6
1¿069

-22492
60000
23813

-26474
60000
295 .0
160. O

386.4
23.93
43. ¡¡0
¿5. 61
82. ?0
6¿.16
55.15
14.50
50. 00

0.0
.00
.00
.00
.00
.00
.00
.00
.00
0.0
.00
.00
0.0

0
0
0
0
0
0
0
0

0
0

0.0
0.o

0.0
0
0

IN3
t
t

rN3

IN
1N

sQrN
SQIN

FPM
LBF
LBl'
I¡BF
I¡Bl'
I¡AF
I¡ÐF

LB
DEC

431 .0
1¿.20
14.20

0.0
PF67
PF6?
212

o .080
0 .080

10.420
10 . ¿20

10034.2
L824t

-19497
60000
33198

-33418
60000
362.O
175.0

:oocK
:ffiR
o/o

0.000
o .000
0.000
0 .000

60000
42942

-29381
60000
295.0
160.0



f

DRESSER-Rã¡@ eAS FIEI¡D COMPRESSOR PERFOR¡áAI{CE (DRS¡ZE copyright, 1996-2000 r[.3a)

PACKBGER: PROPåK COùÍPRESS¡ON DÀTE: Oat 2' 2OOO

IOC;AEION: EaJlburg (2'6, 
' ÀIberta FII,E: 9¡10¡l-{20.DÀT n 2r

itoB/REa : åpache cênada / opti¡a Engineers cjA¡c BY: it.saxLngêr
.TOBSITE : åob T (F) : 90. Alt. (rT) : 2500. Àta ( PSI.A) 3 L3.42
Ref . Pregsure ( PSIA) : 1¡t.70 Rêf . EêEP. (F): 60.
Coù{PRESSOR: t'ra¡e : 6 EoS 4 Stroke (IN): 6.O 8od Dia(¡N): 2.50O

.... ..Calc RPM : 1200.0 Ma:ß RPM : 1200.O Coolar (EPl : 58'0
DRrvlR: lyp€ : eas Enginê åval]. (EP) : 1{?8.O Modc,l: 70{2GL

Stagê Nu¡¡ber
Gag
DlT Gas MoI. lfeight
Drf' Gas S¡'ec. Gravity
cplcv g L4,7160
Àwg. fenp. E:.pon. (K)
Awg. VoI . Et<¡ton. (N)
Gas Crít. Têqterature
Cas Crit. Pressure
z SÈa¡rdård
z Suction
Z Discharge
Inlet Íeqrerature
Inlet Press. 0 cyl Flg
Interstage Press. DroP
Disch. Pr€ss. G cyl. flg
Ratio of, Cortpression
Àdiabatlc Disch. fenp.
Est. Àctua1 Disch. :!e!ntr)
stg. Piston Disp]..
Stg. InJ-et Capacity
CÀPACIIY ÀCTITAI, WET
CAPÀCITY ACIIUAT, DRY
IOTÀI, COMPRESSOR POÍ{ER

R
PSIA

E.

PSIG
t

PSIG

E.

E'

cEll
ÀcE:lÍ

MMSCED
!áMSC¡rD

EP

1
Natural.

1?.958
0.620
L.2e7
L.254
1.253

31L.286
612.998

0.998
0.993
0.992

110. OO

{9. O0
1.75

130. 38
2.304

214. 98
240.7L
t452.2

902 -7
5.06
4. 96

1019. O6

2
Naturaf'

17.958
0.620
L.287
r.2s2
1 .253

371 .286
672.998

0. 998
0.985
0. 985

120.00
L27.87

1.50
¿15.64
3.037

265.40
286.40

570.2
399. 0
5.02
4. 96

3
Natural

17.9s8
0.620
t.287
L.261
1.283

37L.286
672.994

0. 998
0. 9s3
0. 963

120.00
¡t09.20

1 .00
L2L2-OO

2. 900
265.89
280.83

2L5.2
128.1
4.98
4 .96

Ps (line)= 5O psig
Pd (Iine)= 1200 psíg

Cu¡¡¡e 3

i
Stage nu¡ber at (gE,/cE)
Frame Ext/Cyl. Bore
C¡'linder Pattern
RÞP
!ßÍtP
cl.l . Àction/E Rod oia.
Brake power / cylinaer
EE Disclr. Vol. Eff.
CE Disch. Vol. Eff.
Irn Inlet Vol . Eff .

CE fnlet Vol. Eff.
Àwg. Inlet vol. Eff.
EE Clêarance Reqd.
gE Clearance Min.
EE Pock€t Open
EE Cleara¡rce Added
CE Clearance Reqd.
CE Clearance !lin.
cE clêarance Added
valvê Model - ÊE
Valve ldodel - CE
valves / Corner (sE/cE)
Valv€ Lift - EE
Valv€ Lift - CE
Valve Líft À¡ea - gE
Velvé l¡if,t Àrea - CE
ÀPI In1êt Vlv Vel Àvg.
Flange Gas Load - E
F].aoge Gas Load - C
¡¿ex. AJ-low. Ga! Load
Conbined Rod Load - 'l!
Coubincd Rod l,oad - G

Max Àllorr Rod úoad
Bacip. tfeíght G ED Pin
Rsversal C xED Pin

LlL OlO 2/2
#/rN 1/1s.ooo 3/1o.ooo 2/ 9.soo

PSIG
PSIC

Act.,/IN
EP

eL2203
¿50. 0
495 .0

DA/o.00
280.3

¿31.0
LA.20
L4.20

0.0
PF57
Pr67
2/2

0.080
o.080

10. ¡t20
10. ¡¡20

1003¡t .2
L3742

-Lt622
60000
38073

-32552
60000
362.O
1?5.0

BJAI¡ÀI.¡CE

0.0
0.0

¡rA/0.00
0.0

o.00
0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00
0.0

:ooq
ffit

olo
0.000
0 .000
0.000
0.000

0.0
0
o

60000
42942

-x9381
60000
295. O

160.0

Gl2199
1150. O

1265. O

DÀ/0.00
355. 9
29.O4
28 .63
?0 . ¡15

69.¿5
69.95
17 .10
17 .10

o .00
0.o

17 .80
17 .80

0.0
PF¿t8
PFIIS

212
0.080
0.080
5. 640
5. 6¡¡O

7279.6
18357

-2LO25
60000
34281

-29195
60000
362.O
155. O

3/3
¿./ 6.000

c12196
1750.0
1925.0

DA/o.00
326.L
27.26
24.39
62.51
55. 92
59.22
24.80
24.80
o.00
0.0

29.90
29. 90

0.0
PF¿8
PE.48
LIL

0 .080
0 .080
5.6¡10
5.6{0

5¿93. 6
167¡¡9

-24707
60000
2130¿

-22720
60000
295.0
1{5. O

22.L2
42.03
43.06
81. 81
62.44
55.15
1{.50
50.00

IN3
t
t

IN3

IN
I}T

SQIN
SQTN

EPM
tJBF
T.BF
T,BF
T¡BF
I.Bl.
I¡AE'

l¡B
DEG



DRESSER-RiA¡¡D cAs FrEr¡D coMpRESSOR PERFOR¡,a¡ICE (DR.SlzE coPyrighÈ 1996-2000 V1 -3a)

PACKA.G}ER:
rôciÀlloN:
aroB/REF :

iIOBSITE :

PROPåñ, COMPRESSION
Ea¡burg 12-61, ålberta
ãpache Canada / OPti.Eå Engineers

åD¡t r (r) : 90. A^lt.

DAIE: Oct 2' 2OOO
FILE: 9¿0¿-¿2O.DÀt tr 3"

CA¡C BT: it.Saxinger
: 2500. Àtú ( PsIÀ): L3.42

60.
6.

1200.
L478,

Rof. Erec¡urc ( PSIAI
COMPRESSOR: FraDê

......Calc RPM
DRIVER: trJ¡tr)ê

(FE}
14.?0 Ref,. E€BP. (F):

6 EOS ¡l Stroke (IN):
1200.0 rúax RFM !
Gac Engine åvall (EP) :

O Rod Dia(¡N) :
O Cooler (EP):
O Model: 70A2GI¿

2.500
58.0

ti
!

t:

ì
å
J

Stage Nutrber
Gas
Dfi'Gas Mol. weiEht
DrT Gas Spec. GrawitY
celcv g L4.7/60
âvg. !enp. E¡(tton. (K)
Àvg. voI. Expon. (N)
Gas Crit. lañIlerature
Gas Crit. Pressure
Z Standard
Z Suctl.on
z Discharge
In1et feq)eraturo
Ialet Pr€ss. G CYa flE
Interstage Press. DroP
Disclr. Prêss. G C!'1 Ft.g
Satio of Compression
Àdiabatsíc Disch. l[enP.
Est. Actual Disch. 'lfenP
Stg. Piston DisPl.
stg. fnlet CaPacity
C;APACIIY AC IUÀÍ. T|ET
CiAPÀCIAI ACTttAfr DRY
TOTÀ¡, COMPRESSOR PoI{ER

PSI.A

a
PSrC

*
PSTG

F
F

CFM
ÀCFM

MMSCED
ÙerscED

EP

1
Natural

17.958
0.620
1 .287
L.254
1 .253

37t.286
672.998

0.998
0.990
0.989

110.00
?3.50

1.75
L97.62
2,424

222.29
246.19
1452.2
1017.0

7. 96
7.85

1389.79

2
NaÈuref.

17.958
0 .620
L.287
1.2s7
1 .259

31L.286
6?2 .998

0 .998
0.977
0 .9?8

120.00
193.93

1.50
s0r..24
2.675

249,34
261 .9t

570.2
42s.4
7.91

3
Natural

17.958
o. 620
1.287
L.27 6
t.293

37L.286
672.994

0.998
0. 939
o. 9¿8

120 .00
s32.92

1.00
L2L2.OO

2.243
230.52
24L -7L
2L5.2
154.4

1 .87
? .85

Ps (line)= 75 Psig
Pd (Iine)= 1200 psíg

Curve 2

R

7.85
i

:'
I

..

:i

¿

tT'
i'.

f.. dt stage number at (lIE/cE)
t.ra¡e Ext,/cyl. Bore
Cylinder Pat,fern
RDP
lawP
cJ'l. åction/EE Rod Dia.
Erake power / cylinder
EE Disch. vo1. Eff.
CE Disel¡. vol. Eff.
EE Inlet vol. Eff.
CE Inlet vol. Eff.
Avg. Inlet Vol. Eff.
EE Clêara¡¡ce Regd.
EE C]-êarance I'lin.
EE Pocket OPen
EE Clearãr¡ce Àdded
CE Clèarance Regd.
CE C1ealance Min.
CE Clea¡ance Àdded
valve Mode1 - EE
Vat've lfodel - CE
va¡.ves / Corner (E/cE)
valv€ L1ft - BE
valv€ Lift - CE
Val've Î¡ift Àlêa - BE
Valv€ l"ift Àrea - CE
ePI fnl.et vlv Vel Avg.
Flange Gas load - ?¡

Flangte Gas Load - C

t{a:.. åL].ow. Gas Load
Co¡bined Rod Load - !
Co¡bined Rod Loed - c
Ma:3 A.ll-ort Rod Load
Aacip. lfeight 0 I(ED Pin
R€vêrsal € IGD Pin

#/rN

PSIC
PSIG

ACI./IN
EP

c
t
t
t
t
t
t
t

IN3
*
t

lN3

IN
IN

SQIN
SQIN

EPM
I¡BF
LBF
¡¡AE'
I,BF
LBf
LBF

LB
DEG

L/T
1/1s.000

c12203
450.0
¿9s .0

DÀ/0.00
¿61.3
29.35
39.82
59. 5?
80.80
?0. 19
3¿. 83
1rt.50
25. 00
21s.5
L4.20
14.20

0.0
PF67
PF67
2/2

0 .080
o. o80

10. ¡¡20
10. ¡¡20

1003¡¡ .2
20964

-22295
60000
30719

-33391
60000
5l'¿.v
1?O.0

0.0
0.00
0. o0
0.00
o. o0
0.00
0.00
0.00
0.00
0.0

0.00
o. 00
0.0

:aErot
ffiE

o/o
0 .000
0 .000
0.000
0 .000

DA/o.00
¡¡90. 9
3{ .33
33.95
75.00
14.L7
7¿ .59
17 .10
17.10

0 .00
0.0

17.80
1? .80

o.o
PF¿I8
PF48

212
0.080
0.080
s. 640
5. 6¡¡0

7279.6
2L96L

-25570
60000
33512

-32159
60000
362. 0
170.0

3/3
{/ 6.000

c12196
1?50. 0
1925. 0

DÀ/o.00
380.8
39.50
3?.13
13.71
69.34
71.56
24.AO
2¿.80
0.00
0.0

29 -90
29. 90

0.0
PF48
PF¿8
LlL

0.080
0.080
5.61t0
5.6¿0

5¿93. 6
L325L

-2L8L7
60000
24593

-2754L
60000
295.0
160.0

olo 2/2
3/1o.oo0 21 9.SOO

tdA/o.00

B.AI.åNCE G12199
0 .0 1150.0
0.0 1265.0

0.0
0
0

60000
42942

-29381
60000
295.0
160.0

!:

:1,

!.

,r
:::

¡



DRESSER-RAIID GAS FIEÎ¡D COMPRESSoR PERFoR!ßIûCE (DRSIZE aopfríght 1996-2000 V1.3a)

PÀCKAGER: PROPåK, COMPRESSION DAIIE: Oct 2, 2OOO
¡,oCjtr:!¡ON: Eanburg (2-6,, À.lberta FIIE: 940{-{20.D4!! n zil
.'OB./REE' : A¡rache Ca¡rada / qptina Engineers GA1C Bl: ü.Saxinger
.IOBSTEE : l¡b A (F) ¡ 90. ÀIt. (Ft) : 2500. At¡¡ ( PSrAr: 13.¡¡2
Raf,. Presgure ( PSIÀ) : 1¡l .70 Ref . Eenp. (F): 60.
COMPRESSOR: Fra¡û€ : 6 EOS ¿ Stroke (IN): 6.0 Rod Dla(IN): 2.500

......Crlc RPM : 1200.0 lú¿x RPM ¡ 120O.0 Cooler (EP) : 58.0
DRIVER: ry/p6 : Gas Engine Avail (EP) : 1d?8.0 Modêl: 7042eL

Staga Nl¡Dber
Gec
Da:y cas !úo1 . lfeight
Daa¡ Gas sp€c. Gravity
celcv g L4.7160
åvg. fenp. E¡qron. (K)
Avg. vol. E:rpoa. (N)
Ggs Crít. reqreratuae
Gas Crit. Pressure
z Standård
Z Suctíon
Z Disclrarge
fn1et lleqrerature
Inlet Press. G Cyl Ffg
Interstag€ Press. Drop
Disch. Press. ß Cf']. I.fg
Ratio of, Compression
ådiabatic Disch. len¡r.
Est, Àctual Disch. Tenp
Stg. Piston Disp]..
Stg. InJ.et Capacity
cAPACrrï ÀCrOÃI, WEf
CAPACIBT ACrUÀL DRY
TOllÀ¡ COMPRESSOR POWER

PSIA

E'

PSIC
t

PSIE

F

F
cEtl

ACFM
},IMSC¡.D
MM¡ICE.D

HP

1
NaturaL

17.958
0.620
L.287
1 .253
L.252

37L.286
672.998

0.998
0.993
0.992

110. O0
¡19. OO

1. ?5
1,42.39
2.496

225.64
251.85
L452.2

995.?
5.58
5.4?

1114 - 25

2
Natural'

17.958
0.620
L.287
1.253
L.254

37L.286
672.998

0.998
0.983
0.984

120.00
139.66

1. 50
¿38.19
2.950

26L.67
282.t2

570.2
405 .3
5.53
s.47

3
Natural

17.958
o.620
L.287
1.269
1.285

37L.286
672.998

o. 998
o. 9s1
o. 960

120.00
{31 . ¡¡1

1.00
L2L2.OO

2.755
258.81
272.83
2t5.2
133.8

5.49
5.47

Ps (1ine)= 50 psig
Pd (I.ine)= 1200 psig

Cur¡e 2

R

-.sr:Ì¡iÎt-,

Stage nu¡l¡er at (BE./CE) lll O/O 2/2
FraDe Ext./Cyl. aore #/IN 1/15.000 3/10.000 2/ 9.500
Cylinder Pattern eL22O3 BA¡¡Aì¡CE G12199
RDP PSre 450.0 0.0 1150.0
t'ßnP Psrc 495 .0 0 .0 1265 . 0
cyl.. Àction/æ Rod Dia. Act./rN D¡Vo.00 NA/0.00 DÀlo.00
Brake poner / cylinder gP 336.6 0.0 380.9
EE Disch. Vol. Eff.
CE Disclr. vol. Eff.

3/3
4/ 6.O00

c12196
1?50 . O

1925 . O

Dålo.00
339.9
29.52
26.73
6¡¡. 95
58. 83
61.89

10
10
00
.0

24
24

0

EE Inf.êt VoI. Eff.
CE Inlet Vol-. Eff.
Àvg. Inlet vol. Eff,.

21 .76
38.45
57. 63
79.42
68.73
34.83
1¿.50
25. O0
215.5

o. 00
0. 00
0.00
0. 00
0.00
0.09
0.00
0.00
0.0

30.20
29.19
71.53
?0. 57
?1.05

EE Clearance Reqd
EE Clearance Min.
EE Pocket O¡>en

Val.ve fiíodel - EE
Valwe ldod€]. - CE
Valves / Corner (88/CE)
Valve Lift - AE
Valv€ Ll-ft - CE
Valve Lift Area - EE
Valvô l¡ift Area - CE
API Inlêt V:'v vel' Àvg.
Flenge Gas l¡oad - I
¡.langre Gaa Load - C
l.ta¡ß. Àllott. Gas f.oad
Conbinsd Rod I¡oad - !!
CoEbLnod Rod ¡,oad - C
ldax Allow Rod Load
Aeaip. Ifeight G I(ED Pin
Rêversal e xED Pin

t
t
t
s
t
t
t
t

o
29.
29.

o

EE Clearar¡ce Âdded IN3
CE Clea¡ance Regd. t
CE Cl.earance Min. t
CE C].earance Added IN3

L1 .

L1.
0.

0

80
80
00
.0
90
90
.o

L4.20 0.00 17.80
L4.20 0.00 17.80

o.0 0.0 0.0

IN
rN

soxN
sQxlr

T'PM

I,BF
Ì.BF
I,BF
I,BF
LBF
LBA
¡.4

DEC

PE.67
PF6?
2/z

0.o80
0.080

10.420
10. r¡20

1003{ .2
15805

-t67tL4
60000
35951

-3?L73
60000
362 .0
170.0

:mor
xmr

o/o
0.000
0.000
0.
0.

60000
429A2

-29381
60000
295.0
160.0

PE.{8
PF48
2/2

0.080
0.080
5.640
5.640

7279.6
19009

-2L846
60000
3399s

-29627
60000
362.0
170.0

PE'¡l8
PF¡¡8
LIL

0 .080
o. o80
5.640
5.640

5¿93.6
16121

-2¡1188
60000
21883

-43592
60000
295.0
1r¡5 .0

000
000
0.0

0
0
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DRES8ER-RåND cAs FIELD COMPRESSoR PERFoR¡{A}¡CE (DRgIsa oopyrÍght, 1996-2000 v1.3¡¡.)

PACKAeER: PROPåK COMPRESSION DAEE: Oct 2, 2OOO
IþCAIION: Ea¡¡burg (2-6, , A.lJcerta FltE: 9404-¿20.DAlf x l.tr
itoB/REE' : A¡rache Canada / qptf¡a Enginêgrs CAI¡C Bf: il.Saxinger
JOBSIIE : ånb Í (F) : 90. ålt. (FE) : 2500. Àtr! ( PSIA): L3,42
Rêf. P¡êssurq ( PSIA) : 1{.?O Ref. fenp. (F): 60.
COt!æRESSOR: Fra¡s : 6 8OS ¡¡ gttoke (IN): 6.0 Rod Dia(IN): 2.500

......C¡lc RP!( : 1200.0 Max REM : 12O0.0 Cooler (EP): 58.0
DRfvER: fyæe : Gas Engine Àvaf.I (EP) : 1¡178.0 Model: 7042C!¿

Stag€ Nr¡úer
Gar
Dr1z Gas lúoJ- . lleight
Dry Gas Spec. Gravity
@/cv e L4.7160
Àvg. Íênp. E¡q)on. (K)
Àvg. Vol . Expon. (N)
Gas Crit. 8eq)erature
Gas Crit. Pressure
Z Sèa¡¡dard
Z Suction
z DischarEe
Inlet teq)eratura
Inlet P¡ess. € cyt Flg
Interatage Press. Drop
D:Lscl¡. Press. G Cf']. F].gr
Rati.o of Compression
ådior-aüic Disch. Tenp.
Est. Àctual Disch. TeDp
Stg. Piston Displ.
stg. Inlêt Capacity
CåPå,CIEY ÀCTT'AI. WET
CÀPACITY ACrItAf, DRY
TOTAÍ. COMPRESSOR POIVER

PSIA

PSTG

PSIê

F
F

CFM
ACEt'f

¡ô{scED
¡.{t4scEI)

BP

1
Natura].

17.958
0.620
r.287
1 .251
1 .251

31L.246
672.998

0.998
0.996
0.995

110. O0
24.50
1.75

86.56
2.631

232.43
262.LL
1452.2
951.2
3.23
3.12

781.38

2
Natural.

17. 958
0.620
L.247
L.248
L.249

3?1.286
672.998

0.998
0.989
0.990

120.00
8{.81

1. s0
332.OA
3.51?

284.7 6

3
Natural.

17. 958
0. 620
L.287
1,.26L
t.27 6

37!.286
672.998

0. 998
o.962
0. 9?¿

120.00
326.86

1.00
L2L2.OO

3. 601
296.19
316.61
2L5.2
101.2
3.1/¡
3.t2

Ps (J.ine)= 25 psig
Pd (l-ine)= 1200 psig

Cu¡:r¡e 2

R

F

t

308. 69
570.2
365.0

3. 18
3.L2

ìii
/.'i!

Stage number at (EE/CE)
Frame Ext/Cyl. Bore
Clz1inder Pattern
ADP
ttfAVlP

c¡'1. Action/sE nod Pia.
Brake por'¡€r ,/ cYtinaer
BE Disch. Vol. Eff.
CE Disch. vol. Eff.
EE Inlet vol. Eff.
CE Inlet Vol. Eff.
.Èvg. Inlet Vol . Eff.
EE Clearance Reqd.
EE Clêarance Min.
EE Pocket Open
EE Clearance Àdded
CE Clearance Reqd.
CE Clearance ldin.
CE Clearance Âdded
Valve l{odel - BE
Va].ve llodel - CE
Valves / cor¡er (EElcE)
Valwe Lift - ED
Valve f,ift - CE
valve l,ift A¡ea - rrn
Ve].v€ l¡if,t Arêa - CE
ÂPf fnlet Vlv Vel Awg.
81ange Gas l,oad - T
Flange Gas ¡oad - C
llax. ãllow. Gas Load
Coôined Rod I'oad - T
Conbined Rod Loed - C
l.tax Àlloet Rod load
Aacip. Woight G tGD Pin
Reversal @ xgD Pin

t/t olo 2/2 3/3
#/rN 1/1s.0o0 3/10.o00 2/ 9.s00 4/ 6.000

cL2203 EAËAÌ{CE G12199 c12196
PSIG
PSIG

450.0
{95. 0

DA/o.o0 !,rA/
2t0.2

.69

1150.0
1265. 0

DA/o.00
258.8
23.6L
23.L7
64.60
63.38
63.99
17.10
17 .10
0.00
0-0

17.80
17.80

0.0
PF48
PF¿8
2/2

0.080
0.080
5. 6/¡0
5. 640

7279.6
1s894

-179¿t0
60000
35663

-2?830
60000
362.0
1s5. 0

1750.0
1925.0

DA,/o .00
255.7
18.70
15.47
51.0¿
42.22
¡¡6.63
24.80
2¿.80
0.00
0.0

29.90
29.90

o.0
PF¡I8
PF.T8
Llr

0.080
0. 080
5.640
5. 6¿0

5493. 6
19077

-26631.
60000
19161

-1955¿
60000
295. O

1¡1O.0

0.0
0.0

0.00
0.0

0.0
0
0

Àct.,/IN
EP
t
t
t
t
t
t
t
t

IN3
t
t

IN3

0.00
o.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00
0.0

:orß
:ocEx

olo
0.000
0.000
0.000
o.000

IN
IN

SQIN
sQrN

I'PM
t.Ba
l¡Bl'
IJEIF

t¡BF
LBF
I¡Bf
la

DTG

PF6?
PF6?
2/2

0.080
0.080

10.420
10. r¡20

10034.2
105¿2

-11088
60000
¿¡1607

-31193
60000
362. O

165. O

24
3s
53
77
65
34
1¿
25

81
60
75
67
83
50
00

t

20
20
.0

2L5
1{.
1¿.

0

60000
42942

-29381
60000
295. O

160.0
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DRESSER-RA¡¡D eAS FIELD COMPRESSOR PERFORT'ÍA¡ICE (oRSTZE copyrighÈ 1996-2000 v1 .3a)

PåCKACER: PROPAK COMPRESSION DAtEs Oct 2, 2O0O
¡TOCif,llION: Eanburg (2-6r, A.¡åerta FII¡E: 9d0d_420.DÀT tr 2rJoB./REr : Apa,ah€ canada / qpti.ua Enginears cArÆ Br: i'.saxínger
i¡OBSIIE : å¡b r (E.) : 90. Àlr. (m) ¡ 2800. àt¡û ( pèn): Lg.A28ef. Pressura ( PSIÀ) : !û.?O Rerf. To'nF. (F): 60.
coMPnEssoR: Fra¡€ : 6 Eos r¡ stroke (rN): 6.0 Rod Dia(rN): 2.s00-... - .carc REÀd : 1200.0 Max RpM : 1200.0 coorer (Hp) : 58.0DRII¡ER: rFâ . cae Engine Avail (Ep) : 1{78.0 rúodet: ?o{2cr.

Stage Nu¡ber
Cas
Dry Gas MoI. Weight
Dry Gas Spec. cravity
celcv a L4.7160
Avg. 1o-¡'. E:qron. (K)
Avg, Vol . E:qron. (N)
Gas Crit. IôñFerature
Gas Crit. Prqssure
Z Standard
Z Suction
Z D¿scharg€
fnlet |leEperatule
fnlet Press. G Cyl F1g
Interstagê Pr€ss. Drop
Disch. Prêss. G Cy'l FJ.g
Råtio of Coopressíon
.ãdíal¡atic Disch. tenp.
Est. Actual Disch. fenp
Stg. Píston Displ.
Stg. Inlet Capacity
Cå,PÀCTTY ÀClrUAI I{E.T
CÀP¡N,CITY ÀCT]IIAIJ DRY
IOTÀI. COMPRESSOR POWER

PSTA

Þs1e

PSIG

F
F

CEM
ACErr

¡'s{scE:D
M!{SClÐ

EP

1
NaÈural

17.958
0.620
L.2A1
L.252
1 .251

371 .2A6
672.998

0.998
0.993
0.993

110. O0
49.00

1. ?5
L58.24
2.75O

238.63
265.00
1,452.2
1118. 9

6.21
6. 14

12¿0.35

2
Natural

17.958
0.620
L.287
1 .255
1 .256

371 .286
612.998

0.998
0.982
0. 982

120.00
155.2á

1 .50
467.99
2.85r¡

257.48
277.3L

3
Natura]'

17.958
0. 620
L.287
L.27L
L.287

31L.286
672.998

0. 998
o.947
o. 956

120.00
460.77

1.00
L2L2.00

2.584
250.00
263.01
2L5.2
140. 6
6.I7
6.14

Ps (!i.¡s)= 50 psig
Pd (line)= 1200 psig

Curve L

R

F

t

s70.2
4L2.2
6.2L
6.14íf*:1. Stage nr¡¡ber at (I¡E/CE)

Frame Ext/Cyl. Bore
Cylinder Pattern
RDP
ìaÌtP

Llt o/o 2/2 3/3
#/rN 1/1s.000 3/10 .ooo 2/ 9.soo 4,/ 6.000

GL22O3 BAI.ANCE G12199 GL2L96

C¡'1. Action/EE Rod Dia. Àct./IN DÀ/O.OO
Brake power / Cylinde¡ ap 41,4.9
EE Disch. Vol. Eff-
CE Disch. Vol. Eff.
EE Inlet Vol. Eff.
CE Inlet Vo].. Eff.
Àvg. Inlet Vol. Eff.
ãE Cl6arance Reqd.
E Cleara¡rce Min.
EE Pocket Opèn
EE Clèarance Added
CE Clearancê Reqd.
CE Clêara¡rce l{in.
CE Clearance .àdded
Valwe !{ode]. - EE
Valwe l{odê]' - CE
Valwes / corner (8t/CE)
Vaawe Lif,t, - EE
Valve tift - CE
Valve Lift å¡êâ - E
Va].ve llift Àrea - CE
API ¡nl.et V¡.w Ve¡. åvg.
F]-ange Gag IJoad - :!
Flange Gag l,oad - C
ldax. Àl1o¡r. Gas Load
Coub:lned Rod Load - !
Conblnsd Rod Load - C

llax .âllow Rod Load
Recip. Weight @ l(ED Pin
Rsverså1 0 :flD Pl,n

PSIG
PSIG

¡¡50.0
495. O

1150.0
1265.0

DA/o.00
413. 3
31.55
31.15
72.73

17.80
0.0

PF{8
Þl.48
2/2

0.080
0.080
5.6¿0
5. 6¿0

7279.6
19871

-22930
60000
33809

-303¡10
60000
362.0
170.0

1750.0
1925.0

DA/o.00
355.4
32.45
29.79
67.85
62.29
65.07
24.80
24.80
o.00
0.0

29.90
29.90

o.0
PF{8
PFI¡8
r/L

0.080
0.080
5. 6d0
5.6¿0

s493.6
15291

-23502
60000
22648

-24744
60000
295.0
155. 0

IN3
t
t

IN3

rN
I}r

sQrN
SQIN

FPM
l,BF
¡,Bf
I¡BF
L8F
I,BF
I.BF

I,B
DEG

3¡l .25
34. r¡1
7 6.87
77.24
77.05
1rl .50
14.50
0.00
0.0

14.20
L4.20

0.0
PE'67
PF67
2/2

0.080
0.080

10 .420
10. ¿20

1003¿.2
18528

-19545
60000
36993

-31?¿9
60000
362.0
170-O

)oorK
tcÍ¡o(
o/0

0.000
o.000
0.000
0.000

0.0
0
0

60000
42942

-29381
60000
295.0
160 .0

0.0
o.0

NA/o .00
0.o

0.00
o.00
0.00
0 .00
0.00
0.00
0.00
0.00
0.0

0.00
0.00
0.0

81
27
10
10
00
.0
80

7L.
72.
t1 .
L7.
0.

0
L7



DRESSTR-RjI¡ID GAS FIEIÐ COMPRESSOR PERFOR¡dII{CE (DRsIzE co¡tyright 1995-2000 v1.3a)

PACKAGER: PROPåX COMPRESSION DAIE: Oct 2, 20OO
IPCiMION: Eanburg (2-61 , ÀAberta E'rf,E: 9¡104-1¡20.DÈr n l.il
d¡OB/REE : Àpache Canada / Optin¿ Eûgir¡eera cjA,I,C B:l: J.Saxlnger
itOBSlrE : ànb r (a) : 90. Alt. (Fl) ¡ 2500. At¡! ( PSIà): L3.42
R€f . Prêssure ( PSIÀ) : 1¡l .?0 Ref . Eeq¡. (F): 60.
COMpRESSOR: Fsallo : 6 EOS 4 Stroke (rN) : 6.0 Rod Dia(rN): 2.500

......Calc RPM : 1200.0 ùda¡¡ RFM : 1200.0 Coolêr (EP)r 58.0
DEUwER: [:¡p€ : qas Engine Àva!.l (EP) : 1¿178.0 Modcl: 7O42G1¿

Stag€ Nrübêr
Gas
Dry eas Mol. Weight
DL:i' Gas Spec. Grawity
cp/cv e L4.7/60
.evE. TeDp. E:q)on. (K)
Àvg. Vol. E:q)on. (N)
Gas Crit. leqreratur€
Gas Crit. Pressur€
Z Standard
Z Suctio¡
Z Discharge
Inlet leüpsraturê
Inlet Press. G Cy]' FIg
InÈêrståEê Press. Drop
Dlgch. Prêgs. @ Q']. F].g
Ratio of Conpression
.ãdiabatic Dísch. Eemp.
Est. Actual Disch. :teEp
stg. Piston Displ.
Stg. In].et Capacity
CAPACITY ACfgAL WET
C;ÀPACITT ÀCTqAI DRY
TOTÀI. COMPRESSOR POT|ER

PSIA

PSIG

PSIG

l.
F

cEll
Àctl{

MMSCFT)

MMf¡CEÏ)
BP

1
l{atu¡aJ'

1?.958
0.620
1.287
1 .250
1 .250

371.286
672.998

0.998
0.996
0.996

110.00
24.50
1.75

97 -74
2.9L6

245 -92
2?5.80
LÃ52.2
1085.2

3. 68
3.56

8?8.36

2
Natural

17.958
0.620
1".287
,, -249
1 .251

37L.286
672.998

0.998
0.988
0.989

120.00
95.21
1.50

352.34
3 .367

278.96
302.00

570.2
375.5
3.62

3
lilatural-

1?. 958
o.620
L.287
L.263
L.278

37L,286
672.998

0. 998
0. 960
0. 971

120.00
3¿6.85

1.00
L2L2.OO

3. ¡¡01
288.26
306. 93
2L5.2
108.8
3.58

Ps (t.ine)= 25 psíg
Pd (J-ine)e 1200 psíg

Cun¡e 1

R

F

t

3.563.56

!:,'I
stage nr¡rber at (IIE,/CE) L/L O/0 2/2 3/3
Frame Exr/Cy1. Bore #,/rN 1/15.000 3/10.OO0 2/ 9.500 {/ 6.000
Cylinder Pattern
RDP
uAwP
C121. AcÈion/æ nod oia.
Brate pone¡ ./ cylinaer
EE Disch. Vol. Eff.
CE Disch. Vol. Eff.
EE Inlêt Vol. Eff.
CE Inlet Vol. Eff,.
Àvg. In1et Vol. Ef,f,.
EE Clearar¡ce Reqd.
EE Clearance Mín.
EE Pocket O¡ren
EE clearar¡ce Àdded
CE Clearance Regd.
CE Clearance lfin,
CE Clea¡ance Added
Valve ldodal - EE
valve llodêl - CE
Va¡.ves / corner (!¡E/CE)
valve Lift' - EE
Valve Lift - CE
Valve Lift å,rea - EE
Valve Lift Area - CE
ÀP¡ lnl€t Vlw Vel Àwg.
Fl-tng€ Gas Load - I
Slange Gag Load - C
!la:c. A1low. Gas Load
Coúined Rod Load - '[
Copbined Rod ¡.oad - C
ltax A.llo¡r Rod toad
Recip. weigbt G :(ED Pln
Rev€rsa]' C ¡(Ð Pin

PSIG
PSIG

Àct. /n¡
EP

cL2203
450.0
495.0

DAlo.00
252.4

BÀI,À}¡CE
0.0
0.0

¡{A/0.00
0.0

0.00
0.00
0.00
0.00
o.00
0.00
0.00
0.00
0.0

0.00
0. 00
0.0

:ctxaK
xxlcK

olo
0 .000
0.000
0.000
0.000

c12199
1150 .0
1265.0

DÀ/0.00
283.3
25.15
24.12
66. ¡11

.6s.26
65.83
17.10
17.10
0.00
0.0

1?.80
17.80

0.0
PF48
Pl.48
2/2

0.080
0.080
5.640
5.640

1279.6
16497

-18693
60000
35243

-2809s
60000
362.0
155.0

c12196
1?50 .0
1925.0

DÀ/0.00
275.9
20.82
17. 68
54.27
¡¡6.08
50.1?
24.80
24.80
0.00
0.0

29.90
29.90

0.0
Pl.48
Pl.¿8

L/1.
0.080
0.080
5.6¡¡0
5.6{0

5493,6
18512

-26L64
60000
19683

-20302
60000
29s.0
140.0

IN3
t
t

xN3

31.65
31.82
7¿.53
74-94
7 4.73
14.50
14.50
0.00
0.0

L4 -20
LA.2O

0.0

IN
IN

SQIN
SQIN

APM
LBF
I,EF
I,BF
IIBF
I¡BE.
I¡BF

¡JA
DEG

PF6?
PF67
2/2

0.080
0.080

10. {20
10. ¡120

1003¡t.2
12360

-L2957
60000
40269

-30s17
60000
362.0
160.0

429Ã2
-29381

60000
295.0
160.0

0.0
0
0

60000



 



APACHE CANADA L¡MITED
EQUIPMENT LIST. PROPAK SO# 99404
HAMBURG 2 - 6 COMPRESSOR STATION

LSD: 02-06-097-ll W6M

0

0

ô

0

1

0

0

0

0

1

0

0

0

0

o

o

1

1

1

I

o

I

1

I

0

0

0

o

I

REV
I

I

I
a

I

6

6

6

6

5

5

5

5

5

4

4

1

A

4

¿

¿

I
I
4

4

4

a

4

¿

MÑ
#

o

ÐÁtu

10/19

1

K-)(fl

Ê-2:tô

E-277

F-250

P-278

P-260

F-26.1

t-260

F-256

P-)g

KD2()o

E-2À'l

F-253

T-2354/B

E-211

AC-230

AC-220

KS-225

sTR-227

KD2()o

P-226tM-2,6

F-2m

AC-212

AC-211

ac-2lo

KC-2()3

KC-2t)

KC-2mA/B

v-l 26

v-125

v-124

v-'123

v-122

v-121

v-120

v-llo
v-too

AUOTE TAG

2 4

CôMPRFSSôR

CÔMPRFSSÔR ÔIL SUPPLY FILlËR

COMPRESSOR LIIBE OIL COOLER

COMPRESSOR LIJBE OIL FILTER

COMPRESSOR PRE.LUBE PUMP

COMPRESSOR LUBE ÕIL & GLYCOL

PNÊUMATIC DIAPHRAGM PUMP

LUBE OIL SUPPLY FILTER

LUBE OIL SUPPLY IANK

ENGINE ôIL STRAINER

ENGINE ÔIL ÞUMÞ

SOMPRESSOR DRIVER

ENGINE OIL CÕÔLÉR

ENGINÉ OIL FILTER

ENG¡NE LUBE OIL

JACKÉT/ATJXILARY WATER SI.JRGE TANK

ENGINE OIL COOLER

AUXILIARYWATER COOLER

JACKET WÂTER COOLER

GLYCOL COOLING SYSTEM

l.nÞRÊSSôR SII FNCFR

ENGINE STARÎER

COMÞÞFSSôR NR¡VFR

ENGINE PRELUBE PUMP

FUEL GAS FILTÊR

ÉNGINE RJEL AND SÎART GAS SYSTEM

3RD STAGE AFTERCOOLER

2ND STAGE INÎERCOOLER

lST STAGE INTERCOOLER

3RD STAGE COMPRESSOR CYLINDER

2ND STAGE COMPRESSOR CYLINDER

IST STAGE COMPRESSOR CYLINDER

3RD SÌAGE DISCHARGÊ BOTTLE

3RD STAGE SUCTION BOTTLE

2ND STAGE DISCHARGE BOITLE

2ND STAGE SUCTION BOTÎLE

IST STAGE DISCHARGE BOTTLE

IST SÎAGE SUCTION BOTTLE

3RD STAGE SIJCTION SCRUBBER

2ND STAGE SUCTION SCRUBBER

IST STAGE SIJCIION SCRUBBER

PROCESS

DESCRIPTION

6HOS-3

BF-914 HOUSING

C/W COMPRESSOR

0/W COMPRESSOR

f2, ilVN:AAASBN/BN/ABN

T2, M/N:AAAryBN/BN/ABN

8F.914 HOUSING

425 LITER CAPACITY

C/W ENGINE

CM/ ENGINE

L7O42GL

SUPPLIEDWITH ENGINE

SUPPLIED WITH ENGINE

160 / 74 LTTER CAPACTTY

SUPPLIEDW¡TH ENGINE

JAT-14.SOí2

T1l2€mO1-BîR

L7O42GL

C,/W ÊNGINE

3854P. Ci/W 7ûC ELEMENT

152 MM DIAMETER

24'I MM DIAMETER

38I MM DIAMETER

356 mm OD x 1016 mm S/S

406 mm ÕD x E14 mm S,/S

406 mm ôD x 1016 ñm S,/S

457 mm OD x 914 ññ S/S

457 ññ OD x 2235 ñm S,/S

ô10 mm OD x 1778 mm S/S

5O8 mm OD x 1473 mm S/S

560 mm OD x 1626 mm S/S

3'13 mm OD x '1930 mm S/S

SIZE (MæEL)

DRESSER RAND

BALDWIN

DRESSER RAND

DRESSER RAND

WILDEN

WII DFN

BALDWIN

PRÔPAK

WAUKESHA

WAUKESHA

WAIIKFSHA

tr^lrkFsHA

trAIIKFSHA

PRôPAK

WAIII(FSHA

PROPAK

PRÔPAK

SILEX

lDt

WAUKESHA

WAUKESHA

I.IEADLINE

PROPAK

PROPAK

PROPAK

DRFSSER RAND

DRESSER RAND

DRFSSFR RAND

ÞRôPAK

PROPAK

PRÔPAK

PRÔPAK

PRÔPAK

PRÔPAK

ÞRÔPAK

PR'JPAK

PRôPAK

22.7

117.4

316

376

277

DUTY

1¿74

1¿74

POWER

HP

ATM

AIM

ATM

ATM

11377

E908

4447

13273

4722

3413

11377

9067

8908

¿1516

4447

4516

9067

¡1516

¿516

DESIGN

KP¡q

-24r1ú

-24r1û

-28t149

-ril1L9

-)il1L9

-)N1Á9

-28t149

-24t1æ

-2U149

-24fi49

-2A/176

-28t1æ

-28t176

-2ü149

-2U176

-)il. Lc

-2U149

-24t149

-24t149

DESlGN
T fc)

C/W BALÛAT¡N BF-915 ELEMENT

CRANE RAIL FILL P1JMP

CM, BALDWN BF€Is ELEMÉNT

RHS CRANE RAIL

1478 BHP (A 1200 RfM

COMMON AIR COOLER

COMMON AIR COOLER

1478 BHP tô 1200 RPM

COI'MON AIR COOLER

COMMON AIRCOOLER

COMMON AIR C¡OLER

ìEMARKS
ê ô SHFI I SIOF MAffi

Page 1



APACHE CANADA L¡MITED
EQUIPMENT LIST - PROPAK SO# 99404
HAMBURG 2 -6 COMPRESSOR STATION

LSD: 02-06-097-11WGM

<EMARKS

e.o. SHELLSIDE MAWPI

CRANE RAIL FILL PUMP

C¡/V XP MOTOR, BIRD SCREEN & HOOD

DESIGN

T t"c)

-2a/1ú

-2Ar1û

) -2q,lút

DESIGN

KPâq

ATt

ATM

ATM

P()WER
HP

DUTY

15

MAKE

PROPAK

ENERTECH

RUFFNECK

WILDEN

PRÔPAK

PRÔPAK

SUE (MODEL)

T2. M/N:AAABTBN/BNr¡ÀBN

425 LITER CAPACIIY

8OO LITER CAPACITY

273 mm OD x Il3 mm S/S

Ef 12-2

xL 4rÈ57536G15 kW

IP

PLY

LUBRICAIION

ãAL POT

ÈSORIPIION

PNEUMAÏIC DIAPHRAGM PI.

COMPRESSOR LUBE OIL SU

WASTE OIL TANK

CYLINDER & PACKIN

PACKING VENl AND DRAIN

BUILDING UflLrfIES

ÊXHAUST FAN

BUILDING HEATERS

4

A,TB

2

OLIO'ÍE TAG
!

H-24

P-270

f-270

í2A4

v-13)

ÊF-241N8

JD
I

s

0

12n7

MFS
I

I
I
8

I

l1

ll

)ATE

RÉV
#

0

0

o

I

1

Page2



 



A

,H

,8, I
COUNTER€LOCIOffISE ROTATION

(FAN BLOWTNG tN OBSEr¿VER'S FACE)

LEFÎ HAND BLADES

E'

,D MAXIMUM FAN DIAMETER

BIADE NPS AT TAN CENÍËQLINE

EOUALS NOMINAT FAN DIAMEÏERFAN GUARD

AIRSEAL DIAMEIER

EAUALS FAN SËRIES

NUMBER MINUS 3.5'

AIRFLOW

DIRECIION

SHAFT, BEARING AND
BEARING SUPPORÎ

BY OTHEM

I

I

t;
lo

t;

t

2.t ó.1'7.r 0.óó'to.ry I z.t 7.0'
2.8' 9.05.4'ó.9' 0.5ó'2.O 7.0'Q t2

12'
EORJ

ó.1'3.ì' 2.t8.S4.5' 0.¿8' 7.o',
3.4'il' 7.s',3.95.z', ü.40'2.t 7.0'

r0' 4.âi3.çr 2.tó.5'3.4 0.34'

9.t
7.0'

E

ADA, -YDcB H MAX tsLDS BUSHING
)J 3.2' 4.6' 3.750'

2.8'E 2.7' 2.87''.
BUSHING

læ% 75%

F G MAX BORE
.'t0B N0. 99404-238PROPAK SYSTEMS LTD.

F¡ts tTD- P-0. N0. 108732PROPAK SYST

.108 N0 60447 -ETHF MOORF COMPANY

-ES

Á ' SLADG NP ÌHlcIflESS - IOO C1.EVB A¡¡El!
B. RUNNING PGÍIION OF BI D€S

C . SroPPËD POCTnol'¡ Ot E|ADES

D - MINIMUM oBSIACII Cl-ÊAMt{CË AT NtEr

É , Þ€CREAS€ OF MAXMUM PGlBtl RADII'S AT

H . MINIMUM O8S[ACtf, Cl'lARAt\¡CE Æ OUITEI

RUNNING PO$NO¡¡

14'

crAss 5(xt0

SERIES óO ENGINE DR¡VE FAN UTT HAND

ROTATION

tMcóæ-il/94

¡.tE

COMAAI{Y

L



.l
TIJV

GERT. NO. 950 99 0534

(G,

E,NGII\E DRIVE FAT{S

OWI{ER'S MANUAL

II{STALLATIOIì{

MAII\TET{ANCE

OPERATIOI\

ABOUT THIS MANUAL .......

The Moore Company is as interested as are its custom-

ers thatMoore fans operate attop efficiency formany' many

V*tt. fnit manual iras been written to achieve that result

ãnd is based on more than 50 years of experience as a

packed at the factory. If any damage is evident before

är after unpacking, the delivering carrier should be

pt"rnn,fV nätifie¿ so that an inspection m-ay be made

;t;h; ciaims adjustor. It is the responsibility of the

.ántign.t to file damage claims with the carrier' Al-

ir,*gi ttt" Moore Company will not be responsible

for sñipping damage, it is requested that any damage'

,"rn oi-u minor nature' be reported to the factory at
manufacturer of axial flow fans.

Moore fans represent the highest degree of axial fan

develoPment and are ln all respects, regardless ofprice, the

As for fine once.

equipment, certain precautions afe necessary and

abuses must be avoided ln order to tnsure the best perform-

ance over the longest period of time.

Ifyou have any questions regarding the installation of

operation of your Moore fan(s), please contact the Com-

pany for assistance.

INSPECTION
All Moore units afe carefully balanced, inspected and

PLEASE COMPLETE ANI) RETURN THE O}VNER

IDENTIFY YOUR FAN'S FEATURES
Section I consisting ofyour unit's specifications

will be found in the pocket on the inside of this cover'

i"*ion 2 Getting Started should be read carefully

U"iot" installation begins' Moore fans have several

oiiqu" features. Those unfamiliar with these units

stroutO read ¡he short summary of these important

features set out on the back cover'

,S REGISTRATION CARD ON THEBACK COVER

PHONE(660)376-3575 FAX 376-2909

TMC - 672 - (Rev. C)'11/99

MARCELINE, MO 64658THE MOORE COMPANY
Part No. P-924



1.0 ORDER INFORMATION

1.1 Fan Specifications

1.2 Dimensional Drawing(s)

1.3 Fan Curve(s) (if supplied)

1.4 Noise Data (if supplied)

The papers contained in this envelope provide
information about your fan(s) that should be
kept as a permanent record. This information
will be essential in future years for the proper
operation and maintenance of these units.

z\
''.1

a
ts



SERIES 49 ENGINE DRIVE FAN
ctAss 50æ

ool/p llv

tEFf HAND

ROTAIION

3.2''lt' 5.0' 7,0' .0' t0'12,0' EORJ
ì0' 4,4'3.4' ó,5'3.3' o,n'2.9 7.0'

o.24' I E

DA. A DcB H MÆ( BTDS

10096 75%
J 4.t3.z', 3.750'

E 2.8'- 2.7' 2.875'

GF MAX BORE
Y

AK SY 862P P

B = RJNNT.¡G POSfIloN oF BLADES

C - SIOFP€D POSfllOôt Of 8l D€S

D ¡ MlNluuM ogsTActE ctl.ARANcE AT NtEl
E. DECR€A5E Of MNCvltì,| PNBIÊ RAIXTE AT RUNNNG POc¡ltoN

H . MNIMUM OÊSfActE CEAf{Æ\¡cE AI OullEf

too ct.Evs AÎ.¡GIEA . BLAD€ nP DIC(NESS -
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2.O II{STALLATIOIì{
2.1 GETTING STARTED

)

2.1.T FAN IDENTIFICATION
Every fan, or group of identical fans, is assigned a Job

Number..IhisnumberwillbefoundonSectionl.lFanSpecifica.
tions inserted in the envelope on the inside cover of this manual' If
non-identical fans are stripped together, a Job Number is assigned

i" 
"u"t 

fan or group an¿ á set of OrOer Information Sheets will be

included for each Job Number.

The Job lt{uurl¡cr is writtcn in somi-permanent ink on each

blade, hub and air seal. All fan parts bearing the same Job Number

are entirely interchangeable. (Blades of the same Series and

Diu*r,", are atso interchangeable between Job Numbers')

Fan components coveied by more than one Job Number may

¡e cratJ tog.ih"t. The Job Number that is written on each part'

however, will make sorting simple'

Each individual fan-produced by The Moore Company is

assigneO a Serial Number. This Serial Number is embossed on a

p"nããn"n, *"tal tag and attached to each fan hub' It will be found

ãn itt" ti¿t of the hub between two of the hub tubes'The Fan

ép."iii".tion Sheet provided for each Job Number lists all of the

individual Serial Numbers of the identical fans covered by

,tr., ¡o¡ Number so that, in future years' reference to the Fan

lpecitication Sheets provided will identify the character-

istics of each individual fan'
The Moore Company keeps records indexed by serial

and joi numbers of ali fans produced for at least forty years

in oi¿tt to provide proper maintenance advice and informa-

ticln on spare parts and replacements'

2.1.2 PLANNING THE INSTALLATION---'- 
tt . ,.quence given for the installation may be changed

iftheconditionswarrant.Forexample'theairsealmaybe
il;iJ on the hub before the hub is installed on the drive

rl.ft. iln f""t, for inverted fans, it is necessary to install the

;ilr;"ì first.) The installation should be planned before

irginning so that the steps required are taken in the most

.àñ".ni.it order. If you need information not found here'

please contact The Moore ComPanY'
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2.2 INSTALL HUB AIYD AIR SEAL {,

ffi

BIÁDE

On orders consisting of more than a small number of fans, the air
seals are crated separately and must be instalred in the fierd. when
field installed, the air sear may be installed on the fan hub before the
hub is installed on the bushing if it is more convenient to do so. The
air seal, however, must not be used to lift the hub.

Hub Only Wlhout Alr S€ol

2n
553
1L44

â
40

90

SF
E

J

T.KGSFT.LBS

BUSHIilG

strE

HAXI¡UT TOROUE

sfAtNl¡ss sTEEt
BUSHINC SruD stAtNlEss Nl¡f

(Spcclolly Cootcd)

O D EUSHINC

SHAtr

To insøll the hub:
Ifthe (3) stainless steel bushing sruds are not already installed

in the fan hub, install them at this time. Hand+ighten only.

- _ 
SIip the bushing onto the shaft and check Ihe key fór proper

fit. Be sure the shaft is completely through the bushing.
Carefully clean the bore of the hub and the outside of the

bushing with a clean, dry cloth. Use no lubric¿nts in this
installation. Use of lubricants can cause hub breakage.

Do not clean or alter the tubricant coating on the hex nuts.
Lift the hub by grasping the clevises or hub tubes. Do not lift

the hub by grasping the air seal.
Install the fan hub on the bushing with the studs extending

through the bushing flange. place the stud nuts on the studs and
tighten the nuts altemately, keeping thepull on all of them as nearly
equal as possible while drawing the hub onto the bushing until ttre
blshing tightly grips the shaft, Caution should be used tó prevent
the hub from cocking on the bushing.

Tighten the nuts to the torque shown in the table at left. Do
not over-torque, Excessive torque can cause hub or bushing
breakage.

To install the airseal:
Locate the air seal installation ha¡dware in the plastic bag

taped to one of the hub tubes. Remove the protective ptastic capl
from the bolts or studs. place one aluminum washer and one resilient
washer on each bolt or stud as shown in the drawings at left. place
the ai¡seal onto the bolts or studs and install the r..m"Ining h.d*"r.,
following the sequence shown in the drawings. Do not lubricate this
end of the bolts or studs.

Not€ that the diameter of the resilient washers, before they are
com¡ressed, is slightly less than the diameter of the aluminum
washers. Tighten each nut until the resilient washer's diameter is the
same æ the aluminum washer. Do not ovefighten. Overtighteness
exists when the resilient washer has expanded in diameter larger
üan the diameter of the aluminum ,uasúe..

A[ Scsl lnslolled on Hub

Note: Some åú seals are provided with more mounting holes
than may berequired. This ls done inæntionally to make the ar
seals more interchangeable betwecn units. For example, an ar
seal wirh 8 mounting holes can be used with either 4-blade or
an 8-blade unit.

ÏUBE

TAN
HUB

f'-

HUB INSTAIIATION ON 8 D BUSHING

AIR SEAL

cLEV|S

CI¡MPSTUD

RESIUENTWASHER

ALUMINUM WASHER

ALUMII{UM NUT

RESILIENTWASHEB

ALUMINUII WASHER

HUB IUBE

AIR SEAI INSTATTATION ON HUB
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2.3 INSTALL
2.3.1

ANDADJUST BLADES

INSTALLBLADES ON ENGINE DRIVE FANS

BOXSECnoùl

c-tEvls 80LT l{tfÎ

RESIUEI{T tlout{T

ct¡llP

ctEvls

INSTALLATION

HUBTUBE

ct¡llPl{ltf

I ìi'¡

t -'tt

BLADE
CLEVIS BI,ÂDE BOLÎ

Moore fan blades are carefully balancedto.the same moment at the

ï""r"ty. ¡,"V Ulade of the saml series and diameter may be installed

;;;;il i".ished on the job' They arecompletely interchange-

able.*"'-' 
Moor" fans designed for engine drive have been

modified for the totJ'"""t" requirements of this ser'

ïi"". 
-p*p"t 

installation, with particular attention to

;ü""tü nuts to the specifieù torque' is essential to

.äint"¡t th" design integrity of these-unlls'

To install, remove *rãclevis bolt and nut from the clevis

ears. Clean any grease or dirt from inside the clevis ears and inspect

the blade resilient mount faces' Noæ that these mounß are 3" long

i"ä n""" . i""grt, high-friction layer on the faces' other mounts

stroutd not be used on Engine Drive Fans'

Alien the mount hole with the holes in the clevis ears and

ii:ï;; il;i;*låii' s"** the nut onto the projectins bolt

ttr;Jaa; l*t"ly. when shipped from the fa-clorl' the nut

ä;ä; 
"iã 

tlË t""trter raceäi üre nut are coated with a low-

friction grease. It is essential that sufficie-nt grease for

;;;;; riïiic"t¡on is retained on the nut face'

Complete the installation of one blade by holding the

bladeî t'hat the blade exrends straighr out from the hub

il;;á "i""it. 
Holding the blade in this position' tighten

the nut using a to,qo"î"tnch set to 100 ft'lb (14 m'kg)'

After installing thefirst blade' manually rotate the fan

*frife mãning the blade tip in and oY-t.lo b:. sure the blade

clears the ring or tnroaiaiatt points' tWhen the blade is held

i"îiglã"",-with the Li"¿" tiut (that is' straisht outward

;;;;h; hub), it should clear the fan ring bv a distance

;ä";;; to píovi¿e tot otv rclative motion bet$'een the fan

wheel and the ring. g*c"';cteotance between the blade tips

and the ring, however, strould be avoided to preventbackflow

o,t ictt tetiously reduces fan efficiency'
Instatl the rest oiittt utt¿"t so that they are identical

*itt, ü, ättt ¡t"¿r. foiquu all clevis-nuts to 100 ft'lbs (14

;:T;Ï;i;ã;t "tt 
instatt"d properlv' thev will return to

;"i;îeitl"ruea posiiion if tnã tiis are-pressed in the axial

ãiir.if"" with moderate force (10 to 20 lb).

BEFORE INSTALLING BLADES' " '--- 
ôtrecf< to see that the hub is level' If the drive shaft is not

t"rly h;;;;t"i causing the hub to be cocked' it will be dif'

n""iirã 
"ã.¡"t, 

úl^d" ut !1"' """urately' 
Eccentric rotation of

i¡" r* "* urto cause serious vibration problems'
"'- ' 

if *lt.f ignment, vibration or unbalance in the system is

present, it willie more easily identified and corrected at this

time.

THE MOORE COMPANY MAFCELINE, MO 64658 PHONE (660) 376-3s75 FAX (660) 376-2909
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Remove each blade from the fan
before beginning blade angle ad_
justment by removing the clevis
blade bolt and nut.

Manually rotate úe fan un_
til one of the hub tubes is in a
horizontal position. Use a level to
be sure the tube is held or locked
in this position. If the tube is not
horizontal, the blade angle will
not be correctly measured during
adjustment.

Loosen the Hub Tube Bolt
just enough to allow the clevis to
be tumed. Place a protractor level
on the flat upper or lower surlace
of the clevis as shown in the illus-

2.3.2 ADJUST BLADE ANGLE
{''

'l

l

. . Huls qe shipped from the factory with the clevises set for theblade angle indicated by the de*ign p"rfo*u;e. -Åäange 
in UlaA"angle is sometimes necessary, however, to ao.¡usi'to actual site

"on9]1b::. 
Faiture ro adjusr rhe uf"oe angiei'rreï required mayresulr in blade overload. The c¿¡ses of irp-rop"iäãae toading areexplained in Section 4.3 of rhis manual.'seiiiol+.+ ,,Cn.rHng

Blade Load" provides a simple method of ¿lr"*ining the maxi_mum blade angle allowabte in rerms of srat¡;;r;;ure vs bladeangle. Please refer to these sections before itrcreising UtuO".ngt".

HU8

IVARNING¡ The fan ls designed to consume thehorsepower stated on the Fan Specification Sheet. The en-gtne drive typicall v produces far more power than the fan
absorb. Too

can
great an tncrease ¡n blade anglecancause serious

blade overload which will stall the blades. In this
the fan will actual ly deliver

condition,
less ar and blade life may beshortened. Blade load considerations are discussed tn Sec-tion 4.0 Operation ln this manual.

ï1t:," " Tqhl 
ghis is the poinr of measuremenr of rhe btade anglet-h$ 

9n I .l Fan Specifications.) Make a permaieniie¿or¿ of tf¡efinal clevis angle selecred and rake care näraiuùã'., on rhe fanare set at rhe same ansle. A typical adjustment Ãìy Ue +/-3".The maximum recomãended 
"1""i, "nir" 

irî;;. 
"'

NOTE: Some recent fan models are fumished with a
scale ma¡ked in degrees attached ro thehub tube*å Ã urro*
machined on the clevis. In this case, UIaOe antfe is ,et Uysimpìyaligning the anow wirh tr," rnarrroitjlJËsiä angte.
The hub tube may be in any position.

Retighren rhe Hub Tube Botr ro 150 ft-tb (21 m-kg).NOTE: Ir is essenrtat rhsr botrs 
""u 

p"opã"1ï îghtened forengine drive operation. Recheck t¡. ¡hå" ulsi"irL tigt tening., Reinsrall the blades fo[owing rhe inrn 
"io* in¿er Secrion

11:l "" rly eleïdr,ng page. Be si¡re that ,ud;J*, grease re.mains on the ctevis bott nlr 
llces and rh"t rh"y;;;ìighrened rothe proper torque of lfi) ft¡bs (f¿ m-¡¡J--'vr 

-¡ v I

HUB TUBE EOLT *

CLEVIS BTADE BOIÎ

ctEVtS

CLEVIS BOTTI¡UT

the fan comes to rest. All of
original position at the same

CLEVIS
BTADE ANGLE

HUB TUBE BOLT

2.4
. ^Before 

starting the fan, manually
see if they are tightened. Take cæe
torque limits.

START:UP PROCEDURES
the fan and observe the blades as
the blades should return to their
rate.

check all bolts or nuts to
not to exceed the stated

Manually rotate the fan while checking each blade forproperclearance.

Start the fan and watch it in operation. A[ blades shouldmove ro the same operating position, indicating that the btadeangtes are property set an¿ìtät ail búdes;;ör;ì,y toaded. Ifvibration or unbalance is evident, see S"ction ¡il--'
After the fan has been operating fo, s"ueial minutes, stop

Inspect the inner surface of the fan ring and the bladetips for any indication of sconng.

.The 
horsepower given on the F8n specifÏcations is thecatculared horsepower (at rhe fan strattt tfraiisleãu¡r"¿ to, tt"specified performance. Consutr tr,e fáctorf or-ih" f"n cu*ebefore increasing rhe btade angle t"; ;h;ä ,ä.änru,n, ,nor"than the specified horsepower.

Page 4
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MAINTENANCE

3.0 MAINTENANCE
3.1 PERIODIC INSPECTION

3.1.1 PURPOSE contact between the two parts during operation' If wear at this

Fan failure is most likely the resulr of desrrucrive repeti- p"i"t ir iiåi."i"¿, 
" 

checi shourd bo madc of blade roading as

tive srress acting over a period of time. rnese stressermay ue iet out 
"no"iîã"i¡"" 

4.4 checking Blade Load' If blade over-

caused by mechanical oùure, 
".g. 

rough gears ;;;-i*;'úi loadisnotäõJil'rlühr*ndof tñeboxsectio¡rcanbedressed

imbalance, or uy aerooynamic auruse suitr ãs ur"¿" à'""rú"ãir off with ;;it;'d;irgreaterblade droop when the fan is not

abnormal flow conditions. Fortunarely, rhese ro"rJ"rä"-,iit* operatiog:;ïüilh" cteater drooo wili not cause the blade

themselves in rypicat ways rhar may, easily u"'ää.riåJ", tó nit "iîttir"".*ti. 
lî tne fan häs been operaring for a

insoection if one knows *'h"r to look for. rr' puñär, ãi*ri* .onri¿"r"uiJieng¡h of timeand previous inspections have not

secìionof this manuar is todescribe rhe symnr"rr"'iöliitlitt ;h;-ñJä;ainis point, itìs possiblethat arecentunusuallv

damagingmechanical p*uràrn, andhow ttèy"unîJ"î;;;ã. r,ielt -*ind'"ã"ãiiion'migtrt 
have disturbed the blades suffi-

Aerodynamic abuscs ",";;;;;;ãl; 
sect¡nn ¿'o d;'"':ffi':* iílu;ii;äjit¡;l;U"X,ffrv 

make repetitive contact

î'i
'!¡â'

3.1.2 FREQUENCY OF INSPECTION"'-'- il; Èqu"n"y of inspection varies w.idely in accordance

wittr ttre severìty ofr"rui"e and a suitable insp"rtion schedule

,i,äråtu" ã"""Ióped with experience over time' During the first

;;"k;õ;t.tioi, at least åne inspection should be made' At

it 
"r, 

iniriàr inspections, in additioi to the items listed below'

"î"ït--"ri ""ts 
for tightness to make certain that all were

;t'**"; p.ãp*rv at i-nstallation' Take care not to exceed the
'rå"äI".q* 

rimiís. Following the first week' it is probable that

inrp..rirri, of the fan nee¿ ¡'e made no more freqently than

inspection of the drive.

3.1.3 CHECK BLADE ANGLEANDRUNNING POSITION
----- 

iurn off the unit and watch the blade tips' A looseness

in the hub rube bolt will peimit a blade to flatren in angle. This

ïr"ãirv 
""" 

¡" ¿"tected b; looking at the tips of the blades while

the fan is slowing Oown. Át the same time' before the unitcomes

to a complete stop, watch the track of the blade tips to see that

.ir ui"¿"l move to the same operating position' If one or more

blades is at a substantiatty O'iffereni-p-o^sition than the other

;i;ã;;,;tìi utt or t¡" bladäs are at a different position than at

;;;l;;ï i"tp"ction, investigate further' This condition mav be

caused bY:
l. A damaged resilient mount that requires replacement

2'Wearatttreen¿oftheboxsectionagainsttheclevis,
indicating that ttre Uox sect¡on has been riding against the clevis

ä"titu ãp:"t"rion. lf only one blade is affected' that blade is set

at a steener angte trtan ití" liher blades' This should be checked

and conected.

3.1.5 CRACKS, DENTS AND CORROSION
Skincracking'uyu"causedbythetipsdraggingonthe

ø" titigl'äiii moy-u" ihe result of iong-term fatigue due to

;;rt";å;úratión under conditions of vibration or unbalance

ãrîit""*"å in Section 3'3 which follows' Skin cracking can

ïil;;;;;J ty continueo operation under.overload condi-

;dt; dt;;;rr"ä in section 4'3 causes of Blade overload'
"'"- 

õr""ting in air seals can occur if the airseal has been

i.proi'"ilìnl"tarie¿. see Section 2'2' Check to be sure the

resilient washers are present and the nuts properly tigltened'

The fatigue rtr"nlth of *aterials' whether metal or plas-

tic, may Ue loõered by lone-term exposure to water'

Dents in blades arc ciused uy ót¡ects falling into the fan

or the fan striking some'obstacle' i'finót d"nts may sometimes

be repaired by drilling a small hole in the center of the dent and

ñlliü-o-Jüt¿ on ttie ula¿e skin' Bladesmay.be ordered from

the factory for replacement' If there is any evidence of this type

äi¿î*ãeå, ,he h;b sho;iJú cæefullv inspected as discussed

in Section 3.1.6 which follows'
'" ---ñ; lipe 5052 ttt*inurn' a marine alloy' used as the

Uta¿e materiãf on Moore fans works well with either fresh or sea

water. Waters that are acid, alkaline' or contain copper salts'

however, should Ue avoi¿ed for all aluminum alloys' If you

i';;;;;tiil; iteu'¿inln" suitabilitv oi 9e 
fan materials

under certain water cond-itions' please contact the factory'

3.I..4 CHECK FOR \ilEAR ON CLEVISES-'--' 
õGuises should be examined at each inspectiort for

oossi¡ìe wear against the end of the box section' Since

iiìì"lioåiïJ";"rh. b;; section and the face of the clevis

orovides a stop to prevent excessive droop when thc fan is

ä;;äï,ï;t niiiiunooubtedlv be a ma¡k o¡ the face of

;;;;Ñi;;; the point of contact' There should' however'

;;;; "iid"n""'of 
wcar which would indicate repetitive

3.1.6 HUB INSPECTION-'"- ilã;age to thc run nos occuned' the hub should be

..r"fuiiv i*p"?te¿ since suttle damage maylave been caused

that is not readily upputtni' Chcck-the trtb for any sign of

i"î¿i"e "t 
Ñittíng'ôr the hub tubes' Hub ilbes cannot be

;o*.? in tn. rctã on manual fans and a new hub should be

ordered.
Bus¡ings are frequently cracked during a fan wreck and

,¡ourJi" 
""tãrully 

inspected' Damage may occur to the stain'

ä;;it1údtinát.ttl.tt the hub to thc buthins' ltis a sood

iä;;;õi;.e the studs when replacing a damaged fan blade'

THE MOOBE COMPANY MARCELINE, MO 64658 PHONE (660) 376-3575 FAX (660) 376-2909
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3.2,I CLEAN BLADES IF INDICATED
A smooth blade surface is essential for efficient fanperformance. If an incrust.ation forms on the blades itshould be removed. Use steel wool as an abrasive alon!with a mild detergent or a very mild form of solvent. Lyemust not be used because it attacks aluminum readily.

3.2.2 CHECK SYSTEM PRESSURE
Radiator sections may be effected by the accumula-tion of dust and dirt in some atmospheres. lCottonwoodseeds.are,particularly troubling.) it 

"r",r"urnulationsmay significantly increase the siatic pressure. Adjust the
ftaA¡-an-St9 if necessary as described in Section 4.4 Check_ing Blade Load.

3.2 ANNUAL INSPECTION

3.3 VIBRATION AND UNBALANCE

3.2.3 CLOSE INSPECTION
Tf,9 f-.*ty inspection should be a very thorough one. Allnuts and bolts should be checked and carefúl ,.rutiñy given toall highly stressed areas.
Inspect the resilient mounts as follows: With the fanturned off, grasp each blade and feel for looseness at the mount.If in doubt, the blade should be remou"¿ 

"nãn".ount 
assem_

bty visually inspected. wear is indicarrd bt;i;;;g effecr andthe resilient mount marerial.will show,igí, ofl*t uding fromthe cavity. If these indications are notãppareii, ,epluce tfr"blade and continue normal operations.

_, _ _ ^^r1:0"", 
the blade tips for any signs of cracking and rhe fanrng ror any scofrng that might indicate that the brades have

been striking or rubbing against the fan rir,g. 
----

3.3.1 GENERAL

, No piece of rotating equipment is perfectly balanced. Itis always possible that the minìte unbaìances of the various
components may combine to provide a noticeable rack of
balance. This rarely occurs, sinóe it is unlikely that all unbal-
anced components wil become assembred ;ith their heavy
sides in fhe same direction. Nevertheless, if unbalance is noted,
the various components should be rotated into different posi_
tions to-see if this might cure the unbalanced condition.

If vibration or unbalance occur, either at the time ofinstallation or later during the operation of the unit, its cause
may be determined by following the directions below.

3.3.2 F'AN UNBALANCE
Vibration is most likely to be caused by the fan if the

blades are not set at the same angle. Ifthe blades are properly
set, the fan is the least likely cause of vibration. All fan
components are balanced to within +/-.02 ft_lbs.

If the fan is in an unbalanced condition, the frequency ofvibration of the structure will be that of the RÉM of the fan and
is quite low. In the case of large fans, the frequency is often low
enough.to be mentally counted along with ihe rotation of the
fan. A vibration of 500 RpM or less will be felt asa weave in rhe
structure rather rhan a vibration. Below 400 RpM, the vibration
may be mentally counted and above that point may be read with
a frequency meter.

Before assuming fan unbalance, check for loose bearing
seats or bearings journaling the shaft on which the fan iI
mounted. This condition will cause the shaft to rotate eccentri-
cally, throwing the weight of the fan off_center, resulting in
unbalance of the frequency of the fan RpM.

After all checks have been made and the fan is still
determined to be unbalanced, field balancin! ,uy U" accom-
plished as described below in Section 3.3.6.

It should be noted that the loads imposed on thc drive
:}.t:,f: T1]I.supporting bearings try ran unUatance are negri-grble. A rotat¡ng centrifugal load of 100 pounds, due to unblal-

ance, would be extremely objectionable and possibly evendamage the structure on which the drive was mounted. Byconhast, it would be u¡likely that the drive shaft of a fan,Jfperhaps 2SHP,would be supported o" U""ri"gr rated lessthan 2000 or 3000 po,r.,.ij ,aaial loaã.-'Þor highÀr
horsepowers, the beaiing.cSpac¡ty -o.rtã ¡" correspond._
inglyincreased. From thiJit is evidlnt thui"f""a r"ar"". o.drive shaft bearing failure co,-rta ,,"*reibe 

"ã"rua 
by mod_

erate or even objectionable fan unbalance.

3.3.3 BELT DRIVE UNITS
The more cornmon causes of vibration in belt drive

units are not the drives themselves but the result of shaftsthat are too flexible or. non-rigid ,"ppoiùig members.
Vibration can be caused by misjignmËr,i oiihu rhuur,", o.poorly adjusted belt tension. Conãult the manufacturer of
the drives for informatio¡r. The quickest wa¡o iaentify the
cause of vibration in belt driveìnits is to äperate the fanwith the blades removed. -r -

3.3.4 ROUGH GEARS

. Continued operation on rough gears and bearings is almost
certaintodevelopcracks in thebladeikins. Roughgearsmaybeof trvo
tJæes:

l. Rough or failed bearings in the drives or gears will result in
a high frequency vibration being hansmitæd into tñe fan *here some
a¡eas of the skin will respond to the frequencies applied. Cracks will
appear in the blade skin and eventuully, in ,orne *,¿s, the skin may
actually fall away.

. 2. The other type of rough gear occurs when the ouput shaft
accelerates and decelerates with eaótr pinion toon engagement. Win
a six rooth pinion and a motor speeo of lg00 RpM;;-30 cyctes pei

li:r:ljLgf¡isalignment irnpresses upon ne fan a vibraring
Eequency or30 x 6 = I g0 cycles per second. Ifthe engagement ofteeth
is also included, the frequency ii f eO ,y.fo p", ,õnã. This rype of
high.frequcncy vibrarion ls ai leæt * ,r¡o,i,,, nuïcausea uy bø
bearings.

f-'-
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3.3.5 THROAT FLUTTER'---- 
A;t fan that is effectively moving air at the tips of

the blod;s will develop a reduced pressu¡e area (or suc'

iion) on the fan throat or ring at the tip of the blade' This

suction tends to draw the throat toward the tip of eaoh

Ui"¿",- *tti"ft means that a four blade fan would tend to

draw ihe throat lnto sornething approaching a square while

" 
rl* ¡iu¿. fan would draw it into something resembling a

t"-"g"i, "t.. 
Since the fan is rotating, the effect on the

tftt""i ft that of continually drawing it into a rotating

;;'lyg";. ihe resulting thróat flutter is frequently mis-

taken for fan unbalance.
A substantial throat or ring will be sufficiently rigid

that flutter will not exist' A weak or flexible throat'

Darticularly when used with a fan of a low number of

il;å;; ;iú be greatlv affected bv this tvpe of vibration'

firroui flutter is easily detected due to the fact that it is
invariably of a frequency of the fan RPM times the number

of blades on the fan.
Tltroat flutter will cause no damage to the fan so

tong as the throat does not disintegrate and fall into the fan

;ì;ã"t. It may be eliminated by stiffening or bracing the

throat.

If in doubt that throat flutter is the cause of vlbra-

tion, reduce the angle of the blades until the fan is doing

il;i; "t 
no work. Iitire vi¡ration ceases under this condi-

ii"", i, is certain that throat flurrer is present whcn the

blades are loaded.

3.3.6 FIELD BALANCING
Unbalance in older fans may develop because of

some structural change or by installing one new blade on

anoldfanwheretheexistingbladeshadchangedinweight
in the course of oPeration'

Use wire to attach a small weight in succession to

each of the clamp studs until the best location for the

*"igtti it found. îhe weight should then be increased or

J"ti"ut"¿ until the best balance is achieved' The perma-

r"üï"iÀn, may then be secured to the clamp stud' clevis'

or hub tu-be, whichever is the most convenient for the type

;;d t;ú" of weight to be used' one or more pieces of

t"tì"i tnåp"¿ rike a-washer could be placed over the clamp stud'

;;;h" úï tube, behind the clampitud' or over the threaded

pärlli* "rìlt 
clevis' Aluminum or stainless weights shouldbe

'"r"ã 
""¿ 

weights should not be attached to the blade skin'

MAINTENANCE

'1
",¡/

The Moore Company (the Seller) warrants only to Buyer' as its

ourchaser for reiale, that the fans manufactured and sold by

ö;ii;;;-;;y"i un¿Lt this Agreement will be.free from all

ã;f*,, in mãterial and workmãnship under ordinary use for a

".ii"J"r 
two (2) years from the date of shipment or one (l)

iã.rï"t ,tt" ¿àte ine ran is installed on a customer's premises'

it i.tt"uer occurs first. This wananty period shall apply only

ifSellerreceiveswrittennoticeofanydefectwithinthe
*.r*nty period. Upon receipt of such 

-notice' 
Seller' at its

öril"", måy requircnuyer to return the fan at Buyer's cost to

i"ii"r'rot insp'ection by Seller' If the fan is found to be

ã"iãiu" on inspection by Seller, as a sole and exclusive

iJm;;, úi"t *ilt' 
"t 

its option, either repair or replace the

fan. This warranty shall not apply to damage on account ofmisuse'

neglect o¡ accident or shipling damaqe'. q.ilL:lti'" or part

renlacements have been made oiattempted without Seller's prior

*ritt"n authorization. SeLLEn sHALL Nor BE UABLE IN ANY EVENT

FoRANYTNC¡DENTALoRCoNSEQUENTIALDAMAGESFoRBREACHoF

ot, o* ANY wARRANTY. T¡rts w¡nne¡TY ¡s rN UEU oF ALL orlIER

GUARANTEES OR EXPRESSED WARRANTIBS AND ALL TMPLIED \A/ARRAN-

TIES, INCLUDING THE TMPLIED WARRANTTES OF MERCHANTABILITY AND

oF RTNEss FoR A PARTtcuLAR PURPoSE' Due ro rHE VARIETY oF

CONDTT¡ONS UNDER WH¡CH THE FANS MAY BE USED' RISKS OF RESULTS

oBTAINEDFRoMUsEoFTHEFANS,WHETI{ERUSEDAI¡NEoRIN
coMBINATtoNWITHoTIIERPRoDUcTs'TsENTIRELY¡uyr¡.s.Tne
ABOVE UM¡TATIONS ON DAMAGE AND EJKCLUSTON OR UMTTATION OF

TMPLIST' WARRANNES ARE NOT APP¡ICAB¡.E TO TTIE EXTENT PROHIBTTED

BY STATE LAW.

3.4 WARRANTY

fHE MOORE COMPANY MARCELINE, MO 64658 PHONE (660) 376-3s75 FAX (660) 376-2909
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3.5 PARTS LIST

SHOP
DWE. PART
NO. NO.

NOT TO SCALE: SOME D¡MENSIONS
ANDANGLF.S HAVE BEEN

EXAGCERATED FOR CLARITY

DESCRPnON

22 MM ALUMINUM CLEVISßLADE BOLT

SMALL CLEVIS CLAMP

22 MM ALUMINUM CLEVISßLADE BOLT NUT

HUB TUBE BOLT

CLAMP STUD

16 MM ALUMINUM NUT

CLEVIS

LARGE MoUNT (3'LoNG)

5/8" ALUMINUM FIAT WASHER

5/8" BESILIENT WASHEB

IOMM STAINLESS STEEL STUD FOB QDSF BUSHING f3I
12 MM STAINLESS STEEL STUD FOR ODE BUSHINC fài'
16 MM STATNLESS STEEL STUD FOR QDJ BUSH|NG (ìti

QDSF, QDE OR ON TYPE BUSHING

1OMM STAINLESS STEEL NUT FOR QDSF BUSHING (3)
12 MM STAINLESS STEEL NUT FOR ODE BUSHINCfài'
16 MM STATNLESS STEEL NIJT FOR ODJ BUSH|NG Èi

ANCHOR PLUG

913

u4

914

912

608

169

931

939

151

52

1345

tu7
1558

1346

1348
1559

t4 911

I

2

3

4

5

6

7

I
I

10

11

r^

{,i

12

t3

(

l

I

I
l
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4.0 OPERATION

4.1 AERODYNAMIC ABUSE

4.1.I ABOUÎ THIS SECTION. .. .
It is widely acknowledged that the kinds of mechanical

abuse described on the preceding pages are destructive for all
types of operating equipment. It is less well recognized that- for
fans - aerodynamic stresses are an even more serious hazard.
This section deals with the causes of destructive aerodynamic
stresses and how they can be avoided.

Although this information is given primarily for the benefit
of operators of Moore equipment, it may be applied to fans of any
manufacture.

Unlike smaller fans, which are typically furnished com-
plete with their surroundings, the large fan wheel is supplied as an
unprotected component of the system and is installed in innumer-
able types ofsurroundings. Not only do the types and conditions
ofthedrives forthese fan wheels vary widely,buttheentrance and
exit conditions and the enclosure for the wheel assume a myriad
of possible combinations. In designing his product, the manufac-
turer of fan wheels must anticipate the operating conditions based
upon his knowledge of what is reasonable and customary for the
industry. He may over-design for abnormal stresses only until the
practical limit is reached to avoid excessive weight, cost and
inefficiency.

4.1.2 NORMAL OPERATING CONDITIONS
The fan manufacturer assumes a fairly reasonable atmos-

phere for the operation ofhis product, including the following:

ffi The fan selection will be reasonably in line with the
performance the unit is expected to maintain, with an
adequate blade area for the pressure required at the given
RPM. Blades will not be loaded beyond their capacity to
maintain air flow.

ffi A fan ring will be provided that is round, rigid and of a
depth at least suffîcient to covcr the tips of the blades. Tip
clearances will be uniform and controlled.

ffi The approach air will represent a relatively uniform and
axial flow with, of course, some unavoidable turbulence
expected. Adequate open area will be provided at the inlet
of the fan.

ss Major obstructions will not be present at either the inlet or
discharge of the fan.

ffi The RPM of the fan will be within the design limits.

ffi The relative direction and velocity ofapproaching air to the
blades will be fairly constant and protection will be pro-
vided from extreme wind conditions.

Under such conditions, the unit stresses in the blades would not
be expected to vary more than plus or minus 507o. Fan design
based on such assumptions is entirely reasonable and, with
proper drives and installation conditions, has proven highly
successful.

4.I.3 ABNORMAL CONDITIONS
Abnormal operating conditions result in destructive repeti-

tive stresses that can seriously shofen fan life. The aerodynamic
abuses discussed in this section can cause repeated flexing of the
fan blades and hub. Violent displacementof theresiliently mounted
Moore fan blades may (rccur 

- ¿ greater displacement than would
occur in rigidly mounted blades. The resilientmounting, of course,
minimizes the structural unit stresses which would be transmitt€d
to the rootof the blade and into the hub anddrive. Although Moore
units may be expected to resist greater stress than units of conven-
tional design, such repetitive stresses may exceed the capability of
theresilientmounts to absorb them. If so, fatigueof themounts and
metal may develop, adjusting linkages may wear, and ultimate
failure becomes a possibility.

Some of the abuses set out in the following text are far
less important than others. All of them may occur in varying
degrees.

Specifically, abuse due to serious repetitive sEesses can
lead to mount failure and, if carried to extremes, can cause clevis
breakage and failure in the box section duc to the end ofthe box
section repeatedly striking the clevis as the blades are violently
displaced. In units of other manufacture with rigidly mounted
blades, repetitive stresses ofthis type may lead to blade breakage,
probably near the root or at the point of att¿chment to the hub
where stfesses are highest, or may lead to failu¡e of the hub itself.
The resilient mount design, unique with Moore fans, dampens
these vibrational forces and results in a fan that is far less vulner-
able to failure from these conditions than other units with rigidly
mounted blades. Even so, extreme conditions can cause damage.

A well-designed fan can be expected to operate for many
ycars without trouble under normrl opcration as described
above, The extreme repetitive stresses described below, how-
ever, will certainly reduce the life of the fan, causing failure
many years sooner than would occur if the fan were operated as

intended. Fortunately, these destructive conditions are readily
observable to someone who is knowledgeable about them, and
they can be corrected with reasonable effort and expense once
they are observed.

THE MOORE COMPANY MARCELTNE, MO 64658 PHONÊ (660) 376-3s7s FAX (660) 376-2909
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4.2 BLADE OVERLOAD

Of all the aerodynamic abuses to be avoided in the operation of vibration throughout the aircraft as the flow alternately makes
a fan, the most importânt is thatof overloading the fan blades. and breaks. Anyone who has experienced a stall in an aþlane
Blade overload occurs because of insufficient blade area: In wi11 be familiar with this violent phenomenon.
other words, when there is an inadequacy in the number of A fan blade is no diffcrent than an aþlane wing except
blades on the fan selected. that the air usually is being deflected upward rather than

The Moore system of rating is based upon the pressure downward, the convex side of the blade being the lower surface
that each blade will produce at a given RPM with good effi- rather than the upper surface as in the case of an airplane. The
ciency. This pressure is called 1007o blade load. When blade result of blade overload is identical: When blade load exceeds
load exceeds llÙVo, the fan will not only operate at lower thatallowable,aviolentvibrationwilltakeplaccinthebladeas
efficiency, it may be subject to structural damage as well. the laminar, or uniform, flow makes and breaks perhaps many

In selecting a fan, the total pressure divided by the times a second.
pressure to be produced-hy onellade determi,nes the- numbeir of Another-wa-y oflookingat thirproblem is to consider that
blades required for the anticipated performance. Whenever theavailablenumberofbladesaresetattoosteepanangletobe
information is available, The Moore Company checks the able to move air at the axial velocity which is necessary to
selection. Even so, underestimation of the pressure require- maintain â smooth flow over the convex surface. In other
ments by the system designer, or changes in the operating words,tomoveairatthevelocitynecessaryforthisbladeangle,
conditions over time, rnay result in overload conditions. plus overcoming the static resistance of the system, the total

Whyisabladeoverloadconditionof suchconcem? We pressure which would have to be maintained for an air flow
are all aware of the fact that an airplane traveling at a given corresponding to this angle is greater than the total pressure

speed can cany only a certain load. If the speed of the airplane capability of the given number of blades at this RPM. Such a

is decreased or the load increased, stalling flow over the wing condition can only be conected by decreasing the blade angle
will occur. In the case of an airplane, approximately two-thirds until smooth flow is obtained or by increasing the number of
ofthe lift provided by the wing is the result ofthe air flow over blades and the total pressure potential ofthe fan until the fan's
the top or convex portion of the wing. Lift is provided as a pres$ure potential equals the pressure necessary to move the

reaction to the flow of air being accelerated and deflected specified quantity of air through the system.
downward as it passes over the wing. A negative pressure area Continued operation under conditions of stalling flow, or
is thus formed on the top surface of the wing which tends to lift blade overload, will significantly shorten the life of the fan.

it upward. Operation under these conditions will also reduce efficiency to
So long as air flow over the wing is smooth and clings to a ridiculously ¡ow figure. See the chart under Section 4.4

the surface of the wing, little turbulence is present. rwhen the Checking Blade Load which follows. Note that although air
load is increased, or the speed decreased, the angle ofthe wing flow remains constant or decreases, horsepower continues to
to the air stream must be increased to a point where the air flow increase with increased blade angle.
breaks away from the upper surface of the wing. This is known In conclusion, if a given fan, in a given installation, can only
as stalling or burbling flow, since the air, instead of clinging to absorb forty horsepower, for example, the blades may be pitched

the wing, breaks away near the leading edge and leaves what up ¡p consume fifty horsepower without any inøease in air delivery,
might be called a turbulent void above the upper wing surface, and possibly with a de¡rease. As a result, the extra ten horsepower is

nullifying the accelerated flow which was responsible for the Uallywasted--perhapsworsethanwasædltisgoodpracticetos€lect
greater part of the lift of the wing. asufficientnumberofbladessothatbladeloadwillamounttoslightly

When this occurs, the wing loses a large portion of its lessthan lgQTooffullbladeloadwhenconsuming 1007o of therated
lift. Flow, however, will re-establish briefly and break again, fan horsepower. There fre a number of reasons for allowing this

the cycle being repeated continuously, resulting in a severe safety factor which are set out in detail below.

':rrI .r
l,¡;

AIRFLOW IN NORMAL FLOW
I)ownward flow provides lift to the wing

AIRFLOW IN STALLING FLOW
Note lack of air deflectlon downwsrd.

Page l0
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4.3 CAUSES OF IMPROPER BLADE LOADING

e

4.3.1 VARIATION FROM PREDICTED CONDITIONS
Although those who design air coolers and cooling towers

undoubtedly do their best to accurately state the calculatcd static
resistance of the system, a number of factors may cause the actual
conditions to vary from the design conditions. When a
variation occurs, it may be found, upon testing, that the
static pressure for a given volume through the system is
higher than anticipated. In this case, the number ofblades
provided may be inadequate to meet the performance. On

the other hand, the static pressure may have been overes-
timated and excess blade area provided, resulting in a fan
with unutilized capacity operating at low efficiency.

Inadequate Blade Area: The blade angle is se-

lected to move the anticipated volume of air and the
number of blades is selectecl to maintain the total antici-
pated pressure required to move this volume at a given
RPM. If the static pressure turns out do be higher than
predicted, the fan may then be operating in an overload
condition. If the RPM cannot be increased, the only solu'
tion to this condition is to reduce the blade angle until the

fan can carry the then reduced volume at the originally
anticipated pressure. Since reducing the volume, while
holding the total pressure as originally anticipated, can

only reduce the horsepower, it is then impossible fo con-
sume the horsepower originally intended without over'
loading the fan. This is one of a number of reasons for
providing some safety factor in blade loading at the time
of original fan selection.

Excessive Blade Area: Occasionally, an excessive
number of blades may be specified in the interest of
making a conservative selection. If the static pressure has

been overstated, the theoretical number of blades will be

greater than needed. This theoretical number ofblades is
usually a fractional number and the actual number of
blades used must, of course, be the next larger integer,
resulting in some "safety factor" in the selection. If, in
addition, a blade or two is added as a "safety factor" or in
anticipation of increased future requirements, it may be

impossible to meet the original performance requirement
efficiently. The only way to provide the original perfor-
mance and draw no more than the original horsepower is

to flatten the blade angle. There is a limit, however, in
how far the blade angle may be reduced before further
reduction wlll decrease airflow witltout a further rcduc-
tion in horsepower. For belt drive units, the most practi-
cal solution to this problem is to reduce the RPM of the

fan.

4.3.2 EXCESSIVE TIP CLEARANCE
Unless the fan ring is very close to the tip of the

blade, air from the high pressure surface of the blade will
flow around the tip and nullify the negative pressure on

the underside of the blade for some distance in from the

tip. For a fan of, say, l2-ft diameter, the last 12 to l8
inches of the blade could be producing no pressure what'

over and performing no useful function. The balance of
the fan blade toward the hub then must produce a higher
pressure to compensate for the portion near the tip.

Excessive tip clearance also leaves an unswePt area

between the tip of the blade and the fan ring. Aiï that has

been pumped by the fan will return downward through this
unswept area at a velocity greater than that st $'hich it
passed through the fan in the desired direction. This
condition adds even further to the requirements of the
portion of the btade which is doing the work and effi-
ciency will be greatly reduced.

\ryith the loss of a foot at the tips of the blades, plus
the back flow between the tips and the ring, the 12-ft fan
in this example might be considered an effective l0-ft fan-
It would have to deliver sufficient air to satisfy the per-
formance requirements of the installation, plus the amount
of air which is returning in the void betqreen the tips and
the throat. Under such circumstances, excessive blade
loading could occur even though the required system
pressure is not achieved.

4.3.3 POOR ENTRANCE CONDITIONS
Air will approach the fan from all possible direc-

tions, increasing in velocity as it nears the opening, then
accelerating rapidly as it enters. The air approaching from
the side must be turned through 90o to enter a ring whose

entrance terminates in a flat plate. If the inlet end of the
ring projects some distance out, with approach possible

from all directions, a portion of the air must be turned
through I 80o. The inertia of the approaching air prevents

it from turning sharply and advancing parallel to the
desired flow. It consequently swoops toward the center,
leaving the outer area of the fan with reduced flow or even

reverse flow near the ring.
The effect of poor entrance conditions is similar to

that previously described for excessive tip clearance in
that the effective diameter has been reduced and excessive
blade loading could occur even though the required sys-
tem pressure is not achieved. Efficiency will be greatly
reduced.

4.3.4 EXCESSIVE DEFLECTION
The pressure which the fan can achieve is dependent

upon the square of thc velocity of thc bladcs relotivo to tho

air. If the air could be moved into the fan in an axial
direction and passed through the fan into the discharge
without changing direction, the relative velocity of the
blades to the air stream would be the true velocity of the

blades at any point. This, of course' is not the case. For
the blades to accomplish work upon the air, they must also
deflect the air in the direction of rotation of the fan. The

air when rotated with the fan is moving with a certain
velocity in the same direction as the rotation of the fan,
which reduces the relative velocity between the fan blades
and the air by some Portion of this rotational velocity.
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Moore fans are designed in contemplation of a maxi-
mum deflection of 50o at the hub, decreasing to a very
small value ât the tip. This deflection is considered in the
determination of the pressure which may be provided by
each blade over its full length. If fans are selected, or if
conditions exist, which cause the deflection to exceed 50o
at the hub, the velocity of the blades relative to the air is
less than anticipated and the blades will not provide the
rated pressure. The test below, however, will show the
full allowable pressure capability of the fan, even though
it does not reach the full rated pressure.

4.3.5 CONCLUSTON
As can be seen by the various points discussed in

this section, there are a number of complex factors which
tend to cause fans to be operated in a condition of im-
proper blade loading which can shorten fan life or lower
efficiency. When blade angles are set to consume the
specified horsepower (at the fan shaft), the resulting per-
formance should be very close to the specified perfor-
mance. If this is not the case and the problem cannot be
identified or corrected, please contact The Moore Com-
pany for assistance.

4.4 CIilßCKING BLADE LOAD

One method of checking blade load is to run a
complete field test on the fan. Although laborious, this
method will provide ample proof so long as neither exces-
sive tip clearance nor poor entrance conditions are present.
If either are present, however, the conditions set out
above under Section 4.3.3 would apply and the fan could
be overloaded even though the total pressure indicated by
the test was within the allowable blade loading.

A better, more convenient and simpler method of
detecting blade overload, or determining maximum allow-
able blade angle, is set out below. The equipment needed
is a wrench, a torque wrench, a protractor and adraftgauge
(or manometer).

All fans are shipped with the blade angle set for the
anticipated performance requirements furnished to The Moore
Company by the purchaser. This blade angle is called out on
Section l. I Fan Specifications. This angle refers to the angle of
the top or bottom of the clevis with the horizontal. Hubs are
shipped with the clevises set at this angle.

To start the test, adjust the blades to an angle of
approximately half that called out on the specifications or
measured on the units. Connect the draft gauge to as
quiescent a spot in the plenum as possible, preferably in
the corner of the plenum and either ahead of or following
the fan, depending upon whether the application is- in-
duced or forced draft. Since the figures obtained are
purely relative, it is not necessary that accurate static
pressure readings be obtained, but rather that the readings
taken represent a consistent series of pressures at the point
of reading chosen.

Start the fan and record on the chart provided the
blade anglc and he static pr€ssure indicated. Advance thc
blade angle by one or t$,o degrees and repeat the perfor-
mance, recording again these readings. Keep increasing

the angle and following this procedure until the motor is
fully loaded, in which case the fan is able to consume full
rated fan horsepower without overload OR until the curve
which will have started on a definite slope begins to
approach the horizontal. It will be noted that the static
pressure will be consistently increasing with increased
blade angle until the blade loading reaches maximum, at
which point it will level off.

Subsequent increases in blade angle may have quite
different effects, depending on the individual installation.
The static pressure curve may merely stay level or may
drop off sharply. In rare cases, it may level off and again
start rising as the fan begins operating as a centrifugal
blowcr.

Typical examples are shown in dotted lines on the
chart opposite. Operation beyond the first point of level-
ling, or in the area of the dotted lines, is indicative of
blade overload. Note that power consumption load will
continue to increase even though the fan has passed into
overload condition. The maximum blade angle allowable
is that which produces a static pressure about 57o below
the point where the curve becomes level. This represents
a safe loading, and the btades may be set and left at this
angle regardless of the location on the chart, assuming the
motor is not overloaded.

The point so selected will also approximate the
point of the most efficient operation of the fan. Due to
possible error in static pressure predictions, or in readings
which are intended only to be relative, as well as other
vari¡bles, the final blade setting chosen may fall below or
above the specified static pressure.

A typical performance chart is sho*'n opposite for a
fan capable of a higher bl¡de loading than origianally
specified. A blank chart is also provided for your use.

n
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OPERAT¡ON
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Note in the chart above that static pressure (and air flow) has reached
its maximum at an 1 I degree blade setting and blade overload is

beginning. With further increase in blade angle, anything may happen, as

indicated by the dotted extensions into the shaded overload area. Note

14 15 16 17 18 19

that the final selected blade angle is 5% below the point where the static
pressure curve becomes level. The horsepower curve has been added to
illustrate thepoint that in an overload condition, horsepowerwill increase
without increased performance.
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BLANK CHART FOR CUSTOMER USE
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4.5.T GENERAL
Any condition which causes repeated blade loading and

unloading is detrimental to fan performance, both in terms of
efficiency and structural durability. Normal obstructions, of
course, must be expected in the air stream. There a¡e certain
conditions, however, which may be avoided by reasonable atten-
tion to the points briefly discussed in this section. Additional
information on the importance of inlet and discharge conditions
can be found in The Moore Company's General Catalog.

Ideally, air should approach a fan in an axial direction and
at a uniform velocity over the area of the fan. Air approaching a

fan at an angle tends to increase the relative velocity of the
blades to the air on one side of the fan and decrease the relative
velocity on the other side. This means that the fan blade during
one-half of its revolution is picking up a heavier air load due to
the higher relative velocity and, through the other half of its
revolution, a lower air load as it goes "down wind". The net
result is a repetitive loading and unloading of the blades at each

revolution of the fan. This condition can be quite serious if the
velocities are high and the angle ofapproach deviates considera-
bly from axial.

4.5.2 WIND
With a vertically mounted fan blowing outward into the

wind and surrounded by a short fan ring or stack, high winds
may cause some concern. The farther the ring extends beyond
the fan, the less effect would be expected from wind. It is a fact,
however, that wind across the face of the ring will affect the
direction of air flow well down into the ring. In the case of a fan
installed near the outlet of the ring, the direction from axial of
the fan discharge may be increased by as much as 45o under
high wind conditions.

4.5 DAMAGING OPERATING CONDITIONS
In the case of a fan blowing inward in a short ring, the

condition is even more critical. In such an installation, the air on
the inlet side of the fan has a horizontal velocity which may be
quite high. It is necessary for the fan to pick up this air and
direct it inward. In a strong wind, the angle of air moving
through the fan may be increased more than 45o.

The illustration above assumes a fan operating with a tip
speed (Vn) of 10,000 feet per minute (114 miles per hour) with

Vtfl Vs

Vn- 1gf MPH

\b
Af.o

$
Vs

É=

o
rt
;
É

\tvú

Vs

Vn- 94 MPtl \lttl

a horizontal component of wind velocity (Vw) of 20 miles per
hour. Note that the velocity (Vn) of the fan blade relative to the
air varies by a factor of 1.43. The blade load varies as the square

of this velocity, or 2.05.

THE EFFECT OF AIR LOAD ON HUB AND DRIVE
Moore fan blades are attached to the hub by a pivot. As the

fan rotates, centrifugal force causes the blades to rise (as do the

blades of a helicopter). The air load (Fe) is uniform over the
blade, but there is a point (shown on the blade in the drawing
below) where, if the total load were applied at that point, the
effect would be the same. The resultant of the air load (Fn),
assumed in this example to be downward, and the horizontal
centrifugal force (Fc) is the force on the blade (Fs). The blade
automatically positions itself in the direction of this force with

L RP

FA
Fc

L
rB

the result that the force is translated inward to the pivot point, aô

illustrated by the dotted line. The effect of this anangement is
exactly as if the total air load (Fe) were applied at the pivot point
rather than at the point outward on the blade. The maximum
bending moment applied to thc shaft by the air load is equal to
the load (FA) multiplied by the distance from the fan centerline
to the pivot point (Re).

In conventional fans with rigidly attached blades, the
bending moment attheshaftdue tothe airloadis equal to theload
(FA) multiplied by the distance from the fan centerline to the
point of application of the force on the blade (Rr). This moment
will be from 2 to 4 times as great as that produced by the Moore
fan under the same conditions.

RF

q. FA

Also of concem with the conventional fan is the bending
moment due to the air load at the point of attåchment of the blades
tothehub sincethis is usually the structurally weakestareaof the
fan. The moment due to the air load at this point is the load (Fe)
times the distance (D). For the Moore fan, this moment is zero
since the blades are attached at the pivot point.

A moro comploto discussion of the Moore fan design can
be found in The Moore Company's General Catalog.

D
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In this rather common wind condition, then, it can be seen

that the blade load on the side where the blade is going against the
wind will be double the load on the side where the blade is going
with the wind. In a 40 mile per hour wind, the blade load would
vary by a factor greater than 4. In a 60 mile per hour wind, the load
would vary by a factorof morethan l0! It is obvious thatoperation
under such conditions will impose tremendous repetitive loadings
on the fan blades.

In areas of unusually high wind velocities, it may be
advisable to shield the fan in some manner.

4.5.3 OBSTRUCTIONS
Obstructions of one type or another in the ah sFeam, ahead

ofor beind the fan, are to be expected. In fact, it would be virtually
impossible to eliminate all obstructions. Structural suppoling
members, foundations and the like, need notbe ofserious concem
although all obstructions, even small ones, will increase the static
pressure and must be taken into consideration by the system
designer in specifying the fan performance.

The total free area from which the fan can draw air should
be twice the net area of the fan (fan area minus hub area). In other
words, theairapproaching the inletof the fanshouldhaveno more
than half the velocity of the air passing through the fan. This area

should be distributed reasonably uniformly. It would be unwise to
attempt to operate a fan with one-half or one-third of the fan area
completely blanked off. Such a condition would cause stalling of
the fan blade through one-halfthe revolution but create ¿ condi-
tion of overload in the half which was not blocked off. Excessivc
vibration would result. Any condition which forces the air to
approach the fan in a non-axial direction should be avoided.

4.5.4 TJNEVEN TIP CLEARANCE
Where fan rings are out of round or not centered with the

fan, the tip clearance of each blade will vary as it makes a
revolution. If tip clearance is tight at one point and excessive at
another, proper flow will establish itself at the tight point, loading
the blade to the very tip, while at the loose point the air will flow
from the high pressure side of the blade through the opening
between the blade tip and the ring and nullify the negative
pressure on the under side ofthe blade. This will unload the blade
near the tip within the area of excessive tip clearance. Under this
condition, the blade will load and unload near the tip one or more
times per revolution, resulting in an undesirable repetitive vibra-
tion. Every effort should be made to keep the tip clearance to a
minimum and to have this clearance as consiant as possible
around the entire ring.

r-
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IMPORTANT....
Moore fans are frequently sold to original equipment manufacturers who sell their products, including the fan, to their customers

who a¡e usually unknown to The Moore Company. This makes it difficult for Moore to give prompt assistance to the owner in later
years when more information or parts are required. By returning the Owner Registration card below, you will assure that The Moore
Company will have accurate and detailed information about your fans in their permanent records, indexed by your company name,
which will be readily accessible in the future. Owner registration will also make it possible for Moore to keep you informed about fan
developments and new publications which may be of interest to you.

OWNER REGISTRATION
O1VNER AND ULTIMATE USER¡ MOORE JOB NO(S):

PLEASE

TAKE A

MOMENT TO

COMPLETE

AND

RETURN

THIS CARD

NOW!

COMPANY

MA¡L¡NG

SER¡AL NO(S): (nJoBNo.¡suNKNowN)

OWNERIS ADDRESS AT SITE:

OWNER'S REFERENCE NUMBER(S)¡

OWNER'S REPRESENTATIVE ATSITE:

NAME!

ÎITLE:

INSTALLATION DATE¡

PñONE:

FAX:

TYPE OF TNSTALLATION
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For new users of Moore fans

Resilient Blade Mounting
Like the blades of a helicopter, Moore fan blades are

attached to the hub by a pivot. ln operation, centr¡fugal

force causes the blades to rise to their working position.

The pivot itself is surrounded by a vibration-absorbing
resilient material. There are two major advantages to this

design:
1, Compared to fans with rigidly mounted blades, only

114lo 112 of the stresses caused by the air load are

transmitted to the hub_and drive, substantially increasing_
the life of the fan driving mechanism.

2. Moore fans are ideally suited for operation by
variable speed motors - the most etficient method for
varying air flow - since resonant frequencies are

eliminated and there are no critical speeds to be avoided.

Low Inertia
Fan blades are jig-formed to the complex shape required

for high aerodynamic efficiency. This method provides a

blade that is rigid, yet lighter weight than possible with

other forming methods. This lighter weight results in low

blade inertia and lowers the possibility of fan damage in

case of sudden emergency stops typical of engine drive

operation.

Odd or Even Numbers of Blades
Moore fans do not require an even number of blades since
all blades are balanced to a standard momênt. Because

of the importance of avoiding either excess or insufficient
blade area for efficient performance, it is an advantage to

aaaaa

Moore fans have a number of unique features. Some of these features are

summarized here so that our new customers will understand the¡r imPortant

advantages. lf you would like to have more information about Moore fan design,

please request a copy of The Moore Company's Engineering Catalog.

be able to select any number of blades up to the physical
limitation of the unit,

Tlflo Hubs
The ideal size of a fan hub from an aerodynamíc point of
view is much larger than the ideal size from a structural
point of view. lf the fan hub is too small, the blades do not
terminate at the point where they become inefficient' Air
flow will deteriorate or even reverse near the hub, resulting
in wasted power. Yet, a hub of the size required by these
aÞredynamie sonsiderationswoutd be an extremely heavy
and expensive structural member,

Moore avoids compromising on hub size by providing

two hubs - a structural hub and an aerody- namic hub -
each properly proportioned for its function, The
aerodynamic hub is refened to as the air seal.

llniform Velocity from Hub to TiP
Uniform velocity over the entire blade area is the most
important criteria of etficient axial flow fan design. To
produce a uniform velocity throughout its length, a fan

blade must vary from a thin, narrow tip to a thick'
cambered root. Each po¡nt on the blade rnust have the
proper combination of chord (blade width) and angle. This
results in a great deal of twist ¡n a properly designed
blade.

Moore fan blades are jig-formed to provide the
complex contour needed for high aerodynamic efficiency.
Extruded blades (which must be of unlform width) cannot
match the efficiency of blades that are properly
proportioned.
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PLATE
(F.s.)

LUGS
(END TO END

BUNDLE PLAN VIEW
SCALE: 1:20

#5

FOR l4'l-16øUNC x 51
c,/w'WASHER. LOCK

^/e
^/B(TYP. x 2)

(SEE DETAIL)
É t

#6

@-
@-

OUNET HEqDER BOX

r. m sPAcEo 204 ÁPART ARE FoR

305 DEEP SIDE CHAI'INEL HOIES 280
APART ARE FOR 38I SIDE CI-IÁNNB.

2. SHrcKLT HOLE IS OESIGNEO SO THAT

THE EOTTOM OF THE SUSPINOED

BUNDIE WIü ,KICK 
OUT, SUCHNY TO

AID IN PTACE¡TENÍ.
3. LUG SHOUT.D BE PTRUANENÏLY

MAßKÍD 
.2OO() 

KG CAPACITY.

I3OOO KG DYMIIIC LOADING),.

1. ÀLWAYS USE 2 LUGS FOR UFÌING'

5. A SPREADER BAR IS REQ.D, TO

ÍNSURE SÌRAIGHT UP UFT.

6. ALL MATERIALS 5A.36.
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t2

t-l

N¡BES

MAXIMUM ALLOWABLE NOZZLE LOADS
FoR AC-210

UFNN6 DIAGRAM
FoR AC-210

é

8078 BOX

BUNDLE ELEVATION VIEW
SCALE: 1:20

(îrP.)

t

I
a

NOIE:

WEIGHTS SHOWN IN DIAGRAI/1 INCTUOE 5OB
EXCESS FOR DYNAMIC LOAOING
r-lrnÑc oncneu W€IGHT w/o lltPACT LoÆl: 22oo KG'
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\lENl */ PLUG¿l
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564 m2

k9

0.29 m3CAPACITI:
SURFACE AREC OF IUBES

INCUJDING FINS:
WEIGHT EMPTY:

2000
SERIAL NO: 994Oa-233 CRN:

Y6AR BUILT:

LSO NO.:

CODË:

MAIERIAI-: HOR BOXES. SA-516-70N
IuBES: FMls) sA-t79

RADIOGRAPFIY: N/A
ExcEPT rutL o1l FLGIPIPE wA¡S Oll NOZZTE

P'r'H'L: ilffiuu* 
'EMP: 

5s+'c
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-28e14+?

4.i47 lrPog
176 'C

3.18 Diû¡

667O kPog

U¡X. DES. PRES.:
DESIGil TEMP:

CORR. ALLOW:
HYOROTEST:
MDMI:

'c
LPog

PROO. IMPACT TESI REQ'D: NO

MECH. LOADS OOV. PER UG22: NO

IMPACT ÏEST: No-PER UG20(f)
UCS-66(o)¡ ucs-66(c)

SH|P LOOSE: NO
SEñ4EE NATURAL CAS

PNT 12
FINISH PAINÏ:
INSULA'ÍìON: NONE

SURFACE
PRIMER:

SèAú: l:to
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alE-E

WVIEW .B-B'
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APACHE CAÌ\IAOA LIMITED

üG N0: AC-21O
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(SEE DETAIL) >/-É
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SCALE: l:20
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SCALE: 1:2O
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NOTE:
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6. ALL MATERIALS SA-J6.
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SCALE 1:20
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PROOUCTION IMPACT 1EST REQ'O: N0

MECH LOADINGS COVERN PER UG 22: NO

1476 HP HAilBURC C(}¡PRESSOR PACIüGE

3fd SÍAGE E€ AFTERCOOLER
,Ê-212

ñ2
kg
kg

508.J6
1830

0.123 m3

1 95J

PNI 12

SHIP LOOSE: NO

SERVICE: NATURAL GAS

TMPACT TeST: NO- PER UG2O(Í);
ucs-6ô(.)

CAPACIW:
SURFACE ARE¡ OF IUBES

INCLUDING FINS:

WEIGHT EMPTT:
WEIGHT RJLL OF WATER:

SURFACE PREPARATON:-I
PRIMER: L-
FlNlSl-l PAINT: J
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(

¡y¡9-

AS NOTEO
SU

ENG
It tt
BY

ñi0g7ì3
D^1Ê

tt(
ct(D

SKI
Na^{\como\M¡æ\80L-99,+0¿l-23 l -Sfi -0 l.dwo

BY
)ATE

SCALÊ

SERIAL NO: 99404-251 CRN:
YEAR BUILT: 2000

LSO NO.:

189rt'r..t v* orv r. '9E. ADDE¡,'A '99

RADIOGRAFHY: N/Â

ExcEFT FULL ON FLG/FIP€ ï€LOS 0F NoutE

P.W.¡¡J.: YES
xlNlMuu lEt¡R 593 'C

FOR Ïue I Hr

lAG Nù AC-212
'souR sÉFnúc'E.

METAL TEMÈ

APACHE CANADA UMITED

CORR, ALLOW:
HYDROTEST:
MINM DESIGN

i"'åPsl'' .*ç¡¡Fi9Ë,MATERIAI.:

Pitænßú
1,10 

^*LakêRoad,tudalEøg#2
Altdttc,Alår,t6

@t'',úT¿82C3

MAX. OESIGN PRESSURE
DESIGN TEMP:

11577 kPoE
177 'q

3.18 mm
17065 kPog

-28 'C
O 11377 kPoE
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INTTT HE¡DER BOX
(nxED ENO)

BUNDLE PLAN VIEW
SCALE: l:20

BUNDLE ELEVATION VIEW
SCALE: l:2O

OUTLET HFÁDER SOX
(sLrDrNG END)

LIFTING DIAGRAM
FOR AC-220

NOTE:

WEIGHTS SHOWN IN DIAGRAM INCLUDE 50Ë
EXCESS FOR DYNAMIC LOAOING

LIFTING OIAGRAII WEIGHT u./o IMPAQT LOAù 27oo KG'

Fy

Mr

t¡.

FIN TUBES

Fz

MAXIMUM ALLOWABLE NOZZLE LOADS
FOR AC-220

(END TO ENO OF CHANNEL)

¿

I

¿

I

¿

I

¿

I

ô
i"tì

#6#5#+#2 #3#1

NAME PI.ATE
(F.s.)

BOx)

OF LIFTING
LUGOF LIFÎING

LUG
h
ts
É

1

tb
tb
rb

1800
2260
2260

Fx
Fy
Fz

Mx

2400

3t 60 ft-lb
4500 ft-lb

290 HOLE
FOR CROSBY 5-209

SHACKLE (wlt=6.s ToNS)-\

sERr/¡c¿

i.lw ñr Ff {Ac-220ìtñR
Ern õIrrFT (^C-220t

VÉNT27
NPÀN,t

CAPACITY: 0.285 m3 SERIAL NO: 9940¡t-235 CRN:

VTEIT 'A-A,
SCALE: l:15SCALE:1:15

5A-36 PLATE
13 THK,

VIEW 'B-B' REMOVABLE LIFTING LUG DETAL
(REUSABLE)

(2)-REo'D.
SCALE: l:10

WEIGHÎ EMPTY: 27OO kg
WEIGHT ruLL OF WAÍER: 2985 kg
SURFACE PREPARATION:-l
PRIMER: l- p¡n r r
FINISH PAINT: )
INSUIåTION: NONE

PRODUCÎON IMPACI TEST REQ'D: NO

MECH LOAOINGS GO\ERN PER UG 22: NO

IMPACÍ IEST: NO

SHIP LOOSE: NO

SERVICE: 6OU EGr/H2O

MAÍERIAL: HOR EoxES: G4O-21u-350(A-3O0C)/
sA-s16-70

n Bes: (IvELDED) 3r-214€Rl
R¡cOIOGRAPFIY! N/A

P.W.H.T: NO
I¡|INIMUM TEUtl 'C
FOR TIUE: l{r

IAG Mt: åC-220

-24
9?

97 kPog
t¡tg 'C

Omm
stE kPog

CODE: NON-CODe

M/$(. DES. PRES.:
DESICN TEMP¡
CORR, ALLOW:
HYDROTESTT
MDMT:

o kPog

1+7A HP Hå¡¡BURG COilPRESSOR PâCI(ÄGE

ENGINE JrcKET WAIER
AC-220

4l0æelalþRæ4
P?É,altug#2

Ndrb,Atp,ila
enad¡ TrSzClt

APACHE CANADA UMITED

D-BDL-99404-235-SK[ sHr. I oF I



LIFTING LUG
(sEE DrrÄL)

d

^/8
^/aLIFIING LUG

(SEE DTTAL)

c¿d

NAME PLAÍE
(F.s.)

I
4,

BUNDLE PIáN VIÊW

SCALE: l:20

8l 48 BOX

BUNDLE ELEVATION VIEW
SCALE: t:20

REruRN HEADER

B0x

LIMNG DIAGRAM
FOR ¡C-230

ff"* sHow* rN D^GRAM tNcLuoÊ sorR

EXCESS FOR DYNAMIC LOAOINô

UmHC OneRar WÉGHT r/o ll¡FACf LOAD t52o Ke

Fy

M¡

Iti¡

F¡

RN IUSÊS

Fz

r.ffeé sPAcED 2o,t APART ARe FoR

Jo' DEEP SIDE CHANNEL, HOLES 28O
¡P¡RT ¡RC FOR 38T SIDE CHANNEL

2. ÉHACKIE HOLE IS DESIGNED SO THAT- ixE goïrou oF THE SUSPENDED

BUNDLE WILL 
,KICK OUT" SUGHTLY TO

AID IN PLACEMENT.
3. LUG SHOULD BE PERMANENTLY

MARKED "2OOO KG CAPACITY.
(3ooo Kc DYNAMIC LoADING)"'

¿. Àr-w¡vs usE 2 LUGS FoR uFnNG.

5, A SPREADER BAR IS REQ'D. TO

ENSURE STRAIGHT UP UFT'

6. ALL MATERIALS 5A_36.

MAXIMUM ALLOWABLE NOZZLE LOADS
FOR AC-230

296
FOR CROSBY

SHACKLE (T/LL=6.5

C
v
cc
c

VIEW .A-A'
SCALE: t:15

VIEW 
,8.8,

SCALE: l:15 .io KG MAX. & to KG MAX.¡

REMOVABLE LIFTING. LUG DETAIL
(REUSABLE)

(2)-REo'0.
SCAL€: l:1O

scHRAIINGuK 'st¿È.

211
)51ffiffi0.:E9

AA

22 )ù!rr! tru

SURFACE AREA OF TUBES'ÑõuuorHc flÑs: 534.43 m2
WEIGHT EMPTY: 1520 kg

WEIGHT ACCOUNTS FOR POSSIBLE
CHANGE TO 14 B.W.G. ruBES

WEIGHT FULL OF S/ATER: 167ô hg

tNSUt-ATtOt{: NONE

PROOUCNdN IMPACT TEST REQ'D: NO

MECH.LOAÍ'INGS GOVERN PER UG 22 NO

IUPACT TE6T: NO

SHIP LOOSE: N0
SERVICE: 60Z EG/H2O

147E HP H^ilBURG COMPRESSOR PâCI(¡CE

AIJX. JAO(ET WATER

AC-230

l PNT 11

CAPACITY:

SURFACE PREPARATIOÑ:
PRIMER:
FINISH PAiNT:

0.156 m3

¡-I
)ATE I
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'JECTÌ9

MAIERI& HoR BOXESjG4o.2ÎT-J5O(A-5Oæ)'/
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P-W.H,T.: llo
MlNlt¡t,tr lËMÊ E
F(¡R nr¡É lb

TAG No: AC-230

YEAR BUILT: 20(þ
CRN:

APACHE CANADA LIMITED

SERIf\L N0: 9940+-2¡+

97 kPog
1¡r9 'C

0mm
518 kPog
-2E 'C

O 97 kPoE

çaü|mû
mA*tÂtoRofd,

tuflw*2
âNñqNûr¡t.

Ganacb Tda2C3

MAX. OES. PRES¡
DESIGN TEMP:
coRR. ALIOW:
HYDROTEST:
MOMT:

LSD NO.: -
CoDE: NON-CODÊ

AS NôTÉD
1
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HEADER 8ö1(

Q LIFTING LUG
¿¿ 

o LIFTING LUG

900
600

ft-lb

Fr 90O lb
Fv 760 lb
F'z gO0 lb

Mr Ê0O ft-lb

701



LOADS
MAXIMUM
168 1',|4

ALLOIVABLE
NOZZLE

)
7

fr
vg

OPEN AREA

fr
7

fr

Fx
Fy
Fz

Mr

1500 tb
1200 rb
1500 rb

?200 fr-lb
1600 ft-tb

AIR
FLOW

û

ft.

VIEW'A-A,
SCALE: l:25

Fr

c. oF G.

D|MS FROM 0 DATUM

X - 1433 mm
Y = 38.13 mm
Z = 2350 mm

HN ruBES

SHIPPING
MAXIMUM ALLOWABLE NOZZLE LOAD

FAN NOIE:
WEIGHTS SHOIVN IN DIAGRAM INCLUDE 5OZ
EXCESS FOR DYNAMIC LOADING
LIFTING DIAGRAM WEIGHT: 2O7OO KG. (WITHOUT IMPACT LOADING)
INCLUDES: COOLER STRUCTURAL S'[EEL, BUNOLES & LOUVRES

SHTPPTNG llroTlt

LIFTING DIAGRAM
FOR COOLER ASSEMELY

^c 
- 21 o / 2 1 1 / 2t 2 / 22o / 23o
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89 NOZZLE

F¡ 90O lb
Fy 760 lb
F¿ 900 lb

Mx 600 ft-lb
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Mz 600 ft-lb

F/s
MANWAY

DURING RELD INSTAL|JANON ÎACK WELDS, IVHICH
ARE LOCATEO AI THE SUDING END OF EACH
EUNOLE AT{D IVHICH ATTACH HFÁDER BOX
Í-8ARS T0 .rHE EUNELE SIDE C¡|iANNEL. MUST
BE REMO\EO, THESE VUELDS WITL BE COLORED
RED OR ORAÀIGE.DRIVE END VIEW

SCÂLE: 1:25
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15.00 / 9.50 / 6.00 / BAL x 6HOS4-3

PROPAK SYSTEMS LTD.

D-R GFC ORDER NUMBER: Gl6l9 & C1621

CUSTOMER UNIT #: 99-404-150 & 99-420-150

SERIAL NUMBERS:

6HF853
6HC2654 / 6HC2655 / 6HC2656 CYLINDERS

6IrF854
6HC2657 / 6HC2658 / 6HC2659 CYLINDERS

DRE55ERf,AilD
Gas Field Compressors

t0/10/2000

@ Dresser-Rand Comparry 2 000

Printed in U.S.A.

INSTRUGTIONS
AND

PARTS LIST

6.OO.INCH STROKE TYPE HOS
GAS COMPRESSOR
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COVER THOSE UNITS LISTED ON THE TITLE PAGE. THIS PORTION OF THE MANUAL IS
PRODUCED AT TULSA, OKLAHOMA AND CONTAINS THESE FOUR SECTIONS.
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I

SAFETY PRECAUTIONS

THE INSTALLATON, OPERATION, AND MAINTENANCE OF A
COMPRESSOR AND ITS AUXILIARY COMPONENTS MAY INVOLVE
CERTAIN HAZARDS WHICH AFE UNIOUE TO THIS TYPE OF
EOU¡PMENT. THE FOLLOWNG LIST OF SAFETY PRECAUTTONS
MUST BE THOROUGHLY READ AND REVIEWED WITH ALL
PEFSONNEL PRIOR TO WORKING WITH OR ON THE COMPRESSION
EOUIPMENT OR SYSTEMS. FAILURE TO HEED THESE WARNINGS
CAN RESULT IN AN ACCIDENT CAUSING PERSONAL INJURY OR
PROPERTY DAMAGE.

Do not operate this equipment in excess of its rated capacity,.speed, pressure, and temperature,
nor othen¡¡ise than in accordance with the ínstructions cbntained in the lnstruction Book- Operation
of the equipment in excess of the conditions set forth in the sales contract wilt subject it to stresses
and strains which it was not designed to withstand.

a All electric motor and control wiring must be carefully installed in accordance with the National
Electric Code, the Occupational Safety and Health Act of 1970 (OSHA), and any other code
requirements at the installation site.

Pipíng subject to temperatures in excess of 175oF (79.4'C) which may be contacted by peÅonnet
must be suitabty guarded or insulated

Ventilation of areas and buildings containing compressors handling hazardous gas must be
designed to prevent recirculation or concent¡ation of leaking or vented gases. 

:

The compressor must be fitted with safety valves to limit the discharge and interstage pressures
to a safe maximum. NEVER install an intervening line vaþe between a compressor cylinder and
that safety valve.

Safety valves must have their settings tested at least once a year, and more otten under e)dreme
conditions, using an appropriate bench test.

' lf a safety vafue blows during operation, stop the unit immediately and determine the cause.

I Pressure relieving deviees that are vented to the atmosphere must have their outlet connections
directed away from possible operator positions.

' Rotating equipment must not be placed in operation withorn adequate guarding of exposed rotating
parts.

Service on a machine shall always start with cleaning the sunounding area outside the machinery
to remove oil which could cause the maintenance personnelto slip.

Volatile flammable liquids must not be used as a cleaning agent for engine or compressor parts.
A safety solvent should be used and the parts thoroughty dried before assembly.

Carbon tetrachloride must not be used as a cleaning sotvent. Appropriate provisions for ventilatíon
should be made when using other halogenated solvents...

When working with or near pickling or caustic sohiions, all appropriate safety precar-rtions must be
taken with respect to adequate ventilation and adequate eye and body protection.

a



a

a

o

a

Safety Precautions

Consutt OSHA regulations regarding cleaning rnaterials and their use.

Air jets must not be used for cleaning work clothes, because of the risk that the jet might enterthe
blood stream via body openíngs or smallskin wounds.

When air jets are used for cleaning worþieces, for sandblasting or for spray painting, hands and
eyes must be adequately protected against flying debris.

Whenever the compressor is sht¡tdown for repairs, positive steps must be taken to prevent the
prime mover from being inadvertently restarted. These positive actions are described in the
lnstruction Book. ln addition, awaming sign bearing a legend'WORK lN PROGRESS - DO NOT
START", or similar wording, shall be attached to the starting equþment.

Whenever an engine or compressor is shutdown, and overheating is suspected, a minimum period

of 3o minutes_must elap_se beT_ore the crankcase is opened. fremature opening of the qrankçase

on an overheated machine can resutt in a crankcase explosion.

Prior to opening a reciprocating engine or compressor, or undertaking a major overhaul, the unit
must be positively blocked against rollover and movement of the running gear. When the unit is

equipped with a flywheel locking device, this device must be engaged to prevent rollover. Blocking
the crankshaft against rotation or blocking the crossheads against movement are altemate methods
of securing the running gear for maintenance work.

Never open a compressor cylinder or any other part of the compression system without first
completely relieving all pressure within the unit and taking all necessary precautions to prevent'
accidental repressuring of the system.

Compressors handling toxic or flammable gases must be isolated from the process piping by

means of blinds, or double valves, and bleeder when rnajor maintenance is required. Before
opening such compressors the equipment should be purged or evacuated. Minor adlustments may

be performed without blinding provided that adequate precariions, such as depressuring, are taken
to protect personnel. Check valves must not be relied upon for isolating the compressor.

lnconect placement of the inlet and discharge valves in a compressor cylinder can cause an

extremely hazardous condition. Refer to the comprehensive Servíce Manual before installing
valves.

a

a

a

After any overhaul of an engine or compressor, the unit must be barred through at least one
complete revolution to ensure that there are no mechanical interferences within the machine.
During this rotation, conlrol and regulating devices for the compressor must be in the Tull load'
position.

Established operatíng and rnaintenance procedures, as well as basic safety precautions, must be

reviewed with operating and maintenance personnel at regular intervals of not more than 6 months.
Newly assigned operators must be trained in the safe operation of the equipment before they are
permitted to operate it.

o
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THE COMPRESSION OF GAS SHOULD BE UNDERSTOOD TO BE INTRINSICALLY

HAZARDOUS. PROPER MAINTENANCE OF THE COMPRESSOR AND ASSOCIATED

EQUIPMENT, ALONG WITH SAFE MAINTENANCE PRACTICES, IS ESSENTIAL FOR THE

SAFETY OF OPERATORS AND MAINTENANCE PERSONNEL. THESE PEOPLE MUST

READ, AND UNDERSTAND, THE SERVICE MANUALS WHICH HAVE BEEN PREPARED

SPECIFICALLY FOR THE EQUIPMENT.

IN ADDITION, DRESSER.RAND COMPANY SUPPLIES SAFETY LABELS AND HAS MADE

THEM AVAILABLE FOR AFTERMARKET PURCHASE. THESE LABELS ARE INTENDED TO

WARN THE OPERATORS AND MAINTENANCE PERSONNEL OF POTENTIAL HAZARDS.

THE SAFEW LABELS THAT APPEAR ON THE FOLLOWING PAGES ARE AVAII-ABLE

FROM DRESSER.RAND COMPANY. WE RECOMMEND THAT I-ABELS BE PURCHASED

TO UPGRADE EQUIPMENT ALREADY INSTALLED, TO RE.I-ABEL EQUIPMENT WHICH

HAS BEEN PAINTED OR TO REPLACE DEFACED LABELS.

SIGNAL WORDS ARE USED TO IDENTIFY LEVELS OF HAZARD SERIOUSNESS. THEIR

SELECTION IS BASED ON THE LIKELY CONSEQUENCE OF HUMAN INTERACTION WITH

THE HATARD IN TERMS OF:

. DEGREE OF SEVERITY (minor injury, severe injury, death)

. THE PROBABILITY OF SEVERITY (will result, could result)

DANGER - lmmediate hazards which
WILL result in severe personal injury or death

safety Labels

ACAUTION

WARNING - Hazards or unsafe practices which
COULD result in severe personal injury or death

CAUTION - Hazards or unsafe practices whích
COULD result in minor personal injury or
product or property damage.

I
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Safety Labels
Truncated Labels *
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R79453DP3

R79453NP3

R794s38P3

R794s3FP3

R7g¿f5ilLP3

R79453CP3

R79453HP3

R794s3MP3

,1794538P3

R79453WP3

* For Limited
Space Applications
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Front Matter

DO NOT OPERATE THIS EQUIPMENT IN EXCESS OF ITS RATED
CAPACITY, SPEED, PRESSURE AND TEMPERATURE, NOR OTHERWISE
THAN IN ACCORDANCE WITH THE INSTRUCTIONS CONTAINED IN THIS
IIIANUAETOPERAÍIOn OrlrÉECltllPfttlENT rN EXGE€$OF THFGOIÛDI-
TTONS SET FORTH IN THE SALES CONTRACT WILL SUBJECT IT TO
STRESSES AND STRAINS WH¡CH IT WAS NOT DESIGNED TO
WITHSTAND.

FAILURE TO HEED TH¡S WARNING MAY RESULT IN AN ACCIDENT
CAUSING PERSONAL INJURY OR PROPERTY DAMAGE.

FOREWORD

READ THE INSTRUCTION BOOK CAREFULLY BEFORE COMMISSIONING THE UNIT.

This manual contains important instructions and information on the operation and servicing of the Dresser-Rand
HOS compressor and cylinders. THE IMPORTANCE OF GETTING fHtS TTVSIRUCTION MANUAL INTO

THE HANDS OF THE PERSO'V IN CHARGE OF OPERATING THE COMPRESSOR CANNOT BE
OVEREMPHASTZED. All personnel involved in the operation and maintenance of the compressor should have

access to this manual and be familiar with its contents.

This manual is published solely to provide operating and maintenance instructions for the subject compressor.
It contains a detailed description of the compressor and its components; operating instructions and procedures

for installation and ma¡ntenance.

This manual is divided into two major sections.

(1) FRONT MATTER; containing WARNING, FOREWORD, SAFETY SUMMARY, STATEMENT OF

WARRAäTY, L¡MITATIONS of LIABIL|TY and othe¡'comments of interest to our customers.

(2) TECHNICAL SECTION; consisting of five chapters.

. CHAPTER 1, INTRODUCTION
CHAPTER 2, LUBRICAI ION
CHAPTER 3, OPERATING AND TROUBLESHOOTING
CHAPTER4, MAINTENANCE
CHAPTER 5, GENERAL DATA & SPECIFICATIONS

Do not remove the stainless steel nameplates that are attached to the machine. These plates give serial
numbers that are necessary when communicating with Dresser-Rand about the equipment.

Also, do not remove safety labels. lf these labels are removed or defaced, new ones should be obtained from
Dresser-Rand Company. Refer all communications to the nearest Dresser-Rand Authorized Packager
or the Dresser-Rand Gas Field Gompressor Group.

SAFEW PRECAUTIONS

Warnings and cautions appearing throughout this instruction manual are of paramount impor-
tance to personnel and equipment safety. Prior to any attempt to operate, maintain, troubleshoot, or

a

a

a
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troubleshoot, or repair any part of the compressor, all DANGERS, WARNINGS and CAUTIONS
should be thoroughly reviewed and understood. Refer to the Safety Summary which follows later.
The information immediately following defines "signal words" as they are used in this manual.

S'G'VAL WORDS ARE USED TO IDENTIFY LEVELS OF HAZARD SER'OUSA/ESS. THEIR
SELECTION 

'S 
BASED ON THE LIKELY CONSESUENCE OF HUMAN INTERACTION WITH THE

HAZARD IN TERMS OF:

DEGREE OF SEVERITY (minor injury, severe injury, death)

THE PROBABILITY OF SEVERITY (will result, could result)

The word DANGER signifies immediate hazards which WILL result in
severe personal injury or death. ln our lnstruction Book, this should be
construed to be a VERY STRONG Warning (see below).

a

HNll'lç
The word WARNING refers to hazards or unsafe practices which GOULD
result in severe personal injury or death. This is found quite often in the
lnstruction Book due to its association with unsafe practices.

ACAUTION
The word CAUTION refers to hazards or unsafe practices which COULD
result in minor personal injury or product or property damage. This word
is found frequently in the lnstruction Book due to the fact that bad
maintenance practices or procedures can so often result in damage to
the compressor. Because what constitutes a "minor" injury is open to
debate, we have upgraded many CAUTIONS to WARNINGS in recent
years.

NOTE

This is advisory in nature and is not intended to warn. SERVICE NOTES refer to
specific procedures, tools or information that will assist maintenance personnel in
completing a specific task. NOTES are used to highlight more general, but not
crucial, infonnation,

The operation and maintenance of a compressor and its auxiliary components may present certain
hazards which are unique to this type of equipment. The following list of safety precautions must be thoroughly
read and reviewed by all personnel prior to working with or on the compressor equipment and systems. These
general statements are expanded upon in the sections of the manual appropriate to their application. Faìlure
to heed these precautions can result in an accident causing personal lnjury, death or property
damage.

m
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SAFETY SUMMARY

A. All electric motor and control wiring must be carefully installed in accordance with the National Electric
Code, the Occupational Safety and Health Act of 1970 (OSHA) and any other code requirements at the
installation site.

B. Piping subject to temperatures excess of 175" (80"C) which may be touched by personnel must be suitable
guarded or insulated.

C. lt is imperative that all gases lighter or heavier than air, active or inactive, toxic, combustible, obnoxious,
objectional, or in any way harmful to personnel or equipment, be piped away from the compressor. There
must not be any manifolding of vent tubing or piping; nor can back pressure be allowed to develop in any
vent line. Gases may be recirculated as required by the process, but in any case must be controlled and/or
disposed of in accordance with OSHA regulations and local pollution laws.

D. The compressor must be fitted with safety valves or rupture disks to limit the discharge pressures to a safe
maximum. NEVER install an intervening valve between a compressor cylinder and the safety valve or disk.

E. Safety valves must have their settings tested at least once a year, and more often under extreme operating
conditions, using an appropriate bench test.

F. lf a safety valve or rupture disk blows during operation, stop the unit immediately and determine the cause.

G. Pressure relieving devices that are vented to the atmosphere must have their outlet connections directed
away from operator stations.

H. Rotating equipment must not be placed in operation unless adequate safeguards have been provided to
protect operating personnel.

Service on a machine shall always start with cleaning the floor and the outside of the machinery to remove
oil, which could cause maintenance personnel to slip.

J. Volatile flammable liquids must not be used as a cleaning agent for compressor parts. A safety solvent
must be useci and ihe paris ihoroughly dried before assembly.

K. Carbon tetrachloride, perchlorethylene, methylethylketone and similar solvents must not be used as cleaning
agents. Appropriate provisions for ventilation must be made when using any halogenated or organic
solvents.

L. When working with or near pickling or caustic solutions, all appropriate safety precautions must be taken
with respect to adequate ventilation, and eye and skin protection.

M. Consult OSHA regulations covering cleaning materials and their use.

N. Air jets must not be used for cleaning work clothes, due to the risk of air entering the bloodstream via body
openings or small skin wounds. When air jets are used for cleaning parts, sandblasting or for spray
painting, skin and eyes must be adequately protected against flying debris.

O. Whenever a compressor is shut down for repairs, positive steps must be taken to prevent the prime mover
from being inadvertently energized and started. These positive actions are described in this lnstruction
Book. ln addition, a waming sign bearing a legend'WORK lN PROGRESS DO NOT START', or similar
wording, shall be attached to the starting equipment.

\
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P. Whenever the compressor is shut down because overheating is suspected, a minimum period of 30 minutes
must elapse before the crankcase is opened. Premature opening of the crankcase can result in a crank-
case explosion.

O. Prior to opening the compressor, or undertaking a major overhaul, the unit must be positively blocked
against rollover and movement of the running gear. When the unit is equipped with a barring or flywheel
locking device, this device must be used to prevent rollover. Blocking of the crankshaft or crossheads is

an alternate method of preventing accidental rollover.

R. Never open a compressor cylinder or any other part of the compression system without first completely
relieving all pressure within the unit and taking all necessary precautions to prevent accidental pressurking
of the system.

S. Compressors handling toxic or flammable gases must be isolated from the process piping by means of
blinds, or double valves and bleeders, when major maintenance is required. Before opening such
compressors the equipment MUST be purged or evacuated.

T. Corrective action must be taken when the cylinder vent gas leakage is excessive or when there is a sudden
increase in the leakage rate.

U. Lifting hoists and similar equipment must be regularly tested and have a sufficient safety factor for the
weight to be lifted. Also, ensure that lifting devices are properly rigged before any lifting is attempted.

V. After any overhaul of the compressor, the unit must be barred through at least one complete revolutíon to
ensure that there are no mechanical obstructions within the machine.

W. Established operating and maintenance procedures, as well as basic safety precautions, must be reviewed
with the operating and maintenance personnel at regular intervals not to exceed six months. Newly assigned
operators must be thoroughly trained in the safe operation of this equipment before they are permitted to
operate it.

X. Never use an air impact wrench for FINAL tightening of fasteners. An impact wrench cannot impart the
proper bolt or stud pre-stress. See Chapter 5 of this manual for detailed fastener tightening requirements
and procedures.

Y. Specialattention should be paid to all detailed DANGER, WARNING and CAUTION statements located
throughout this manual, and to all SAFETY LABELS affixed to the equipment.

v
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WARRANTY, REMEDY, DISCLAIMER

A. Dresser-Rand warrants that the equipment manufactured and delivered by Dresser-Rand under the
terms of this Agreement will be free from defects in material and workmanship until the earliest to
occur of the following events:

1. One year after startup.
2. Eighteen (18) months after shipment by packager.
3. Twenty-four (24) months after shipment by Dresser-Rand to Packager

The Packager shall be obligated to promptly report any claimed defects in writing to Dresser-Rand
immediately upon discovery and, in any event, within the above period. After notice from Packager
and substantiation of the claim, Dresser-Rand shall, at its option, correct such defect either by
suitable repair to such equipment or part, or by furnishing replacement equipment or part(s), as
necessary, to the original ex-works point of shipment.

B- DRESSER-RAND MAKES NO OTHER WARRANTY OR REPRESENTATION OF ANY KIND. ALL
OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE HEREBY DISCLAIMED.

C- With respect to equipment, parts and work not manufactured or performed by Dresser-Rand,
Dresser-Rand's only obligation shall be to assign to Packager whatever warranty Dresser-Rand
receives from the manufacturer.

D. Dresser-Rand shall not be liable for the cost of any repair, replacement, or adjustment to the
equipment or parts made by the Packager or for labor performed by the Packager or others, without
Dresser-Rand's prior written approval.

E. No equipment or part furnished by Dresser-Rand shall be deemed to be defective by reason of
normal wear and tear, failure to resist erosive or corrosive action of any fluid or gas, or of
Packagers's failure to properly store, install, operate or maintain the eguipment in accordance with
good industry practices or specific recommendations of Dresser-Rand.

The Packager shall not operate equipment which is considered to be defective without first notifying
Dresser-Rand in writing of its intention to do. Any such use of the equipment will be at the
Packager's sole risk and expense.

G. The repair or replacement of the equipment, spare or replacement part(s) by Dresser-Rand under
this Wananty schedule shall constitute Dresser-Rand's sole obligation and Package/s sole and
exclusive remedy for all claims of defects regarding the equipment and parts fumished hereunder.

H. The compressor owner should contact an authorized Dresser-Rand Packager for all required warranty
or non-warranty service.

F
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A.

LIMITATIONS OF LIABILITY

The remedies of the Packager set forth herein are exclusive and the total líability of Dresser-Rand with
respect to claims under this Agrecmcnt or regarding the equipment, spare or replacement parts and
services incidental thereto as furnished hereunder, whether based in contract, tort (including
negligence and strict liability) or othen¡vise, shall not exceed the purchase price of the services or the
unit of equipment or part(s) upon which such liability is based.

B. Dresser-Rand shall in no event be liable for any consequential, incidental, indirect, special or punitive

damages arising out of this Agreement or any breach thereof, or any defect in, or failure of, or
malfunction of the equipment or part(s) hereunder, including but not limited to claims based on loss
of use, lost profits or revenue, interest, lost goodwill, work stoppage, impairment of other goods, loss
by reason of shutdown or non-operation, increased expenses of operation, cost of purchase of
replacement power or claims of Packager or customers of Packager for service interruption whether
or not such loss or damage is based on contract, tort (including negligence and strict liability) or
othen¡vise-

COMMENTS OF INTEREST TO OUR CUSTOMERS

GENERAL

Service Manuals are furnished for every Dresser-Rand Compressor. lf additional details of your job
are required, we will be happy to furnish this information.

This book is intended to cover many of the special points of operating and maintenance of the
compressor components, and to supplement the experience and mechanical ability of a competent engineer.

Dresser-Rand service is available to every compressor owner. We have a continued interest in the
welfare of our machinery. We wish to build and stand by every unit so that the purchase of this compressor
will always be considered a wise investment.

CONSULTATION

Our engineering department welcomes inquiries regarding any phase of compressor practice,

operation and repairs or changes to meet unexpected conditions. Our sales department and branch
representatives will confer with you on any prospective installation or change. Call, write or wire our branch
offices for information and advice on any point.

INSPECTION

These compressors will operate satisfactorily for years with little special attention. A preventative

maintenance schedule will do much to ensure optimum performance of the unit, while avoiding possible
difficulties at some inconvenient time.

vtl
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RENEWAL PARTS

lf you will write us fully about your trouble or unusual wear, we may be able to make helpful
suggestions that will correct your problem. We keep standard parts on hand for replacement when required.

SERVICE

Dresser-Rand distributors maintain a force of highly trained Field Service Representatíves, skilled in
compressor work, who are available for installation, inspection or repair. They can be secured on reasonable
notice. Contact your nearest Dresser-Rand distributor for service informalion.

Proper erection and starting of the compressor is extremely important. The success of a unit
frequently depends on how it is installed. We strongly urge that such work be supervised by skilled Field
Service Representatives, who are thoroughly familiar with construction, and who can also instruct the operators
in the care and handling of the equipment.

Many customers, especially those operating several units, have Field Service Representatives make
periodic inspections to prevent malfunctions and to ensure the best possible operating results. These
representatives can explain how to operate D-R units to achieve the greatest possible operating results with
the greatest efficiency and economy, while obtaining the longest possible equipment life.

vilt
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lntroduction

1.1. GENERALINFORMATION

The first HOS ever built came out in the form of a 2 throw in late 1980 (YRH101). Approximately
a year and a half later, the first 4 throw emerged (YRH1'13), and in early 1984 the 6 throw made its debut
(YRH174). Since the first HOS was introduced back in 1980, over 650 (and counting) frames have made
their way into the gas field market. Within this time, there have been numerous design improvements,
both in the frame and respective cylinders. The following sections center on these improvements and the
performance capability of the HOS compressor.

1-1.1. Ratings and Performance Characteristics

Maximum Allowable Operating Rod load: 60,000|bs compression and tension

Stroke: 6.00" STROKE 7.00" STROKE

Maximum Speed 1200 PRM 1000 RPM

Minimum Loaded Speed: 500 RPM 500 RPM

Maximum BHP/Throw: 1000 HP

Piston Rod Diameter: 2.50 in.

Cylinder Sizes Available: 3.50" - 26.50"

Maximum Cylinder Working Pressures: 130 -8800 psig

Direction of Rotation: Counter-clockwise from pump end view

* Applies lo 2 & 4 throw; 1000 for 6 throw

1-1.2. Design lmprovements

1 100 HP*

2.50 in.

3.50" - 26.50'

130 - 8800 psig

1985 - Increased radii and wall thickness within frame access windows: This area was determined to be
a weak link on some frames due to a casting cooling phenomenon known as "shrink".
lncorporating this change insured a proper cooling rate and eliminated the potential for any
shrinkage to develop, thus maintaining the integrity of the frame casting itself.

1987 - Combined piston ings: These rings replaced the moly micarta type rings. This type of non-
metallic ring supports the piston off the bore thus increasing bore life and reducing the potential
for scuffing.

1988 - PF valving: This D-R ported valve replaced the l-R channel type and Hoerbiger plate valve. lt's
unique valve plate design and material improved efficiency and reliability substantially.

1994 - Plug unloaders and partial PF inlet valves: As a result of the number of problems the recip
industry has encountered with finger type valve unloaders, D-R developed a partial valve and
plug unloader design to replace the old finger type. This greatly improved the reliability on
unloading devices while improving cylinder loaded and unloaded efficiencies.

1.2



lntroduction

1994. lnternal crankshaft counter weight: On 2 and 4 throw frames, an internal counterweight was
added onto the oil pump end of the crankshafr. Another weight was then mounted externally
onto the coupling hub or flywheel. ln conjunction, these weights considerably reduced the
horizontal moments on these frames. The 6 throw frame due to its cylinder phasing is
inherently balanced and does not have a need for countenryeights.

1995 - Gas cooled HOS cylinders: With the introduction of the gas cooled cylinder line-up, this
enabled the customer to make a competitive choice for the application at hand.

1996 - Nodular rion crossheads; Due to the poor casting quality associated with the cast steel
crosshead, the switch to a high strength nodular iron material was made. Not only did this
dramatically improve the casting quality, but this material has better strength characteristics
for reversing loads than the previously supplied cast steel.

1998 - Precision type main bearings: This replaced the shim adjustable type bearing thus making
them much easier to service. Since this involved a physical change with the frame itself, all

frames with this upgrade have a serial number greater than 799 (ex: 6HF800 or 6HF1045).

1998 - lntemal countenreighted crankshafr; This design improvement takes 1994's improvement one
step further by eliminating the need for an external weight. The crankshaft now has a weight
assembled onto both ends. This required a crankshaft change and once again, all frames that
are supplied with this upgrade will have a serial number of 800 or larger.

1999 - Frame oilfitter: The standard single frame oil filter is now mounted on the frame and piped to
the oil header to ease packaging costs and ensure cleanliness downstream of the filter.

1-2. SERIAL NUMBERS

Correspondence concerning your compressor and related equipment must include the serial
numbers of the equipment about which you are writing. A complete record of serial numbers and
other data on your Dresser-Rand compressor is kept at the factory; giving the serial numbers in your
correspondence and parts orders helps us in providing prompt service.

1-2.1. Frame

The compressor frame serial number applies to the frame and running gear parts. lt is

located on a nameplate, which is attached to the side of the frame at the oil pump end. The serial
number is also permanently stamped directly below the nameplate in the frame metal. lt consists of
several letters and numbers. Always give the complete serial number (for example, 6HF-1090).

1-2.2. Cylinders

Each compressor cylinder has its own serial number, which is stamped on a nameplate
attached to the cylinder. The cylinder serial number consists of letters and numbers like the frame
(for example, 6HC-705). The cylinder nameplate also includes other data; this is described in the
section that follows.

il
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1-2.3. Gylinder Nameplate lnformation

Each cylinder manufactured by Dresser-Rand has a nameplate attached to it. The nameplate
attached to compressor cylinders is shown in Figure 1-1. The nameplate contains information, which
allows both the customer and Dresser-Rand to identify a particular cylinder. ln addition, the
performance information given provides a guide for the operation of each cylinder. The following is
an explanation of some of the terms used on a nameplate.

o o
DBES5ERfiA]ID

GÊS FIELD COMPRESSORS

57iO S. GARNETT ROAD

TULSA, OKLAHON4A, U. S. A

o

GVLINDER TYPtr SER NO

BORE: NOM ÌN. BORE LINERED

I.4fIX. âLLOI,JÊBLE lnORKING PRESSURE

HYDROSTA]IC ]EST PRESSLJRE

N4ÊX. D ] SC HâRGE TE|\4PERAI'URE

IN.
De f

PSI

'F

TP46O9A

Figure l-1. Cylinder Nameplate

A. Cylinder Type, Serial Number, Bore & Stroke

The type of compressor the cylinder is installed upon is stamped in the first block of the
nameplate. The next block is for the serial number of the cylinder. The cylinder serial number is the
most important item stamped on the nameplate, for it allows the customer, the distributor and the
manufacturer to identify a particular cylinder, its specifications, the parts used to build it and the
performance conditions for which it was designed. This is important in that it allows tracking of a
particular cylinder throughout its history, no matter what frame it may be installed on in later years.
Always give this serial number when ordering spare parts. This will expedite the handling of your order
and help prevent shipment of incorrect parts.

The next block on the nameplate is where the cylinder bore size is stamped. The cylinder
bore is the inside diameter of the cylinder. lf there is a liner present, the cylinder bore is the inside
diameter of the liner. There is a block for linered bores on the current nameplate. This is also the
nominal piston diameter. Liners of different thicknesses can be installed in a given cylinder to vary
the bore diameter.

14
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ll
B. Maximum Allowable Working Pressure

The maximum allowable working pressure, or MAWP, is the maximum gas pressure permitted

in the cylinder. The cylinder may be operated for short periods of time at pressures up to this figure
provided that other factors (such as driver horsepower, maximum bearing loads and piping and vessel

limitations) do not prohibit this. Safety valve settings are usually much lower than this figure, and may
never exceed it in any case.

c. Maximum Allowable Discharge Gas Temperature

This is the highest temperature to which any compressor cylinder parts should be exposed

D. Hydrostatic Test Pressure

The pressure at which the cylinder has been hydrotested. Hydrostatic tests are always done
at pressures greater than the MAWP.

t')

1õ



Form PG-í028-C

I t IRRIÍ]ATIr)NDRESSER.RAND

HOS
Chapter 2

Paragraph Page

2-2
2-2
2-3
2-3
2-4
2-5
2-6
2-6
2-7
2-8
2-8
2-9
2-9

2-10
2-11
2-11
2-',11

2-'11
2-',11

2-12
2-12
2-13
2-'t3
2-'t3
2-13
"2-'ts

2-18
2-'t9
2-21
2-21
2-22
2-23
2-23
2-23
2-25
2-25

2-1.
2-2.
2-2.1

2-2.2.
2-2.3.
2-2.4.

2-2.5
2-2.6
2-2.7
2-2.8
2-2.9

2-2.10
2-2.11
2-3.
2-3.1.

GENERAL
FRAME AND RUNNING GEAR LUBRICATION SYSTEM .....,.

Main Oil Pump.........
A. Main Oil Pump Removal & Disassembly
B. Main Oil Pump Assembly & lnstallation..............,

Oil Pressure Regulation Valve .........
Oil Pressure Safety Relief Valve
Hand Oil Priming Pump ....,,...

A. Hand Oil Priming Pump Removal & Disassembly
B. Hand Oil Priming Pump Assembly & lnstallation ,

Oil Pressure Gauges......
Low Oil Pressure Shutdown Protection
Oil Cooler (Heat Exchanger) ..........
Oil Filter
Frame Oil Recommendations

A. General Requirements...............
B. Viscosity Requirements................
C. lnspection
D. Oil Change Schedule

Frame Oil Level
Frame Breather

CYLINDER LUBRICATION SYSTEM
Pump-to-Point Lubrication System

A. LubricatorOperation
B. Lubricator Adjustment

Block-type Lubrication System
A. Filling and Purging the System.
B. Maintenance and Troubleshooting..

Cylinder Oil Recommendations
A. General Requirements...............
B. Service Considerations..............
C. lnspection...
D. Synthetic Lubricants..

Break-in and Operation,..............
Extended Shutdown
System Malfunctions and their Causes

2-3.2.

2-3.3

2-3.4.
2-3.5.
2-3.6.

2-1



Lubrication

2.1. GENERAL

The importance of selecting the correct lubricating oil and then properly maintaining the lubricating
system cannot be over-emphasized. Using a lubricating oil not suited to the application can shorten the service
life of the compressor and lessen its efficiency, as will a poorly maintained lubricating system. Use only a high
grade of oil that meets the general, physical and chemical requirements as specified in this section.

Do not wait for lubrication difflculties to appear. lf there is some question as to the correct lubricant
to use for a particular application, consult a reputable oil supplier.

Lubrication of contact surfaces is intended not only to reduce friction and wear between parts but
also lo carry away any heat developed where high speeds and loads are encountered. lf the compressor
lubricating system is to accomplish these purposes, it is essential that the correct oil is used and that the
following recommendations for maintaining the lubricating system are closely observed.

2-2. FRAME AND RUNNING GEAR LUBRICATION SYSTEM

The standard lubrication system is diagrammed in Figure 2-1. The oil is drawn into the
crankshaft-driven gear type oil pump from the frame sump. The pump forces the oil first through a cooler and
then through a filter before it is delivered to the main bearing oil header, which is a pipe cast into the frame.
The oil is delivered to each main bearing through holes drilled in the bearing saddles to the oil header. From

the main bearings, oil passes through drilled passages in the crankshaft to the crankpin bearing. A rifle-drilled
hole in the connecting rod conducts oil from the crankpin to the connecting rod pin in the small end of the rod.
The pin then feeds oil to the connecting rod bushing and to the crosshead which then feeds oil to the guides.
After passing through and lubricating the various parts, the oil drains back into the sump area.

LEGEND
PS - LOW OIL PRESSURE SWITCH;

SET AT 3s PSIG (159 kPa)
RV - REGULATION VALVE;

SETATT0PSIG (4l4kPa)
SRV - SAFETY RELIEF VALVE (NON ADJUSTABLE);

SET AT 90 PSIG (621 kPa)
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Figure 2-1. Typical Frame and Running Gear Lubrication System



Lubrication

Relief valves, a differential pressure gauge and a low oil pressure shutdown switch are incorporated

lnto the standard system. These items are described in greater detail in the text that follows.

ln addition to the standard equipment, optional equipment may be incorporated into the system for a

particular application.

A hand-operated priming pump is included in the standard system to permit preJubrication of the

bearings and to build up a slight pressure in the lubricating system prior to start-up. There is a check valve built

into the pump to prevent the reverse flow of oil through the priming pump circuit when the main pump is

operating.

An optional motor{riven auxiliary oil pump can be used instead of the hand-operated priming pump.

When the auxiliary pump is used, a check valve must be located in the priming pump discharge line to the main

oil pump discharge.

2-2.1. Main OilPump

The main oil pump supplies oil under pressure to lhe frame and running gear lubrication system. This

pump is internally mounted inside the frame, as shown in Figure 2-2, and is direct-driven off the end of the

crankshaft by a dowel and hub drive arrangement. The oil pump should not be dismantled unless it has lost

capacity.

A. Main OilPump Removal& Disassembly

The main oil pump is internally mounted in the frame and is directly driven off the end of the crankshaft

by a pin and hub drive arrangement. The oil pump should not be dismantled unless it is suspected that it has

lost capacity.

A CAUTION

All precautionary measures specified by the Occupational Safety and

Health Act of 1970 (OSHA) must be complied with when storing, handling'
or using solvents.

Deposits of hard lacquer in the pump assembly are not usually objectionable unless they are extensive

enough to cause binding. Deposits of this nature in the pump can often be removed by flushing the pump with

a safety solvent, without disassembling it.

Disconnect the oil pump discharge pipe and the hand oil pump piping (if used) from the frame end

cover at the oil pump end of the unit.

Remove the shaft-driven lubricator unit (if used) from the end cover by disconnecting the lube lines

and taking out capscrews (A) as shown in Figure 2-2. lJse a straight pull to disengage the drive.

Remove the frame end cover and oil pump assembly by first removing capscrews (B) and then

carefully pulling the assembly away from the frame.

Take the drive hub (C) off the pump drive shaft by removing the setscrews (J).

1

2.

3.

4
ì
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':

LEGEND

â
B
C
D
E
F
G
H
J
K

CAPSCREI"I
CÊPSCREl.l
DRIVE HUB
CÊPSCREW
PUMP HEÊD
PUMP BODY
GÊSKET
GÊSKET
SETSCREÌ,/
LUBRICATOR DRIVE

l-2 z_tt, I

5.

6

Figure 2-2. Main Oil Pump and Lubricator Drive Assembly

The oil pump head (E) and pump body (F) are both removed by taking out the long capscrews (D)
that fasten the parts to the frame end cover. These parts are also doweled together. Work carefully
when separating the parts so that the plastic gaskets (G) and (H) are not damaged.

The pump gears and their shafts can now be removed from the frame end cover. Before removing
the gears, mark them so that they can be re-meshed in the same relative position.

ACAUTION
All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

Clean the pump parts in a safety solvent and examine the gears, shafts, and bushings for excessive
wear. lf these parts are badly worn they can be replaced, but it is generally more economical to
install a new pump.

B. Main Oil Pump Assembly & lnstallation

lf new shafr bushings are to be installed, they must be shrink fitted (by freezing) into the frame end
cover and pump head.

Reassemble the pump body and head over the gears and shafts, being sure to place the plastic
gaskets (G) and (H) on each end of the pump body (F). Orient the end cover, pump body and pump
head with the dowels, then insert and tighten capscrews (D) evenly. The total end clearance in the
pump gears should be 0.006 to 0.009 inch (0.15 to 0.23 mm). Tum the pump shaft by hand to check
for any binding in the pump.

7
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I

3. Slide the drive hub onto the pump shafr with the key in place, but do not fasten it in place at this time.
Snug one of the hub setscrews against the shaft just tight enough to hold the hub in place during
installation.

lnstall the end cover and pump assembly on the frame, being careful to align the slot in the drive hub
with the pin in the end of the crankshaft. Replace the capscrews (B) and tighten them evenly.

Replace the shafr-driven lubricator (if used) on the frame end cover. An O-ring seal is placed between
the parts, Be sure the drive shafts are engaged properly, then tighten the capscrews (A).

SERVICE NOTE

Access to the hub can be gained through the top inspection opening in the
frame.

þ. Position the drive hub on the pump shafr to obtain end clearance of about 1/16 inch (1.6 mm) between
the hub and crankshaft. /f is important that this end clearance be esfab/rshed to prevent end thrust
on the pump gears. Lock the drive hub in this position with the setscrews (J). There is a tapped hole
in the hub and the setscrews must be inserted into this hole. Tighten the first screw firmly against the
shaft, then run a second one on top of it and tighten it to keep it from working loose. Rotate the
crankshaft through 360" to ensure the crankshaft dowel pin does not bind in the hub slot in any
position.

Replace any piping and frame covers that were removed. Check the piping connections for leaks after
all piping is installed.

2-2.2. Oil Pressure Regulation Valve

The oil pressure regulation valve, illustrated in Figure 2-3, controls the oil pressure to the frame
lubrication system. Any excess capacity is then bypassed to the main oil pump suction. The valve is preset
to relieve at approximately 55-60 PSIG (378-413 kPa). However, field adjustment may be performed to
compensate for differences in oil viscosity. To increase oil pressure, remove the valve cap and turn the screw
clockwise. Under normal operating conditions oil pressure should be kept as near 55-60 PSIG (378413 kPa)
as possible.

4.

5.

7

CAP

ADJUSNNG SCREW

JAM NUf

GASKET
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SPRING .

VALVE BOOY

VALVE PISÎON

STOP RING

1P-ræ0-B

Figure 2-3. Oil Pressure Regulation Valve

2-5



Lubrication

lf the regulating valve can no longer maintain system pressure it must be inspected as follows:

To disassemble the valve, remove the valve cap (see Figure 2-3) and its gasket, then remove the
locknut, the adjusting screw, retainer, spring and piston in that order. lt is not necessary to remove the stop
ring under the piston. Examine the parts for wear and/or scoring. Replace any defective parts, after cleaning
all parts to be reused. Assembly is the reverse of the disassembly procedure.

2-2.3. Oil Pressure Safety Relief Valve

The oil pressure safety relief valve, illustrated in Figure 2-4, is set to relieve when excessive pressures
results. This can happen during cold oil starting, when the oil is viscous and pressures are consequently higher,
or in the case of a major blockage in the oil system. The currently installed valve is not field adjustable, nor is
it field repairable. lf the valve malfunctions, order a new valve using the part number contained in the compressor
parts list. This valve is set at 90 PSIG (620 kPa).

LEGEND

GFOOVE PIN

VERSION
EARLY

VERSION
TP-'r606-A

Figure 24. Frame Oil Pressure Relief Valves

2-2.4. Hand OilPriming Pump

The standard hand-operated pump or optional motor-driven auxiliary pump is used to prelubricate
bearing surfaces and build up a slight pressure in the lubricaling system before start-up. This pump should
require little service.

ACAUTION
On electric motor driven machines a prelube pump is required. See
CHAPTER 5, GENERAL DATA & SPECIFICATIONS for recommended
minimum prelube capacities.

A. VALVE BODY
B-CAP
C. REGULATING SCF¡EW
D - LOCKNUT
E. UPPEF SPRING PLATE
F - SPRING
G - LOWER SPRING PTATE
H - DISC

CURRENT
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The hand oil priming pump, Figure 2-5, may be serviced easily by first closing all connecting valves
to isolate it from the system, then by disconnecting its piping and removing the mounting capscrews.

LEGENO

1 . PUMP HOUSING
2. NAMEPLAÍE
3 - OISCHARGE DECK
4. CAPSCFEW
s . PTPEPLUG l8)
6. CAPSCREW
7 . LEVER
8.wlNG&SHATT
9 . OIL SEAL

10-uD
Il.GASKET
t2 . ROLLPIN
13 - SUCTION DECK

123 4 6 I 10 1l 12

2.

l3

SEAL OETAIL

Figure 2-5. Hand Oil Priming Pump

A. Hand OilPriming Pump Removal& Disassembly

1 Loosen the capscrew (4), then slide the pump lever (7) from the shaft.

Remove capscrews (6), then pull the lid (10), wing and shaft assembly (8) and oil seal (9) out of the
housing as an assembly.

NOTE

Note the inlet and discharge connectíons and the relationship of these to the
internal valves. The fill plug (5) will be correctly located at the three o'clock
position upon assembly.

3. Remove the housing gasket (1 1) and clean the mating surfaces.

2-7
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4 Slide the wing and shaft assembly out of the lid. Using a hook or screwdriver, pry the oil seal (9) from
the lid. Note the orientation of the seal lips.

Lift the suction deck assembly (13) and discharge deck assembly (3) out of the housing (1 ).

Check the locating pins (12) for damage and replace as required.

B. Hand Oil Priming Pump Assembly & lnstallation

All precautionary measures specified by the Occupational Safety and
Health Act of f 970 (OSHA) must be complied with when storing, handling,
or using solvents.

Clean all components using safety solvent.

lnspect all parts for wear or damage. Suction decks, discharge decks and shaft and wing assemblies
are sold only as complete assemblies.

_ lnstall locating pins (12), if removed, then install the suction deck assembly (13) with its valves pointing

towards the center of the pump. lnstall the discharge deck assembly (3) with its valves pointing away
from the center of the pump.

Lightly lubricate the oil seal assembly (9) and press the oil seal into the lid using an arbor press or
hydraulic press and a suitable seal driver. The oil seal lips must face the oil to be sealed.

Slide the wing and shaft assembly (8) into the lid.

NOTE

Be careful not to roll the seal lios during this operation. The raised bosses on
the wing should be pointing towards the suction deck so that the lever can be
properly connected.

lnstall the housing gasket set (11), slide the lid over the shaft and secure the lid using capscrews (6).

Check the shaft end-play. lf the end-play exceeds 0.008 inch (0.20 mm) remove the lid and discard
one ofthe housing gaskets.

8. lnstall the hand lever (7) and secure it with capscrew (4)

2-2.5. Oil Pressure Gauges

The standard lubrication system utilizes a pressure gauge containing an integral shutdown switch. ln
addition, a differential pressure gauge is installed across the oil filter inlet and outlet to enable the operator to
constantly monitor the condition of the filter elements. The drop across a new filter with oil at operating
temperature is usually less than 5 PSIG (35 kPa). Cold oil or a dirty filter will increase the pressure differential
across the fllter. The oil pressure on the discharge side of the filter is the approximate pressure to the main
bearings.

5

6

2.

3.

4.

5.

6.

7.
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2-2.6. Low Oil Pressure Shutdown Protection

As described in Section 2-2.5, low oil pressure protection is provided by a combination indicating
gauge and shutdown switch which monitors the pressure at the end of the main bearing oil header away from

the oil pump. The minimum switch shutdown setting is 35 PSIG (243kPa) decreasing oil pressure. This swltch

is set at the factory and should not be readjusted. lf the packager uses their own shutdown device it must be

set at 35 PSIG (243 kPa).

With the crankshaftdriven main oil pump, it is necessary to keep the low oil pressure shutdown device

inoperative during compressor start-up to allow the unit to start and build up the oil pressure.

ACAUTION
Whenever the compressor is started, visually check the switch'gauge to
ensure adequate system pressure. This ls necessary as most control
systems have the oil pressure shutdown bypassed for approximately 60

seconds to allow the unit to start and build up the oil pressure. During
this time there is no protection against low oil pressure.

2-2.7. OilGooler (Heat Exchanger)

The standard oil cooler is a shell and tube type heat exchanger with oil in the shell and water in the

tubes. The oil temperature in the frame sump should be maintained within the range given in CHAPTER 5,

GENERAL DATA & SPECIFICATIONS under normal conditions. The oil temperature out of the cooler is

controlled by regulating the flow of water through the cooler. The oil cooler must be periodically inspected and

cleaned if necessary.

A regular perÍodic maintenance schedule should be established and followed with any heat exchanger.
The followÍng is recommended:

Drain the coolant and oil from the cooler.

Remove the bonnets from the heat exchanger and inspect the tubes for erosion or oxide deposits.

Scrape the pencils to expose a bright, clean surface. lf the pencils are eroded to one-half their
original diameter, replace them.

Carefully examine the tube bundles for scale or other build-up and clean as required. After cleaning,

always inspect the tubes for corrosion or erosion.

All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

Clean all interior surfaces. This can be done several ways. Many deposits can be removed by flushing

with high-velocity steam or water. For more stubborn deposits, wire brushing and rodding can be

employed. Both shell and tube sides can also be chemically cleaned. Make sure any cleaning

chemicals are thoroughly flushed from the heat exchanger before putting it back in service.

1

2

3.

4.
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5. Reassemble the oil cooler. Assembly is the reverse of the disassembly procedure.

NOTE

At start-up or after a maintenance inspection both shell and tube sides should
be carefully vented and must be completely filled.

2-2.8. OilFilter

The standard oil filter is frame mounted. This filter is a canister type with replaceable element. A pipe
plug is provided at the bottom of the filter housing to allow it to be drained.

The oil pressure drop through the filter is monitored by the differential pressure gauge and the filter
element should be replaced whenever the pressure drop exceeds 13 to 15 PSIG (91 to 105 kPa) with the oil
at operating temperature. Pressure drop with clean oil at operating temperature is approximately 3-5 PSID (21-
35 kPa Differential); flow rate varies depending upon the viscosity of the oil.

On early units the oil filter is not frame mounted and uses a different style filter arrangement. The oil
pressure drop through the filter is monitored by the differential pressure gauge and the filter element should be
replaced whenever the pressure drop exceeds 8 to 10 PSIG (55 to 70 kPa) with the oil at operating
temperature. Pressure drop with clean oil at operating temperature is approximately 3-5 PSID (21-35 kpa
Differential); flow rate varies depending upon the viscosity of the oil.

To ensure maximum protection for the compressor, check the filter element frequently for clogging
or channeling. The filter element should be replaced whenever the frame oil is changed.

Duplex filters can be supplied by Dresser-Rand as optional equipment. lf these are installed, a
transfer valve enables one filter to be switched "on line" while the other is serviced or placed in the "standby"
mode. Service is similar to that for the single filter element described later.

Oil filter element replacement is as follours.'

1. Stop the compressor, following procedures found in the appropriate section of this lnstruction Book.

2. Drain the filter by removing the drain plug.

3. Remove the canister by loosening the lock ring until the canister becomes free.

4. Remove the element and canister together. Then wash the canister with safety solvent. Agitating
the solvent during the process will assist in removing loose dirt. The canister should be thoroughly
dried before installing a new elemenl.

5. lnstall the new element with the canister sunounding the element.

6. Tighten the lock ring.

7. Add oil to fill the canister by utilizing the hand oil priming pump until pressure is reached at the gauge.
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8. Run the unit, following standard start-up procedure, and observe the filter for leaks. We recommend

an observed run of at least ten minutes.

2-2.9. Frame Oil Recommendat¡ons

Use a good grade of highly refined oil as recommended by a reputable oil supplier or company. The
oil selected for use, as a frame lubricant must meet the following requirements.

A. GeneralRequirements

The oil must be well-refined petroleum product with low carbon residue. lt should not contain fats or
fixed oil compounding. Oil containing rust and oxidation inhibitors and a foam depressant is preferred. The oil
selected must be substantially non-corrosive to the common bearing metals, with a pour point at least 10'F
(5.6"C) below ambient temperature when the unit is started for engine drives.

Multiviscosity lubricants may be used in the crankcase where widely variable ambient temperatures
are encountered, provided that the lubricant maintains a viscosity of 1 15 to 150 SSU (23.7 to 31.8 cSt) at
normal operating sump temperature.

When heavier lubricants are used to accommodate higher sump temperatures, crankcase heaters
may be required if ambient temperatures fall below 50"F (10'C) to maintain the sump temperature above the
pour point.

It is recognized that the oil recommended by the engine manufacturer (when an engine drive is
supplied) is normally heavier (in the SAE 40 viscosity range). When this is lhe case and the user desires to
stock only one oil for use in both the engine and compressor crankcases, the heavier weight oil recommended
for the engine may also be used in the compressor crankcase. Under cold ambient starting conditions, it is
recommended that the oil sump temperature be at least 10 to 20"F (5.6 to 1 1 "C) above the pour point prior to
starting for engine drives. This may require the use of auxiliary crankcase heaters.

lf sump temperatures above 165"F (74"C) are experienced, the lubricant should be monitored more
closely for nitration effects and more frequent oil changes should be scheduled to prevent an increase in long
term maintenance problems.

B. Viscosity Requirements

The viscosity requirements for the crankcase oil are as shown in Table 2-1

C. lnspec{ion

Conduct all testing of the lubricating oil in accordance with the Standard Methods (latest edition) of
the American Society for Testing Materials (ASTM).

D. OilGhange Schedule

TheoilshouldbechangedeVery@@,or9y3!t-@s,dependingonlocal
conditions, or as indicated by oil analysis. Most reputable oil companies offer laboratory analysis services of
oil samples on request. We highly recommend lhe use of this type service. A once-a-month analysis schedule
is recommended when the compressor ís operaled r¡nder severe conclilions.
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Where the compressor is operated in an extremely dirty atmosphere, installed outdoors, operated
intermittently, handling foul gas, or where the oil reaches high temperatures in a very hot atmosphere, it may
be necessary to change the oil more often.

Table 2-1. Grankcase Oil ents

2-2.10. Frame Oil Level

The amount of oil required may vary slightly ftom the values listed in Chapter 5 (GENERAL DATA &
SPECIFICATIONS). There is a gauge glass located at the oil pump end of the frame, which should be checked
periodically, and the oil level maintained as follows:

When the unit is running under normal operating conditions, the oil level should be maintained to the
line in the center of the sight glass. A filler connection is provided in the frame for adding oil to the
sump.

NOTE

Do not fill to a point where the rotating parts will strike the oil surface; this will
cause foaming and loss of oil pressure from the main pump. lf the oil level is
allowed to drop below the gauge glass, air may be introduced in the oil or oil
pump and cause a fluctuating or total loss of oil pressure to the bearings.

2-2.11. Frame Breather

The breather, which is mounted on the frame, vents the frames interior to atmosphere while
condensing oil vapors and returning the condensed oil to the frame sump. Examine the element at regular
intervals and service it as required.

åffiHNIHü.
All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

70
13

60
10.5

50
7.3

VISCOSITY AT 210"F
(99.C)

Saybolt Universal, SSU
Kinematic Viscosity, cSt

750
162.5

600
129.5

420
90.5

VISCOSITY AT 1OO'F
(38"C)

Saybolt Universal, SSU
Kinematic Viscositv. cSt

I 65-1 80"F
(74-92"C)

SAE 40

145-165"F
(63-74"C)
SAE 30

Below 145"F
(63"G)
SAE 20

SUMP OIL TEMPERATURE
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To service the element, remove the breather's cover. Clean the element by washing it in a safety
solvent and allowing it to dry.

2.3. CYLINDER LUBRICAT¡ON SYSTEM

A mechanical lubricator provides lubrication of the compressor cylinder bores, and pressure piston
rod packings. For some applications, "pumpto-point" lubrication is supplied where each lubrication point is fed
from an individual lubricator pumping unit. Normally, a metered "Block-type" oil distribution system is furnished
with the oil supply coming from the frame, With either method, a check valve is required at the cylinder
connection of each oil line to prevent compressed has from passing back through the lubrication system. Both
systems are described below.

Recommendations are given to enable selection of suitable oil for a particular application and to
determine an optimum feed rate. For external suction lubricator reservoirs, you must maintain a good grade of
lubricant to lubricate internal components. lt must be a viscosiÇ grade of ISO 680 compounded with acidless
tallow AGMA-8. This provides a high degree of sliding motion under pressure and minimizes wear. lt is
recommended that the oil be changed at least every 6 months.

2-3.1 Pump-to-Point Lubrication System

HOS compressor cylinders are lubricated by a mechanical lubricator mounted on the frame end cover
The lubricator is directly driven by the oil pump drive shaft. The lubricator drive is shown in Figure 2-2.

A. Lubricator Operation

The oil in the lubricator sump is forced by action of the individual pumping units through tubing and
check valves to the cylinder bores and piston rod packing. Each pumping unit in the lubricator is adjustable to
permit regulation of the oil feed to the various points. Each pump unit is actuated by a rocker or roller type cam
follower and cam assembly (see Figure 2-6), causing a plunger piston within the pump body to reciprocate. The
pump stroke, thus the pump output, can be varied by adjusting the adjusting sleeve shown in the drawing.
Maximum output is achieved with the sleeve fully extended from the pump body.

As the plunger moves downward in stroke, oil is drawn through the suction check valve into the
plunger bore from the sight feed reservoir. Removing this volume of oil from the sight feed reservoir creates
a vacuum, which causes more oil to be drawn into the reservoir via the suction tube. A small quantity of oil then
enters the sight feed nozzle and drips into the reservoir below. The quantity of oil can be determined by
counting the drops as they fall. As the plunger moves upward, oil is forced ftom the plunger bore through the
outlet check valve into the feed line to the lubrication point.

B. Lubricator Adjustment

When starting the unit for the first time, prime each lubricator pump as follows:

1 Remove the sight feed plug and fill the sight feed about one-third full of oil.

Manually operate the pump, using the priming stem, until air-free oil is discharged from the pump
outlet.

2.
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Figure 2-6. Lubricator Pump Assembly

Connect the lube feed line to the outlet and continue to hand prime until the line is filled. Connect the
other end of the line to the discharge check valve (one at each lube point) and pump a few more
strokes to fill the check valve.

Refill the sight feed to the one-third full mark, then check the reservoir to make sure it is filled and
adjust the pump output (Step 5).

With the lubricator in operation, observe the number of drops falling through the sight feed glass over
the course of one minute. Adjust the adjusting sleeve to achieve the required number of drops per

minute. See Table 2-2. On a good, airtight assembly it is normal for the air in the sight glass to be
dissolved in, and gradually replaced by, the oil. This is on no consequence so long as the lubricator
reservoir is maintained full and there are no suction side leads in the pumping unit.

4.

5.
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ACAUTION

lf the oil level in the sight glass constantly decreases durlng operatlon,
it indicates that the vacuum created in the sight feed is pulling entrained
air from the oil as it passes through. lf this continues for any period of
time, an air lock in the system can result- When this occurs, the drops
normally seen falling in the sight glass will cease. Because no oil is
getting to the lubrication point, this can cause serious damage to the
compressor. Air lock can be eliminated by refilling the lubricator
reservoir, loosening the lube feed line at the pump outlet and manually
pumping the unit with the priming stem until no air bubbles are visible in

the oil stream. Note that if a fairly rapid loss of oil occurs, the cause is
often a leak on the suction side of the pump.

Table 2-2. Oil Feed Minute d Total to nder

Drops per m¡nute + .415 = Cubic lnches

2-3.2. Block-type Lubrication System

ln a metered block-type system, the compressor cylinders are lubricated by a completely integrated
unit, which is mounted at the pump end of the frame, and driven directly by the main oil pump drive shaft. One

or more conventional mechanical 'Torce-feed" lubricator pumping elements pumps oil under pressure in

measured quantities. The system operates as follows: (See Figure 2-7 lor a typical installation.) Oil is pumped

into a single main line through a filter and a flow switch. The oil is then discharged into the divider valve

assembly and from there to various points on the cylinde(s). (The number of lubricator pumping elements
varies with the number of cylinders on the frame.) When only a single cylinder is used (in conjunction with a
balance cylinder), the extra block outlets are manifolded together and connected back to one of the drain

connections in the lubricator.
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Fiqure 2-7. Tvpical Block-Tvpe Svstem Schematic

The flow switch can be used to sound an alarm, or il can be connected to a shutdown device on the
driver. The lubrication system is a single-iine, progressive, positive displacement sysiem which divides pump
output into pre.determined, proportional amounts. lt then distributes these amounts to the points of lubrication.
ln this type system, the pistons within each divider block assembly are cycled by input flow, continuously

dividing and distributing lubricant until input flow ceases. By varying piston diameters, the amount of lubricant
received by one point can be changed relative to the amount received by other points in the assembly. The
piston not only divides the flow, but also proportions the flow. Due to the valve arrangement, this dividing and
proportioning action starts again when input flow is resumed. This assures positive lubricant delivery to each
point. Figure 2-8 shows how each piston is "valved" by the completion of a full stroke of a previous piston.

Each divider valve asse¡nbly consists of 3 to I valve blocks mounted to a base block. O-ring seals
between the base and valve blocks provide leak-proof sealing to pressures as high as 6000 PSIG (41.4 Mpa).
Lubricant outlets are located in the base block, thus providing easy removal and replacement of worn or
contaminated valve blocks without disturbing the base mounling or lubrication lines. All valve blocks are
interchangeable in any position on the base block.

One divider valve assembly is capable of serving up to 16 points of lubrication. When more than 16
points of lubrication are to be served, or when good design dictates, a two-stage system is employed. The first
stage (the master block) proportions the pump flow, which is subdivided at the second stage (secondary blocks)
into the required volumes. ln this manner, a multiple number of points can be properly lubricated from one pump
supply.

NOTE

Since the block-type system is based on positive displacement, never block a
point intended to be used or try to feed two points from one ouflet.

PRI
DIVIDER VALVE
ASSEMBLY
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Figure 2-8. Divider Valve Piston Operation

Piston diameters have been selected to provide proper lubrication volumes to each lubrication point.
Standard piston sizes result in stroke outputs of 0.006, 0.009, 0.012, 0.018, and 0.024 cubic inches. Each
piston makes two strokes (backwards and fon¡vards) per cycle. Two points of lubrication can thus be served
from each piston. This type of block is called a "T" (twin-two outlets). The output from each end of a piston
can be internally combined to provide twice as much volume to one point. This type of block is called an "S"
(single-one outlet).

Tabte 2-3. Oil Per

8.048124S¡

2 4024247

60361185

30182187

1 402412S

20122127

2012I6S

26T 1006

NUMBER OF
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(cuBtc tNcHEs) r
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One drop equals about 0.002 cubic inches
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The output per cycle of each proportioning piston in any given divider block assembly and its relative
value to other proportioning pistons in the same divider block assembly is shown in Table 2-3. Valve blocks are
marked "T" for twin and "S" for single.

Keep in mind that while the divider block assemblies supply the relative proportions to points of
lubrication, the total volume of oil to all points of the system for any given time period is governed by the
lubricator pump supply volume.

ln some installations, the output from two adjacent valve blocks may be internally combined and
discharged from one outlet. This is called cross-porting. Newer blocks are externally cross-ported.

A. Filling and Purg¡ng the System

To ensure proper operation of the lubrication system before start-up or after an overhaul, it is
imperative that all tubing and components be filled with oil and free air.

To properly fill and purge the system:

Loosen the tube nuts at all injection points. Loosen the tube nuts at the inlets of all secondary divider
valves and loosen the four sockethead setscrews at the inlet end of the block. Loosen all alternate
outlet plugs on the face of the master divider valve.

Remove one alternate outlet plug from the master and connect a manual oil pump to the alternate
outlet. (This pump is available from Dresser-Rand. See Figure 2:9.)

Operate the manual pump until clear, air-free oil appears at the inlet of the secondary, then tighten
the secondary inlet connection. Afrer tightening the inlet connection, continue to pump until clear oil
emerges from the four sockethead setscrews, then tighten the setscrews.

HAND PUMP

LUBE OUTLETS

}NDICATOR PIN UP

MASTER DIVIOER

SECONDARY OIVIDER

2.

3.
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4. Continue to pump until air-free oil is discharge at all injection points served by the secondary divider,
then tighten the tube nuts at these points. After all lines to the injection points have been filled and
tightened, operate the pump for a few strokes while checking for leaks.

Remove the manual puntp from the rnaster divider alternate outlet, replace the plug (fingertight),
connect the pump to another alternate outlet in the master and repeat the procedure outlined above.

After all altemale outlets have been purged, and all altemate plugs replaced (fingertight), connect the
manual pump to the check valve on top of the manifold bar.

Proceed to loosen the following connections: cap of the atmospheric indicator in manifold bar, inlet
connection at the flow-meter, no-flow valve, high-pressure switch and master divider valve. Also
loosen the four sockethead setscrews and the inlet end of the master.

Operate the manual pump, filing the system from the manifold bar until clear, air-free oil appears at
each disconnected point in turn. Tighten loose connections, starting from the atmospheric indicator
in sequence to the master divider inlet and sockethead setscrews. Continue pumping until clear oil
appears at all master alternale outlets. Tighten all alternate plugs in the master so that the entire
system is now completely sealed and oil-tight.

Operate the manual pump for a few more strokes to finally check for leads or malfunction. Remove
the manual pump and plug the check valve.

Disconnect the fittings that connect the lubricator pumps to the manifold and operate each pump
manually until a steady flow of oil emerges at the top of the pump line.

Connect the pumps to the manifold; the system is now ready to operate. Use the correct, clean, and
filtered oil at all stems and be sure the reservoir is adequately filled at all times.

5

6.

7

I

9.

10.

11

B. Maintenance and Troubleshooting

Performance indicators are used to signal excessive system pressure and localize problem areas. Pin
type indicators use a rupture disc, which bursts at a predetermined pressure, and causes an indicator pin will
remain out until the disc is replaced and the pin is manually reset. Controls can be installed to sense a pressure
signal caused by blockage. This sþnal can be used to shutdown the compressor or ring an alarm. The rupture
disc must be replaced to restore normal operation.
A blockage in the lubrication system may be caused by any of the following:

. Crushed tube line in the system. Blocked or carboned infection poÍnt. Blocked divider valve assembly

lf blockage occurs anywhere in the divider valve system, proceed as follows:

ACAUTION
Handle all parts with great care and ensure complete cleanliness. These
parts are manufactured to very close tolerances and any nick, scratch,
or dirt left on them will interfere with proper operation of the divider
block.
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Connect a manual oil pump, with gauge, to the inlet of the master divider valve and try to cycle the

system by pumping oil into the master. lf the master divider is equipped with indicators and the

blockage is downstream of the master, one of the indicator pins in the master will protrude. Blockage

is then down stream of the discharge line common to the protruding pin. lf the system will not cycle

and no indicator pin is "up" in the master divider, blockage is then within the master divider.

lf the master divider valve is not equipped with pin-type indicators, remove (one at a time) each

alternate outlet plug in the master, which is common to a dlscharge port. (When plugs are removed,

trapped lubricant will usually surge out of the altemate outlet hole which is common to the blocked out-

going line). Pump oil into the inlet of the master after each plug is removed; if pressure drops, the

blockage is downstream of the last outlet so tested. While pumping oil into the master, (with all

alternate plugs removed), if no oil is discharged at any open port the blockage is within the master

divider valve.

Proceed to the secondary divider valve, which is downstream from the blocked port, and remove each

alternate plug, which is common to a discharge port. lnsert the manual pump into the alternate outlet
port back at the master divider valve, which serves as a lubricant to this secondary assembly. Pump

oil into the master altemate outlet; if lubricant is discharged freely through each of the alternate outlets

in the secondary, blockage is not in the secondary divider valve but is downstream of it.

Connect the manual pump into each alternate outlet (one at a time) of the secondary block. lf, while
pumping oil into one of the secondary alternate outlets, pressure builds up, the blockage has been

located. Look for crushed lines, or a blocked injection point.

lf the secondary divider valve will not cycle or discharge lubricant through the open alternate ports,

blockage is within the divider valve. lf the divider is blocked internally, it must be removed,

disassembled and cleaned.

Before disassembling the divider valve, remove only the piston enclosure plugs and with strong finger
pressure, work the piston back and forth without removing it. lf all pistons are moveable, replace the

enclosure plugs and retest the assembly by pumping oil in the inlet. (The particle of dirt, which may

have caused the intemal blockage, may now be dislodged and the assembly may be back in working

condition with no further service to be performed,)

All precautionary measures specified by the Occupatlonal Safety and
Health Act of 1970 (OSHA) must be complicated with when storing,
handling, or using solvents.

lf piston is jammed, proceed with further disassembly, first making a note of valve block positions on

the base (for example: lnlet-6S-24T-9Ï). With individual valve blocks on the bench, remove the piston

enclosure screws. Working with one block at a time, remove the piston. lf it appears to be stuck,

try removing it from the other direction. The piston may have to be forced out of the block by tapping

it with a brass rod. When the piston is removed, flush the piston and block with a suitable solvent.

Blow out all ports thoroughly and use a small piece of soft wire to probe the passageways. lnspect

the cylinder bore for scratches or score marks. lnspect the piston in the same manner. lf either of
these parts is damaged, replace the valve block. lf the block and piston both appear to be in good

condition, reassemble the parts, making sure the piston slides smoothly and snugly in the bore. The

final step is to disassemble and clean the base block.

4.

3.

5.

6.

7
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I After the entire assembly has been cleaned, blown-out, inspected and found to be in working

condition, assemble the divider valve, positioning the valve blocks on the base in their original order.
Test the operation of the assembly with a manual oil pump. lf it now functions properly, replace the

divider assembly in the system and test for proper system operation.

2-3.3. GylinderOilRecommendat¡ons

Four classifications of lubricating oil have been developed to cover lhe normal lubrication requirements
of compressor cylinders. The physical and chemical properties of the four oil Çpes generally recommended
for these units are listed in Table 24. (This table is general in nature and covers conditions and pressures not
necessarily applicable to HOS compressors.)

Selection of the proper type of oil for your particular application normally will be determined by the
discharge temperature and also by the gas quality with respect to "wetness". Consideration also must be given
to the local operating conditions. Review this set of oil selection instructions with your oil supplier and compare
your particular operating conditions with those listed in Table 2-4 for the various type cylinder oils.

ln addition to the operating conditions given in Table 24, the following information also must be
considered when selecling the type of oil to be used in a particular application.

For Type 2 and 3 oils, the gases handled must be dry; that is, gases which do not carry suspended
liquid, contain water vapor or other condensables which remain in the super-heated vapor state throughout the
compression cycle. For ïype 2X and 3X oils, the gases handled occasionally may carry small quantities of
suspended liquid into the cylinder or may deposit some condensation in the cylinder. type 2 oils are generally
used when the operator wishes to use internal-combustion engine lubricating oil.

A. GeneralRequirements

These oils are well-refined petroleum products of the general types listed. They should be prepared
from selected stacks of either naphthionic or paraffinic type, processed to minimize deposit formation. Superior
rust-preventative properties also are desired. The pour point must be consistent with the lowest ambient gas
intake and cylinder temperatures to be encountered. The pour point always must be sufficiently lower than
ambient temperature to permit the proper rate of oil feed by the lubricator. ln handling low-temperature gases,
select oil of suitably low pour point, on the basis of intake and cylinder temperatures, to maintain a fluid of
lubricant in the cylinder.

Type 2 - lnternal-combustion engine lubricating oil of the following classes:

Straight mineraloil.
Additive-treated, non-detergent oil.
Detergent engine oil.

Type 2X- Compounded compressor cylinder oil with 5% compounding is recommended. This oil must be
capable of providing an improved state of boundary lubrication and must resist the washing effect
of the particular condensate involved.

Type 3-

Type 3X-

Rust and/or oxidation-inhibited oil or straight mineral oil is acceptable.

t.j

Compound compressor cylinder oil with 5 to 10% compounding is recommended.
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Carbon Residue
(Conradson)

0.65
Max.

0.65
Max.

0.45
Max. t

0.45
Max. t

Neutralization Value
(color);

Total Acid Number
Strong Acid Number 0.00 Max0.00 Max0.00 Max0.00 Max

0.50 Max.Sulfated Ash

60 Min.
10.2 Min

Viscosity @ 210"F (99'C)
Saybolt UniversalSSU
Kinematic Viscosity cSt

105 Min.
21.5 Min

105 Min.
21.5 Min

72Min.
13.3 Min.

780 Max.
168.4 Max.

Viscosity @ 100"F (38"C)
Saybolt UniversalSSU
Kinematic Viscosit-v cSt

fF)
fc)

Flash Point
(Open Cup)

410" Min.
210" Min.

410" Min.
210" Min.

380" Min
193'Min

380" Min.
193'Min.

REQUIREDREQUIREDNONO

Special Requirements:
Cylinder with discharge
pressure of 2000 to 7000 PSIG
(13.8 to 48.27 I'lpa)

POSSIBLENOPOSSIBLENOSuspended liquid present

Condensed water vapor
present

POSSIBLENOPOSSIBLENO

> 350'
> 177"

> 350'
> 177"

Max. 350"
lvlax. 177"

Max. 350'
Max. 177"

Discharge Temp.
("F)
("c)

Operating Gonditions Type 3XType 3Type 2XType 2

Table 2-4. Standard Oil Recommendations

NOTES:' =Ash-free basis

This oil must be capable of providing an improved state of boundary lubrication and must resist the
washing effect of the particular condensate involved.

B. Service Considerations

On multi-stage and circular type compressors, or other applications involving high cylinder discharge
temperatures, it is necessary to use higher viscosity oil than is normal.

When a gas being compressed is saturated with water or hydrocarbons, it is mandatory that a 3X oil
be used.

Certain lubricating oil additives will cloud the glycerin-water often used in lubricator sight feeds,
necessitating frequent changes of the mixture.

1

2.

3.
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4. On services that are compressing air, it is recommend that a synthetic Çpe lubricant is used,

ACAUTION
The continuous or intermittent carry-over of liquid to compressor
cylinders requires the installation of efficient separators.

C. lnspection

All tests of cylinder lubricants should be conducted in accordance with the Standard Methods (latest
edition) of the American Society for Testing Materials (ASTM).

D. Synthetic Lubricants

ln general, our experience with synthetic lubricants indicates that they will do a commendable
lubrication job when lhe compressor is correctly prepared, the lubricant properly selected, and the lubricant is
supplied in sufficient quantity.

Past experience has shown that it is difficult to properly break in new compressor cylinders,
particularly larger sizes, on synthetic lubricants. Therefore, we recommend that cylinders first be broken in (at
least 150 hours of running time or until the bore surfaces have taken on a glazed appearance) using a 3X oil.
After the break-in period, switch to a grade of synthetic lubricant per the lubricant manufacturer's
recommendation.

ln those few cases where it is absolutely impossible to break in the compressor cylinders on a mineral
oil due to system contamination, note that the danger of cylinder scuffing does exist. Extreme cleanliness of
suction piping is absolutely mandatory if scuffing is to be avoided because the film thickness of a synthetic
lubricant is generally less than with mineral oil. We further recommend that the particular grade of synthetic
lubricant be on the higher side of the available viscosity range.

It is important that the quantity of synthetic lubricant fed to the cylinder be ample to wet the entire
bore surface and that actual inspections be canied out within a few hours after switching to synthetic lubrication
to determine that the feed rate is adequate. We recommend that the lubricator be adjusted to provide
approximately double the flow of synthetic lubricant as opposed to mineral base oil during initial start-up and
break-in.

Occasionally, units must be started and broken in during low ambient temperatures. Due to the
extremely high viscosity index of most synthetic lubricants, take precautions to ensure that the lubricant is warm
enough to flow properly.

It must bc again pointed out that synthetic lubricants should not be used in tlre cornpressor unless the
unit has been correctly prepared.

2-3.4. Break-in and Operation

Because of the wide range of compressor cylinder sizes and designs, as well as the varying operating
conditions encountered at different compressor installations, it is not practical to specifu a rigid break-iñ
schedule for the compressor cylinders. On compressor units the break-in of compressor and cylinder end parts
is done concurrently, with the load and speed gradually being increased during the break-in period.
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The compressor cylinders must be broken in gradually because it is necessary that mating parts

establish a satisfactory running fit with each other. To do this, there must be a certain amount of wear between

the mating parts. Also, during this break-in period, the cylinders may be exposed to dirt, welding beads and

other foreign material. This is normally the most critical period in the service life of the cylinder and the

demands on the cylinder lubricant are the most extreme at this time'

During the break-in runs, it is also necessary to feed the maximum amount of lubricant in order to help

flush out wear particles and foreign material.

Prior to starting the unit for the first time, check to see how many compartments in the compressor

cylinder lubricator are used to lubricate the cylinder bores and the piston rod packings. Fill these particular

compartments with the break-in oil selected and adjust each of the pump units in these compartments for

maximum oil feed. Disconnect all lubricator lines at the cylinders and packing glands; then, operate the

lubricator pump(s) manually until oil appears at each broken connection. This may required the compressor to

be rotated in order to manually pump each plunger. Reconnect the piping and operate the pump(s) several

strokes to assure an initial supply of oil at each point of lubrication when the machine is started. Also, during

the priming period check lubricator piping and connections for possible leaks; any leads found should be

corrected at this time.

NOTE

lf the compressor cylinders are being lubricated by a block-type oil distribution

system, all piping and components in that system must be filled with oil and

purged of air; this must be done manually, following the instructions found later

in this chapter.

The following time schedule is generally applicable for lubricating the compressor cylinders during the

break-in period, when the cylinders will ultimately be lubricated with a petroleum based product:

For the first full week of operation the lubricator pumping units should be adjusted for maximum feed

rate. As the cylirrcler wears in, occasional inspections should be made to the cylinder bore to sec if it is taking

on a glazed appearance. Should any trouble develop (usually in the form of increased lemperatures) as the

oil is beino diluted, increase the pumping rate until a glaze is formed on the cylinder walls.

It is usually desirable to reduce to a minimum the quantity of oil from the lubricator to the compressor

cylinders and rod packing from the standpoint of oil economy, coupled with the need to avoid excessive oil in

the discharge and carbon build up in the packing. Because of the widely differing conditions under which these

units operate (the variety of cylinder sizes, pressures, temperatures, and Çpes of gas handled) it is impossible

to establish any ironclad rule for the quantity of oil required for cylinder and piston rod lubrication. The ideal

condition is to feed the minimum quantity that will adequately lubricate the surfaces. This minimum quantity can

be established only after several weeks of operation and experience'

We offer as guidelines the following:

Under normal operating conditions, the amount of cylinder oil required for the various cylinder

sizes and pressures are displayed in Table 2-2. These feed rates are approximate and are

based on an empirical formula that varies to suit the particular conditions of service of the

compressor cylinders and the gas compressed. The figures given are the suggested normal

feed rates when clean and dry conditions prevail in the compressor cylinder. Wet and dirty

air or compressed gas may require increased feeds as conditions dictate'

o

'I
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Í\
a The feed rates given are the totals for the cylinder bore and packing, and are based on an

average sized drop (with 14,000 drops equaling one pint of oil at 75"F). Any variation in drop
size will require recalculation, To determine the feed rate for each lndlvidual feed, divide the
drops given in the table by the number of lubricator lines (feeds) to the cylincler. AdjLrsting the
oil feed rate at the lubricator will increase or decrease the flow rate the same amount to each
lubrication point. Check all lubrication poínts to determine the optimum amount. Again, the
figures given are only an approximation. For a more detailed lubrication rate requirement refer
to the packager guidelines and/or compressor lubrication schematic. Good judgement is
required whenever the particular conditions of service are out of the ordinary.

NOTE

The figures given in Table 2-2 are for gravity and vacuum Çpe sight feed
lubrication. Feeds to cylinder bores never should be less than two drops per
feed per minute, under any circumstances.

Oil feed rates to the piston rod packing also will depend upon the condition of the air or gas
compressed. Under normal clean and dry conditions, four to five drops of oil per feed per minute should be
satisfactory. During the first few weeks, it is better to feed too much oil than too little, After the packing rings
have seated themselves on the rod, the lubrication to the packing should be just enough to maintain a very light
film of oil on the rod.

The compressor cylinder bores, valves, and gas passages should be carefully examined each time
before and shortly after any reduction is made is cylinder lubrication, and the reduction must be made in small
steps. The correct oil feed is that which willjust maintain a light film on the cylinder walls. a puddle of oil in the
counterbore at the end of the cylinder or in the discharge passage can be evidence of over-lubrication or
unsuitable oil. The appearance of any dry spots on the cylinder walls is definite evidence of inadequate
lubrication or an improper combination of temperature, gas characteristics and oil.

2-3.5. ExtendedShutdown

When the compressor is shut down for more than a few days, it is recommended that precautions be
taken to keep the cylinders in good condition during the shutdown period. An extra quantity of oil should be
pumped to the cylinder bore and piston rod packing, by manually operating the mechanical lubricator pumping
units, just prior to shutting down the compressor when an extended shutdown is planned. Periodically
thereafter, oil should be manually pumped to the cylinders while barring the unit one and quarter revolulions.

2-3.6. SYSTEM MALFUNCTIONS AND THEIR CAUSES

1 Pump does not discharge lubricant:

. EmptV reservoir

o Air entrainment
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2. Pump repeatedly ruptures disc:

o Clogged filter

. Blocked main line, divider valve or injection point

o Disc pressure rating incorrect for the system

3. Divider valve does not cycle:

o Contaminated or stuck piston

a High pressure downstream; broken tube line serving this valve

4. Divider valve leaks:

o Valve block screws loose

o O-ring not installed

o O-ring damaged

5.

Blocked line downstream

Blocked injection point

lmproperly drilled tube fitting

Rupture disc pressure rating incorrect for system

Divider valve repeatedly ruptures disc:

O

o

a

a
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6.

Loss of lube supply

Broken line

lnoperative divider valve in flow meter

Damaged linkage

Loss of air supply

lnoperative air valve

o lnoperative air cylinder or counter

7 No-flow valve fails to properly shut down:

lncorrect adjustment

o Valve improperly installed

o Stuck or contaminated piston

Flow meter does not register counts:

o

a

a

a

o

a

r)

2-27



DRESSER-RAND

Form PG-1028-C

OPERATION & TROUBLESHOOT¡NG

HOS
Chapter 3

3-1
3-2

Paragraph

3-2.1
3-2.2

3-3.1.
3-3.2.
3-3.3.
3-3.4.
3-4.
3-4.1.
3-4.2.
3-5.
3-7
3-7.
3-8.
3-9.
3-1 0.
3-1 1.
3-1 1.1.
3-1't.2.
3-11.3.
3-11 .4 .

3-11.5.
3-11.6.
3-12

GENERAL
PREPARATION FOR INITIAL START

Alignment Check
Lubrication Systems
Compressor Cylinders....
General lnspections and Adjustments ..........
Compressor Cooling System.......

CAPACITY CONTROL
Cylinder Clearance Volume
Cylinder Unloading
Suction Pressure Control
Capacity Control Bypass

COMPRESSOR LOADING AND UNLOADING
Loading/Unloading Procedure - Bypass and Discharge Valve Method
Loading/Unloading Procedure - Vent Valve Method ................

INITIAL START-UP
BREAK-IN AND OPERAT]ON .........
SUGGESTED ROUTINE STARTING PRACTICES
ROUTINE STOPPING
EMERGENCY OR NON-SCHEDULED SHUTDOWN
SHUTDOWN FOR AN EXTENDED PERIOD
ROUTINE OPERATION AND MAINTENANCE

Daily
Weekly
Monthly.....
Every Three Months.......
Every Six Months.......
Annually

TROUBLESHOOTING BY SYMPTON

Page

3-2
3-2
3-2
3-4
3-4
3-5
3-5
3-5
3-6
3-6
3-6
3-6
3-6
3-9
3-9
3-9

3-1 1

3-1 I
3-1 3
3-1 3
3-1 3
3-14
3-',14

3-1 5
3-1 5
3-1 6
3-1 6
3-17
3-1 I

3-2.3.
3-2.4.
3-2.5.
3-3.

t)
3-1



Operation and Troubleshooting

3.I. GENERAL

The operator should carefully read this section before the unit is prepared for its initial start. The
purpose of this section is threefold; first, to familiarize the operator with the requirements of the unit; second,
to outline the recommended procedures for starting, loading and stopping the unit; and third, to assist the
operator in setting up an efficient inspection and maintenance schedule. Optimum performance can be obtained
by closely adhering to the instructions in this section.

After the operators have started the machine a number of times, and have received experience in
caring for it, starting will become a routine procedure. However, there are a number of special precautions that
must be taken when starting a compressor for the first time. Carelessness or lack of knowledge can result in

serious damage to the equipment and to personal injury. lf possible, an experienced erection engineer should
superuise the initial start of the unit; even then, the regular operators should be well acquainted with the details
of the machine, the precautions to be taken when starting, and the reasons for them.

When the unit is checked out prior to initial start-up, it is an excellent idea to log important clearances
and runout figures. This will establish benchmark readings for these clearances, which will allow calculation of
wear rates and establish a meaningful maintenance schedule. lt is equally important to log these same
clearances after any major overhaul.

3.2. PREPARATION FOR INITIAL START

NOTE

On a new compressor no internal inspections are required. (lf the machine has
set for over 6 months refer to Section 3.2.3)

ACAUTION
Refer to the instructions supplied by the manufacturer of the compressor
ciriver wiren preparing ihe unii ior siari-up; careiuiiy ioiiow ihe
manufacturer's recommendations. This also applies when placing into
operation accessory equipment items such as coolers, filters, pumps, and
similar equipment.

Thoroughly inspect the entire machine to be certain there are no loose parts or tools where they can
cause damage or interfere with start-up.

3-2.1. Alignment Check

ACAUTION
It is extremely important that the driver-to-compressor alignment be
checked before start-up.
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NOTE

The following procedure is designed for a standard flex type coupling alignmcnt.

A check of the drive alignment is required before starting the unit. The purpose of this drive alignment
check is to verify that, during positioning of the skid, the alignment of the driver crankshaft to the compressor
crankshaft has not shifred. The following procedure applies to the coupling drive anangement normally supplied:

1. Make a suitable fixture to mount two dial indicators at the coupling hub.

After the fixture is securely fastened to the coupling hub, mount a dial indicator to read on the outer rim
of the compressor coupling hub and another indicator to read on the face of the hub.

Rotate the driver through one complete revolution and bring both indicators to the top vertical position
with the respect to the driver flywheel; then, using a markíng pencil or chalk, place reference marks
on the flywheel and flywheel housing. These will be the zero reference marks.

Mark the flywheel housing at the 90", 180" and 270' positions. These marks will be used as reference
points to take the dial indieator readings.

Using a bar, shift both crankshafts against their stops in the same direction.

Zero the dial indicators, with the driver flywheel at the top vertical reference marks, then rotate the
driver to the 90" mark and take an indicator reading; repeat at the 180" and 27C marks and then
return to the starting point. Recheck the zero settings at the starting point. Be sure the driver and
compressor crankshafls are first shifted per Step 5 before recording the indicator reading at each
reference point.

Compare the dial indicator readings to determine the main point of misalignment. lf readings taken at
the 180' reference point indicate that the driver is high or low at the drive coupling end, this will, in most
cases, indicate that the driver end of the skid is not properly leveled with respect to the compressor
end. Correct this misalignment by raising or lowering the driver by readjusting the shimming at the
driver mounting points.

When it has been determined that all possible misalignment has been conected by raising or lowering
the driver, take a final set of indicator readings at each of the reference points. The coupling
misalignment should be as close to zero as possible and must not exceed 0.005 inch (0.13 mm) Total
lndicator Reading when the equipment is up to operating temperature. Therefore a tolerance for
thermalgrowth should be considered when performing this cold alignment procedure. (See CHAPTER
5 for specifications). lf further alignment adjustments are necessary, do this by adding or removing
shims from the driver mounting points and by moving the driver sideways, if required, using jack screws
against the sides of the driver base.

NOTE

ln most cases, Dresser-Rand specifies coupling misalignment limits that are
much tighter than those allowed by the coupling manufacturers. Always adhere
to the Dresser-Rand limits.

4

5.

6.

7

I
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I

3-2.2. Lubrication Systems

Refer to CHAPTER 2, LUBRICATION for a detailed description of the compressor frame and running
gear lubrication system, and the compressor cylinder lubrication system. Recommendations for
selecting the proper oils for frame and cylinder lubrication will also be found in CHAPTER 2. The

operator shoutd be thoroughly familiar with the lubrication requirements of the compressor before
starting the machine.

2. The following procedure should be used to check the entire frame lubricating system prior to starting
the compressor for the first time:

The rust preventative coating applied to the lube system at the factory is soluble with the
recommended lubricating oils and need not be removed.

ACAUTION
All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

Check all oil piping for tight connections

Fill the frame oil sump to the level indicator on the oil level gauge. Refer to CHAPTER 2,

LUBRICATION for the grade and quantity.

We recommend the operator use a manual or motor-driven priming pump to circulate the oil

and fill the lubricating system (Vent air from oil filter while circulating). The bearings may
suffer from a "dry" start. Add oil to the frame sump as required. Do not fill above the level
mark on the level gauge because the rotating compressor parts may strike the oil surface,
causing foaming and loss of oil pressure.

E. Continue to operate the priming pump until pressure indication is seen at the gauge. Check
eyterna! oi! nioinc durinc lhis oeriod for tioht connections.-.'r'r''.v..-....v...'-..9...--'''

3-2.3. Compressor Gylinders

NOTE

The compressor is normally shipped from the factory with externally fed lube
pumps with oil supplied from the frame oil system. Should special oil lubricant
be required please consult with the factory.

Fill the lubricator box with high-grade lubricating oil. The same oil selected for the frame can be used
in the lubricator box. This oil is for lubrication of the camshaft, pump rocker arms and the gears inside
the lubricator box.

2. Disconnect all lubrication lines and prime until all air is forced out of the lines and oil appears.
Reconnect the lines and cycle the lubricator pumps a short time so the cylinders will be lubricated as

soon as the compressor is started. The lubricator feed(s) should be initially set for maximum flow.
Once the compressor is started, the oil lines will remain full of oil. After a few days of operation, as
the cylinders wear in and the bores become glazed, the oil feed rate can gradually be reduced. This
is described in more detail in the break-in instructions, which are found in CHAPTER 2, LUBRICATION.

A

B.

c.

D.
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If the machine åas sef for over 6 months proceed with the following:

3. Remove the outer head and inboard suction valve assembly from each compressor cylinder and inspect
the cylinder bores.

4. Reassemble the cylinders using adequate lubricating oil.

NOTE

For cylinders operating in non-lube service re-assemble cylinders dry.

3-2.4. General lnspections and Adjustments

1 Check, and tighten as required, all bolts and nuts to be sure that all is ready to start. Refer to
CHAPTER 5, GENERAL DATA & SPECIFICATIONS for specific tightening recommendations.

The piston rod runout has been checked and piston end clearances have been set at the factory.
However, if an outboard cylinder support has been installed in the field then the rod runout must be
checked prior to starting the unit. Refer to CHAPTER 4, MAINTENANCE for detailed procedures for
checking the piston rod runout and piston end clearances. The final settings should be recorded for
future reference.

3. Prepare the compressor driver and any accessory equipment for initial starting and operation per the
manufacturer's recommendations.

3-2.5. Gompressor Gooling System

Run coolant through the shell and tube type compressor oil cooler to be sure the cooling system is
operative and that all connections are tight. Vent the water side of the cooler and all high points in the
piping to remove trapped air.

3.3. CAPACITY CONTROL

Capacity control, as used in this context is any means of varying the capacity of the unit to meet the
conditions under which the unit is applied. For most engine driven compressors, the simplest method of
capacity control is varying the speed of the driver. Another, more long term adjustment, involves changing
cylinder sizes. This section covers four of the more common methods used lo vary capacity for shorter
durations. The first is by adding clearance volume to the cylinder to reduce volumetric efficiency of the cylinder.
The second is by cylinder unloading. The third is by varying the suction pressure through use of a suction
pressure control valve. A fourth method is through use of a bypass system. Each will be discussed more fully
in the following sections.
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1

2.

3-3.1. Cylinder Glearance Volume

The standard compressor cylinder provides for the addition of clearance volume to both the outboard
end and frame end of the cylinder. The outer end inlet valve travel is adjustable, thus acting as a variable
volume clearance pocket. The outer end is adjustable while the compressor is running. The frame end inlet
valve location can be positioned to add fixed clearance to the frame end with the addition of center bolt spacers.
The frame end clearance can only be added during a shutdown period. When clearance volume is added,
cylinder performance should be checked for adequate rod reversal and volumetric efficiencies. This method
of capacity control reduces the horsepower requirements proportionally to the reduction of flow.

3-3.2. GylinderUnloading

Unloading of a cylinder end is done by retracting the suction valve from the unloaded end. This has the
effect of reducing the capacity of the machine by the amount of flow the unloaded end is capable of
generating. This method of capacity control reduces the horsepower requirements by approximately
50 percent.

Unbalanced forces occur when unloading one end of one cylinder; therefore, this type of unloading
should not be done unless specifically approved by Dresser-Rand. Approval of loading is also required
when using a balancing crosshead or balancing cylinders. A further limitation to single end unloading,
on one or both cylinder ends, is imposed when non-reversing loads are imparted to the crosshead pin.

lf there are numerous loading conditions, combined with speed changes, refer the matter to Dresser-
Rand for a complete analysis of the running gear and rod loadings.

3-3.3. Suction Pressure Control

I Controlling the suction pressure to the compressor can also be used to control capacity. This is most
often used when horsepower is limited and the flow rate is higher than the unit can handle. A suction
control valve is used to hold the suction pressure to a preset limit, thereby limiting flow. Performance
must be run at the desired set point to ensure that temperature and rod load limits of the compressor
are not exceeded. This method of capacity control offers the advantage of a stable operating condition
for the unit.

3-3.4. Gapacity Gontrol Bypass

1 A unit bypass system may be used to control capacity, particularly when the unit is oversized, or when
the suction pressure is not stable and has a tendency to fall below a desirable limit. This method
utilizes a pressure control valve in the bypass system around the unit, set to operate at the minimum
operating point for the compressor. When this method is used, it is important that the bypass gas
stream be taken downstream of a process aftercooler. This will avoid an uncontrolled temperature rise

during continuous operation. Figure 3-1 illustrates.

3.4. COMPRESSOR LOADING AND UNLOADING

It is important that the compressor be unloaded prior to and during startup. There are two basic
methods to loading and unloading a HOS compressor. Which of the two is best suited for a particular
installation depends on site conditions. The following should be considered prior to designing the piping system:
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Figure 3-1. Bypass Capacity Control

The two methods are as follows:

. Bypass and discharge check valve method
¡ Vent valve method

Probably the simplest, most reliable and safest method is by use of a bypass and discharge check
valve. This is illustrated in Figure 3-2. With this set-up, there is little danger of exceeding rated rod load and
the rate of loading can be controlled by the rate of closing the bypass valve. On multiple-stage units, this set-up
works well for sequence loading because each block valve is opened or closed separately. lt should be noted
that with this method, when the compressor cylinders and piping are pressurized to suction gas pressure the
load on the unit will be dependent on the sizing of the bypass valve and associated piping. Also, the sizing of
the bypass valve and piping will be the limiting factor on the period of time the unit can be bypassed without
excessive gas heating.

The other method of loading and unloading is the vent valve method. This is illustrated in Figure 3-3.
This method results in the venting of excess gas during loading which may not be acceptable in certain situations
at particular sites. Also, during idling periods the compressor will pull partial vacuum on the suction piping
downstream of the suction valve and it is extremely important that the unit is purged prior to loading.
Additionally, the suction valve must be fully open prior to closing the vent valve to prevent the possibility of
generating excessive rod loads.

l
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SUCT I !N
VALVE

D I SCHARGE
HEADER

SUCT I [N
HEADfR

BYPASS
VALVE

VENT
VALVE

CHTCK
VALVE

D I SCHAR6E
VALVE

REL IEF
VALVE

D I SCHARGE
HEADER

D I SCHARGE
SNUBBER

SUCT 1 NN
SNUBBER

D I SCHAR6E
SNUBBfR

SUCT I [N
SNUBBER

3-8

Figure 3-3. Vent Valve Method



Operation and Troubleshootino

)

3-4.1 Loading/Unloading Procedure - Bypass and Discharge Gheck Valve Method

Prior to starting the unit, ensure the suction and discharge valves are closed. Then, open the bypass
valve and the vent valve to de-pressurize the compressor cylinders and piping to atmosphere.

Start the driver and allow it to idle and warm up; after tell minutes of warm-up bring it up to fast idle.

Open the discharge valve, which will allow discharge pressure to back up against the discharge check
valve.

Partially open the suction valve to purge lhe compressor cylinders and piping.

PressurLe the compressor cylinders and piping by closing the vent valve and opening the suction valve.

Load the unit by closing the bypass valve.

Reverse the preceding steps to UNLOAD.

3-4.2. Loading/Unloading Procedure - Vent Valve Method

Prior to starting the unit, ensure the suction and discharge valves are closed. Then, open the vent valve
to pressurize the compressor cylinders and piping to atmospheric pressure.

Start the driver and allow it to idle and warm up; after ten minutes of warm-up, bring it up to fast idle.

Open the discharge valve, which will allow discharge pressure to back up against the discharge check
valve.

Partially open the suction valve to purge the compressor cylinders and piping.

Load the unit by opening the suction valve fully, then by closing the vent valve.

Reverse the preceding steps to UNLOAD.

3.5. INITIAL START.UP

When starting the compressor for the first time, it is extremely important that the operators are alert
for unusual or abnormal pressures, temperatures, noises and other conditions. lndicating gauges and
thermometers should be closely monitored during this initial starting period.

2 Read the following break-in instructions before starting the compressor. The procedure, which follows,
applies generally to the initial start of the unit some modifications to this procedure may be required
when startlng a partlcular mâchlne.

A. As far as is practical, check the inlet and discharge lines for foreign objects. Check all line
valves for proper location, flow direction, and position.

1

2.

3.

4

5

6

7

1

2.

3.

4.

5.

b.
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B Operate the priming oil pump to pre-lubricate the compressor bearings and to build up a slight
pressure in the frame and running gear lubrication system.

ACAUTION
On electric motor driven machines a prelube pump is required. See
CHAPTER 5, GENERAL DATA & SPECIFICATIONS for recommended
minimum prelube capacities.

Manually operate each lubricator pumping unit, by pushing down the plunger cap, to ensure
that oil is being fed into the cylinder bores and piston rod packing. This can be confirmed by
motion of the cycle indicator pin in the distribution blocks. This may require the compressor
to be rotated in order to manually pump each plunger.

Walk around the machine to double check that all equipment is ready for start-up and that
all personnel in the area are aware that the unit will be started.

åttffiNlNrlË
The operator must ensure that the driver will not start, by grounding the
ignition and closing the fuel gas valve on engine driven units or by
ensuring that the power cannot be turned on with electric motor driven
units, before barr¡ng the unit over.

Release the driver flywheel lock, if fitted. Bar the compressor over a few times to be sure all
moving parts are clear and also to ensure that lubricating oil is distributed to all running
surfaces. Disengage the barring device prior to start-up.

F. Turn on the cooling water to the frame oil cooler

G. Start the driver according to the manufacturer's instructions.

ACAUTION
The machine must be immediately shut down if an abnormal condition
exists, and the cause found and corrected before restarting the unit.

After the compressor is started, observe the frame oil pressure and check the cooling water
temperature. Watch for signs of excessive heating, unusual noises or other abnormal
conditions.

lf everything appears normal, operate the machine continuously for 30 minutes at no load. On
engine driven units, the engine speed can be varied from idle to mid-range speed during this
period.

ACAUTION
Never operate any compressor at maximum speed with no load. The
piston rod load may be exceeded at this condition.

c.

D.

E

H.

3-10



Operation and Troublesh ooting

t,,

At the end of the 30 minute period, if no problems are identified the compressor is ready to
purge and load for the operation and service that the unit is intended for. When placing the
unit in service, pay partícular aftention to the break-in considerations that are given in the
following instructions.

NOTE

Verification of proper cylinder bore lubrication is not final until the bore has been
checked after the unit has been shut down under load. Lubrication rates vary
depending on load conditions.

3.6. BREAK.IN AND OPERATION

The normal procedure for "breaking in" a new compressor involves several short runs at gradually
increasing speed and load. The type of driver and the particular operating conditions will dictate the
break-in requirements and procedures.

A CAUTION
Gompressor cylinders should be set up according to performance data
sheets before loading.

2. Sometime during the break-in period, while the unit is not in operation, tighten the cylinder mounting
flange nuts, packing gland nuts and all other exposed nuts and bolts. When first subjected to full load
and temperature conditions, gasket material will crush; if joints are not tightened up at this time, oil,
water, or gas leaks may start later or stud breakage may occur. Check all foundation bolts to ensure
they are tight. Tightening requirements are given in CHAPTER 5, GENERAL DATA &
SPECIFICATIONS.

Because of the wide range of operating conditions, it is not practical to give specific break-in
recommendations for the cylinders. The instructions in CHAPTER 4, MAINTENANCE are general and
should be modified as required to suit a particular situation.

3.7. SUGGESTED ROUTINE STARTING PRACTICES

The routine starting procedure, which follows, is for a typical compressor equipped for manual starting.
Some modifications to this procedure may be required to suit a particular compressor and drive anangement;

however, it is important that a standard starting sequence be established and followed consistently by the
operators.

Check the oil level in the frame sump and add oil as required to bring the level to the mark on the oil
level gauge.

Operate the priming oil pump to pre-lubricate the compressor bearings and to build up a slight pressure
in the frame and running gear lubrication system.

ACAUTION
On electric motor driven machines a prelube pump is required, See
GHAPTER 5, GENERAL DATA & SPECIFICATIONS for recommended
minimum prelube capacities.

J

3

I

2
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3 Manually operate each lubricator pumping unit, by pushing down the plunger cap, to ensure that oil is

being fed into the cylinder bores and piston rod packlng. This can be confirmed by motíon of the cycle
indicator pin in the distribution blocks. This may require the compressor to be rotated in order to
manually pump each plunger.

NOTE

lf the compressor has been opened to the atmosphere, if should be purged with
process gas before being put on line to ensure that no oxygen is present in the
cylinders or piping.

Unload the compressor. The method of starting-unloading must be established for each compressor,
but is generally accomplished by use of a manual bypass system. Blow down the unit prior to starting.

ACAUTION
Never operate any compressor at maximum speed with no load. The
piston rod load may be exceeded at this condition.

Check to ensure all equipment is ready for start-up and that all personnel in the area are aware that
the unit will be started.

Bar the unit over once to be sure all moving parts are clear. This is especially important when the unit

has just been serviced.

Turn on the cooling water and check to be sure the cooling system is operative.

Prepare the driver for start-up according to the manufacturer's instructions.

Start the driver and run the compressor at no load for ten minutes or until the frame oil warms to 90'F
(32"C). Refer also to the driver instructions for warm-up requirements. (When startlng an
engine driven compressor, the unit is normally warmed up at 800 to 900 RPM and the load then

applied before bringing the machine up to operating speed.)

A CAUTION
Do not operate the compressor at a speed less than 500 RPM.

When the unit is warmed up and determined to be operating satisfactorily, without any unusual noises,

the compressors can be loaded. Build up the discharge pressure gradually, by slowly closing the
manual bypass valve. Note the gas temperatures while loading (abnormal temperatures are often the

first indications of trouble).

11. Adjust cooling water flow if required

12 When temperatures and pressures have stabilized, record for future reference as operation and

maintenance guidelines.

5.

6

4.

10.

7

8

I
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3.8. ROUTINE STOPPING

1. When the compressor drive is an engine, it should be slowed to idle speed

ACAUTION
Do not operate the compressor at a speed less than 500 RPM.

2. Unload the compressor by slowly opening the bypass valve. A standard unloading procedure should
be set up for each compressor application as they may not all be manual.

NOTE

During normal operations cylinder o-rings may become saturated with gas,
especially at pressures above 1000 PSIG. When a compressor is blown down
too rapidly the o-rings may blister due to the rapid escape of the gas from the
o-rings. This is known as explosive decompression. To avoid this a
compressor should be blown down at a moderate rate allowing the gas to
escape the o-rings without blistering. lf this situation should arise consult your
nearest Dresser-Rand Distributor.

3. Allow the compressor to operate at idle speed at no load for several minutes to cool.

4. Stop the driver according to the manufacturer's instructions.

5. Prepare the compressor so that it can be restarted on short notice.

3-9. EMERGENCY OR NON.SCHEDULED SHUTDOWN

lf any emergency occurs requiring immediate shutdown of the compressor, the compressor can be shut
down under load.

ln the event of an automatic safety shutdown, the operator should immediately check to find the cause
of the shutdown. lf the problem is not readily apparent, the operator should relieve the system of
pressure before making a more thorough examination.

lf it appears that the compressor will not be operating again within ten minutes, turn off the water flow
to the cooler and cylinders.

3.10. SHUTDOWN FOR AN EXTENDED PERIOD

The operator must ensure that the driver will not start, by grounding the
ignition and closing the fuel gas valve on engine driven units or by
ensuring that power cannot be turned on with electric motor driven units,
before barring the unit over.

1

2.

3.

(l
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2.

3

lf the compressor is to be shut down for less than a month, the manual frame oil priming pump
and the cylinder lubricator pumps should be operated every 30 days and the unit barred one and
a quarter revolution.

lf the compressor is to be shutdown more than a month, the compressor frame and cylinders should
be preserved.

Refer to the manufacturer's recommendations for the driver and other accessory equipment
when planning an extended shutdown of these items.

3-11. ROUTINE OPERATION ANÐ MAINTENANCE

The HOS compressor is designed and built for long periods of continuous full-load operation and
should be equipped with automatic safety switches to shut it down in case of low frame oil pressure, vibration,
or lack of cylinder lubrication. lt can be equipped with additional safety devices to obtain practically any degree
of protection desired.

When the unit is first placed in operation, and the machine is operating at normal speed and load
and with stable operating pressures and temperatures, all safety alarm and shutdown controls should be
carefully checked for correct operation. Never disconnect the safety shutdown devices and allow the unit to
run unprotected.

É-.--. ---.^--^-^- ---..:--- ^ ^^r^!- ^¡ -..-^-.:^:^- ^^l ^^-^ :a ¡a :^ ¡^ ^i,,^ ^^^¿¡-..^fEVëly UUlllplC!'ÞU| lCLlUllË5 d UCltdlll dlllUUllr ul ÞuPCl VlSlUll dllU UcllC lt lr 15 (u 9lvtt u(Jlltlllutiu

satisfactory performance and long service life. A time schedule of duties for the operator must be subject to
alteration by experience to fit the actual conditions. The following minimum schedule is suggested, based on
continuous duty of 720 hours per month.

NOTE

The time schedule of routine inspections and maintenance for the compressor
must be used in conjunction with the schedule and duties recommended by the
driver manul'acturer. Tnis aiso appiies to other accessory equipment.

3-l1.1. Daily

Check the oil level in the fame sump and add oil as required to maintain the level at the line on the
oil level gauge. Check that the oil day tank (if so equipped) is filled.

Check the oil level in the lubricator drive box and add as necessary. lf oil level has increased, check
the pumps for leakage past the plungers. Make sure all pumping units are working and inspect
distribution blocks for leakage, indicator pins "popped up", or other problems.

Keep an hourly log of all gas temperatures, water temperatures and gauge pressures. One of the
principal means of keeping track of the physical condition of a compressor and its equipment is by
these hourly readings. Watch carefully for any marked changes which indicate further attention is
warranted. Use interstage pressures and temperatures to detect abnormal conditions. A decrease
in the interstage pressure and temperature means that the lower pressure cylinder has reduced
capacity. An increase in interstage pressure and temperature means that the next higher stage
cylinder has reduced capacity. These effects can be attributed to leaking valves, worn piston rings
or broken parts.

2

3.
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ii

4 lf separators are used in the compressor system, a schedule must be established whereby they
are periodically drained to prevent a liquid carryover into the compressor cylinders, which can cause
serious damage. lf automatic drains are furnished, check them for proper operation and to be sure
that no liquid has accumulated in the level gauge.

NOTE

ln every case, because of variable operating conditions, the operator should
establish the frequency of draining off the various drains. This will be
determined by the amount of liquid that collects at each point.

5. Listen for any unusual noises while the machine is operating. These should be investigated
immediately.

6. Drain all low points in the discharge piping

7 Keep the exterior of the compressor and the compressor room floor clean.

3-11,2. Weekly

After the first week, check all bolts and nuts to see that they are properly torqued. Check monthly
thereafter or at each change in operating conditions. (the monthly check period can be extended as
experience dictates.)

lnspect all loaded joints for motion across the joint during operation. Tighten as required.

After the first week, check the runout of the compressor piston rods. Make sure the piston rod
is not scored. Check every three months thereafter.

4 Check scraper packing, piston rod packing and distance piece vents for excessive blowby and/or oil
leakage.

3-11.3. Monthly (ALL WEEKLY checks plus:)

Take a sample of the frame oil for analysis. Compare the analysis to one made on a fresh sample
straight from the drum. Change oil and filter per analysis or compressor manufacturers
recommendations.

Lubricate clearance packing grease fittings (see CHAPTER 4, Paragraph 4-13.) and check for free
motion by moving the pocket in and out with the unit not operating.

Check all safety shutdowns and operation of loading and unloading devices for proper operation

Check crankshaft breather and clean or replace as needed

Clean the lubricator reservoir and pumping units as necessary or according to the manufacture/s
instructions.

2.

3.

1

2.

3.

4.

5.
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3-11.4

1. Check the crosshead-to-guide clearance by feeler gauge. Check the runout of the compressor piston
rods. Visually inspect frame internals.

2. The frame lubricating oil should be changed after 2000 to 4000 operating hours or as monthly analysis
indicates. Always clean the filter housing and install new filter elements when the oil is changed.

NOTE

When the compressor is being operated in an extremely dirty atmosphere, or
where it is installed outdoors, operated intermittently, handling foul gas in the
cylinders, or operating with high oil temperatures in a very hot atmosphere, it
may be necessary to change the oil more often. Most reputable oil companies
offer laboratory analysis of oil samples, the use of this type service is
recommended.

Check the compressor piston rings and piston rod for wear and the cylinder bore for scoring, and
remove any accumulation of foreign material. Replace piston rings if they are worn to their limit. See
Chapter 4 (Paragraph 4-14.) lor checking the wear rate of, and renewing, TFE piston and rider rings.

Check the accuracy of compressor pressure gauges on a dead weight tester; recalibrate them as
ranr ¡ira¡{

Remove all inlet and discharge valves; clean and inspect the valves for excessive wear and broken
parts. Lap seats and guards. Refer to the compressor cylinder instructions.

Clean the separator sight glasses (if so equipped).

lnspect Beta drive shaft seal (if so equipped) and replace if required

Check anchor bolts for tightness. Tighten as required to the torque values given in CHAPTER 5,
(:trl\trK/\L UA ll\ õ( ÞrtrUlrluÉ\ I l\Jl\ù.

L lnspect drive coupling; tighten as required.

3-11.5. Every Six Months (ALL QUARTERLY checks plus:)

'1. Check crankshaft end play.

2. Check plston end clearances.

3. Remove, clean, and inspect the piston rod pressure packing rings and oil scraper; renew the rings as
required.

Every Three Months (ALL WEEKLY and MONTHLY checks plus:)

3.

4.

5.

6.

7,

L
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3-11.8. Annually (ALL SIX MONTH checks ptus:)

1. Check all running gear clearances and compare to benchmark readings. lf a change is detected,
disassemble and inspect those affected parts.

2. Clean and flush the oil cooler and any other heat exchanger supplied.

3. Remove the compressor pistons and inspect the rings. Record cylinder bore diameters. lnspections
of this nature will indicate the replacement schedule for parts that are subject to wear.

4' Safety valves used in the compressor gas system should have their settings tested at least once a
year, and more often under extreme conditions, by a hydraulic test.

5. Examíne any separators, bottles, dampers and similar equipment that may be used in the compressor
system for accumulation of diÉ, rust and other foreign material. Remove the vessel from the system
and clean it if necessary.

6. Visually inspect the packing cups; reJap as required.

7. Remove and inspect main bearings and connecting rod bearings.

r)
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3.12. TROUBLESHOOTING BY SYMPTOM

Table 3-1. Ghart

CRANKSHAFT OIL SEAL LEAKS 1. Faulty seal installation.

2. Clogged drain hole.

1. Reset seal per instruction
book.

2. Clear obstruction.

COMPRESSOR WILL NOT
ùrAt(r

L Power supply failure
/rr^¡^- n-¡.,^ 

^^1.,\\lvlutvl ur rv0 vl lly,

2. Switch gear or starting Panel
(Motor Drive Only)

3. Oil pressure Permissive to
start switch.

5. Cylinders pressurized.

6. Running gear blocked.

7. Barring device/lock engaged

4. Control panel

1. Restore power supply

2. Check circuitry, interlocks,
relays. See vendor literature.

3. Check oil pressure at header
using aux. pump; adjust or
replace switch.

4. Check electrical connections
anci seitings.

5. Unload cylinders.

6. Unblock to allow rotation.

7. Disengage barring rig or lock.

FRAME KNOCKS 1. Loose, worn main, crankPin or
crosshead bearings.

2. Low oil pressure.

5. Knock is actually from cylinder

4. lncorrect oil

3. Cold oil.

Check clearances and
replace bearings accordingly

2. lncrease oil pressure; repair
leaks.

3. Warm oil before loading unit;
reduce coolant suPPly to oil
cooler.

4. Use proper
specifications.

5. Tighten piston nut, etc. refer to
"Noise in Cylinde/'

I

oil per

TROUBLE PROBABLE CAUSE(S) RËMEDIES
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Table 3-1. Com Chart

L Tighten piston assembly to
piston rod per instructions.

2. Adjust end clearance to
specifications.

3. Tighten jam nut.

4. Repair or replace valves.

5. Replace piston rings.

6. Remove liquids.

2. Piston hitting outer head or
frame head.

3. Loose crosshead jam nut.

4. Brokcn or lcaking valve.

5. Piston rings broken.

6. Liquids

1. Loose pistonNOISE IN CYLINDER

1. Replace worn oil pump.
1a. Oil Level too low in sump.

2. Reduce oil level in sump

3. Utilize frame oil immersion
heater or steam-trace
piping.

4. Replace elements; clean filter
can.

5. Set to specifications.

6. Replace valve.

7. Replace gauge.

8. Clean suction strainer

1. Oil pump cavitation.

2. Oil foaming from rotating parts
hitting oil surface.

5. Oil pressure valve (PCV)
incorrectly set.

6. Low relief valve setting.

7. Defective gauge.

8. Plugged sump suction
slrainer.

4. Dirty oilfilter

3. Cold oil

LOW OIL PRESSURE

1. Replace rings.

2. Assemble per lnstruction
Book.

3. Replace piston rod.

4. Replace rings.

1. Worn scraper rings.

2. Scraper rings incorrectly
assembled.

3. Worn or scored piston rod

4. Ring side clearance
excessive.

OIL SCRAPER LEAKAGE

REMEDIESPROBABLE CAUSE(S)TROUBLE
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Table 3-l Chart

1. Replace pacing rings.

2. Use correct oil or increase
feed rate.

3. Clean packing, piping and
ensure gas supply is clean.

4. Reduce pressure and
increase at lower rate.

5. Reassemble per lnstruction
Book.

6. Check and adjust clearances.

7. Unblock and provide low-
point drains.

8. Replace piston rod

L Check crosshead clearances
and piston to bore
clearances.

1. Worn packing rings.

2. lmproper lube oil or lube oil
feed rate. (Blue Hot)

3. Dirt in packing.

4. Pressure increase too fast.

5. Rings incorrectly assembled.

6. lnrproper end or side
clearance.

7. Packing vent plugged

8. Scored piston rod.

L Excessive rod runout.

PACKING LEAKAGE
AND/OR BLOWBY

1. Replace lubrication check
valve or lubricator pump.

2. Use correct oil; increase
feed rate.

3. Clean coolant passages,
install water filter, increase
supply pressure or rate.
Reduce coolant temperature
at inlet.

4. Replace packing rings.

1. Lubricationfailure.

2. lmproper lube oil or feed
rate.

3. lnsufflcientcooling.

(Especially with water-cooled
packing.)

4. lnadequate side clearance.

PACKING OVERHEATING

REMEDIESPROBABLE CAUSE{S}TROUBLE
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Table 3-1. Troubleshootl ng Chart

PROtsABLE CAUSE(S)

1. ïest valve and reset per
nranufactur er's irrstructi<¡ns.

2. Repair/replace defective
parts.

3. Relieve obstruction; open
valve.

1. Faulty relief valve.

2. Leaking inlet valves or
piston rings on next higher
stage.

3. Obstruction, blind flange
or valve closed in
discharge line.

RELIEF VALVE POPPING

1. Replace leaking inlet valves
or piston rings.

2. Clean intercooler or piping;
reduce lube feed rate.

3. Repair/replace parts as
necessary.

4. Clean intercooler

5. Clean water jackets.

6. Use correct lube oil and
correct the feed rate.

Excessive ratio across
cylinder. Rings leaking on
next higher stage.

2. Fouled intercooler or
piping.

3. Leaking discharge valves
or piston rings.

4. High inlet gas
temperature.

5. Fouled cylinder water
jackets.

6. lmproper cylinder lube oil
or lube feed rate.

HIGH DISCHARGE TEMPERATURE

1. Adjust supply rate

2. Use correct oil for
application. See chart in
lnstruction Manual.

3. lnstallseparator/drain
system.

4. Replace or repair valves.

5. Clean intercoolers; valves.
Look for failed valve in
cylinder, upstream or
downstream.

Too much cylinder lube
oil.

2. Wrong cylinder lube oil,
too light; high carbon
residue.

3. Oil carryover from inlet or
previous stage.

4. Broken or leaking valves;
high temperature.

5. Excessive pressure ratio
across cylinder; high
temperature.

EXCESSIVE CARBON ON VALVES

REMEDIESTROUBLE
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Table 3-2. Valve Troublesh Chart

SEASONAL FAILURES Winter failures caused by liquid slugs.
A. Piping should be insulated.
B. Piping should be steam traced.
C. Separators should be installed.

FAILURE FOLLOWING
RECONDITIONING

1. Check reconditioning procedures to make sure valve lift
was not changed.

2. Verify correct parts were installed

VALVE FAILURE - BOTH INLET AND
DISCHARGE

1. Make certain correct parts are installed.

) r.pla¡k fn eoa if dienharnp failrrrpe are cattsed hv hroken

pieces of other valves.

3. Check for rust, scale or other foreign matter.

4. Check for excessive wear of parts caused by grit or
insufficient lubrication.

5. Consider the possibility of pulsations

6. Stiction - lncorrect lube rate or varnish.

VALVE FAILURE - DISCHARGE VALVES 1. Make certain that correct parts are being used. ln many
cases, discharge springs are stlffer than inlet springs.

2. Check log of failures to see if failures occur only when a
clearance pocket is open. lf this is the case, report the
situation to Dresser-Rand.

3. Consider the possibility of discharge pulsations.

VALVE FAILURE _ INLET VALVES 1. Make certain that correct parts are being used. ln many
cases, inlet springs are lighter than discharge springs.

2. lnvestigate the possibility of liquid carryover.

3. Consider the possibility of intake pulsations.

4. Flutter - lncorrect spring selection.

TR,OUBLE REASON OR ACTION TO BE TAKEN
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Table 3-2. Valve troubleshootin Chart ued

1. Check valve plates for wear resulting in sharp corners at
O.D. or l.D.

BROKEN PLATES
(BUT NOT SPRTNGS)

1. lnvestigate possibility of gas contaminants causing corrosion;
send samples of broken parts to Dresser-Rand.

2. Check for grit or other solid matter, which can lodge between
coils of compression springs to cause failure.

3. Stiction - lnconect lube rate or varnish.

BROKEN SPRINGS

1. lnsufficient lubrication rate or incorrect cylinder lube oil.

2. Dirty process gas; install scrubbers.

3. Flutter - lncorrect spring selection.

RAPID WEAR.
DISCHARGE VALVES ONLY

1. lnsufficient lubrication rats or incorrect cylinder lube oil.

2. Wet gas washing lubrication from valves.

3. Cylinder water temperature lower than incoming gas
temperature.

4. Dirty process gas; install scrubbers.

RAPID WEAR.
INLET VALVES ONLY
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4.1. GENERAL

This portion of the lnstruction Book describes the recommended procedures for disassembling,
servicing or replacement, and reassembly of the compressor running gear and cylinders. Service notes have

been placed in the text to assist the mechanic. Separate instructions are fumished to cover special or optional
equipment.

Good working habits are essential to the performance of satisfactory maintenance work on the
compressor. When disassembling a unit, use every available means to keep dirt away from the compressor
internals. Cover exposed openings with cloth, kraft paper, cardboard or other suitable material to keep dirt fom
falling into the frame interior or into the compressor cylinders. Scratches, nicks and rough areas must be
removed from machined surfaces. This can be done with fine emery cloth, a fine hone or a mill file. (Do not

use emery cloth, or any other finishing method employing abrasives, when working on soft bearing surfaces;
such material can become embedded in the bearing metal.)

Mark or tag parts as they are disassembled so that they can be replaced in their original positions.

Replace all composition gaskets that are torn, dried or cracked with ones of similar material and thickness.
Shims should be marked so that they will be reassembled in their original positions or so that replacement

shims can be accurately sized.

Original parts should be thoroughly cleaned in a solvent compatible to the process and to the material

of the parts to be cleaned. lnspect parts for wear and other visible defects before re-using them. Generally,

unless otherwise stated, parts should be covered with a thin coating of clean lubricant before reassembling.

All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing,
handling, or using solvents.

After removal Cotter pins, lockwashers, lock wires and other locking devices must be replaced to
prevent the loosening of parts during operation. Always advance a nut in the tightening direction to align cotter
pin openings once the required torque or bolt stretch is obtained. Lockwire must always be arranged so that
it pulls on the bolt head in the tightening direction.

Running gear clearances and fits and tightening requirements are summarized at the back of this book
in CHAPTER 5, GENERAL DATA & SPECIFICATIONS. The specified clearance limits and fits are those to
which the parts are originally assembled. Unless otherwise stated, they are for parts that are at room

temperature and are generally refened to as "cold" clearances. Some slight changes in clearance can be

expected when parts are hot.

Generally, the clearances and fits listed should be checked during maintenance work involving those
parts. lt is recommended that running clearances be checked with the parts in their assembled positions,

wherever possible, since bearing crush, interference fits and other factors can affect the clearance

measurement.

Logging important clearances can be of considerable help in determining the wear of parts. lt can also

be of some benefit in estimating the time interval between scheduled overhauls.
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4

5

b.

Varying operating conditions at different installations make it impractical to specify maximum
acceptable clearances. Careful observation of the unit by the operator and good judgment by the mechanic are
often the most effective means of determining when clearances have become excessive and adjustment of parts
is required.

4.2. SAFETY PRECAUTIONS

Observe every safety precaution when working on the compressor frame, cylinders and drive
arrangement, especially when making repairs or adjustments inside the frame or cylinders. The following
minimum precautions should be taken before working on the compressor.

2.

3

1

Close suction and discharge line valves and bleed off any pressure that may be in the compressor
cylinders.

Be certain the main driver is locked out so that there is no possibility of the driver starting. ln addition,
a warning sign bearing the legend'WORK lN PROGRESS - DO NOT START" must be attached to
the starting equipment.

Block or brace under a crankshaft web, or block the crossheads, so that the shaft cannot turn while
working inside the unit.

Service on a machine should always start with cleaning the floor and the outside of the machinery to
remove oil which could cause maintenance personnel to slip and injure themselves.

Never open a compressor cylinder or any other part of the compression system without first
completely relieving all pressure within the unit and taking all necessary precautions to prevent
accidental re-pressurizing of the system.

Compressors handling toxic or flammable gases must be isolated from the process piping by means
of blinds, or double valves and bleed valves, when major maintenance is required. Before opening
such compressors the equipment should be purged or evacuated. Minor adjustments may be
performed without blínding provided that adequate precaulions, such as cle-pressurizing the system,
ara falzan *¡ n¡ala¡* ñ^rô^^h^l r\h^^l,.,^h,^- mrr^l ñ^l tr^ -^li^, ..^^^ f^- i^^t^3i-- ¡L^ â^-^---^--rv lJrvtevr l/erùvlrrrer. vllsv^ vqlvsù llluÐl ¡tvt ug lg¡tgu UPVII lVl tùVldullV Ulg UUf llPltùlrul.

Consult OSHA regulations covering cleaning materials and their use. Volatile flammable liquids must
not be used as cleaning agents for engine or compressor parts. A safeg solvent should be used and
the parts dried thoroughly before assembly. CARBON TETRACHLORIDE MUST NEVER BE USED
AS A CLEANING SOLVENT. Appropriate provisions for ventilation should be made when using other
halogenated solvents.

4.3. FRAME

The compressor frame (Figure 4-1) is a rigid, cast iron structure designed to provide a suitable
mounting for compressor cylinders, crankshafr and other running gear, and to hold a[ parß in acorrate
alignment under the stresses and strains involved in operation. Suitable ribs and partitions are
incorporated in the frame design to provide maximum strength compatible with reasonable weight.

The lower part of the frame forms a sump for the lubricating oil, and a pipe tap connection is located
on the end of the frame at the bottom of the oil sump to permit sump draining. An oil level gauge is
also located at one end of the frame so that lhe frame oil level can be checked at all times.

7

1

2.
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4.4. CRANKSHAFT

The crankshaft is a single-piece, heavy steel forging and is designed to avoid torsional criticals within
lhe operaling speecl rarrge. Tlrere is a separate urank llrrow [o uarry the cr¡¡r¡recting rorJ for each cotnpressor
cylinder. Oil holes are drilled in the shaft from the main journals to the adjacent crank pins so that lubricating
oil under pressure at the main bearings is fed to the connecting rod bearings. lt is essential to the proper
lubrication of the compressor that the oil passages in the crankshaft are kept clear of any obstruction. They
should be inspected during any compressor overhaul for sludge or other obstructions

4.5. CRANKSHAFT OIL SEAL

The crankshaft oil seal, located at the drive end of the unit as shown in Figure 4-2. A correctly
installed oil seal should require little or no attention.

ACAUTION
Should leakage occur past the crankshaft oil seal, do not, under any
circumstances, reduce the bearing oil pressure in an effort to control
the leakage. Reduced oil pressure can result in serious compressor
damage, which might not be immediately apparent.

The following procedure is recommended to properly install the crankshaft oil seal:

lnstall the front cover gasket on the frame. lnstall front cover by sliding it over the alignment dowels.
Secure the cover by tightening the capscrews to their proper torque value.

Coat the oil seal with grease on only that portion that contacts the crankshaft. Orient the seal so that
the seal lips are pointing toward the frame and then press the seal into the recess in the end cover.

4-6. ACCESSORY EQUIPMENT

Items not manufactured by Dresser-Rand Company include the lubricator, oil cooler, drive engine or
motor, coupling, filters, coolers, scrubbers and control devices. Additional equipment supplied by the packager
of the compressor must be supported by accessory literature supplied by the various manufacturers of the
components. This literature, generally including engine or drive motor manufaclurer's bulletins, coupling
manufacture/s bulletins and control panel manuals, is found in the overall manual prepared by the packager for
the complete compressor package.

4.7. MAIN BEAR¡NGS

Main bearing anangement is shown in Figure 4-3. The main bearings are horizontally split precision
aluminum shells that are accurately sized to fit the bearing caps and the support saddles in the frame.

I

2.
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Whenever a main bearing cap is removed from lhe machine, it is important lhat it is returned
to its original position in the frame or serious damage can result. The bearing caps are match-stamped in an
off center location to agree with the nearest stamping on the top of the frame partition. Always check the
stamping on a bearing cap when installing it to be sure that it matches the nearest stamping on the frame
partition.

MAtfl BEAFINGIIE EOD

MA]N sEARING CÆ
MAIN A€AFING CAP AOLE

MAIN EAAItrC SHELL

ñODgACEF

fBß67

EEAÊING
HUOEE

F¡GURE 4-3. MAIN BEARING ARRANGEMENT

4-7.1. Checking Bearing Glearance

The clearance of each main bearing can be determined by the use of Plastigage@ at point '4" shown
in Figure 4-3. Lay a piece of Plastigage@ across the crankshaft joumal, install cap and torque to specifications,
Remove the cap and measure the Plastigage@ to ensure you have proper clearance. Refer to CHAPTER 5,

GENERAL DATA & SPECIFICATIONS, which gives the bearing clearance limits of machines as originally built.
Remove Plastigage@ from crankshaft and/or bearing before reassembly. These clearance limits, although only

guidelines, can be helpful in determining when a bearing requires replacement. The only proper way to
determine if a bearing replacement is required is to perform a visual check. lt should be noted, however, that
a bearing will give much longer service when the proper oil clearance is maintained. After a bearing change
always recheck the actual bearing-to-shaft clearance with Plastigage@ before operating the machine.

Plastigage@ is the prefened method of checking bearing clearances. lf Plastigage@ is not available,
another acceptable method is doing a lift check.

Mount a dial indicator on top of the connecting rod as close to the center of the split line as possible.
L¡ft the connecting rod up until the clearance is removed, and note the dial indicator reading. Ensure that the

crankshaft does not rotate while checking bearing clearances using the left check method.

+7.2. Replacing a Ma¡n Bearing

lf replacement of a main bearing becomes necessary, use these recommended steps

ACAUTION
Be certain the main driver is blocked out so that there is no possibility
of the driver starting. ln addition, a warning sign bearing the legend
'WORK lN PROGRESS - DO NOT START" must be attached to the
starting equipment.
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Remove the top covers from the frame.

Loosen all frame spacer tie rods.

Remove the frame spacer and tie rod that corresponds to the bearing being serviced.

Remove the capscrews from each side of the main bearing cap.

lnstall a 112-inch eyebolt into the tapped hole in the top of the bearing cap. Carefully remove the
bearing cap and upper bearing half.

Remove the lower half of the bearing by rotating it 180". lf the lower shell cannot be pushed out by
hand, use a copper or soft metal "roll-out" plug in the crankshaft and "roll ouf'the lower shell. The plug
is placed in the oil hole in the crankshaft so that it protrudes about 1/4-inch (6 mm) from the shaft it
must be flanged to prevent it from dropping into the oil hole.

SERVICE NOTE

lf more than one adjacent lower shell is removed; blocking must support the
crankshaft. Always support the crankshaft on two cylinder frames.

Replacement bearing shells must fit the support saddle and bearing cap perfectly so that they will be
uniformly supported at all points. An imperfect fit, burrs, nicks or dirt between the shells and support
saddle or cap will result in stress concentration due to flexing of the shell and subsequent premature
failure of the bearing.

A CAUTION
Never scrape the bore nor file or attempt to build up the ends of these
precision bearing shells. To do so will result in a ruined bearing and
possible major damage to the crankshaft.

Place a lock plate under the head of each bearing cap bolt and tighten the bolts evenly to the torque
value specified in CHAPTER 5, GENERAL DATA & SPECIFICATIONS. Bend the edge of the lock
against the flat on the head of each cap bolt.

Check the installed bearing clearance with Plastigage@ as described in Paragraph 4-7.1. before
continuing with further assembly.

When one or more replacement bearings are installed, check the crankshaft alignment by checking
for clearance under the bottom of the crankshaft journal at each main bearing. A 0.0015 inch (0.04
mm) feeler should not start. Any bearings found to be low must be replaced.

Replace the main bearing tie rod and spacer, using Teflon@ pipe thread sealer under the nut heads
and on the tie rod threads. The spacer is sized for an interference fit with the frame opening. Position
the tie rod in the frame and spacer so that it is centered with respect to the frame. Place a washer
over each end of the tie rod and then assemble and snug up the cap nuts evenly. Tighten one of the
nuts until the measured distance in the spacer opening is not less than, and no more than 0.002 inch
(0.05 mm) greater than, the dimension stamped in the frame adjacent to the spacer. See Figure 4-1
for stamping location.

6.

7

I

I

10

11
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12. lnstall the frame top cover and any other parts that may have been removed

4-7.3. Bearing Crush

Bearing crush is the difference in height between the bearing and its housing at the parting line. This
crush is actually an interference fit between the bearing and its housing. lt is necessary to assure full contact
between the bearing and housing to prevent flexing of the bearing shell and to aid in transferring heat from the
bearing. Because both bearings and housings are precision-made parts, there is no reason to measure the
bearing crush in the field. lf a problem with bearing crush is suspected, contact your Dresser-Rand customer
service representative.

NOTE

Bearing crush has no relation to bearing clearance and it is important that the
two are not confused.

4-7.4. Ghecking Grankshaft Thrust

End thrust of the crankshaft is limited by bronze shoes fastened to the faces of two of the main
bearing caps. On two-cylinder frames, there is a main bearing at each end of the frame, and the thrust shoes
are attached to the inboard faces of the bearing caps; the shoes bear against the thrust collars of the number
1 and number 2 crank webs. On the four- and six-cylinder frames, the thrust shoes are bolted to the faces of
the second and third main bearing caps from the drive end of the unit; the shoes bear against the thrust collars
of the number 2 and number 3 crank webs, counting from the driver end.

THRUST SHOE MAIN
BEAFING

8ÉARING SHELL

CRANKSHAFT
ENO CLEARANCE
HERÊ

CRANK.
wE8
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Crankshafi end thrust, or end play, is totally controlled by the position of the driver unit, whether it is

a motor or a gas engine. The thrust shoes cannot in any way "control" the end thrust and the shoes are

installed prlmarily to position the shaft axially in the frame. Normally, end thrust is negligible if the compressor

and driver have been properly installed.

ACAUTION
lf wear on the thrust surfaces is observed, the only way to correct it is
moving the driver. lf this isn't done, serious damage to the compressor
crankshaft or frame can result.

The compressor is originally built with a total crankshaft thrust clearance within the limits given in

CHAPTER 5, GENERAL DATA & SPECIFICATIONS. The clearance can be measured by totaling the feeler

clearances taken between each thrust shoe and the adjacent crank web (Figure 44). The manufacturing

process controls the thrust and cannot be field adjusted.

4.8. CROSSHEAD / CONNECTING ROD ASSEMBLY
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Figure 4-5. Grosshead
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4-8.1 Crosshead

The compressor crosshead, Figure 4-5, is a box type with shim-adjustable shoes. The crosshead pin
is full floating and is carried on two steel-backed bronze bushings that are shrunk into the crosshead. A single
steel-backed bronze bushing is shrunk into the eye of the connecting rod. The compressor piston rod screws
into the crosshead and is secured by a crosshead locknut.

+8.2. Gonnecting Rods

The compressor connecting rods are made of forged steel and incorporate a one-piece, shrink-fitted
bronze bushing with a light babbítted coating in the small end ancl twu.piece Lrearirrg slrclls irr llrc large (crankpln)
end. The rods are rifle drilled from the connecting rod joumal bearing-end to the crosshead pin-end, providing
a passageway for the lubricating oil between the two points.

COñü\ECTIl.ß
ROD BO-T

CROSSiEAD
PIN

BUSHING

r,lAsHER

\
COIüECTING \**bb

F4-9 H. I

C0û$ECTIl.lc
ROD CÊP

CO|ü,ECT¡l€

Figure 4-6. Connecting Rod & Bearing Assembly

4-8.3. Connecting Rod Bearings

The connecting rod bearing is a split steel-backed bronze rlesign with a babbitt overlay. See Figure
4-6, which shows the assembled position of the bearing in the connecting rod. This is a precision bearing, which
requires no adjustment. lf the bearing-to-shaft clearance becomes excessive and the bearing is noisy, the
bearing shells must be replaced.

ROD
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When the connecting rod cap is removed from the rod, it must be reassembled in exactly the same
position it held during factory assembly or serious damage to the machine can result. The cap and its rod are
stamped with identical letter and number markings as shown in Figure 4-6.

NOTE

While checking bearing clearances with Plastigage@ make sure crankshafr does
not rotate.

At the factory the bolts are stretched per specifications in CHAPTER 5, GENERAL DATA AND
SPECIFICATIONS. Once the proper stretch has been achieved, the end of the bolt and the face of the nut are
stamped with three corresponding letters. (See Figure 4 -7).

lf a new connecting rod is being installed or if the existing components become mixed up during
disassembly, please use the following bolt stretch procedure. The following procedure may be done while the
connecting rod is installed in the frame, but the preferred method is with the connecting rod on a workbench.

PRICK PUNCH MARK USED
FOR ALIGNING ANÐ HOLD

THE STRETCH MIC TO THE
ENDS OF THE CONNECTING

ROD BOLT.

"A" REPRESENTS THE ALIGNMENT MARK THAT IS PUNCHED INTO THE END OF
THE CONNECTING ROD NUT. IT IS NOT NECESSARILY A LETTER, IT MAY BE A
PUNCH MARK OR A NUMBER.

A.

Figure 4-7. ldentification of Connecting Rod Bolt Markings

Stretch Micrometer Procedure

NOTE

Before removing connecting rod nuts make note of the match mark stampings
on the face of the nut and the end of the bolt as shown in Figure 4-7. Ensure
all components (nuts, washers, bolts) are reassembled in the same position as
they were removed. lt is extremely important that these components are not
mixed up. lf this happens refer to the connecting rod bolt stretch procedure.
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3.

4

I Prior to assembly, thoroughly degrease with solvent and dry all contact surfaces of rod, nut and
washer.

2. Thoroughly lubricate bolt threads with an anti-seize lubricant afrer placing it in the hole.

NOTE

When using anli-seize lubricants, care should be taken not to use excessive
amounts. Excessive amounts could contaminate oil samples.

Lubricate the contact surface between the nut face and the washer with anti-seize. The surface
between the washer face and rod must remain dry, so washer does not rotate.

Bolts should be prick (center) punched on each end, before assembly, to ensure that micrometer
reading is taken in the same place before and after elongation.

The micrometer reading of the bolt length should be taken before the nut is tightened (see Figure 4-8).
This dimension should be recorded for future reference. (This should be done on both bolts prior to

any tightening.)
Bolts shall be tightened in a cross pattern ensuring that all bolts are tightened in equal increments.

Each nut should be tightened in small increments until the micrometer reading indicates the bolt has
been elongated (stretched) the specified amount. For proper stretch dimensions refer to CHAPTER
5, GENERAL DATA & SPECIFICATIONS.

After proper elongation (stretch) is attained the face of the nut and lhe end of the bolt should be match
marked as shown in Figure 4-7.

CONNECTING CONNECTING
ROD BOLT

oT^ÞÞEñ rtr^

HEAD
SCRFW

5

b.

7.

8.

NUT
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Connecting rod bearing-to-shaft clearance can be checked by using Plastigage@. Lay a piece of
Plastigage@ across the crankshaft jor:rnal, install cap ancl tighten to connecting rod bolt stretching procedure.
Remove the cap and measure the Plastigage@ to ensure you have proper clearance. The assembly clearance

specifications are given in the list of port fits and tolcrances in CHAPTER 5, GENERAL DATA &
SPECIFICATIONS. Remove Plastigage@ from crankshaft and/or bearing before reassembly.

4-8.4. Replacing Connecting Rod Bearings

Remove the frame top cover that will give access to the connecting rod.

Before barring the unit over, the operator must ensure that the driver will
not start either by grounding the ignition and closing the fuel gas valve
on gas engine-driven units or by ensuring that power cannot be turned
on with electric motor-driven units. Failure to heed this WARNING can
result in a fatal accident if the unit rolls over unexpectedly.

2. Rotate the crankshaft to place the connecting rod in a convenient position to remove the cap.

NOTE

Before removing connecting rod nuts make note of the match mark stampings
on the face of the nut and the end of the bolt as shown in Figure 4-7. Ensure
all components (nuts, washers, bolts) are reassembled in the same position as
they were removed. lt is extremely important that these components are not
mixed up. lf this happens refer to the connecting rod bolt stretch procedure.

Pull the cotter pins and remove the nuts and washers from the connecting rod bolts.

Carefully lift the connecting rod cap and cap bearing half out of the frame.

Support the connecting rod and then rotate the crankshaft to move the crankpin away from the rod

so that the rod bearing half can be removed.

Clean the replacement bearing shells, being certain that the oil holes and grooves are clear, and also
clean the bore in the connecting rod and cap before assembling the new bearing. lt is essential that
there be no dirt or foreign particles between the bearing shells and the rod, and that the shells fit their
housing perfectly so that they are supported uniformly at all points. lt is normally not requirecl to
check bearing crush since these are precision made and inspected parts. lf a bearing crush problem
is suspected, contact your Dresser-Rand service representative.

lnstall the bearing shell halves in the rod and cap. Each shell half has a tab on its outer edge at the
parting line. The tabs fit into slots which are machined into the rod and cap and accurately position
each shell half and lock the bearings to prevent rotation in the bore.

3

4.

5.

6.

7

lì
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8. Assemble the rod and cap on the crankpin. Work carefully to assure conect assembly and lo prevent
damaging the parts.

I Tighten the nuts on the connecting rod bolts uniformly untilthe bolts are elongated (stretched) the
amount given in CHAPTER 5, GENERAL DATA & SPECIFICATIONS. Bolt elongation is determined
by measuring the length of the bolt both before and after tightening.

10. Check the connecting rod bearing-to-crankpin clearance as described previously

11 lnsert and bend a cotter pin to lock each nut on the rod bolt. When it is necessary to reposition the
nut to install the cotter pin, always turn the nut in the tightening direction.

12. Check to be sure no tools have been left inside the frame and replace the top cover on the frame.

4-8.5. Grossheads and P¡ns

The conventional crosshead, figure 4-6, is the box type with shim adjustable shoes. The crosshead
pin is full floating and is carried on two steel-backed bronze bushings that are shrunk into the crosshead. A
single steel-backed bronze bushing is shrunk into the eye of the connecting rod. The compressor piston rod
screws into the crosshead and is secured by a crosshead jam nut.

Normal running clearance of the crosshead in the guide is specified in CHAPTER 5.

4-8.6. Removing Grosshead and Connecting Rod

The connecting rod should be removed from the frame if it is necessary to replace the crosshead pin
bushing that is shrunk into the small end of the rod. To remove the connecting rod:

1 Remove the top frame cover, tie bar(s), and frame extension cover that will give access to the
connecting rod.

cRosstEAÍt

EALAìTCE WEIGH'
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Figure 4-9. Lockwire Crosshead Balance Weights as Shown
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All crosshead balance weights must be removed from the nose of the crosshead by removing the
lockwire and cap bolts. (See Figure 4-9.)

Unscrew the piston rod from the crosshead using e strap wrench or a piston removal tool as shown
in Figure 4-10. As the piston rod thread disengages from the crosshead, unscrew the crosshead jam
nut and remove balance weights (if required) and lay them aslde. Pull the piston rod away from the
crosshead being careful not to pull the threads into the scraper rings.

tÊFotÊ.¡,¡"13. !9611òo*
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Figure 4-10. Piston Removal ïool

Remove the crosshead pin bolt lock and unscrew the crosshead pin bolt. The pin end caps are
doweled to the pin, Remove the pin end caps. A steel chisel of appropriate length wedged between
the bottom of the crosshead extension and pin bolt slot will aid in removing the pin bolt.

Use pieces of 2X 4lumber to wedge the crosshead end of the connecting rod upward enough to take
the weight of the rod off the pin. Block the rod and remove the pin.

Rotate the crosshead 90" in the guide to place it on its side and remove the crosshead
the frame.

from

lmmediately mark the crosshead to identify which cylinder it is associated with and which face is
positioned at the top.

Bar the compressor over until the cylinder is at mid-stroke and the connecting rod being
worked on is positioned at the top of the frame. Break the connectíng rod cap bolts loose.

Before barring the unit over, the operator must Insure the driver will not
start; either by grounding the ignition and closing the fuel gas valve on
engine driven units, or by insuring that power cannot be turned on with
electric motor driven units. Failure to heed this WARNING can result in
a fatal accident if the unit rolls over unexpectedly.

\. 
")
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NOTE

Before removing connecting rod nuts make note of the match mark stampings
on the face of the nut and the end of the bolt as shown in Figure 4-7. Ensure
all components (nuts, washers, bolts) are reassembled in the same position as
they were removed. lt is extremely important that these components are not
mixed up. lf this happens refer to the connecting rod bolt stretch procedure.

I Remove the connecting rod cap.

10 Move the connecting rod and crankshaft to gain space for removing the rod. Ensure the crosshead
guides are protected from damage. Ease the large end of the connecting rod past the crankshaft with
care to prevent damage to the crosshead guide or the crankpin. Continue to rotate the crankshaft
until the webs are positioned such that the small end of the connecting rod will pass.

4-8.7. Replacing SmallEnd Bushing

The small end bushing-to-crosshead pin clearance can be checked by comparing micrometer
measurements of the pin O.D. and bushing l.D. The bushing is non-adjustable; it must be replaced with a new
one when the clearance becomes excessive or if the bushing is othen¡vise defective.

Press or machine the old bushing out of the connecting rod. lf a machining operation is
used, be careful not to cut into the connecting rod.

Clean the rod and check to make sure it is not bent or twisted. Maximum allowable bend and/or twist
is 0.003 inch (0.076 mm).

Ä
Always use liquid nitrogen in a well ventilated area and protect the e¡res
and skin from contact. lmproper use may result in frostbite, respiratory
ailments or asphyxia.

3. The replacement bushing must be chilled (using liquid nitrogen) to reduce its outer dimension
sufficienlly so that it can be pressed into the eye of the connecting rod without applying an appreciable
amount of force. The back of the bushing and connecting rod eye must be wiped clean before
installing the bushing.

ACAUTION
There is a hole in the connecting rod bushing, which must align with
the rifle-drilled hole in the rod to ensure sufficient lubrication of the
crosshead. lf the hole is not aligned properly, the crosshead bushings
will be quickly destroyed.
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4. Use an insertion tool as shown in Figure 4-1 I to press the chilled bushing into the rod. The tool will
aid in keeping the bushing square as it enters the rod. Do not allow the bushing to warm up during
this procedure. Excessive force on these thin-walled bushings will cause distortion.

FOHCE

INSÊFITION TOOL

EUSHING

Figure 4-1 1. Bushing lnsertion Tool

Be sure to align the hole in the bushing with the rifle-drilled hole in the rod. Check the pin-to-bushing
clearance of the new parts. Refer to CHAPTER 5, GENERAL DATA & SPECIFICATIONS for
assembly fits and tolerances.

lnstall the connecting rod in the compressor using the reverse of the removal procedure. Be sure the
rifle-drilled oil passage in the rod is clear of any obstruction before installing the rod. Refer to the
appropriate instructions when assembling the rod on the crankshaft and when installing the
crosshead pin.

lf new parts are being used, check for sufficient side clearance between the connecting rod and
adjacent crank webs. This clearance can be measured with feelers and compared with the listed
assembly clearance limits. As a final check of proper connecting rod installation, it is suggested that
the unit be barred through one complete revolution while watching the connecting rod to see that it
runs true on the crankpin. Replace the top cover on the frame.

A CAUTION
The connecting rod bolts must be kept tight at all times. lf they are
allowed to loosen, broken bolts and considerable damage will occur. lf
these connecting rod bolts have been allowed to run in a loosened
conditioned, as noted upon inspection, they should be replaced to
prevent future fatigue failure no matter what their visual appearance. New
bolts must be securely tightened to the proper torque specified in
GHAPTER 5, GENERAL DATA & SPECIFICATIONS.

5.

6.

7
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4-8-8. Replacing Crosshead Pin and Bushing

To replace the crosshead bushings, the crosshead must be removed from the machine as previously
described.

1. Use a puller to remove the shrink fitted bushings from the crosshead. lt is also possible to drive out
the bushings.

ACAUTION
There is a hole drilled in each crosshead pin bushing. This hole must
align with the oil hole in the crosshead to ensure adequate lubrication of
the crosshead shoes. lmproper installation will result in a scored
crosshead guide and ruined shoes.

2. Clean the bore in the crosshead and wipe off the replacement bushings. Chill the bushings in liquid
nitrogen to reduce the diameters so they can be pressed into the crosshead without applying
appreciable force. lnsert the bushings into the bore. When inserting the bushing use a tool as shown
in Figure 4-9 to keep the bushing square to the bore. Do not allow the bushing to warm up. Excessive
insertion force on these thin wall bushings will cause distortion. Bushings must be flush with the edge
of the crosshead.

Always use liquid nitrogen in a well ventilated area and protect the eyes
and skin from contact. lmproper use may result in frostbite, respiratory
ailments or asphyxia.

Mic the l.D. of the bushing and the O.D. of the crosshead pin. Refer to CHAPTER 5, GENERAL
DATA & SPECIFICATIONS for the proper clearance.

lnstall the crosshead into the crosshcad guide using the opposite procedure as previously
ciescribeci for removai in Paragraph 4-8.6.

Oil the crosshead pin and slide it into place in the crosshead and connecting rod. Assemble the end
covers (the end covers are doweled to the pin) and replace the bolt to fasten the covers to the pin.

Check to see that the lock is in place under the head of the bolt and then tighten the bolt to the
torque given in CHAPTER 5, GENERAL DATA & SPECIFICATIONS. Bend up the lock tabs to
secure the bolt.

7. Remove any blocking device used and replace the frame extension cover

4-8.9. Crosshead Shoe Replacement and P¡ston Rod Runout Adjustment

The crosshead shoes are fitted at the factory with the clearance listed in CHAPTER 5, GENERAL
DATA & SPECIFICATIONS between the top shoe and upper crosshead guide. However, this clearance as well
as the compressor piston rod alignment must be checked before starting a new unit and also after any
replacement of compressor cylinder, piston, piston rod or crosshead shoes. Adjustment or replacement of the
crosshead shoes is indicated when the shoes become noisy or when the compressor piston rod runout exceeds
the specified limits.

3.

4.

5.

6.
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With the compressor cylinder conectly installed and the piston rod crosshead locknut tightened, check
the crosshead to be sure it is resting sguarely on the lower guide. Do this by checking for clearance under the
bottom crosshead shoe; a 0.0015 inch (0.04 mm) feeler should not enter between the center of the bottom shoe
and guide at either end of the shoe, Measure lhe clearance between the top shoe and the upper guide at all
four corners. Record these clearances for later reference.

The compressor piston rod runout (alignment) must be checked before starting a new unit or after any
replacement of compressor cylinder, piston, piston rod or crosshead. Be sure the crosshead locknut has been
properly tightened against the crosshead before checking the piston rod runout.

One of the primary reasons to keep rod runout within limits is to keep the rod running true through the
piston rod packing, thus ensuring the longest possible packing life with the least leakage.

Piston rod runout is usually checked with the unit "cold". Vertical rod runout under these conditions
is mainly influenced by the crosshead-to-crosshead guide cold clearance and the compressor piston-to-cylinder
bore clearance. Because the compressor piston "grows" as it heats up during operation, it is normal to see a
cold vertical runout much larger than what it will be when the unit is operating.

Runout limits are given in Table 4-1 . All runout figures assume that the piston end of the rod is "loW'
to compensate for thermal growth of the piston. After running for four hours under full load and temperature
conditions, check the "hot" runout. Runout should be as close to zero as possible.

There is no adjustment for horizontal piston rod runout, and it should not exceed 0.003 inch (0.08 mm)
if everything is fltted properly.

Factors that can influence piston rod runout are as follows:

Lack of proper supports, particularly on larger cylinders where excessive cylinder "droop" can occur.

Excessive piping strain on the cylinder, or distorted cylinder supports pulling the cylinder out of
alignment.

Cylinder-to-frame joint burrs or debris in the joint, causing the cylinder to be misaligned.

Excessive piston or cylinder bore wear. This can be checked by measuring the piston and bore with
the appropriate micrometers.

Worn crosshead shoes. Crosshead shoes are adjustable on conventional crossheads only and may
be shimmed if worn.

Table 4-1. Normal Gold Vertical Piston Rod Runout

A.

B.

c.

D.

E.

0.0000 - 0.0020
0.0005 - 0.0025
0.0015 - 0.0035
0.0025 - 0.0055
0.0040 - 0.0065

4.75 - 8.00
9.50 - 11.50
13.00 - 15.00
17.50 - 20.50
23.00 - 26.50
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F A worn (or bent) piston rod. Check rod diameters along the full length of the rod if this is suspected
Also, check for bending. A worn or bent rod should be replaced.

G A crosshead jam nut not seating squarely against the crosshead nose. lmproperly machined parts
or debris can cause this situation.

A. Crosshead Shoe Replacement

To remove the crosshead shoes pull the crosshead pin and remove the crosshead as described in
Paragraph 4-8.6.

NOTE

Ensure the shims, which are removed, are reinstalled in the same position. lt is
recommended (but not required) that all lock nuts be replaced after initial use.

Remove the lock nuts, which secure the shoes to the crosshead.

lnstall new crosshead shoes and torque to the proper specifications listed in CHAPTER
GENERAL DATA & SPECIFICATIONS.

Mic the LD. of the crosshead guide and the O.D. of the crosshead to ensure you have the proper
running clearances per CHAPTER 5, GENERAL DATA & SPECIFICATIONS.

5 Reinstall the crosshead into the crosshead guide

B. Piston Rod Runout Adjustment

The following instructions descrbe the recommended procedure for checking and adjusting the
compressor piston rod runout:

Mount a dia! indicator in the distance piece so that it wi!! read on the top of the piston rod. Be sure
the indicator is securely mounted and depress the indicator button, rotating the pointer one revolution
on the dial to preload the indicator. Set the dial to the zero mark.

Bar the compressor through 180', starting from the maximum outboard stroke. ïhe largest reading
seen during this 180" traverse to the inboard stroke position, whether plus or minus, is the total
runout and is to be recorded on the frame record card using the proper sign (t) for the number. ln
order to check the accuracy of the reading, continue to bar the compressor an additional 180" (in the
same direction of rotation) to the maximum outboard stroke position. ïhe dial indicator should now
be pointing to zero; if not, the indicator has moved.

SERVICE NOTE

lf the indicator needle 'Jumps" at the extreme ends of the stroke it is an
indication of either a loose crosshead jam nut or a nut face that is not square
to lhe crosshead nose.

1

2

3 5,

4

4

2.

4-22



Maintenance

3.

4

5

The piston rod runout is adjusted in the vertical direction by adding or removing shims between the
crosshead and its bottom shoe. lf the piston rod is high at the piston end, shims must be added under
the bottom shoe. lf the rod is high at the crosshead end, shims must be removed from under the
bottom shoe. lf there is some confieion as to which end of the rod is high, a machinist's level can þe
placed on the piston rod to tell whether the crosshead must be raised or lowered. Always remember
that the shim thickness removed or added to one shoe must then be either added or removed from
the other shoe if the required top shoe-to-guide clearance is to be maintained.

Since the piston rod runout is initially checked and adjusted with the parts cold, the rod should normally
be set slightly lower at the piston end to compensate for piston expansion when running at design load

and temperature conditions. The amount the piston is set lower than the crosshead is determined by
both the size and material of the piston. (Larger piston sizes should be set slightly lower to
compensate for increased expansion.) See Table 4-1.

It is necessary to remove the shim from under the crosshead shoe to adjust the shim thickness. To
remove the shoe, pull the crosshead pin as described in the instructions which follow; the crosshead
shoe bolt nuts can then be removed and the crosshead rotated 90" in its guides to allow the shoe to
be removed through the side inspection opening in the frame extension. Take off the shim and add

or remove laminations as required. Generally, adding or removing one shim lamination will change
the indicated rod runout about 0.001 inch (0.03 mm); therefore, to raise the indicated rod runout 0.002
inch (0.05 mm) at the crosshead end, it would be necessary to add two laminations to the shim used
under the bottom shoe. Always remove or add a like number of laminations to lhe upper shoe to
maintain the required top shoe-to-guide clearance.

Re-check the piston rod runout with a dial indicator, as described in Steps 1 and 2, after each shoe
adjustment. Always check rod runout with the piston rod crosshead jam nut firmly tightened as a
loose nut can alter the runout reading.

After setting the rod runout initially, and before operating the compressor, check that there is running
clearance between the piston rod and piston rod packing glands.

There is no adjustment for horizontal piston rod runout. lt is important, however, that the rod runout
is checked in the horizontal direction by arranging the dial indicator to read on the side of the rod. lf
the horizontal indicated rod runout exceeds 0.003 inch (0.08 mm), the cause must be located and
corrected. Check the cylinder, yoke and frame mating surfaces for dirt, nicks or burrs. Another
possible cause of misalignment is an improperly tightened crosshead locknut or a nut that is not
seating squarely against the crosshead. The possibility of cylinder supports or piping pulling the
cylinder out of alignment should also be explored.

Both the piston rod alignment and the crosshead top shoe-toguide clearance should be checked afrer
operat¡ng the compressor for at least four hours under full load and temperature conditions. These
checks must be made immediately after shutting down before the parts have had a chance to cool.
Piston rod runout should be as close to zero as possible and must not exceed the limits given in Table

4-1 in any plane. The minimum acceptable clearance between the top crosshead shoe and guide with
the parts at operating temperature is given in CHAPTER 5, GENERAL DATA & SPECIFICATIONS.
lf it is necessary to remove the shims to obtain this minimum clearance, be sure they are removed

from under the top shoe. Record the hot clearance for future reference.

4.9. COMPRESSOR CYLINDERS

A wide variety of cylinder types are used on the 6-inch stroke HOS compressor. These can be

divided into two major families - water cooled and gas cooled. Examples of these two families of cylinder are
illustrated in Figure 4-12.

6.

7.

8.

L
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Water-cooled cylinders are available in standard bore sizes frorlr 4-314 inches to 26'112 inches in

diameter in cast iron, while gas-cooled cylinders with bores ranging from 6 inches to 15 inches in diameter are

available in nodular iron as étandard. (The cylinder line-up is shown in Table 4-3.)

All precautionary measures specified by the occupational safety and

Ueaitn Act of f 970 (OSHA) must be complied with when storing, handling,

or using solvents.

The cy¡nder bores, valves, valve passages, piston rod packings and any regulation equipment supplied

should be inspected at regular intervals (refer tó the routine maintenance schedule in Chapter 3), and any

accumulations of foreign mãtter should be removed. Valves must be dismantled, soaked in safety solvent and

physically brushed to õoften and remove any deposits; a light scraping usually will suffice to clean the cylinder

valve passages.

Dresser-Rand Type PF valves are used as standard in HOS cylinders. Detailed instructions for

servicing the valves can be found in this chapter, Paragraph 4'16'4'

With water-cooled cylinders, mud will be deposited in the cylinder jackets, water heads and packing

cooling sleeves if the circulating coolant (usually a mixture of 50-50 ethylene glycol and water) is dirty' This will

eventrially obstruct the flow of õoohnt unless care is used to prevent such an accumulation. Clogged passages

will interfêre with proper cooling, which will result in possible damage to the cylinder, pistons and packing.

The cylinder water jacket cover plate or hand hole covers (depending on design) should be removed

occasionally and the water jaókets and passages inspected. lf any mud deposit is found, clean it out thoroughly

and flush the jackets with water.

piston and ring clearances for standard water-cooled and gas-cooled HOS cylinders are given in

Table 4-3. Clearances fãr non-standard bore diameter cylinders will be given in a separate addendum sheet

prepared for your unit. Ihe specified clearance limits are those to which the parts are originally assembled.
-Varying 

operating conditions at different installations make it generally impractical to specify maximum

acceþtaUte ctearanies. Careful observation by the operator and good judgment by the mechanic are often the

most effective means of determining when clearances have become excessive and adjustment or replacement

of parts is required.

Before doing any maintenance work on the cylinders, closely observe the minimum safety precautions

described previously ln eáragraph 4-2. To protect personnel, it is imperative that all pressure be bled

from the cylinder passages before attempting to open the cylinder'

Also, before servicing the cylinders, review the Parts List illustrations thoroughly to become familiar

wlth the particular assernblies involved. There may be slight design differences on a particular assembly that

can require a modification to the recommended maintenance procedures.

Maintenance

4-9.1. Removing and lnstalling Compressor Cylinders

The compressor cylinder can be opened and the various cylinder components serviced as described

in the maintenance instructions that follow. lf the complete cylinder is to be removed from the compressor

frame, it is first necessary to disconnect all piping from the cylinder, as applicable' Also, the compressor piston

rod assembly should be iemoved from the cylinder as explained in the instructions, which follow' To remove the
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cylinder from the ftame, support the weight of the cylinder with rigging from an overhead hoist, or other means,
and then unbolt the cylinder from the main frame and carefully lower the cylinder assembly tro the floor.

Normally, the cylinders are mounted on the compressor frame when it is shipped to the installation
site. However, in some instances, usually because of shipping and packaging restrictions, the cylinder as
shipped separately and must be installed at the compressor site. Refer to thl installation plans prepared for
the compressor to determine the position in which each cylinder is to be mounted.

Before dolng any maintenance work on the cylinders, closely observe the minimum safety precautions
described previously in Paragraph 4-2. To protect personnel, it ii imperative that all pressïre be bled
from the cylinder passages before attempting to open the cylinder.

Also, before servicing the cylinders, review the Parts List illustrations thoroughly to become familiar
with the particular assemblies involved. There may be slight design differences on a particular assembly that
can require a modification to the recommended maintenance procedures.

The compressor cylinder can be opened and the various cylinder components serviced as described
in the maintenance instructions that follow.

A. Removing Compressor Cylinder

Remove the compressor cylinder from the compressor frame as follows:

1' lf the complete cylinder is to be retnoved from the compressor frame, it is first necessary to disconnect
all of the gas, oil, water and control piping from the cylinder, as applicable

2' The compressor piston and rod should next be removed from the cylinder as explained in the
instruclions which follow in paragraph 4-9.3.

3. To remove the cylinder from the frame, support the weight of the cylinder with rigging from an overhead
hoist, or other means, then unbolt the cylinder yoke from the main frame ãñO óarefully lower the
cylinder assembly to the floor.

NOTE

Cylinders must be returned to their original locations on the frame. Never change
cylinder mounting locations without first consulting the nearest Dresser-Rañd
office.

lnstructions for installing and aligning the compressor cylinder are described below. lnstall one cylinder
at a time on the unit' Where supports are used, insert leveling screws ¡n the support bases being sure the
threads are greased and free in their holes.

B. Installing Gompressor Cylinder

Install and align the cylinder on the compressor frame as follows:

1- Thoroughly clean the mating surfaces on lhe cylinder and yoke. Coat both surfaces with gasket shellac,
but do not use a gasket.
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t-\
NOTE

Mating surfaces must be checked for flatness. Flatness of both mating

components should be within .002"'

2. Using capscrews, bolt the cyllnder and yoke together. lnsert the four cylinder-to-frame tie rods through

the yokes and into the cylinder.

3. Thoroughly clean the mating surfaces on the frame extension and yoke. Coat both surfaces with gasket

shellac, but do not use a gasket.

4. Mount the cylinder and yoke assembly on the frame. The cylinder yoke is centered on the frame

extension by a shoulder which fits closely into the frame extension bore. Support the cylinder and then

snug down the hvo top tie rod nuts.

S. Clean the gasket surface for the inlet (flange) on top of the cylinder and place a level on this surface

parallel to the crankshaft. Rotate the cylinder until the gasket surface is level with the top of the frame;

then, secure the cylinder.

6. Depending on the particular compressor, the cylinder may be equipped with a yoke support, or outer
end support, or a combination of both. With either support location, the support must be adjusted so

that it is supporting the weight of the cylinder but not placing an upward strain on the cylinder-to-frame

bolting. The following procedure is recommended when an outer end support is used:

A. Loosen the cylinder-to-frame tie rod nuts and capscrews, leaving the two top tie rod nuts

snugged down lightlY.

B. Raise the cylinder with the support leveling setscrews until a 0.0015 inch (0.04 mm) feeler
gauge can just be started at the bottom cylinder-to-frame joint.

C. Lower the cylinder to just close the joint, then tighten the cylinder to frame tie rod nuts using a

torque wrench to obtain 40,000 PSI (276 Mpa) pre-stress. See CHAPTER 5, GENERAL DATA

& SPECIFICATIONS for torque value.

7. Remove the outer head from the cylinder. Using a machinist's level having a cross level, check that

the cylinder bore in the piston travel area is level. Locate the cause of any misalignment. Do not use

the support leveling seúscrevvs to force the cylinder Ínto alignment.

8. Check the level of the crosshead guide. The cylinder bore and the crosshead guide need not be

perfectly level, but both should be in the same plane. Do not use the cylinder inlet (or discharge)

connection as an alternate to the cylinder bore. lf the crosshead guides are level but one or more

cylinders is not, the most likely cause is dirt or raised material in the joint where the cylinder fits the

yoke or where the yoke mates with the frame extension.

Assembly of the compressor cylinders, including installation of valves and rod, piston rod packing,

alignment of the piston rod and adjustment of piston and clearances, is completed by following the appropriate

assembly procedures outlined in this manual.

+9.2. Disassembly and Assembly of Pistons & Piston Rods

Observe all possible safety precautions as described previously in Paragraph 4-21
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2.

3.

4.

Block the crosshead by jamming wooden blocks between the crosshead and frame extension to
prevent twisting the crosshead and/or connecting rod when removing the locknut.

Loosen the crosshead locknut on the piston rod.

Remove the piston rod pressure packing and oil scraper rings as explained later in these instructions
in Paragraphs 4-13. and 4-14. Always remove the packing rings before pulling or installing the piston
rod; never slide these rings over the end of the rod.

ACAUTION
Never use a pipe wrench on the piston rod. Take every precaution to
avoid scratching or nicking the piston rod surface. Even a slight nick in
the rod can ruin the packlng rings.

Remove the outer head and then unscrew the piston rod from the crosshead using a strap wrench or
piston removal tool (Figure 4-10).

Pull the piston and rod assembly through the outer end of the cylinder. Be careful to support the
piston until the rod is clear to prevent bending or scratching it. Mark the assembly so that it can be
installed in the same cylinder.

lf the packing cup and gland assembl¡es are removed from the cylinder at this time, be sure the parts
are marked or tagged to facilitate proper reassembly.

Set the piston and rod in a safe place and protect the finished surfaces from damage. lf the piston
and rod are not integral, and if the piston is to be separated from the piston rod, refer to piston & rod
disassembly and reassembly steps.

A. Piston and Rod Disassembly

5

6.

7

I

1

2

lnstall the piston rod assembly in a clamping fixture as shown in Figure 4-13 or a similar device that
will keep the piston rod from tuming while loosening and/or tightening the piston rod nut. Use a soft
bearing material next to the rod surface to prevent scoring or scratching,

Remove the piston nut locking setscrew. Remove the piston rod nut using the wrench adapter
provided. lf available, a suitable size impact wrench is ideal for loosening the nut. lf necessary to
sledge or use a cheater on the wrench, support the piston to prevent bending of the piston rod.

Remove the piston from the rod.

B. Piston and Rod Assembly

To assemble a piston and rod, install the rod in a clamping fixture as shown in Figure 4-13.

lnspect the mating surfaces of the piston rod collar, piston faces and piston rod nut for dirt, burrs and
general condition. Clean up the parts as required.

3.

2
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Figure 4-13. Suggested Piston Rod Clamping Fixture
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4

5.

3. Place the collar on the rod and check the mating surfaces between the rod shoulder and collar by
"blueing" to assure that at least 75% bearing contact is made. Repeat for collar contact on piston.
Check that the mating area is uniform completely around the circumference and across the mating

face. Lap the faces, if necessary, using a valve grinding compound. Remove all traces of compound
using soap and water.

SERVICE NOTE

With step cylinders, both an inboard and outboard piston and piston spacer as
well as piston collars and nut must be blued to 75% contact in the appropriate
order.

Check the mating surface between the piston nut and the piston for adequate contact as in Step 3.
lf the bearing area is insufficient, check the squareness of the nut face with the nut threads. Scrape
or lap faces, if necessary, using valve grinding compound until adequate bearing area is obtained.
Remove all traces of compound using soap and water.

Coat the piston rod and piston nut threads with a suitable anti-galling compound, such as Felpro C-
100 (distributed by Felpro, lnc., Skokie, lL 60776) or Jet Lube #20 (distributed by Marlon Supply Co.,
5016 Edgewood Rd., Crystal Lake, lL 60014). Apply a thin film on the face of the piston nut and
piston. Tighten the nut to 150 ft. lb. (203 NAm) to ensure adequate metal-to-metal contact.

o Scribe a line (A) through the centerline of the rod and extend it out onto the piston as shown in Figure
4-14.

Refer to Table 4-2 to determine the number of degrees the nut must be turned with relation to the
piston rod. The use of torque is strongly discouraged because of the variations obtained with small
changes in lubrication and surtace condition of the mating parts.

Measure from the original scribe line (A) the number of degrees that the piston nut must be turned.
Prick punch point (B) on the piston and scribe a line through this point (B) and the centerline of the

piston rod.

lnstall the piston nut adapter. Mark the adapter (or socket, if an impact wrench is used) adjacent to
the first scribe line (A) as in Figure 4-14.

10 Tighten the piston nut until the mark on the adapter (or socket) coincides with the second scribe line
(B).

SERVICE NOTE

With the wrench socket on the adapter, it will be impossible to see the scribe mark
on the piston nut. lt is essential that the scribe marks between the piston rod and
nut line up. lt is therefore recommended that the scribe mark on the socket be
turned slightly beyond the second scribe mark on the piston, as the piston may
rotate slightly on the rod due to friction.

"11 lf a new piston, piston rod or piston nut is being installed, tighten the assembly at least twice to the
full pre-stress as described in Steps 6 through 10. Then, loosen the assembly again and repeat Steps
18 through 23 (for at least the third time) to secure the piston on the rod.

7

8

L
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12

NOTE

It is anticipated that the piston will go beyond the original scribe mark; therefore,
it is imperative to re-scribe each time the nut is tightened.

After completing the piston nut tightening procedure, drill and tap the piston rod and nut for the lockíng
setscrew. (Facing the end of the piston, half of the tapped hole should be in the piston rod and half
in the nut.)

scBr
LINE

BE
(A)

PUNCH
(Bl

PRICK
POINl

PISTON SETSCBEW
IAFTER NUT
IS TIGHTENEDI

SEE TABLE ¿I.2 FOR ÎIGHTENING ANGLE

SCRIBE
LINE (AI

TP-l826

MARK
SOCKET
HERE

POINT IB}

PISTON

TP-1827

SOCKET

() Figure 4-14. Marking Piston Nut and Adapter or Socket
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Table 4-2. Piston Nut for Standard

Note: Table 4-2 covers both water-cooled and gas-cooled designs.

13. Lock the piston nut to the rod using the selscrew

NOTE

Some piston tightening angles are found printed otr the piston parts lists. lf there

is a discrepancy between this chart and any such figure, use the flgure on the parts

list.

This completes the assembly of the compressor piston and rod. lnstall the piston and rod into the

cylinder as outlined in the following steps.

4.10. INSTALLING PISTON ROD AND ADJUSTING END CLEARANCE

When adjusting piston end clearance, it is desirable to have more clearance at the outer end than at

the frame end. This is bécause expansion from operating heat tends to increase the frame end clearance and

decrease the outer end clearance. For this reason, when setting piston end clearance, the outer end is usually

given about 50% more lineal clearance than the frame end. Specific end clearances are shown on the cylinder

nameplate, Standard HOS cylinder clearance is as follows:

Frame End = 0.042-0.062 Ínch (1.06'1.57 mm)

120" Step Pistons Step (Tandem) Cylinder

70" 6.0" F.S. Forqed SteelBillet

60' 4.75', 5.0" Linered & 6.0" Cast lron Billet

50' All 23'& 26' Cast Aluminum Pistons
Laroer Sizes

45" Ail 15', 17.5'& 20.5" Cast Aluminum Pistons
Smaller Sizes

45" 6.0" Linered, 7.0'& 8.0" One Valve per Cortrer
Slant Desiqn

40" 9.5", 10.5', 11.5" & 13"
Two Valves per Corner

Cast lron Piston

Angle Size
Cyllnder Configuration
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Before barring the unit over, the operator must ensure that the driver will
not start - either by grounding the ignition and closing the fuel gas valve
on engine driven units - or by ensuring that the power cannot be turned
on with electric motor driven units. Failure to heed this WARNING can
result in a fatal accident if the unit rolls over unexpectedly.

The piston end clearance, after having been correctly set at the time of installation, should rarely
require adjustment. lt should, however, be checked occasionally as follows: To measure lhe end clearance,
first remove the cylinder indicator plugs for each end. When the machine is cold, find the exact clearance by
baning over the compressor until the piston is at the innermost end of its stroke. Using feeler gauges, measure
the distance between the face of the piston and the inboard cylinder head. Note this measurement and then
bar the compressor 180" to bring the piston to the outermost end of its stroke. Again using feeler gauges,
measure the clearance between the face of the piston and the outboard cylinder head. Note any difference in
the clearances and then screw the piston rod in or out of the crosshead to make the clearance about 50% more
at the outer end than at the frame end.

lf it is necessary to change the clearance at either end, loosen the locknut on the piston rod at the
crosshead. Tum the piston rod in or out of the crosshead as required. Each quarter turn of the rod changes
the end clearance by 0.031 inch (0.79 mm). After proper clearance in the cylinder is established, tighten the
crosshead locknut on the piston rod, as described later in the following steps.

I Place an entering sleeve onto the end of the piston rod to protect the packing. Coat piston rod and
sleeve with oil, then push the piston assembly into the cylinder.

2. Remove the entering sleeve

ACAUTION
Never use a pipe wrench on the piston rod. Take every precaution to
avoid scratching or nicking the piston rod surface. Even a slight nick in
the rod can ruin the packing rings.

lnstall jam nut on the piston rod and balance weights (if required) making sure the machined surface
will contact the crosshead.

Screw the piston rod into the crosshead until the required piston frame end clearance is obtained.
(Refer to the instructions above for a discussion of the piston end clearance.) A strap wrench or a

piston installation/removaltool ( see Figure 4-10) should be used to screw the piston rod into the
crosshead. Snug the piston rod locknut against the crosshead, but do not tighten it at this time. Check
to see that there is some clearance between the piston rod and the connecting rod in the crosshead.

5. Check the seating surfaces between the crosshead and lock nut by "blueing" to ensure that at least
80% seating contact is made. Check that seating area is uniform completely around the
circumference and across the sealing face. lf the seating is insufficient, check the squareness of the
nut face with the nut threads. Scrape or lap the faces, if necessary, using a grinding compound until
adequate seating area is obtained. Remove all traces of compound using soap and water.

3.

4.

tj
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6. Tighten the crosshead lock nut as follows

The crosshead should be blocked between the crosshead and frame extension to
prevent twisting the crosshead and/or connecting rod during tightening. A wooden
block may be used.

Coat the rod and nut threads with a suitable anti-galling compound or extreme
pressure lubricant. Apply a thin film on the seating faces of the nut and crosshead.
Tighten the nut to approximately 150-ft. lb. (203 N m) to ensure good metal-to-

metal contact.

Refer to Figure 4-15. Match mark a flat on the nut with the face of the crosshead
using a punch, scribe, or other suitable instrument. To mark the proper nut-
tightening angle, measure clockwise 15 degrees from the first mark using a
protractor and make a second mark on the crosshead face.

Tighten the lock nut until the first mark (on the nut flat) is aligned with the second
mark (on the crosshead face).

8ÊCOND
ùIATCH MABK

NUl MATCI] MARK

l5' FIRST MAICH MARK

Figure 4-15. Marking Crosshead and Grosshead Lock Nut Tightening Angle

7. Check the rod runout and adjust as required in Paragraph 4-8.9

lnstall the outer head assembly onto the cylinder and tighten to the specified torque.
Check the piston end clearance at each end of the stroke as described in instructions
above.

A.

B

c_

D

4-11.

1.

INSPECTION / MAINTENANCE OF CYLINDER BORES

Place the cylinder in a clean work area and wipe the bore with clean rags. lt may be
necessary to use a safety solvent to remove some deposits.

All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing,
handling, or using solvents.
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2

3

Shine a light down the cylinder bore and visually inspect for scratches, gouges and nicks.

Using an internal micrometer, measure each bore at its frame end, cenler portion and outer
end at the limits of piston travel, taking measurements 90' apart. Comparing the
measurements will give figures for taper (end-to-end in the same bore position) and out-of-
round (same bore position but 90' apart) for each bore. Maximum allowable taper is
0.0005 inch (0.013 mm) per inch (25 mm) of stroke. Maximum allowable out-of-round is
0.0005 inch (0.0'13 mm) per inch (25 mm) of bore diameter for TFE or thermoplastic rings.

A bore not worn to the limits (above) may be cleaned up using a glaze breaker or a rigid
portable hone and new piston rings may be fitted. See "Honing", later in this section, for
a procedure.

NOTE

Generally, standard rings may be used in cylinders worn up to the limits
shown in Table 4-3. For cylinders with bore diameters greater than
specified, oversize piston rings should be used. The bore must be
round. Oversize rings are not the cure for an out-of-round or tapered
bore condition. When ordering oversize rings, furnish Dresser-Rand
with the cylinder bore measurements. Rings ordered through Dresser-
Rand will be tagged, indicating the proper side and end gap
clearances. Use Table 4-3, as a guide to determine what the maximum
bore should be before oversize piston rings are required.

Table 4-3. inder Recondition Data

NOTE: lnch-to-millimeter conversion-multiply inches by 25.4 to obtain millimeters

A" Honing

ln all cases where a bore is being field reconditioned, it is important to achieve a surface
finish at least as good as the factory finish to ensure adequate ring seating and longevity. Hone
the cylinder bore to restore surface finish. Bores should be at least 32 RMS Ra (0.8 um). Honing
will polish scratches and remove burrs, and will often restore a cylinder bore after minor scuffing.
This can be achieved using a glaze breaker or hone, finishing with extra fine hone stones. A
crosshatch pattern can be used if desired. ALWAYS WASH GRIT FROM HONING OUT OF THE
BORE USING SOAP AND HOÏ WATER

4

4.75
6.000
7.000
8.000
9.500
10.500
11.500
13.000

15.000 - 26.500

0.015
0.018
0.021
0.024
0.029
0.032
0.035
0.039
0.048

Maxlmum
Bore Diameter lncrease (lnches)

Allowed

Before Oversize Rings Required

Original
Cylinder Size

(lnches)

Nominal Bore
Diameter
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NOTE

The major difference between a glaze breaker and a cylinder hone is
that the glaze breaker will follow the contour of the cylinder. lf the bore
is out-of-round, the glaze breaker will only clean it up; it will not "true
up" the bore. The hone, on the other hand, will true up a slightly out-of-
round or tapered cylinder bore, although it too tends to follow the
existing bore contour.

4.12. NON.METALLIC COMBINATION PISTON & RIDER RINGS

These segmented, non-metallic combination piston/rider rings function as both piston and
rider rings. They are used as a standard on all HOS cylinders except the 26- and 26.5-inch (660
and 673 mm), which uses glass - molydisulphide-filled Teflon@ piston rings with band-type riders
made of the same material.

The combination piston and rider rings will hold the piston away from the cylinder bore
during operation, thus preventing piston-to-cylinder bore contact and the resultant scoring and
wear. To promote long ring life, cylinder bore surface finish is to be maintained at 32 Ra (0.8
micrometer).

Standard size rings may be used in oversized cylinder bores up to 0.003 inch (0.08 mm)
for each inch (25.4 mm) of bore diameter up to and including 0.045 inch (1.14 mm) maximum
oversize. For cylinders with bore diameters greater than specified for nominal bore size, oversized
piston rings should be used. Remember that the bore must be round. Oversize rings will not
correct or compensate for out-of-round or tapered bore conditions.

+12.1. Handling lnstructions

These piston rings are fragile (when compared to metallic parts) and can be easily
damaged by careless handling. Always use carc during storage, handling, installation and removal.

During long shutdowns (over six months), the pistons and rods should be removed from
the compressor; coal the piston and rod assembly with a rust preventative that meets Military
Specification MIL-C-16173 latest revision. The rings are to be removed from the piston and stored
flat. No special covering or rust preventative is required. Do not lay the piston and rod assembly
down with rings installed.

+12.2. Establishing Ring Wear Rate

The combination piston/rider rings may wear more rapidly than other rings because of the
functions they are designed to perform. (These are sealing of the cylinder bore, and the prevention
of piston to cylinder bore contact.) Operating and maintenance personnel must take this factor into
consideration when scheduling inspections and normal part replacement.

As wear occurs, piston rod runout will eventually exceed allowable limits. lf oversized rings
are installed in an oversized bore the ring wear factor is more critical because the rod drop will be
increased by one-half the total oversize. For example, if the bore is 0,026 inch overs¡ze (0.66 mm)
the rod will drop an additional 0.013 inch (0.33 mm) before the bottom clearance or ring radial
thickness indicates replacement is required. Therefore, the operator must keep in mind that the
rings must be replaced when their original radial thickness is reduced by one-half of the original
(new radial) thickness. Also, note the clearance between the piston rod and packing housing. DO
NOT allow these items to come into contact with each other
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f-r
Because of the many variables involved, it is impossible to accurately predict the rate of

wear. (Some of the variables are pressurs, temperature, lubrication or lack thereot, piston weight,
gas type, gas wetness, gas cleanliness and cylinder bore finish.)

åCAUTION
To prevent scoring of the cylinder bore, piston or the piston rod, the
amount of ring wear (clearance between the piston and cylinder bore)
must be checked on a regular basis. This action will tell the operator
if wear is excessive, allowing replacement before damage is done.

The importance of frequently checking ring wear rate cannot be over-emphasized. The
rate of wear must be determined so that a replacement schedule can be established. Measurement
of the piston to cylinder bore clearance ("A", Figure 4-16) should be taken at intervals of 10, 100,
250, 500 and 1000 hours. Record these numbers for future reference, or plot a simple wear versus
time curve that will indicate both the rate of wear and the approximate number of hours running time
before the combination rings need to be replaced.

NOTE

When plotted, the wear rate curve will usually show a relatively rapid rate
of wear during the first few hours of operation. As the rings wear, the
curve should flatten out.

Figure 4-16. Points for Checking Clearance
(See Table 44 For Dimensions)

+12.3. Replacing Rings

Rings are replaced when the bottom piston to cylinder bore clearance ("B" Figure 4-16)
has been reduced to the minimum allowable clearance or if the original radial thickness of the rings
has been reduced by one-half

Never measure piston-to-cylinder bore clearance through a valve
opening; always remove the outer head. Refer to the appropr¡ate
instructions to remove and install the outer head. Failure to comply
with this warning may result in severe personal injury caused by
compressor roll.
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+12.4. lnstalllng Rlngs

The rings must be assembled in the piston grooves as the piston is slid into the cylinder
bore. ïhese rings will extend beyond the piston's outside diameter when installed. After the piston
is installed, measure the bottom clearance between the piston and cylinder bore (see "4" Figure
4-16). Thisisthepointofreferencefromwhichtheamountofwearwill bedetermined.

Table 4-4. Piston and Glearance for Standard HOS C nders

NOTES FOR TABLE:
1 

= Gas cooled
2 

= Water cooled
3 = For TFE rings, end gaps are as follows

Min = .017 x Nominal Bore
Max = .O2O x Nominal Bore

Multiply clearance dimension by 25.4 to obtain (soft converted) metric dimension

o Cl = Cast lron; AL = Aluminum

a Metric groove width tolerance is +0.025/-0.000 mm.
(A 0.500" width is 12.7 mm; a 0.625" width is 15.88 mm.)

a Dimensions Refer to Figure 4-15. All dimensions are for new parts.

0.033i0.053

0.042t0.062

0.049/0.069

0.056/0.080

0.067/0.095

0.074t0.105

0.081 /0.1 1 5

0.091/0.1 30

0.1 05i 0.1 50

0.123t0.175

o.144t0.205

0.161/0.230

0.182t0.260

0.'186/0.265

0.009/0.01 3

0.009/0.013

0.01 1/0.015

0.009/0.01 3

0.01 1/0.01s

0.01 1/0.015

0.01 1/0.01 5

0.009/0.01 3

0.007/0.01 1

0.007/0.011

0.007/0.011

0.007/0.01 I

0.007/0.0'1 1

0.007/0.011

0.029/0.040

0.012t0.026

0.01 4/0.028

0.01 7/0.031

0.020/0.034

0.021 /0.035

o.o23to.o37

0.026/0.040

0.04 I /0.056

0.050/0.065

o.057t0.072

0.065/0.080

0.070/0.085

0.071/0.086

0.500

0.500

0.625

0.500

0.625

0.625

0.625

0.500

0.623

0.623

0.623

0.623

0.623

0.623

ct

CI

ct

cl

ct

CI

CI

ct

AL

AL

AL

AL

AL

AL

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

,(

4.75

6.00

7.90

8.00

9.50

10.50

11.50

13.00

15.00

17.50

20.50

23.00

26.00

26.50

Tota13

Rlng
End Gap

New
Parts
(ln.)

rrErr
L

Side
Glear.(ln.)
Between
Ring &
Groove

"c'
Running

Glear.(ln.)
Top-New

Rings

Groove
width
(ln.)

+0.001
-0.000

Piston
Mat'1.w/c2G/Cl

(lnches)

Nominal
Cylinder

Size
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To install the rings, follow úhese súeps. Clearances are listed in Table 44,

1. Check the ring part number against the parts list to ensure the correct parts are being
installed.

2. Manufacture a ring gauge that has the same nominal inside diameter as the cylinder bore.
lnsertthe rings, measure and record total ring end gap clearance; see Figure 4-17.

3. Measure radial thickness of the rings. Record this dimension for future reference.

4. Be sure the piston ring grooves are clean and smooth.

5. lnstall the packing entering sleeve on the piston rod.

6. Push the piston into the cylinder until the innermost groove is just outside the cylinder.

MEASURE END
GAP HERE

RING GÂUGE

COMBI¡¿AT]ON RING

Figure 4-17. Taking End Gap Glearance

Make, from thin shim stock, a tool to hold the ring segments in the piston grooves

Place the ring segments into the piston grooves and take side clearance as shown in "E"
Figure 4-16; record these clearances.

LIFT the piston slightly and push it into the cylinder until the cylinder bore holds the ring
segments in place. Remove the shim stock.

10. Measure the clearance between the ring and cylinder bore at "C" Figure 4-16. Repeat
Steps I and 9 until all rings have been installed.

After all rings are in place, push the piston all the way into the cylinder; remove the
entering sleeve and connect the piston rod to the crosshead and install the outer head
following the appropriate instructions.

7

I

I

11
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4-12.5. Breaking-in Combination Rings

Full pressures normally can be applied to the rings when they are initially placed in service. However,
on new or overhauled units, consideration of the break-in requirements of the compressor "running gea/' must
also be considered. Always watch operating temperatures for indications of overheating, especially during
break-in. Refer to CHAPTER 3, OPERATION AND TROUBLESHOOTING. lf possible (pump-to-point systems
only) set the cylinder lubricator feed rale to provide maximum delivery during the break-in period. At the end
of the break-in period, the feed rate can be reduced to normal.

4.13. PISTON ROD PRESSURE PACKING

Generally, all piston rods are packed with floating type packing (see Figure 4- 18). There is no
adjustment or take-up for this type of packing. Tighten the flange stud nuts evenly and squarely to obtain even
crushing of the gasket at the bottom of the stuffer; this will prevent cocking of the packing cups and ensure their
being perpendicular with respect to the piston rod.

PACKING RINGS

GASKEf

VENT
cuP LUBRICATION

NECTION

îE ROD

RING
S€ALING

FACE

VENT

GASKEf
CUP

PACKING CUPS
cuP

Figure 4-18. Piston Rod Pressure Packing Typical Gonstruction

4-13.1. Packing Rings

The packing rings are the most important part of the packing. They seal the pressure, take the
normal wear and must be serviced and lubricated. When sludge and carbon from poor or inconect lubricating
oil have fouled them, they must be cleaned. When the rings (except backup rings) have wom so that no end
clearance exists between lhe segments, the rings should be replaced. The rings are the working parts in any
packing set and it is they that require the most attention. Usually these rings have a long life, but it is a good
policy to have a set of replacement rings on hand to meet emergencies. Replacement rings may be ordered
in sets, without ordering the flange or cups.

olL

I
I
I
I

PRÊSSURE +
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Packing ring material and type of packing is supplied to suit each application. While it is possible that
special, non-standard packirrg rlay be encourrtered in tlre field, Dresser-Rand cunently supplies only three basic
lypes of packing, based on the pressure application. These are as follows:

Type l. 1750 PSI (12 Mpa) Packing

This type packing r's used on 4.75-inch, 6.00-inch, 7.Ù}-inch and 8.00-inch water-cooled cylinders and on
6.00-inch, 7.00-inch and 8.00-inch gas-cooled cylinders.

1- Zero end gap, cast-iron pressure breaker (P-ring)
4- Sealing single-acting rings, glass - graphite-filled TFE with metallic back-up ring
l- Flange end double.acting packing ring, glass - graphite-filled TFE.

Type ll. 1150 Pg (7.9 Mpa) Packing

This type packing rs used on 9.50-inch and 10.50-inch water-cooled and gas-cooled cylinders. No P+ing
ls used.

4- Sealing single-acting rings, glass - graphite-filled TFE with metallic back-up ring
1- Flange end double-acting packing ring, glass - graphite-filled TFE

Type lll. 775 PSI (5,3 Mpa) Packing

This type packing r.s used on 11.50-inch, 13.00-inch, 15.00-inch, 17.50-inch,20.50-inch,23.00-inch and
26.00126.50-inch water-cooled cylinders and on 11.5}-inch, 13.00-inch and 15.00-inch gas-cooled cylinders.
No P+ing rs used.

3- Sealing single-acting rings, glass - graphite-filled TFE with metallic back-up ring
1- Flange end double-acting packing ring, glass - graphite-filled TFE

The TFE ring joints are cut tangent to a diameter slightly smaller than the rod size. These joint
surfaces seal, so they must be in good condition. On some rings, the pressure side will have radial notches.
These notches must face toward the pressure when installed. The metallic backup ring is designed to remove

heat from the rod and prevent extrusion of the TFE rings. The backup ring has radial joints, which butt, when
the ring is assembled on the rod, leaving the ring slightly larger than the rod, No end clearance should exist at
the joints, which would permit the ring to pressure-load the rod. The joints must be smooth and butt squarely
to prevent leakage.

The outside edges only of any pair of rings should have approximately 1/16-inch (1.6 mm) radius and
are normally fumished this way. Do not radius the mating (inside) edges of any pair of rings. The faces of the
rings are usually lettered or numbered on each segment of each ring for easy identification and assembly.
These identification letters or numbers must face toward the pressure. The depth of the cup in each packing
flange and the axial width of each packing ring or ring pair should be measured using depth and outside
micrometers, or a straightedge and feelers.

4-41



Maintenance

BEVELLED JOINTS

O.OO2 INCH MINIMUM TO
0.006 INCH MÐ(MUM BETWEEN
I.D. OF RING AND O.O, OF ROD

ON SIDE PISÏON ROD

RELIEF CUT ON
PRESSURE SIOE

PRESSUR€
SIDE

ZERO END.GAP
PRESSURE SRFåKER
RING

FING CUP RING

Figure 4-19. Zero End Gap Pressure Breaker

The pressure breaker, Figure 4-19, is installed in the first packing cup that faces the pressure. lts
purpose is to slow down, or "break", the effects of gas pressure without totally sealing. The type pressure
breaker used is "zero end gap" type design which has zero gap at the joints and a 0.002-0.006 inch (0.05-0.15
mm) clearance on diameter over the rod. This ring has pressure relief cuts in the face that is towards the
pressure. lt is important that this newer design is not confused with the old-type pressure breaker that had a
significant end gap at the ring joints.

Both single acting (Figure 4-20) and double acting (Figure 4-21) rings are free to float (move axially
and vertically with the piston rod) in their respective cups.

PRESSUR E

S IDE

METALLIC BACKUP RING
WITH BUTTED RAOIAL TFE TANGENTIAL

CUT SEAL ffING

Þ
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RING CUP

TANGENT¡AL RINGS
RAOIUS
EDGES

OOUBLE ASTING RINGS. ONE PAIR OF
RÍNGS CONS¡STS OF TWO TANGENTI,AL
cuT RrNGS twrTH SPF|NGSi.

Figure 4-21. Double-Acting Sealing Rings, Tangentially Cut

Glearance should be as listed in Table 44. lf the measured clearance is oufsíde of the timits
shown, refer the problem fo fhe Dresser-Rand Gas Fietd Compressors Customer Seryice Group Tulsa,
OK before remachining either packing rings or flange cups.

Table 4-4. Packi Clearances

0.060
(1.5)

0.020 - 0.024
(0.51 - 0.61)

0.01 1 - 0.015
(0.28 - 0.38)

Filled TFE

Maximum
Radial Glearance

lnch (mm)

Axial Glearance
Steel Cups
lnch (mm)

Axial Glearance
Cast-lron Cups

lnch (mm)

Ring
Material

NOTE

The total radial clearance for the metallic back-up rings used with 16A1 1 single-
acting sealing rings should be 0.010-inch (0.25 mm) maximum without regard
to piston rod diameter.

4-13.2. Packing Gasket

Next in importance to the packing rings is the end gasket. Keep gasket surfaces clean and dry. No
matter how perfectly the packing rings seal around the rod, if the end gasket leaks, the pressure forces the gas
to bypass the rings by leaking around the case into the area between the case and the bore and then to ihe
atmosphere. The packing flange stud nuts must be tightened evenly to ensure a proper seal of the gasket at
the front end of the packing and to ensure closure of the ground joints on the packing. The packing riñgs have
been given sufficient side clearance so that normal tightening will not pinch the rings in their grooves.
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After a short period of operation, sofl gaskets should be retightened to take up any additional

deformation caused by the working pressure on the packing.

Spare gaskets should be carried in stock and a new gasket installed each time a packing is

disassembled. This prevents forced shutdowns due to leaks occurring after the cylinder is pressurized.

4-13.3. Packing Cases

The cases are made up of cup-like sections. The joints are ground or lapped. Each contacting

surface must be cleaned of dirt and lint and inspected for scratches and burrs before assembling. The mating

surfaces must occasionally be lapped to maintain a tight seal. To do this, lap the cup to a surface plate after

making sure that the surface plate is in good condition. On packing assemblies that are designed for internal

water óooling, small O-rings are used between the cups. See the instructions, which follow concerning proper

installation of these seal rings.

4-13.4. lnstalling the Packing

The packing should not be installed until the unit is ready to start, since the rings may corrode the
piston rod where they rest on it. The cup sections are held together by tie rods which are screwed into tapped

i.¡oles in the nose piece (end cup) of the packing, and are held on the ouler end by nuts on the face of the flange.

Become acquainted with the construction of the packing you are about to install. Learn how it will go into the

cylinder, and know the proper location of each cup and ring set. Note the location of vent cups, oil cups and

cooling water cups and gaskets, if used. Pay particular attention to the rings located in each cup and know how

they aie assembled and which side faces the pressure. Before any packing is taken apart, it is.recommended

thai each cup and the flange be stamped in numerical sequence so they can be reassembled in their original
positions.

lf the compressor piston and rod have previously been installed in the cylinder, remove the locking

dowel (if so fitted), disconnect the piston rod from the crosshead and move the crosshead away from

the rod. lf the oil scraper packing was previously installed, disassemble and remove the scraper rings

as described in instructions, whlch follow.

All precautionary measures specified by the Occupational Safety and
Health Act of f 970 (OSHA) must be complied with when storing, handling'
or using solvents.

2. After marking the outside of the packing cups (on a non-critical surface) in numerical sequence as

discussed previously, disassemble the packing cups and rings; be careful not to lose any gaskets, ring

segments or garter springs. Lay the packing components on a clean surface in the order removed.

Clean all parts with a safety solvent. Be sure that there is no dirt, chips or other foreign matter in lhe
oil or vent passages that can be canied into the packing during operation or obstruct the flow of oil

into the packing.

3 Thoroughly clean the piston rod and packing cavity in the frame end of the cylinder. Make certain that

the piston rod is not scratched, nicked or othenruise marred where it will operate in the packing.

1
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4.

5.

8.

6.

7

On older cylinders where an extemal packing cooling sleeve is used, the sleeve should be removed,
irupeuled ard fluslrctl oul wlrelrever the packirrg is beirrg seruiced. Tlrc sleeve is renroved as frrlluws:

A. Remove the packing following the reverse of the installation procedure.

B. Disconnect the cooling water piping and remove the two clamps which attach tho slêêvê to tho
cylinder.

C. The sleeve can now be removed and inspected.

D. Flush the sleeve with clean water for several minutes. Dry the sleeve and replace it into the
cylinder.

E. Reconnect the cooling water piping and turn on the cooling water. Check for leaks.

The packing cups should be disassembled and the rings taken apart when the packing is installed (this
also applies when the packing is being removed or when it is necessary to pull the piston rod). lt is
not a recommended practice to attempt to slide the packing rings over the end of the piston rod,
unless an entering sleeve is used, because the rod threads can nick or otherwise damage the rings,

New packings come assembled with the correct type of rings in their proper grooves and in proper
relation to one another. All rings must be reassembled in their original positions or they will not
function correctly. Refer to the previous instructions in Paragraph 4-13.

Slide the end cup (or nose cone) over the end of the piston rod and assemble its packing ring(s) over
the rod by first fastening the garter spring around the rod and then inserting the ring segments, one
at a time, under the spring. Be sure the rings are assembled exactly in their original positions with
all segments in correct relation to each other and with the correct side facing the pressure. Be sure
dowels and dowel holes are lined up between ring pairs; then, lubricate the rings generously with oil
and slide them into their cups.

Continue with each packing cup and ring anangement in sequence, sliding the cups together over the
tie rods. Slide the flange into position and tighten the tie rod nuts. Be certain all of the cups are
evenly centered around the piston rod.

NOTE

For packings having O-rings between the cups, as is the case with
water+ooled packing assemblies, be sure that the O-rings are conectly located
in their grooves before tightening the tie rod nuts. A thin coating of grease on
the O-rings aids in keeping them in the grooves prior to tightening the assembly.
As the O-rings can be easily damaged, it is a good practice to carry sufficient

spare sets and to replace them each time the packing is dismantled.

Make certain the gasket on the end cup is in good condition and clean; then, oil the rod (if lubricated
packing is being used) and slide the packing assembly into place in the frame end of the cylinder.
Center the packing with respect to the piston rod and then assemble and tighten the packing flange
stud nuts evenly to assure the end gasket is evenly compressed. lf this gasket is not properly seated,
leakage can occur around the end cup.

I
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10 Recheck the gap between the piston rod and packing flange at several points around the
circumference of the rod; the possibility of the rod dropping slightly because of piston ring wear must
be given due consideration.

ACAUTION
Should the rod contact the packing flange or cups during operation,
damage to the rod is almost certain to result.

11 The packing rings are ftee to float in their cups (assuming they have proper side clearance) regardless
of stud tightening forces and the packing cups are designed to transmit uniform stud pressure through
the joints without deflection. Like any gasketed joints, the packing stud nuts must be periodically
tightened.

12. lnstall the oil scraper rings per Paragraph 4-14 and connect the piston rod at the crosshead per
Paragraph 4-10.

13. When the machine is started, oil the packing rings and piston rod generously until the rings wear in.
The packing may leak slightly while creating a satisfactory fit with the rod; however, the packing

should not blow oil profusely during break-in. Should severe leakage (blowing) occur, the compressor
must be immediately shut down and the packing dismantled to determine the cause. Abnormal
leakage can also be caused by dirt or chips cutting the rings, an improper grade (or too much)
lubricating oil in the sump, or inadequate side clearance of the rings in their cups.

4-13.5. Packing Operation and Ma¡ntenance

After installing a new packing or set of renewal rings, start the compressor up with no load in the
same manner as breaking in a new unit. Feed two or three times the usual amount of oil to the packing while
it is wearing in. The oil that works out along the rod, or through the packing vent, should be checked frequently.
lf the oil remains clear, it is a good indication that the packing is wearing in properly. During break-in of higher

pressure packings (over 1000 PSIG or 6900 kPa), the oil normally will become darker and show some wear
particles; however, the oil should not become black. Should the oil become black (indicating premature wear),
or should blow-by be excessive, the cause may be a too+apid increase irt Ute lc¡ad or pressure on the packing.
Often, by reducing the load slightly and running for a short time, the oil will clear up to the point where the load
can be Increased again.

Because there are many variables (such as temperature, pressure, type of lubricant, material, gases
being handled, etc.), there are no hard and fast rules for allowable rate of increase in pressure while breaking
in a new packing. With filled Teflon@ packing rings, the break-in time is normally much shorter than with metallic
rings. Often, the break-in time with this ring material is a matter of minutes, and the load may be increased
rapidly. Watch piston rod and packing temperatures carefully to avoid excessive heat buildup in the packing
during rapid break-in.

During operation, the packing leakage may become progressively worse over a period of time. This
indicates the packing is faulty and it should be inspected as soon as possible. Operation of the unit with
excessive packing leakage will result in abnormal wear of the packing rings or piston rods.

4-13.6. lnspecting the Packing

Periodically, the packing should be removed for cleaning and inspection. ln cleaning packing rings,
wire edges may be found around the bore of the rings if considerable wear has occurred. Remove these wire
edges with a file. However, do not break comers where any two surfaces of a packing ring match. ln removing

{...,/'
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the packing for cleaning, take care to avoid damage to the gasket or any surfaces that make pressure tight

Jolnts. Do not use a chlsel or sharp instrument lo operr arry joirrt (betweert packing uups) and do not disturb the
bore of the rings except to remove the wire edges. Wash the springs clean of carbon and sludge. lf they have
lost their tension, replace them. Observe the clearance between the ends of the segments of the wearing rings.

As long as some clearance is presênt, the rlngs may be used. However, when the rings have wortr to the point

where the ends butt, they should be replaced.

4-13.7. Replacing the Packing

ln replacing the piston rod packing, take care to tighten the flange nuts evenly, while checking with
feelers in the space between the rod and the packing flange. Make sure the clearance is equal all the way
around the rod. Make sure the rod packing flange does not touch the piston rod, as the rod and the packing

can be seriously damaged. When ordering parts or inquiring for additional information regarding packing, give

the serial number stamped on the end of the case, along with the cylinder size and serial number.

4.14. PISTON ROD OIL SCRAPER RINGS

A stuffer is bolted to the frame end of the cylinder yoke; it contains a set of oil scraper rings, with
flange, and prevents frame oil from being carried out of the frame along the piston rod. The rings also reduce
the possibility of cylinder gases or cylinder lubricating oil entering the frame and possibly contaminating the
frame lubricating oil.

Cunent stuffer and oil scraper ring anangements are illustrated in Figure 4-22. Some distance pieces

are equipped with a set of double-acting (Type BD) seal rings located in the gland closest to the cylinder. For
those applications requiring a purged distance piece (2) standard sets of (3) 3RWS rings are used. This helps
to seal the distance piece.

ACAUTION
Metallic oil scraper rings must be disassembled and the rings taken apart
when they are being removed or installed. Do not attempt to slide the
rings over the end of the piston rod because the threads can nick the
rings and permanently damage them.

Before starting for the first time, wipe out the stuffers and clean the piston rods. Take care to keep
a smooth bearing on the rod, as nicks or dents in the rings or scores on the rod will prevent a tight seal.

Oil scraper rings normally require little attention except for periodic cleaning, as determined by the
operating conditions. lnspect the rings for wear by checking the end clearance after slipping the rings over a
mandrel the same diameter as the piston rod. When the rings have worn sufficiently to butt the ends, it is best
to replace them.

Renewal oil scraper rings are furnished in sets. The ring segments are usually numbered and adjacent
segments must match. With the current design shown in Figure 4-22, the radially cut grooves on the scraper
rings should face the cylinder and the flat faces of the rings should face the crosshead. The packing rings can
face either direction.
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Figure 4-22. Piston Rod Oil Scraper Packing

Use the following sfeps to install replacement oil scraper rings in the unit:

Unscrew the piston rod from the crosshead, back the crosshead away from the rod and remove the
stuffer from the yoke.

All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing,
handling, or using solvents.

Disassemble the rings and lay the parts on a clean surface. Note the identification marking on each
segment of each ring. Clean the parts thoroughly with a safety solvent.

Make certain that the piston rod is clean and free of nicks or burrs; if found, these should be carefully
removed with a file and the rod polished using a fine emery cloth.

Clean the stuffer lhoroughly and install it in the yoke. Be sure a gasket is placed between the stuffer
and yoke mounting surfaces. Bolt the stuffer securely in place.

Place the ring flange on the piston rod and then assemble the oil scraper rings over the rod; the flat
sides of the rings face the crosshead. First fasten the garter springs around the rod, then place the
ring segments under the springs, making sure to match the segments according to the letters or
numbers stamped on them.

Move the flange into position over the rings. The flange is designed to provide 0.002 to 0.004 inch
(0.05 to 0.10 mm) total end clearance for the scraper rings. Check this clearance before securing
the flange. lf the clearance is insufficient for the rings to "float" on the rod, they will not function
properly. Make sure the drain holes in the flange are at the bottom, then attach the flange to the
stuffer; tighten the flange capscrews evenly. Clreck to be sure the flange is centered around the

OIL DRAIN

E¡¡O VlÊW

2

3.

4.

5.

6.
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piston rod; avoid any possibility of the rod touching the flange or stuffer as the rod, flange and rings
may be damaged if this happens.

Liberally oil the scraper rings before starting the compressor when new rings have been installed. The
oil from within the frame will then keep the rings lubricatecJ cluring normal operation and subsequent
starts.

Before barring the unit over, the operator must ensure that the drlver wlll
not start-either by grounding the ignition and closing the fuel gas valve on
engine driven units-or by ensuring that the power cannot be turned on
with electric motor driven units. Failure to heed this WARNING can result
in a fatal accident if the unit rolls over unexpectedly.

SERVICE NOTE

When the compressor is shut down for a long period and the piston rod packing
and the oil scraper rings are not removed, bar over the compressor once every
24 hours to distribute any oil held in the packing and to prevent localized
corrosion of the rods.

4-15. BALANCE CYLINDER (lf Used)

I
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o

TUAINO TO
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DRAIN
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BA-ÂNCE
CYLINI¡ËR

CAPSCRETI

Figure 4-23. Balance Cylinder
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A balance cylinder (Figure 4-23) is supplied on those compressors where less than a full complement of
cylinders is required (for example, a four-throw unit using only three cylinders). The balance cylinder mounts
directly on the frame extension and utilizes a piston rod and balance piston that are similar to a conventional
compressor piston and rod for disassembly and assembly purposes.

To remove the balance cylinder, disconnect lube supply and drain piping. Take out the capscrews that

hold the end cover in place, then remove the cover to expose the cylinder bore. Unscrew the balance piston

rod from the crosshead and pull the piston and rod out through the bore. Take off the cylinder to frame stud
nuts and remove the cylinder. Replacement of the balance cylinder is the reverse of the removal steps.

4.16. COMPRESSORVALVES

The "PF" valve, a high speed plate valve of Dresser-Rand design, is used as the standard valve in
HOS cylinders. These instructions cover only the PF valve; if other valves are used, supplemental instructions

must be consulted. The valve is furnished in two styles; one style has a metal valve plate with two damping
plates that is assembled as shown in Figures 4-24 and 4-25. The other style has a plastic valve plate with one

damping plate as shown in Figures 4-26 and 4-27. Both valve styles contain a seat, stop plate, damping
plate(s), ring guide, damping springs, closing springs and valve plate. The valve is held together by a center

stud and nut anangement. A gasket is used under the stop plate on inlet valves and the valve seat on discharge

valves where they seat in the cylinder gas passage, preventing gas leakage past the valve.

1E

LOCAIINO
P|NS (2)

CENTEF SIUO

DAI,IPENEF PLAIES

CLOSING
sPF[¡lG DAi¡fENER

SPñta,¡G

\,.-,,. RING GUIDE

ELASiTIC STOP NUT OR JAI' NUT

SEÂÎVALVC PLATE

4-50

Figure 4-24. lypical "PF" lnlet Valve Wlth Metal Valve Plate



Maintenance

(j 4-16.1. Description of Operation

A compressor valve acts a6 a cheok valvc in thc inlet and discharge passages to the cylirrder bore.
The inlet valve allows the gas to enter the cyllnder on the suction stroke and then cloães to prevent back flow

of the gas into the inlet gas passage on the discharge stroke. The discharge valve opens to allow gas to leave
the cylinder on the discharge stroke and then closes to prevent the gas ln the discharge passage from re-
entering the cylinder on the suction slroke.

Compressor valves are opened by differential pressure across the valve. The damping and valve
plates move off their seat and are guided into the stop plate recess by the guide ring when opening. Damping
springs and damping plate(s) prevent slamming of lhe valve plate against the valve stop plaie when the valve
opens' As the piston nears the end of its stroke, pressure across the valve starts to equalÞe. At this point, the
springs start to move the damping plate(s) away from stop plate and the valve plate ioward the seat. This is
done to prevent the parts from slamming against the seat as the piston changes its direction. lf slamming were
allowed to happen, severe damage would result lo the valve. A combination of spring load and differential
pressure will hold the inlet valve closed on the discharge stroke and the discharge vapJcbsed on the suction
stroke.

ELÀSTIC STOP NUI OF JÀM NUT
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CENTEN STUD
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Figure 4-25. Typical "PF" Discharge Valve with Metal Valve plate
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4-16.2 Valve Maintenance Recommendations

To obtain maximum efficiency from a compressor cylinder, the inlet and discharge valves must be

clean and tight. The valves and cylinder gas passages must be periodically examined and thoroughly

cleaned whérever dirt is evident. Operating experience will dictate both the length of time between

valve inspections and the valve maintenance cycle. At start-up, check the valves during break-in at

least once, then one week after start-up, or more frequently if the gas being handled is known to be

dirty. lf the valves are found to be particularly dirty, locate and eliminate the cause. See item 2 for

a suggested MINIMUM maintenatrce schedule.

We recommend the following valve inspection and maintenance schedule as a MINIMUM:

prior to initial start-up and EVERY TIME valve or unloader maintenance is performed.

At least ONCE during the break-in period'

One week after start-up (including after valve or unloader maintenance or after overhauls)

Once a month thereafter for three months.

Once every three months thereafter for a full year.

Once each year thereafter, or as conditions dictate.

The center setscrews used with unloaders, and all other valve fasteners, particularly the stud nuts that

secure the valve cover, MUST be properly tightened to the torque values given in this form. DO NOT

USE AN IMPACT WRENCH ON VALVE FASTENERS.
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4. Never attempt to tighten fasteners on a compressor cylinder, including the valve or unloader
se-fscrews, while the compressor is running or with the cylinder pressurized. This practice io oxtremoly
hazadous, and can result in a life-lhreatening accident should a stud or bolt break durlng thê tlghtening
process.

5

6.

7

Venting of hazardous gases must be performed in accordance with established safety practices at
the installation site.

Always make sure there is no residual gas pressure in the cylinder bore or passages before removing
valve or unloader covers.

The importance of keeping accurate valve maintenance records cannot be overemphasized. Record
all valve failures, the cylinder and location on that cylinde¡ the type of damage and any other data that
may be helpful in finding a trend.
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Figure 4-27. Typical "PF" Discharge Valve with Plastic Valve Plate

To eliminate dirt found in the compressor valves, a suitable intake filter or scrubber should be installed
and properly maintained. Experience will dictate the filter or scrubber maintenance cycle.

I
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10

11

13

12.

Cylinder lube oil in excess of the amount required to properly lubricate the cylinder bore and valves

is detrimental to valve life. The oil feed rate of the cylinder lubricator (with pump-to-point systems)

can be reduced to eliminate excess lubrication based on the condition of the cylinder gas passages,

valves and cylinder bore. On inspection, the valve should have a greasy appearance, but not have

oil droplets showing. Shortened valve life often results from using an oil with improper viscosity or
poor quality, or delivery at the improper feed rate. Recommendations for selecting a cylinder

lubricating oil are given in CHAPTER 2, LUBRICATION; these recommendations should be reviewed

with a reputable oil supplier to determine the best oil for a particular application.

All compressor valves should be inspected for leakage (which may result in abnormally high

temperatures). ln addition, the cylinder cooling water system (if used) should be examined for
general cleanliness and obstructions to ensure the proper quantity of coolant at the required

temperature is available. Periodic cleaning of the cylinder water passages may be required.

Liquids in the gas stream can wash or dilute cylinder bore lubricating oils, causing rapid wear and

early failure of the valve (and cylinder) parts. A slug of liquid can cause a failure of the valve channels

or plates or, in severe cases, the valve seat. Some "wetness" in the gas stream often can be dealt

with by the selection of a suitable lubricating oil. With very wet applications, adequate separators

should be located close to the cylinders. Also, it is important that the cylinder inlet piping be ananged

without low spots where liquid can accumulate.

Mark or tag valves with the following minimum information as they are being removed from the

cylinder. This information will be useful when troubleshooting valve problems and will help prevent the

intermixing of valve parts, when more than one valve is disassembled.

Compressor Serial Number..

Cylinder Serial Number

lnlet or Discharge Valve...

Cylinder locatlon - Frame or Outer end....

lJ^r r.ô 
^+ 

l-\na¡alinnr rvur0 vr vyvrq(vr¡

The reconditioning procedures given in these instructions are valid only when genuine Dresser-Rand
parts are used.

Carefully check the part number of new parts against those in the parts list.

Never change valve lift.

The valve seat may be reconditioned following instructions later in this chapter.

A new valve plate must be used if the valve seat has been reconditioned.

Never turn the valve or damping plate(s) over; always replace them and recondition the seat.

When handling assemblies or parts, take care not to contaminate the items.

a

o

a

a

a
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15.

16.
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18.

19.

4-il



Maintenance

tåffiHHl*f$
Observe tlre safety precautiorrs (Paragraph 4-2) before attenrptirrg to
remove a compressor valve. lt is particularly important that ALL
PRESSURE is released from the cylinder passages and piping before
pulling valve covers. CAREFULLY CRACKING OPEN drain valves on inlet
and discharge manifolds is a good method to determine if any pressure
exists in the cylinder bore, cylinder passages and piping; INJURY TO
PERSONNEL CAN OCCUR IF THESE PRECAUTIONS ARE NOT STRICTLY
OBSERVED. Whenever compressor valves are removed, it is extremely
important that the inlet and discharge valves be correctly reinstalled in
the cylinder. Incorrect assembly can cause an extremely hazardous
condition which can result in severe damage to the compressor and
INJURY OR DEATH TO THE OPERATING PERSONNEL.

4-16.3. Removing the Valves - O-Ring Valve Cover

The current standard valve cover design used with HOS cylinders is the O-ring cover design,
illustrated in Figure 4-28. Only the O-ring cover design is covered by these instructions.

ÂwnHNl}*q,
With the O-ring body seal used on this type valve cover, any pressure
that may be left in the cylinder will not be released when the cover nuts
are loosened, but will remain under the cover trapped by the O-ring. To
prevent the possibility of the valve cover being "blown off' by residual
pressure when the cover nuts are removed, two longer studs are required
to permit the safe removal of the cover. These studs are either present
(they are double-nutted if factory supplied) or should be fabricated at the
site. FAILURE TO OBSERVE THE FOLLOWING VALVE REMOVAL STEPS
CLOSELY CAN RESULT IN POSSIBLE PROPERTY DAMAGE, INJURY TO
THE MAINTENANCE PERSONNEL OR DEATH.

Mark or tag the valves and valve holes as the valves are removed to ensure that they are returned
to their original locations.

Locate the two longer studs; lhese are diametrically opposed across the valve cover bolt pattern. lf
such studs are not installed, fabricate two studs and install them (with nuts) 180 degrees apart before
removing or loosening any other stud nuts. Evenly loosen the valve cover stud nuts; note that two nuts
are used on lhe two longer factory-installed studs used with each valve cover.

3 Remove only those nuts on the short valve cover studs. At this point, the nuts on the long studs are
securing the valve cover.

Equally loosen the nuts on the long studs two turns at a time. As the stud nuts are loosened, it may
be necessary to tighten down the valve cover jackscrews (if equipped) or to carefully pry under the
valve cover to keep the cover in contact with the stud nuts. (This will prevent sudden loosening or
blowing off of the valve cover when the O-ring breaks free of the valve passage, caused by any
residual pressure.) As the O-ring is pulled free of the valve passage, any residual pressure will be
safely vented.

2

4
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5. Remove the valve cover

SERVICE NOTE

A retaining setscrew in the side of the valve cage is used to hold the valve and
cage in a valve hole located in the bottom half of the cylinder. However, care
still must be exercised when removing the valve cover so that the valve does not
fall out should the setscrew not hold.
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Larger valves have two tapped holes in the discharge seat, or inlet stop plate, on the face toward the
cylinder bore. To simplifo valve removal when the valve is located r¡ the bottom half of the cylinder,
first remove the top valve that is located 180 degrees opposite the bottom valve being removed; then,
working through the top valve port, (with the compressor piston must be positioned so that it does not
interfere with this operation) screw a threaded rod into the tapped hole in the bottom valve. The valve
and cage assembly then can be supported from above while the valve cover and valve is removed.

Loosen the retaining setscrew ftom any valve cage so equipped, then remove the valve cage and valve
from the cylinder. Remove the valve seat gasket that is located under the valve. This gasket should
not be reused; install a new gasket when installing the valve. Most valves are attached to the valve
cage with two capscrews or machinescrews to facilitate handling; remove these fasteners to
separate.
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SERVICE NOTE

lf thc compressor valve is stuck in the oylinder, it can be jarred free by striking
edgewise on the valve crab with a wood block or soft metal bar (to prevent
damage to the cage or valve). Do not use a hammer on the cagê.

+16.4 Disassembling & Servicing the Valve

ACAUTION
Gare must be taken when disassembling these valves to ensure that the
damping and valve plate clos¡ng springs do not become mixed. Failure
to follow this caution will result in incorrect loading of the various plates,
resulting in premature valve failure. Even when the valves are of the
same type (inlet or discharge) and of the same size, the components of
the various valves must not be mixed. This is because each valve has
established its own wear pattern and sealing surface which will not
function in another valve. Failure to follow this caution will result in valve
leakage and premature valve failure.

1. Place the valve in a valve holder. (Figure 4-29 shows a suggested valve holder.)

ACAUTION
lf the valve must be held in a vise, do not clamp the valve tightly enough
to cause distortion. Distorting the valve will render it useless.

ctÂMPS

ADJUSTABLE
LOCATING PINS

Figure 4-29. Suggested Valve Holder
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2. Remove the stud nut that fastens the valve together. DO NOT allow the stop plate to turn in relation
to the valve seat; to do so may shear the locating pins.

NOTE

The closing and damping springs can be of the same height and wire diameter
(load), but more often they will be of different height and wire diameter,
resulting in different loads.

Very carefully, separate the stop plate and valve seat. Note the position of all valve internals; do not
allow them to become mixed. Remove the closing springs and place them in a separate location; do
the same with the damping springs.

ffiRNtffi
All precautionary measures specified by the Occupational Safety and
Health Act of 190 (OSHA) must be complied with when stor¡ng, handling
or using solvents.

Clean the parts. (Soaking the valve parts ovemight in safety solvent followed by a stiff brushing or light
scraping will aid in the removal of carbon.) Brush the parts with a soft wire brush to remove deposits,
but use a soft bristle brush on all seating surfaces.

Rinse the parts in clean solvent; dry thoroughly using clean, dry compressed air.

lnspect the valve and damping plate(s) for cracks, nicks, warpage, wear steps, leakage paths and
other signs of defects. On the valve plate there will be annular rings worn in by the valve seat, these
are normal. [Replace the valve plate if the ring depth is greater than 0.010 inch (0.25 mm) on plastic
plates OR 0.005 inch (0.13 mm) for metal plates.l Check the rings for uniformity of contact; any dull
or uneven contact is an indication of improper seating. Do not grind or invert valve platos to obtain
a new seaiing suríace; repiace ihem.

Examine the valve seat for cracks, nicks, burrs, scoring, steps, leakage paths and other signs of
defects. The valve plate seating area (rings) on the valve seat should be very bright and evenly
polished. Check the rings for uniformity of contact; any dull or uneven contact is an indication of
improper seating.

Valve seats can be machined to correct for wear or minor defects to the seating surfaces. Refacing
operations are described in later instructions. Excessively worn or damaged seats must be replaced.

ACAUTION
When rebuilding a valve, always renew the seating surfaces. That is,
provide a new valve plate when a new or reconditioned valve seat is used.
Likewise, when a new valve plate is used a new or refaced valve seat

must be provided. Failure to follow this caution will result in leakage and
early valve failure.

4.

5.

6.

7

I
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9. Check valve springs for cracks, pits or set (set is determined by measuring free height of a used spring
against a new one). Also, check for weakness by conrparirrg the used sprirrg agailrsl a lrew utre with
the same part number.

10. Examine the stop plate for wear and damage.

4-16.5. Refacing Valve Seats

Valve seats which have become worn or damaged can be refaced provided that certain dimensional
limits are not exceeded; these limits are given in subsequent instructions.

On discharge valves, the center stud is screwed into the valve seat. Around the center stud shank,
there is a recess in the seat (see Figure 4-30) which is approximately 0.080 inch (2 mm) larger in diameter than
the shank diameter. This recess permits machining of the valve seat without removing the center stud. ln some
machining methods, it may be necessary to remove the center stud.

To remove the center stud, heat the valve to between 500o and 600oF (260" to 352oC); remove the
stud while hot.

Using Loctite@ "Chisel Gasket Remover", spray the residue left by the previously used Loctite@ and
wipe it off.

A valve seaf can be machined as indicated below without affecting the valve's pertormance
(see Figure 4-30):

CENÏËH STUD IN SEAT ON
I}ISGHAHGE VALVE ONLY

CI{ATIFEH EDGE

s b

HOOT

TP4265-A

a

c

Figure 4-30. Valve Seat Rework Dimensions
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lf the valve's outside diameter is less than 3 inches (76 mm), the seat rib root depth (c) of the
innermost oort cannot be less than 0.100 inch (2.54 mm). For valves with an outside diameter larger than 3
inches (76 mm), the rib root depth of the innermost port cannot be less than 0.188 inch (4.78 mm).

ACAUTION
The rib root depth (c) of the valve seat must not be machined to maintain
the minimum depth. Do not increase diameter of ports (b). Machining the
rib will weaken the valve seat. Also, be certain that any facing extends
over the entire seating surface.

When facing the valve seat, the land width (s) is to be maintained at 0.025 to 0.050 inch (0.63 to 1.2
mm). lf the land width exceeds this value, the mud grooves between ports (b) must be machined to obtain the
original land width. ln addition, the depth of the mud grooves (a) should be maintained at 0.031 inch (0.79 mm)
and a full radius must be maintained where the mud groove meets the land. Moreover, a 0.005 to 0.015 inch
(0.13 to 0.39 mm) chamfer edge must be maintained on each land.

4-16.6. Reconditioning the Stop plate

Machining of the stop plate is usually not required during valve overhaul. lf an inspection reveals minor
damage to the stop plate, the defective part can be machined provided that certain dimensional limits are not
exceeded; these limits are given in subsequent instructions,

SERVICE NOTE

On suction valves, the center stud is screwed into the stop plate. ln order to
machine the counterbore, it may be necessary to remove the center stud.

CENTEB STUD ¡N SEAT OT{
INLËT VALVE ONLY

T
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To remove the center stud heat the valve to between 500" and 600'F (260'to 352'C); remove the
stud while lrot,

Using Loctite@ "Chisel Gasket Remove/' spray the residue left by the previously used Loctite@ and
wipe it off.

lf the locating pins are damaged, pull them out. lf the locating pins cannot be pulled out, cut them off
and drill out the remainder of the pin. Since the locating pins are held in by an interference fit, care
must be taken not to drill the pin hole larger than its original diameter.

The stop plate can be reconditioned provided that the counterbore depth (T) is maintained (see Figure
4-31). lf the counterbore depth is not maintained, the valve lift will be altered. The counterbore depth is equal
to the guide ring height + 0.002 inch / - 0.000 inch (+0.05,-0.0 mm). Furthermore, spring hole depth must be
maintained at original depth "0.010 inch ("0.26 mm), and the maximum removal from the stop plate is 0.031 inch
(0.79 mm).

4-16.7. Assembling the Valve

SERVICE NOTE

When installing the center stud in the stop plate or seat, screw the stud in only
until it is flush with back side of the stop plate or seat. Furthermore, some
center studs have a tapped hole or a longer threaded section on one side. This
side of the center stud does not screw into the seat or stop plate.

lf the center stud was removed, apply a light coat of Loctite@ primer "T" to the threaded area. Apply
a few drops of Loctite@ #272 (ilem 27240) threadlocker and screw the stud into the valve seat or
stop plate.

lf removed, reinstall the locating pins.

Place the stop plate on a clean, flat surface with the locating pins up.

Place the valve springs into the spring holes in the stop plate. Ensure the springs are inserted into
the same holes from which they were removed. (The damping springs must contact the damping
plate(s) and the closing springs must contact the valve plate.) lf new springs are being installed, refer
to the parts list for identification.

Reinstall the damping plate(s). lf the used plate(s) are being installed, ensure that they are the
plate(s) removed from that valve. ln valves with a metal valve plate, the damping plate with the
smaller diameter is placed next to the stop plate.

5.

6. lnstall the valve plate. lf the used plate is being reinstalled, ensure that its seating surface matches
the valve seat.

lnsert the ring guide, with its nose down.

Fit the valve seat to the stop plate; orient the locating pins with the holes in the valve seat. Clean the
internal threads of the nut and external threads of the center bolt, then apply anaerobic adhesive
primer to the threads and allow it to dry for 5 minutes. Apply Loctite@ #242lhreadlocker (two drops
only) to the external threads and install the nut finger tight. On discharge valves, it is necessary to
carefully tum the valve over and install the nut.

1

2.

3.

4.

7.

8.
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SERVICE NOTE

Some valves utilize a selfJocking nut. lt is not necessary to use Loctite@ with
this type nut.

9. Place the valve in a holding fixture. A typical fixture is shown in Figure 4-29.

ACAUTION
When tightening the center stud nut in Step 10, DO NOT allow the stop
plate to rotate with relation to the valve seat. lf this is allowed to happen,
it may shear the locating pins.

10. Torque the center stud nut to 25,000 PSI (172 Mpa) pre-stress, following the tightening instructions
in CHAPTER 5, GENERAL DATA & SPECIFICATIONS.

11 Check for free movement of the valve plate by pushing on it with a piece of plastic or wood that will
not scratch the valve plate.

12. Examine the valve seating surface in the cylinder. lf it is marred, proceed as in Paragraph 4-16.8,
Steps 1-A and 1-8.

4-16.8. lnstalling the Valves - O-Ring Valve Gover

When removing an inlet valve from a location where an unloading device is being used in conjunction
with the valve as a means of capacity regulation, refer to the applicable unloader instructions before removing
the valve.

Whenever compressor valves are removed, it is extremely important that
the inlet and discharge valves be correctly installed in the cylinder.
lncorrect placement of the inlet and discharge valves in some cylinders
which have no provision for polarization can cause an extremely
hazardous condition. INSTALLING AN INLET VALVE lN A DISCHARGE
VALVE HOLE, OR INSTALLING A DISCHARGE VALVE UPSIDE DOWN, CAN
CAUSE A LIFE-THREATENING EXPLOSION. The type "PF" valve is always
placed in the cylinder with the valve center bolt and nut located AWAY
from the cylinder bore. Fasten the valve or unloader cage to the valve,
when possible, to ensure the valve is not reversed at installation. lF lN
DOUBT as to whether a valve is inlet or discharge or as to which cylinder
holes receive an inlet or discharge valve, CHECK WITH YOUR
SUPERVISOR.

Prior to installing the valve, check lo see that the seating surfaces on the valve assembly, valve cover
and in the cylinder valve hole are smooth and clean. lf any evidence of defective seating surfaces
is found, use the following steps to ensure proper valve installation:

1
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A. Place lapping compound on the gasket seating surface of the valve and place the valve in the
valve hole without using the seat ga$ket. Lap the valve and valve hole gasket surfaces to
obtain at least 95% contact area, as evidenced by bluing or an equivalent method.

B Remove the valve and clean both it and cylinder valve hole thoroughly with soap and water to
remove all traces of the lapping compound. Solvent will not romov€ the lapping compound no
matter how clean the surface appears to the eye.

lnstall a new valve seat gasket, then install the valve and cage in the cylinder valve hole. This task
is made easier if these parts are fastened together with machinescrews and lockwashers before
installation. Be certain the valve seats firmly on the ledge in the cylinder and rests squarely on the
valve seat gasket.

SERVICE NOTE

Valves and cages must be retumed to the same valve holes from which they were
removed. The threaded rod used to facilitate handling large valves, as described
previously in lhe valve removal procedure, also may be used to assist in valve and
cage installation.

On the bottom half of the cylinder, the valve and cage assembly is held in the valve hole by a retainer,
normally a setscrew through the side of the valve cage on this valve design. lnstall the setscrew with
an Allen wrench to hold the valve and cage in place until the valve cover can be installed.

Place a new O-ring in the valve cover body groove. A light coat of a silicone lubricant or other
lubricant compatible with the O-ring material and process applied on the O-ring will facilitate its entry
into the cylinder valve hole.

Torquing of the valve cover stud nuts is critical. Under torquing will
result in loss of sealing capacity between the valve seat gasket and the
valve seat and the possible loosening of the valve cover during operation
with attendant process gas release. Over torquing will result in excessive
stresses and loads being imparted to the valve, valve cage and cylinder
seating ledge. It is imperative that when using the "Tightening
Requirements" instructions in CHAPTER 5, GENERAL DATA &
SPECIFICATIONS, the proper prestress column in the chart is selected as
follows: find the maximum allowable working pressure (MAWP) as
stamped on the cylinder nameplate and compare the pressure to those
listed to obtain the correct pre.stress for the fastener. Go to the column
headers in the torque table; then move down the column to the correct
fastener size to obtain the torque.

Place the valve cover over the valve hole. Watch the cover O-ring as it enters the valve hole to be
sure it is not rolled out of its groove. lnstall the stud nuts.

2.

3.

4.

5.
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Never tighten the valve cover stud nuts while the compressor is in
operation or pressure exists within the cylinder. A life-threatening release
of gas or explosion can occur if a stud breaks during the tightening
operation.

Tighten the valve cover stud nuts alternately across the bolt circle to ensure that the cover is drawn
down squarely. We require that this tightening progress in stages rather than to the full torque on the
initial tightening. The required torques are listed in the in CHAPTER 5, GENERAL DATA &
SPECIFICAÏIONS.

After all of the valves are installed, bar the compressor through at least one complete revolution to
be certain there is no interference between moving parts.

The compressor now may be started in the normal manner.

After the cylinder has reached operating temperature and pressure, shut down the compressor and
relieve all pressure in the cylinders. Check the tightness of the valve cover stud nuts. Torque the
valve cover stud nuts as described previously.

$nfåHlltllffii
Use extreme caution when checking the valve covers. The discharge
valve cover can experience temperatures in excess of 250"F (l2l"C).
Touching a valve cover with an unprotected hand can cause severe
burns. We recommend the use of a contact thermometer for checking
temperature and a stethoscope for checking noises.

10 At regular and frequent intervals (as established by operating experience) check the valve covers for
looseness by using a stethoscope on the valve cover to listen for pounding or knocking of the valve
cage against the cover while the compressor is operating. Any pounding or knocking indicates that
llra r¡ah¡a ic lanca À lnnca rrah¡a marr F raalu anart an¡{ ¡|¡nn intn lha ¡r¡lin¡lar }.nra ¡ar ¡cina êô'i^r,ðv, vs,r qyq, ! q,,v v, vt, vv, v, vqqo,r ¡v

damage to the compressor.

4.17. REGULATIONDEVICES

Regulation devices can be of two basic types: the inlet valve unloader or the clearance pocket (either
fixed volume or variable volume). lnstruclions for both basic types of device follow. Ifiese instructions cover
the basíc, cunent type regulation devices. Some design differences are to be expected due to operating
requirements and these variants will undoubtedly be encountered in the field from time to time. Refer any
questions regarding unloaders or clearance pockets to your nearest Dresser-Rand service representative.

Regulation devices when activated or adjusted affect the performance of
the compressor. Unloading sequences not initially approved or reviewed
can lead to overloads, rìofl-rêvêrsal, overheating, and/or valve reliability
problems. Consult with a Dresser-Rand representative if such unloading
sequences have not been approved-

I

I
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An unloader is used on a compressor cylinder inlet valve to render the valve inoperative as a way of
unloadlng the cyllnder for starting, or to control capauity ul tlte cotnptessur duting operation, A typical inlet
valve unloader, mounted on the standard O-ring cover, is shown in Figure 4-32. Some later unloaders have the
plunger attached directly to the push rod and no return spring is used.

This unloader is "direct acting"; that is, operating pressure is applied to the top of the actuating piston

to unload the end of the cylinder containing an unloader. (Reverse-acting unloaders also are available from
Dresser-Rand.) ln its normal position (when there is no operating pressure applied to the top of the actuating
piston) the piston spring located under the actuating piston forces the piston and piston rod upwards; the
plunger return spring moves the plunger assembly away from the valve plates. With pressure applied to the
top of the actuating piston, the piston spring and plunger retum spring are compressed allowing the plunger legs
to hold the valve plates away from the valve seat. With the inlet valve being held open by the unloader, the gas

admitted to the compressor cylinder on the suction stroke passes freely back through the open inlet valve on
the discharge stroke without being compressed. An indicator is fitted to the underside of the actuating piston.

When the unloader is actuated (cylinder end unloaded) the pin will protrude from the clearance hole in the lower
housing cover. When the unloader is in its normal position (cylinder end loaded) the indicator pin is retracted.

Glearance pockets (Paragraphs 4-17.2 and 4-17.3) are used on a compressor cylinder to add either

a fixed volume, or a volume that is variable, to the cylinder's normal clearance volume. The pocket reduces the
cylinder discharge capacity when it is in its normal deactivated (open) position. Fixed volume clearance pockets

are operated by pneumatic pressure from an external source. Variable volume pockeús are generally
operated manually by means of a handwheel or wrench, and may be adjusted ØLI when the machine
is shut down.

With a fixed volume, pneumatically-operated pocket, when operating pressure is applied to the top
of the actuating piston the valve is forced closed, increasing the cylinder discharge capacity. ln its normal
position, with no operating pressure applied to the actuating piston, the clearance valve is held in the open
position by the return spring. A variable volume pocket is positioned by turning the piston rod (to which is

attached a piston riding in a cylinder) in a clockwise direction to reduce volume or a counterclockwise direction
to increase volume.

ln its open position, the clearance pocket adds the volume of the clearance pocket to the end of the

cylinder in which it is installed. By adding volume to a cylinder end, a reduced quantity of gas is discharged
during the compression stroke because part of the gas being compressed is passed into the added volume of
the pocket instead of out through the discharge valves. On the expansion portion of the stroke, the gas in the
added volume pocket expands into the cylinder. As with the inlet valve unloader, an indicator rod is extended
with pneumatic pockets when the clearance valve is in the open (volume added) position. When the device is

actuated, closing the clearance pocket valve (no volume added), the indicator rod is retracted. Manual pockets
generally are equipped with some type of scale to allow determination of how much of the pocket is open.

+17.1. lnlet Valve Unloaders

The inlet valve unloader is operated by pneumatic pressure applied to the top of an actuating piston.

The actuating piston is located outside of the cylinder inlet passage in a separate housing, as shown in Figure
4-32, which is mounted on the setscrew adapter as shown in the illustration. The setscrew adapter is hollow
so that actuating piston motion can be transmitted by the piston rod via a pushrod to a plunger mechanism
located inside the valve cage, The plunger utilizes "legs" to force the valve plates off the valve seat to
mechanically hold the inlet valve open.
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An O-ring seal is installed around the actuating piston to seal against the leakage of operating
pressure past the piston. Also, an O-ring and an O-ring/backup ring combination is installed on the piston rod
to prevent process gas leakage past the rod. A vent is provided in the setscrew adapter, which prevents
pressure buildup between the O-ring and O-ring/backup ring combination.

The intemal components of the unloader assembly are held in the valve hole by the O+ing-type valve
cover that presses against the valve cage. The internals consist of the valve cage, the plunger assembly, the
retum spring, the extension bolt, and the inlet valve. Some later models have the pushrod attached to the
plunger and no plunger retum spring is used. With these designs, the piston retum spring pulls the pushrod and
plunger away from the valve plates when operating pressure is released.

åtåraRt{räffi*
lf toxic, flammable, or narcotic gas is being compressed, observe
applicable safety precautions.

A. Gontroland Vent Piping

Operating pressure is applied to a 1/4-inch NPT tapped hole provided in the piston housing cover.
Drawings are fumished to show the anangement of factory supplied piping and controls. Recommended piping

arrangements are usually furnished when the piping is being done by others.

ÂryfiHlütw
The vent opening in the setscrew adapter must always be left open to
assure safe and effective operation of the unloader. When the process
gas is toxic, flammable, or in any other way objectionable in the
compressor building, the vent must be piped so that any leakage can be
carried away. Vent tubing must not be less than 3/8-inch (9.5 mm) O.D.
and, if combined with other vent systems, there must not be any back
pressure or vacuum in this piping.

Unloader Gleanliness

The inlet valve unloader must be clean and tight to operate satisfactorily. The unloader should be
examined during normally scheduled valve maintenance and/or inspection cycles. O-rings used in the
unloader must be replaced during these maintenance/ inspection cycles. Always lubricate new O-
rings. The use of a silicone type lubricant, or other lubricant, that is compatible with the O-ring
material and the process is recommended.

,ÆffiHf¡l

All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

B

1.
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2 To thoroughly clean the unloader assembly, lt must be completely dismantled. Soaking the unloader
parts in a safety solvent, followed by a stiff brushing or light scraping, will aid in removal of foreign
material. Brush the parts carefully with a soft wire brush, but use a bristle brush for all seating
surfaces. Blow away all loose particles with compressed air. All components must be thoroughly
dried before reassembly.

C. Removing Operator, Unloader and Valve Assembly

$W*Hl,llffi
Before performing any service on the unloader, including removal of the
upper housing cover for inspection purposes, be certain there is no
pressure in the compressor cylinder bore or passages.

1. Shut off and vent the operating pressure to the unloader

2. Depressurize and vent the compressor cylinder.

3. Disconnect the vent and operating pressure lines.

å$rÂRHlr&
With the O-ring body seal used on this type valve cover, any pressure
that may be left in the cylinder will not be released when the cover nuts
are loosened, but will remain under the cover trapped by the O-ring. To
prevent the possibility of the valve cover being "blown off' by residual
pressure when the cover nuts are removed, two longer studs are required
to permit the safe removal of the cover. These studs are either present
(they are double-nutted if factory supplied) or should be fabricated at the
site. FAILURE TO OBSERVE THE FOLLOWNG VALVE REMOVAL STEPS
CLOSELY (;AN RESULT ¡N POSSIBLE PROPERI-Y DAi¡iAGE, ¡NJURY TO
THE MAINTENANCE PERSONNEL OR DEATH,

Evenly loosen the valve cover stud nuts; note that two nuts are used on the two longer studs used with
each valve cover.

Remove only those nuts on the short valve cover studs.

Back off the nuts on the long studs evenly two turns at a time. As the stud nuts are loosened, it may
be necessary to tighten down the cylinder cover jackscrews (if installed) or pry under the valve cover
to keep the cover in contact with the stud nuts. (This will prevent sudden loosening of the valve cover
when the O-ring breaks free of the valve passage, caused by any pressure present.) As the O-ring
is pulled from the valve passage, any residual pressure will be safely vented from under the cover.

Remove the operator and the valve cover.

Loosen the cage setscrew, then pull the valve cage assembly, the unloader assembly and the inlet
valve assembly from the valve hole.

4

5

6

7
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NOTE

lf two or more unloaders are removed; mark each one to be sure it is reinstalled
into thc samc valve passage from which it was removed.

D. Disassembling Gage and Plunger

SERVICE NOTE

Some valve cages may be attached to the valve with two small machinescrews.
lf so, first remove the machinescrews.

Lift the valve cage off the inlet valve.

Remove the plunger assembly and the return spring (if present).

Thoroughly clean all pieces.

Service the Type PF inlet valve following the instructions in Paragraph 4-16 of this manual.

SERVICE NOTE

With some valves, it may be necessary to remove an extension bolt which is
attached to the valve center stud in order to disassemble the valve. When
unscrewing the extension bolt, be careful not to mar the surface of the bolt.

E. lnstalling Valve, Gage and Plunger

lf the extension bolt has been removed, reassemble it to the valve first. Do this by cleaning the
threads (internal and external), and applying primer for anaerobic adhesive. Allow the primer to dry
for 5 minutes. Apply Loctite@ #242 removable threadlocker (35272657) or equivalent. Screw the
extension bolt into the valve.

Place the plunger return spring (if present) on the inlet valve over the extension bolt.

Set the plunger assembly over the extension bolt and onto the plunger; align the legs with the plates

in the valve.

Lower the valve cage onto the inlet valve. Attach capscrew, if applicable.

Check for free movement of the plunger assembly

lnstall a new valve seat gasket. Place the assembled inlet valve, valve cage, and plunger assembly
into the cylinder valve hole. Secure the cage with the setscrew.

Disassembling Unloader Cover and Operator

Loosen the locknut on the setscrew adapter.

2.

3.

4.

2

3

4.

5.

6.
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Separate the unloader cover from the operator and setscrew adapter

ACAUTION
Do not allow the actuating piston to rotate in the piston housing. Parts
will be damaged by rotation.

Unscrew the pushrod from the bottom of the actuating piston rocl by using the hole at the base of the
piston rod lo secure the operator.

Remove and discard the ThreadsealrM, then remove the washer

Separate the setscrew adapter fronl the opelator. Tlle setscrew atJapter slpuld have some drag on
it, caused by the plston rod O-rings.

Loosen the six piston housing cover bolts gradually, allowing the housing covers to separate from the
piston housing and relieve the spring pressure.

Remove the covers and gaskets. Clean the threads of the lower piston housing cover. Pull the piston
spring, actuating piston with indicator and piston rod out of the piston housing. Remove and discard
the piston and piston rod O-rings, and the backup ring.

The piston rod may be unscrewed from the actuating piston, if necessary, taking care not to mar the
surfaces of the piston rod and piston. Use the two tapped holes on the top of the piston and the hole
at the base of the piston rod to hold the piston and piston rod while turning.

SERVICE NOTE

It is good maintenance practice to replace all O-rings, seals and gaskets during
reassembly. Always lubricate the O-rings with a silicone lubricant or other
lubricant compatible with the O-ring and process.

The inclicator may be tlnscrewed from the actr:ating piston, laking care not to nnar the suf.ace of the
piston.

lf the piston rod was removed, clean the threads of the piston rod and the piston, then apply aerobic
adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242 threadlocker (two drops)
to the piston rod threads. Attach the piston rod to the piston.

Renew the O-rings and backup ring on the piston rod. (Note the order in which they are placed.) A
single O-ring is installed in the top groove. lnstall the backup ring first and then an O-ring in the
bottom groove. Make sure the O-rings and backup ring are lubricated with a lubricant compatible with
the process gas.

lnstall a new piston O-ring and lubricate it with O-ring lubricant.

lnsert the piston spring, actuating piston, and piston rod into the piston housing. Be sure that the O-
ring is not rolled out of its groove when installing the actuating piston.

Clean the threads (both internal and extemal) of the piston housing cover bolts, then apply anaerobic
adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242lhreadlocker (two drops)
to each bolt and with new piston housing cover gaskets in place, secure the piston housing covers to
the piston housing. Tighten the housing cover bolts squarely by tightening gradually, in several stages,
working back and forth across the bolt circle.

I

12.

13.

14.
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15 lf the indicator was removed, clean the threads (internal and external) of the indicator, then apply
anaerobic adlresive prinrer and allow to dry for five nlirrutes. Apply Lur:tite.@ #242lhreaúlctcker (two
drops) to the indicator threads. Screw the indicator into the piston until the bottom of the indicator
is flush with the lower piston housing cover.

16. Ensure that the setscrew adapter vent passage is clear

17 Clean the threads of the setscrew adapter, then apply aerobic adhesive primer and allow to dry for
five minutes. Apply Loctite@ #242 (Iuo drops) to the setscrew adapter threads. Slide the piston rod
through the setscrew adapter and screw the setscrew adapter into the lower piston housing cover.

18. Ensure that the setscrew adapter has the locknut, beveled washer and ThreadseallM in place and in
proper sequence. lnsert the setscrew adapter into the unloader cover approximately 0.5 inch (12.7
mm) and tighten the locknut finger tight.

ACAUTION

Do not allow the actuating piston to rotate in the piston housing. Parts
will be damaged by rotation.

19. Clean the threads (intemal and external) of the piston rod and pushrod, and apply anaerobic adhesive
primer. Allow it to dry for five minutes. Apply Loctite@ l1242 removable threadlocker (two drops) to
the threads. Using the hole at the base of the piston rod to hold it steady, screw the pushrod into the
piston rod.

G. lnstalling the Unloader

lnstall a new O-ring onto the valve cover

lnstall the assembled operator and valve cover assembly into the valve hole, sliding the pushrod over
the extension bolt (loose fit).

Clean the threads (both internal and external) of the valve cover stud nuts or capscrews, then apply
anaerobic adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242lhreadlocker (two
drops) to each capscrew. Tighten the valve cover squarely by tightening the capscrews gradually,
in several stages, working back and forth across the stud circle.

Valve cover stud nuts must be correctly tightened to the design pre-
stress to ensure safe and efficient operation of the compressor. Refer to
CHAPTER 5 of this manual for detailed tightening requirements.

1

2

3

i,)

4. Adjust the stroke of the unloader
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H. Adjusting the Stroke

1 Loosen the setscrew adapter locknut.

Slowly rotate the operator assembly clockwise until rotation is resisted without the locknut, washer,
and Threadsealm assembly contacting the valve cover.

Slowly rotate the operator assembly counterclockwise 1-112 turns if the suction valve lift is greater
than 0.100 inch (2.54 mm), or 1 turn if the suction valve lift is less than or equal to 0.100 inch (2.54
mm).

Tighten the setscrew adapter locknut, pressing lhe washer and ThreadsealrM firmly against the valve
cover. Be sure not to rolate the operator, setscrew adapter assembly.

Connect operating pressure line and cycle unloader several times to ensure that free movement exists
and that the unloader is functioning. Connect vent lines.

4-17.2. Variable Volume Glearance Pockets

The variable volume clearance pocket (Figure 4-33) is installed in the outer head of the compressor
cylinder. Within the limits of pocket capacity, the exact amount of clearance volume can be added by turning
the pocket's piston rod with a wrench . The compressor MUSï be shut down and the cylinders depressurized
before making adjustments.

The volume is changed by means of a movable piston, which is shown in Figure 4-33. The piston is

sealed against leakage by two piston rings and is attached to the piston rod by a threaded connection between
the piston and rod. The clearance volume is increased by loosening the jam nut and unscrewing the threaded
rod, which will draw the piston outward away from the cylinder. Close control over cylinder capacity can be
accomplished by setting the piston at some intermediate position between fully closed and fully open.

A. Gonstruction

There are two designs of the variable volume pocket. One has a bonnet with a long neck (illustrated
in Figure 4-33), while the other has a flat bonnet (not illustrated). The long-necked version is equipped with
special seals, shown in the detail in Figure 4-33, which are installed on each side of a lantern ring. This seal
assembly is held in place by a flat washer and secured by a retaining ring. The flat-bonnet version is equipped
with a simple soft gasket under the piston rod sealing nut. Passage in the bonnet neck is equipped with a
grease fitting that allows the piston rod threads to be greased. ln addition, there are two plugged openings in
the pocket that allow accumulated liquids to be drained (lower hole) or a test gauge to be connected (upper
hole).

B. Maintenance

Periodic maintenance consists of applying a small amount of grease, compatible with the process gas,
to the one grease fitting. lt is suggested that the grease fitting be greased at least every three months.

The condition of the piston rings can be determined by periodic testing with a simple pressure gauge.
With the compressor shut down and the cylinder vented, attach a test pressure gauge having a capacity at

least a third higher than discharge pressure to the upper hole in the pocket. With the compressor again running,
the gauge should read a steady pressure that falls somewhere between inlet and discharge pressure. A
fluctuation of the gauge indicates that piston rings are leaking badly.

4.

5.
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Figure 4-33- Gurrent Design Variable Volume Glearance Pocket
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To remove and disassemble the pocket, use fhe followìng sfeps,'

1 RELIEVE THE PRESSURE IN THE COMPRESSOR CYLINDER AND VENT THE CYLINDER.

Loosen and remove the stud nuts that secure the flange to the outer head.

Pull the clearance pocket assembly from the outer head, keeping it level until the piston clears the
bore. Be sure the assembly is fully supported at all times with a sling and hoist anangement capable
of taking the weight.

Clean and examine the components of the variable volume pocket. Pay particular attention to the
piston rings.

On long-neck bonnet versions, remove the seal retaining ring by first prying one end out of the groove,
then by winding the ring completely out.

Continue with seal removal process by removing the washer, then by pulling the seals and lantern
using a shop-made wire hook.

lnstall new seals with the open cup side of the seals facing the pressure (towards the cylinder bore).

lnstall the washer and retaining ring, making sure the ring is tight in its groove.

lnstall new piston rings on the piston. Normally it is more practical to replace the rings than to attempt
a judgement call on their condition. Stagger the ring end gaps.

Clean the gasket surfaces of the outer head and the flange.

4.

5.

6.

7

I

I

10.

11. Loosen the jam nut and unscrew the piston rod a few turns; this will ensure that the piston is not
"bottomed" during installation. lf this is a flat-bonnet version, replace the sealing gasket at this time.

12 lnstall a new flange gasket, then guide the piston into the outer head bore. Make sure the assembly
is kept level during this operation to prevent damaging the piston rings.

13 lnstall the stud nuts and tighten them in a criss-cross fashion, and in several stages, to the 25,000 psi
(172 MPa) level found on the standard torque chart for the proper size fastener. (This chart is found
in CHAPTER 5, GENERAL DATA & SPECIFICATIONS of this manual.)

14 Adjust the piston to the desired position for operation. Make sure the jam nut is secure before starting
up the compressor.

+17.3. Fixed Volume Glearance Pockets

The internal operating components of the clearance pocket are the indicator rod, actuating piston,
piston rod, return spring, crossbar and clearance valve itself. The crossbar, return spring (if present), piston
rod and clearance valve are assembled in the clearance valve sleeve which is in tum bolted to the valve cover.
The actuating piston and indicator rod are located in the piston housing.
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P¡ston rings are installed around the clearance valve sleeve to prevent leakage of process gas past

the sleeve and clearance valve w]rcn the valve is seateti. O-rirrg seals ¿¡le usetl ort lhe actuatittg pistotr and
indicator rod to seal the leakage of operating pressure past the piston and rod. A gland seal arrangement is
used to seal around the piston rod to prevent the leakage of process gas. Vent openings are provided in the
valve cover and piston housing to vent the piston rod gland seal arrangement and the actuating piston housing.

When operating pressure from an outside control source is applied to the top of the actuating piston,
the piston motion is transmitted through the piston rod to the clearance valve crossbar and to the clearance
valve, closing the valve. (The clearance valve sleeve is slotted for the travel of the crossbar.) Piston rings in
the valve sleeve prevent leakage past the clearance valve into the clearance pocket when the valve is in its
closed position. When operating pressure is shut off and vented, the valve retums to its normal (open) position.

F#1(¡hF
ü.fif{Ð/ÉR116: CRBS9B*

CÛVE*

FIS?û¡r ËöD

tl,rrur ETHB

ffiI.r*,/8fË¡qLP
:P s5?9¡+

Figure 4-34. Typical Fixed Volume Clearance Pocket

A. Gontroland Vent Piping

Operating pressure is applied to a 1/4-inch NPT tapped hole provided in the piston housing cover.
Drawings are fumished to show the anangement of factory supplied piping and controls. Recommended piping

arrangements are usually furnished when the piping is being done by others.

The vent opening(s) in the clearance pocket must always be left open to
assure safe and effective operation of the device. When the process gas
is toxic, flammable, or in any other way objectionable in the compressor
building, the vent must be piped so that any leakage can be carried away.
Vent tubing must not be less than 3/8-inch (9.5 mm) O.D. and, if
combined with other vent systems, there must not be any back pressure
or vacuum in this piping.

vE
5¡tU*-tgF

BOLT

F
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B. Clearance Pocket Cleanllness

The clearance pocket and valve assembly must be clean and tight to operate satisfactorily. The
assembly should be examined during normal periodic maintenance inspections. O-rings and backup
rings (if used) in the assembly must be replaced and lubricated periodically; it is suggested that this
be accomplished during routine maintenance. The use of a silicone type lubricant or other lubricant
that is compatible with the O-ring material and the process is recommended.

$lånRiltrc
All precautionary measures specified by the Occupational Safety and
Health Act of 1970 (OSHA) must be complied with when storing, handling,
or using solvents.

To thoroughly clean the assembly, it must be completely dismantled. Soaking the parts in a safety
solvent, followed by a stiff brushing or light scraping, will aid in removal of foreign material. Brush the
parts carefully with a soft wire brush, but use a bristle brush for all seating surfaces. Blow away all
loose particles with compressed air. All components must be thoroughly dried before reassembly.

Removing the Glearance Pocket Assembly

Shut down and vent ALL pressure from the unit.

Shut off and vent the operating pressure.

Disconnect the vent and operating pressure lines.

Mark or tag the clearance pockets before they are removed.

Æç{åR$rl¡&
With the O-ring body seal used on this type valve cover, any pressure
that may be left in the cylinder will not be released when the cover nuts
are loosened, but will remain under the cover trapped by the O-ring. To
prevent the possibility of the valve cover being "blown offl' by residual
pressure when the cover nuts are removed, two longer studs are required
to permit the safe removal of the cover. These studs are either present
(they are double-nutted if factory supplied) or should be fabricated at the
site. FAILURE TO OBSERVE THE FOLLOWING VALVE REMOVAL STEPS
CLOSELY CAN RESULT IN POSSIBLE PROPERTY DAMAGE, INJURY TO
THE MAINTENANCE PERSONNEL OR DEATH.

5. Evenly loosen the valve cover stud nuts; note that two nuts are used on the two longer studs used with
each valve cover.

6. Remove only those nuts on the short valve cover studs.

2.

3.

4.
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7 Back off the nuts on the long studs evenly two turns at a time. As the stud nuts are loosened, it may

be necessary to tlghten down the cyllnder cover jackscrews (if ilrstalled) ot pry under llre valve cover
to keep the cover in contact with the stud nuts. (This will prevent sudden loosening of the valve cover

when the O-ring þreaks free of the valve passage, caused by any pressure present.) As the O-ring

is pulled from the valve passage, existing pressure will be safely vented from under the cover.

Remove the assembly from the compressor

lnstall temporary covers over the clearance pocket passage(s) to prevent entry of foreign objects

Disassembling Actuating Piston Housing

Remove the nuts that fasten the piston housing cover to the piston housing'

Carefully lift the piston cover over the indicator rod; remove and discard the cover gasket. Clean the

gasket surfaces in preparation for reassembly.

Lifr the piston housing off the valve cover.

Remove the actuating piston and indicator rod from the piston rod. (The piston rod can only be

removed through the bottom of the body.) Remove and discard the actuating piston and indicator rod

O-rings.

SERVICE NOTE

It is good preventative maintenance practice to replace all O-rings and gaskets

during reassembly. Always lubricate the O-rings with a silicone lubricant or
other lubricant compatible with the O-ring and process.

Disassembling Clearance Valve Sleeve

Remove the fasteners and the lockwasher that connect the valve sleeve to the valve cover and

separate the two.

The piston rod may now be removed through the bottom of the valve cover.

Disassemble the crossbar by unscrewing the fasteners and lockwashers that fasten it to the clearance

valve.

Pull the crossbar out of the sleeve.

Pull the clearance valve off the sleeve.

Remove and discard the piston rings if they are chipped, cracked, broken or stuck to their lands.

Remove and clean the return spring; check for cracks or other visible defects.

Servicing the Gland Seal

Remove the fasteners to permit removal of the gland seal. (See detail in Figure 4-35.)

8.

9.

D

1.

2.

3

4

E.

1

2

3

4.

5.

6.

7.

F

1
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lf necessary, use a shop-made wire hook to pull the gland seal from the body

Remove and discard the O-rings and backup rings.

SERVICE NOTE

It is good maintenance practice to replace all O-rings, backup rings, and
gaskets during reassembly, Always lubricate the O-rings with a silicone
lubricant or other lubricant compatible with the O-ring and process.

CAPSCRÉW

PACKING GI-AND FLANGE

BACKUP HINGS
NOTE: CONCAVE SIDE

TOWARDS O-RING

O-RING
O.BING

SEE DETAIL

OETÂiL - PACKING O.RINC¡ C¡LAND

TP-,1530

Figure 4-35. Gland Seal Detail

Renew the O-rings and backup rings on the gland seal. (Note the order in which they are placed.)
O-rings are installed in the top inner and outer groove. lnstall a backup ring and then an O-ring in the

bottom inner and outer grooves. (The concave surface of the backup ring faces toward the O-ring.)
Make sure the O-rings and backup rings are lubricated with a lubricant compatible with the process

gas.

Place the gland seal into the body; be careful not to roll or cut the O-rings.

Clean the threads (both internal and external) of the gland seal capscrews, then apply anaerobic
adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242lhreadlocker (two drops)
to each capscrew; reattach the gland seal to the body.

5.

6.

4.

\
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7. Push the piston rod up through the gland seal.

G. Assembling Actuating Piston Housing

lf the plston rod was removed, clean the threads of the piston rod and ths plËton, then apply aeroblc
adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242lhreadlocker (two drops)
to the piston rod threads. Attach the piston rod to the piston.

lnstall new indicating rod and actuating piston O-rings and lubricate them with O-ring lubricant.

lnsert the actuating piston and piston rod into the piston housing. Be sure that the O-ring is not rolled
out of its groove when installing the actuating piston.

2

3

4

5

Clean the threads (both internal and extemal) of the piston housing cover bolts, then apply anaerobic
adhesive primer and allow it to dry for five minutes. Apply Loctite@ #242lhreadlocker (two drops)
to each bolt and with new piston housing cover gaskets in place, secure the píston housing covers to
the piston housing. Tighten the housing cover bolts squarely by tightening gradually, in several stiages,
working back and forth across the bolt circle.

With a new cover gasket in place, reinstall the piston housing cover over the indicator rod; tighten the
stud nuts evenly.

Assembling Glearance Valve Sleeve

lnspect the valve sleeve piston ring lands, ensuring they are clean. The lands can be cleaned with a
piece of carved hardwood. Do not use old rings to clean the lands because they may cut into the
lands and grooves damaging the sleeve.

Fit new rings to the sleeve (if they are required). Stagger the butt ends of the rings 120 degrees.

While carefully compressing each piston ring, push the clearance valve over the piston rings and onto
the valve sleeve. Do not push the clearance valve onto the valve sleeve far enough to block the slots
in the sleeve.

Place the retum spring (if used) into the valve sleeve. Some models do not require a return spring.

lnsert the crossbar through slots in the valve sleeve. Fit the crossbar to the retum spring then connect
the crossbar to the clearance valve using the lockwashers and fasteners provided.

Connect the valve sleeve to the valve cover using the fasteners and lockwashers removed.

lnstalling Clearance Pocket Assembly

Remove the temporary covers from the valve passage(s).

lnstall a new valve O-ring and backup ring seal around the valve cover. Place lhe unit in the clearance
pocket and align the operating pressure and vent piping connections with the installed piping.

Reinstall the valve cover fasteners and hand tighten. Loosen all fasteners 114 lurn.

H

1.

2.

3.

4.

5.

þ.

t.

1.

2.

3.
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5.

6.

7.

Reconnect operating pressure and vent piping.

Apply operating pressure to the actuating port to seat the clearance valve. (This will align the
clearance valve with the cylinder.)

Release the operating pressure.

Reapply operating pressure to the actuating port.

Valve cover stud nuts must be correctly tightened to the design pre-
stress to ensure safe and efflclent operatlon of the compressor, Refer to
CHAPTER 5, GENERAL DATA & SPECIFICATIONS of this manual for
detailed tightening requirements.

While operating pressure is still applied, make several passes working back and forth across the stud
circle to ensure the valve cover is drawn down tightly and evenly.

8.

'"-),/
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General Data & Specifications

5-1. GENERAL AND OPERATING DATA

The specifications in this section apply to the standard 6-inch stroke HOS compressor, rated at
60,000 pounds (27 270 kg) rod load. Contact the nearest Dresser-Rand branch office when there is a question
about any specification or recommendation in this manual.

HOS Co or General Data

Lubricating Oil:

Normal Oil Pressure (at Header) 50-65 PSIG (344-448 kPa)

Minimum Start-up OilTemperature (Electric Drive) ..80"F (27"C)
Minimum Load Oil Temperature (Engine and Electric Drives).. .90'F (32"C)
Normal Oil Operating Temperature 150 to 170F (66'to 77"C)**
**NOTE: Not to exceed 180" for continuous operation

For units contain¡ng main bearing RTD's;
Maximum Alarm Setting 190"F (88"C)

200.F (93.C)Maximum Shutdown Setting

Recommended minimum prelube capac¡ty @ 35 psi (on electric motor driven
machines only):

Minimum Oil Pressure (at Header")
Shutdown Oil Pressure (at Header)........

Frame Size
2 Throw........
4 Throw........
6 Throw.."...."

40 PSIG (275kPa\-'- \-'
...35 PSIG (24okPa)

Gallons per Minute (GPM)
..........15 GPM
..........25 GPM
..........50 GPM

500500500Minimum Operating Speed
RPM

120012001200Maximum Speed
RPM

110
380

70
266

40
152

Main Oil Pump
Output @ 1000RPM

GPM
LPM

96
365

57
216

21
79

Oil Sump Capacity GAL
L.

642No. Main Bearinqs )

642Number of Throws )

5-2



General Data & Specifications

Water-Cooled Cyl i nders :

Minimum Coolant Temperature (Outlet)
Minimum Coolant Temperature (lnlet)
Water-Cooled Packing lgpm (L/min)] per packing
Nominal Pressure
Maximum Pressure..

Distance Pieces;

Maximum lnternal Pressure..

110'F (43"C)
100"F (€.q

2.5 (e.5)
.35 PSIG (241\<Pa)
75 PSIG (517 kPa)

..25 PSIG (172kPa)
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General Data & Specifications

5.2. ASSEMBLY FITS AND CLEARANCES

Table 5-1. Running Gear Part Fits and Tolerances
DIMENSIONS ARE GIVEN IN INCHES

(0.003 to 0.005
Main Bearing Tie Rod Spacer to
Frame (lnterference)

[Spacer Length Less Opening
Stamped on Framel

n rì42 tn fì fì4Qv.v tv tv v.v tv

0.017 lo 0.022

Crosshead Shoe to Guide(Cold)
'l niaaa| - ytçus
3 - piece

Minimum (Hot)

^ ^4t 
ia I1 I-147v.v tê av v.v r f

0.016 to 0.021
0.007

Crosshead Pin Bushing to
Connectinq Rod (lnterference) 10.002 to 0.004

Crosshead Pin to Connecting Rod
Bushinq (Diametral) 0.001 to 0.0050.002 to 0.006

0.015 to 0.023
Total Side Clearance between
Connectinq Rod and Crank Webs

Connecting Rod Bearing to
Crankpin (Diametral)
(Shimless Steel-Backed Aluminum)

0.006 to 0.0090.007 to 0.010

Crankshaft TotalThrust 0.018 to 0.023

Main Bearing (Vertical-measured
bctwccn top of crankshaft and
main bearing shell)
(Shim Tvpe Aluminum)

0.007 to 0.0100.008 to 0.011

Location of
Clearance or F¡t

Original Clearance
Feeler

Original
Clearance
Micrometer
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General Data & Specifications

Table 5-lA. Running Gear Part Fits and Tolerances
ALL DIMENSIONS ARE GIVEN IN MILLIM

(0.08 to 0.13)
Main Bearing Tie Rod Spacer to
Frame (lnterference)
[Spacer Length Less Opening
Stamped on Framel

0.30 to 0.43
0.41 to 0.53

0.18

0.33 to 0.46
0.43 to 0.56

Crosshead Shoe to Guide (Cold)
1 - piece
3 - piece

Minimum (Hot)

(0.05 to 0.10)
Crosshead Pin Bushing to
Connecting Rod (lnterference)

0.025 to 0.130.05 to 0.15
Crosshead Pin to Connecting
Rod Bushinq (Diametral)

0.38 to 0.58
Total Side Clearance between
Connecting Rod and Crank
Webs

0.15 to 0.230.18 to 0.25
Connecting Rod Bearing to
Crankpin (Diametral)

0.46 to 0.58Crankshaft Total Thrust

0.18 to 0.25A.2O to 0.28
Main Bearing (Vertical-
measured between top of
crankshaft and main bearing
shell)

Orlglnal ClearanceOrlglnal
Glearance

Micrometer

Location of
Glearance or Fit

5-5



General Data & cations

5.3. TIGHTENING REQUIREMENTS

The fasteners used in compressors must be correctly tightened to the
design pre-stress to ensure safe operation of the equipment. Prior to
the initial start-up of the equlpment, or before starting an overhauled
machine, fasteners must be checked for proper tightness to ensure the
full mechanical integrity of the unit. After start-up, fasteners that were
properly tightened can loosen due to operating temperatures and
pressures, gasket crush, fastener and joint relaxation, and other
factors. THEREFORE, lT lS IMPORTANT THAT ALL FASTENERS

SUBECTED TO THE ABOVE CONDITIONS BE PERIODICALLY
REGHECKED FOR TIGHTNESS. (Particular attention should be given to
all bolts and nuts on the compressor cylinders and distance pieces and
to the cylinder-to-frame bolting.)

Fasteners should be checked for proper tightness during the break-in period and again after the first

week of operation. Check them monthly thereafter for a period of three months and then once every three
months until a full year of operation has been completed. Beyond this point, experience will dictate how

often these tightness checks should be made. ln any event, a check should be made at least once a year.

To check the tightness of a fastener, first mark the position of the bolt head or nut and then loosen it; clean

and re-lubricate; the fastener should then be re-tightened to the required value. Observe to see whether the

bolt head or nut has advanced past its reference position. lf it has, this indicates that the fastener was loose

and that it should be reolaced and closely observed during all future tightness checks.

Fastener pre-stress (initial tightening) is calculated to prevent separation of the connected
members when they are subjected to operating forces and, in cases of cyclic loading, to protect the fastener

from the fatigue effects of the alternating tensile and compressive stresses'

Measuring bolt stretch or using wrench torque are the two most widely used methods of applying

t'astener pre-siress. When using a iorque wrench, a properiy caììbraiecí w¡.eäcir is esseirîiai in obtaining
correct fastener pre-stress. An accurate torque cannot be applied to a nut or bolt using a commercial air
impact wrench or "air hamm er". IJnder no circumstances is an air impact wrench fo be used for FINAL

tÍghtening of any fastener.

Preparation of thread and seating faces is important. ln most torque applications, more than 80
percent of the applied torque is used to overcome friclion and the balance to actually stress the fastener.

It is therefore imperative that threads be clean and free of nicks and burrs; that seating faces on the nut or
bolt head and mating surface be smooth, flat and parallel; and that the threads and contact faces be well

lubricated with oil only.

All fasteners used on multi-fastener joints require a tightening procedure that will allow the

fasteners to be evenly and sequentially tightened, in gradual increments, to the specified torque. This
prevents distortion of mating surfaces and "cocking" of flanged connections.

Closely observe the following tightening requirements and recheck fastener tightness periodically

as dictated by the local operating conditions.
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2.

3

All torque values are for clean, well-lubricated threads free of nicks and burrs. For stud (or bolt) and
nut combinations, tho nut should turn freely on the stud threads. Capscrews slroukl rulr ilr freely al
least up to the flnal assembled depth. (Some thread interference is normal on certain selflociing
fasteners.) Lubricant should be applied to both internal and external threads and evenly distributed.
A uniform coating of lubricant should be applied to the fastener and seating surfaces.

Wrench torques can produce fastener pre-stress variations of plus or minus 35 percent, depending
on the degree of lubrication or non-lubrication and also on the condition of seating surfaces.

Unless othen¡vise specified, the tightening torques given are applicable to fasteners lubricated with
common petroleum lubricating oils. Using molybdenum disulfide lubricants and similar products having
extremely high anti-friction properties can result in increased fastener pre-stress when these torques
are applied.

Geared head wrenches (torque multipliers) will not produce the full mechanical advantage from the
reduction gears. There are mechanical and friction losses of about 10 percent in the tooi head. The
tool manufacturer's instructions should be observed to determine the exact reduction percentage for
a particular torque multiplier. The required input torque must then be increased by that percenlage.

The wrench torques listed in the standard table should be used only on
those fasteners for which a specific torque is not given.

The torque values listed in the Standard Torque Table 5-3 for Engine Process Compressor Division
products should be used for all fasteners for which a specific torque value is not given. Pay particular attention
to the following note when selecting torque values from the standard table.

IMPORTANT NOTE

unless othenrvise stated, the tightening stress levels for a particular
bolting application can be determined as follows:

For connections with metal-to-metal contact, use 30 000 pS¡ (202
MPa) stress level.

For connections with non-metallic gaskets, use 20 000 psl (13g
MPa) stress level.

o For foundation bolts, use 25 000 PSI (122 MPal stress level.

4.

O

a
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General Data & Specifications

74
15

26
39
60
85

119
206
325
475
705
965

1290
1670
2565
3970
5970
7930

10640
I 3900

5
11

19
29
44
63
88

152
240
350
520
710
950

1230
1 890
2930
4270
5850
7850

10250

6
11

19

30
45
64
90

155
244
360
530
720
965

1250
1925
2980
4340
5970
8000

10440

4
8

14

22
33
47
66

114
180
265
390
530
710
920

1420
2200
3200
4400
5900
7700

4
10

16
24
30
53
75

129
203
300
450
610
8'15

1045
1615
2480
3620
4950
6640
8680

3
7

12
18
28
39
55
95

150
220
330
450
600
770

1 190
1 830
2670
3650
4900
6400

4
7

1?
20
30
42
60
103
163
237
355
490
650
840

1290
1990
2890
4000
5360
6980

3
5
I

15
22

31

44
76
120
175
260
360
480
620
950

1470
2130
2950
3950
5'150

1t4
5t16
3/8
7t16
1t2

9/1 6
5/8
3t4
7t8
I

1-1t8
1-1t4
1-3t8
1-1t2
1-3t4

2
2-114
2-1t2
2-3t4

3

40,000 Psl
(276 MPa)
Bolt Stress

Torque

ft-lbs I *rn

Torque

ft-lbs N.m

Torque

ft-lbs N.m

20,000 Psl
(r38 MPa)
Bolt Stress

Torque

ft-lbs I H.m

NOMINAL
BOLT SIZE

(inches)

30,000 Psl
(207 MPa)
Bolt Stress

25,000 Psl
(172 MPa)
Bolt Stress

a

a

o

Table 5-3. Standard Torque Table

Observe the íoiiowing when using iÏris iorque ta-uie:

All information and instructions given under TIGHTENING REQUIREMENTS must be

thoroughly reviewed before applying the specified wrench torques.

The wrench torques are applicable to both National Fine and National coarse thread

series. Any difference in the torque values because of thread series is within the normal

variation of torque wrench accuracy.

When tightening fasteners incorporating a self-locking feature, a certain amount of the

applied torque is lost because of the additional friction of the locking feature. To

properly tighten these fasteners, use a torque wrench to measure the "run'down" torque
and then add it to the listed value.
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General Data & Specifications

I

Table 5*4. Gompressor Cylinder Bolting

For compressor cylinder bolting, use the torque values from Table 5-3 to obtain the bolt pre-sfress
levels indicated below :

20 000 PSI (138 MPa)All Other Cylinder Bolting

30 000 PSI (207 MPa)
Outer Head & Clearance Bottle Studs
(With Flexitallic Gaskets)

25 000 PSI(172 MPa)Outer Head & Clearance Bottle Studs
(With Standard Gaskets)

25 000 PSI (172 MPa)
30 000 PSI 1207 MPa)

Valve Cover Studs and Capscrews2
< 2OOO PSI MAWP RATING
2OOO PSI MAWP AND UP RATING

25 000 PSI (172 MPa)
30 000 PSI {207 MPa)

Valve Cover and Unloader Setscrewsl'2
< 2OOO PSI MAWP RATING
2OOO PSIMAWP

lnlet valve unloader setscrews may be oversize to accommodate a through-hole for the unloader
actuating rod. This can be determined by comparing the unloader setscrew diameler to that of a
discharge valve setscrew on the same cylinder. lF THE SETSCREW lS OVERSIZE, APPLYING
THE TORQUE VALUE FROM THE TABLE WILL OVER-TIGHTEN THE SETSCREW. Oversize
unloader setscrews are properly tightened by (1) determining the correct torque from the table for
the DISCHARGE valve setscrew and (2) ADDING 25 percent to that torque value. lt must be noted
that this only applies to OVERSIZE setscrews.

Pressure ratings refer to the cylinder maximum allowable working pressure (MAWP) stamped on
the cylinder nameplate.

ACAUTION
Special compressor cylinder fastener torque values may be supplied with
your order. lf so, the data above is superseded.

2
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General Data & Specifications

Gear

Stretch method required for this fastener.
See Paragraph 4-7.2. Number 11 for frame tie rod nut tightening procedure'

NOTES:

l=
2=

1-1t4% - 10uNCrosshead Shoe Nut

(3 Piece only)

15511430 000

't-1t2 - ICvlinder Tie Rod Nut 123040 0002-3t8 '1670

Frame Tie Rod Nut 30 0002-3t81-112 - 8UN
g2

1-3t4 - 12Connecting Rod Bolt
Nut

0.020 in.r
0.51 mm)

0.018 to
10.46 to

48 000
Nominal

2-5t8

I -8Main Bearing Cap
Bolt

56942050 000
Nominal

1-5t8

I

5.t0
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DI¡G
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REV.
R.

CYLINDER INSTRUCTIONS
Nâ}€ OF PñRÎD.

6. 00
STROKE

1s.00
SIZE

HOS
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@_€ DR DREssERflAlID
TTLSA, OKLÊHO¡{â 74148

cHGro: 29C 109 l24C l49C

2

ALUAYS GIVE SER¡AL NO. I.¡HEN ORD€RII'¡C SPARE PARIS

171

2
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f-rã.r-3-¡

350TÉ}f .ilAr(. A-Loy, DI3CH.

Ì.9X. COoLÜS VAIÊß PR€93. ßto

t{0&ã- LIÌ€ÊL clÊnRna¡cÉ

ADD€D FIXE' CLERN.'¡CÊ

tftx¡nJlt SPÉED

BASE CYLINDER

DATE

NOTE

t2/ 2/93
PISTON AND ROD I^JEIGHT
TO BE STAMPED ON NAMEPLATE
AFTER ÊSSEMBLY HAS BEEN
WEIGHED.

s.Ê

ffi ruu- luee

fl Nrru. uuee

fl Nu

=.255 RI

064
t23

o43
08215.00

OUTER END
CLEARANCE

FRAME END
CLEÊRNNCE

CYLINDER
SIZE

NONEIII15.00

OTHERPACKINGCYLINDER BOTTOI,ICYLINDER TOP
CYLINDER

SIZE
NUMBER OF LUBRICÊTION FEEDS

(COMBO RING)
2-PC GR. 12
THERMOPLASTIC
(ORANGE )

I
T

50
o
05

0n
TO
007

056
TO
041

0t0
034
TO
025

15.00
I PIECE

CAST IRON

PISTON/RIDER
RING MATERIAL

ÊND TYPEfrEDcBÊ

PISTON
DTAMETER

ÊND
MATERIAL

REFER TO FICURE [I FOR CLEARANCE LOCATION f$ID DESCRIPTION

PISTON

FIGURE il1
ÉDGE D

E

rvpicnr
RING JOINTS

ü
't
F

TOP

F

ü

t\,,\

BÊND TYPE nrnen nrlçs A ( )."rt, ,rr, * R(IDER RING(S )

A - METâL PISTON CLEÊRANCE I"IEÊSURED BETI.'EEN BOTTOM BORE AND PISTON I.,HEN RIDER RING(S) ARE RIDINE
oÑ BOTTON OF BORE. (BASIS NEII RIDER RINGS. )

e - sÀNÈ As.A..,ExcEpr MINIT'1IM ALLoUÊBLE CLEARANCE (MAXIMUM IIEAR C0NDITIoN) ÂT l.lHIcH PoINT RIDER

RING(S) MUST BE REPLACED'

c - RUNNING CLEARANCE MEASURED OVER RIDER.RTNG(S) AT ToP trHEN PISToN RIDER RING(S) ARE RIDINo 0N- 
EOTTOM OF BORE. (BASIS NEII RIDER RING. )

D

E

- BOTTOM OF PISTON RING TO BOTTOM RINO GROOVE; MEASURED BY BOTTOMING RING IN GROOVE.
(BâSIS NEI.' PISTON RING. )

. TOTÊL SIDE CLEARâNCE OF PISTON RING IN RING GROOVE' (BASIS NET¡ PISTON RING' )

GAP NEWF-

mtc

PSIG

HH

I

NOTE
t)

REVzo¡€ mfE APPROVED

2
D ÊC

B

FRAME SERIAL NO(S. ): SEE LEAD SHEET
ORDER NO. I SEE LEAD SHEET

Dr¡G ¡Ð.R821204-00

TE31 PRES3.

lßx. â-Lo9. vmKrll6 PRESS' 495

RAÍED DISC}hRGE PRÊS9. 450

00 rx 381.0 H
NOMINAL LINERED BORE

6.00 rN t52.

52.0

80

5t

r 5. 00" Ac / PF67

oF3
DESCRIPTION

REVISIONS

PTSTONi F32177?4
.,^, ..-^. MLH56O39AGI I INLETvHLVtrr' MLH56o4oAGl I DISCH
CLEAR. CALC. BY:

CUSTOMER : SEE LEÊD SHEET

SEE LEAD SHEET FOR
NAMEPLATE STAMPING INFO.

ORIGINAL WITHOUT RIDER BANDS

NYO: NA
S/N: NA
DRAT'INGS
CYLINDERi GI2203

44

ÊBCD



4 3 DUE 2

ZONE REV

SPECIAL CYLINDER BOLTING TOROUE VALUES A

D
nml)

CYLINDER SERIÊL NUMBERS c

SEE LEÊD SHEET

I

(-

B

FI

ct6 r0: 2gc I

Ê

D. J.

1I€ I€LE â8OI/E REFERS 10 SFECIAL IORqJ€S FOR CO'PRESSG CYLINIER BOLTiNG ¡LLUSTRAIEO O{ F¡qJRE I.

N0ï RLL LoCÊTIoNS_RRE VSED 0N ALL CYLINDER DESIGNS."sEE TTGHTENTNG rNsrRucrroNso rñ-õ¡rnprËñ-s-oF-1HÈ'rñSinùöiioN BooK

R.

CUSTOMER: SEE LEÊD SHEET ORDER NO. :SEE LEÊD SHEET

CYLINER Î¡E R¡'D

RÊü COVEN

ITÈEI ¡ DISC}NRG€ FLñEÊ

FRñ€ HD. IO Pâô(I¡G

D¡STâ\CE PC. IO DIsTÉr{€ rc.

FRÊI€ HD. TO D¡SÎâ¡€E PTÊCE

CYL¡NæR IO D¡STfl\€E PIECË

CLYIN¡ER IO F'RÉ!C I€AD

VÊLVE COVER SE¡ SCREY (D¡SCH)

vÈvE cor/ER sET SCREI¡ (¡ttEt)

clL¡twR To \râ_t/E cot/ER

CìI¡I{D€R TO (I.'TER }€AD

DESCRIPTION
(REFER TO FIGIJRE t)

|l

t0

9

E

1

6

5

1

REF. M).
SEE

F¡G{.RE ¡

l. 500

875

750

750

t. 000

EOLT SIZE
(INCHES)

40,000

20, 000

20, 000

25, 000

25, 000

FINflL
ÊssY.

E
iELIr.,|'l
lÊsT

STRESS
PSI

(HPâ)

1230(l 670)

120
( 163)

76
( t 03)

95
(t2?)

22
30

0
0( )

FIMIL
êssY.

&
HEL¡I"[.I
IEST

TOROlEFI. LBS.
(N-M)

HYDRO
TEST

slREss
P9I

(MPÂ)

HYDRO
TEST

lOROUEFI. LBS.
(N-r{ )

4 3 2

IE

E B ON PG 2. REVISED 5-II-94
0N PG 3 9480260

I

2

9

al

o

i

2

I

B

U

l)

REVISIOT¡S

DESCRIPlIG.¡

XF

c1[. ir6rR. PLr. ü $[. 2; rB002t

i/t4/99
02/t9

DêfE

KWL/GWT

MDK/GRL

JMV

ÉIPPROVED

SHEET 3 OF 3

B
NTS

I

HOS

t-

Ê

t24C t49C

6. 00¡s.00

Df,

TNDER INSTRUCT]ONS

R82 I 20Ê-00

å'3i?l ,Ëbfl 'ff5¿'il?t. åå''l ¡39¿,(T'L'^'



OFSIIEETUIscA{-E NrS

B
REV.

R82 I 20A-004
M).APPROVED I DATE

G. R. LORTIE lt2t?3t93 B

G, R. LORTIE
I DâTE
l2t23ti3

CHECKED CYLINDER INSTRUCTIONS
¡n}IE OF PÂRT

D. J. CHICI.þRKA
I DATE

ltztzStes
DRâ}'N HOS

TYPE

6. 00
5lR()(E

509
sIzÊ

onffi
THIRD ANEË PROjFCITN
6.€

49C29C l24Ccr6 10: ¡

ALI{âYS G¡vE SER¡AL NO. }r}EN ORDER¡NG SPARE pÂRts

BASE CYLTNDER CLEffif'*E
M)R|åL Ltr€A_ cL€mnatrÊ
âDDED FIXED CLEâRÂ'CÊ

MNXIruå SP€ÊD

NAME

DATE

NOTE

O. LORTIE
l2/2/93
PISTON AND ROD T'EIGHT
lq_qq STAMPED ON NAMEPLATE
AIIER ASSEMBLv Hns aErñ
WEIGHED.

ffi ruu- r-uee

I urH. luae

n r,¡r-

0
I
64
23

043
082

?. 50

OUTER END
CLEARÊNCE

FRÊME END
CLEÊRANCE

CYLINDER
SIZE

NONEIII9. 50
OTHERPACKINGCYLINIER BOTTOMCYLINDER TOP

OF LUBRICÊTION FEEDSNUMBERCYLINDER
SIZE

(co¡.18o RIt€)
2-PC cR. I 2
THERMOPLâSTIC
(ORANêF )

095
TO
0Ê7

015
TO
0lt

034
TO
020

010
033
TO
o24

9. 50¡ P]ECE
CÊST IRON

PISTON/RIDER
RING MATERIAL

AND TYPEFEDcBÊ

PISTON
DIAMETER

AND
MÊTERIAL

REFER TO FICURE UI FOß CLEARAI€I LOCAIION Ð{D DESCR¡PT¡ON

F]GURE HI
TOP

TYPICAL
RING JOINTSEDGE D

BAND TYPE RIDER RI¡IGS A( )
SPLIT TYPE RIDER n¡*otsÊ

A - METAL PISTON CLEARANCE-MEÊ9URqD.9ETI.JEEN BOTTOH BORE AND PISTON I.'HEN RIDER RING(S) ARE RIDING_ 0N BoTToH 0F BoRE. tsnS¡s-ñÈv RÍnen ñiñôs]j""t - 
å?il8r3ì ,ûiitäftffriÄNltlum ALLotlABre cunÉnruce (MAxIMUr,r !,EAR coNDrrroN) AT lrHrcH porNT R¡DER

C - RUNNING CLEARANCE MEQSY¡FD-9YEE RIDER.RING(S) AT TOP WHEN PISTON RIDER RING(S) ARE RIDING ONBoTToM 0F BoRE. (Bosrs mù nioËn' nÍño.'t ""*'-'
D - BOTTOI4 OF PISTON RIN9-TQ BOTTOM R]NG GROOVE; MEÊSURED BY BOTTOMING RING IN GROOVE.(BASIS NEt.¡ plsroN nrño- >

E - TOTÊL SIDE CLEARANCE OF PISTON RING IN RING GROOVE. (BASIS NEI.' PISTON RING. )

I
,fi-

I

F

F

E

F-
P

<h

)
wtz
PrsroN c

kz7%,

RâTED DISC}fIRG€ PR€gS.

DESCR¡PTION

REVIS¡ONS

?.50" AC / PF48

NOTE:
I ) SEE LEâD SHEET FOR

NAMEPLÊTE STÊMPING TNFO
ORIGINâL WITHOUT RIDFR BANDS

NYO: NA
S/N: NA
DRAWINGS
CYLINDER: Gl2l99
PISTON: H49973P1

FRAME SERIAL NO(S. )
5

ET
ETLEAD S

OBGI INLE
IBGI DISCH

VALVES

ORDER NO
REV.

SEE LEAD SHE

SEE LËAD SHËET

CUSTOMER : S

D¡{o No.Rg2l20A_00

4
4

ABcD



ZONE

cHG r0: l6c 2

NI)EI)
CUSTOMER: SEE LEâD SHEEI ORDER NO. SEE LEAD SHEET

SPECIAL CYLINDER BOLTING TORQUE VÊLUES

CYLINÐER SERINL NUMBERS

see ueno sHeerl

FIGUR

TI€ IÂBLE

"SEE TI

Â'OT/E REFERS TO SPEC¡A- TOR*.ES FOR CO'RESSC CYLTNER SOLUÑG ¡.,.USIM,.D OI FI'.NE I.

nil?¿*?hb iR3îÄ,i3ï?.n3ç Tñ'3'3f'Êk','ðF'TlE*,RE?ABð?ioN Bo'K

CYL¡ND€R TTÉ RO!

R¡TI CT¡VÊR

II{.81 T DISC}I*GE FLâÍ{GE

FRâT€ HD. TO PâCK¡ÌG

D¡SÌñ€E PC. TO D¡Sfn¡cE Pc.

FR t€ 
'rD. 

fo DrslÊr€E PTECE

CÌ1-INER l0 DISlÉr\ßE pIECE

CLY¡N¡ËR IO FRÁr€ }€âD

VALVE COì¡ER SET SCRE| (DtscH)

vÀ-rrE co\GR sET SCRE¡I (¡f{_ET)
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DESCRIPIION
(REF€R TO FIGI.RE r)

t2

II

IO

t

8

7

6

5

1

I

2

REF. NO.
SEE

F¡SJR€ I
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FINâL
âssY.

E
lELItf.l
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I
I
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175
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nssY.

I
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fEST
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tEst
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SIZE
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NOTE: PISTON AND ROD I^'EIGHT
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WEIGHED.
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OUTER END
CLEÊRANCE

FRAME END
CLEARÊNCE

CYLINDER
SIZE
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CYLINDER
SIZE
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THERHOPLASTIC
(ORANGE )
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TO
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RING MÊTERIAL

ÊND TYPEFEDcBA
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MATERIAL

REFER IO F¡GURE II FOß CLEARANCE LOCAT¡O,¡ AND DESCRIPIION
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F _ü

T
F

,t

BAND TYPE nloen n¡ruos Ê Ê(SPLIT TYPE RIDER RING(S E
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E - TOTAL SIDE CLEARANCE OF PISTON RING IN RING GROOVE. (BASIS NET' PISTON RING. )

STON R P

)
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PISTON C

z?zvm^

30FRE

DESCRIPI¡ON

6.00" ãc / PF48

FRAME SERIAL NO(S. )

o

NOTE
l)

CUSTOMER

I INLETI DISCH

SEE LEAD SHEET

LEAD SHEETORDER NO.: SEE

SEE LEAD SHEET
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flnr0
CUSTOMER: SEE LEâD SHEET ORÐER NO. SEE LEâD SHEET

SPECIâL CYLINDER BOLTING TOROUE VÊLUES

CYLINDER SERIÊL NUMBERS

FIG

f}€ Tß.8 ABOI,E REFERS ÌO SPECIT IMO'JES FOR CIT.T¡NESSæ CItIIüEß Bq-TING ¡LLUSTRAIED O{ FIqJRE I.

DES]GNS.
ÏNSTRUCTION BOOK

SEE LEâD SHEET
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I
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REF. NO.
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26
35

0
5( )

76
(103)

220
(300)

330
(4s0)

FINíIL
nssY.

E
HELIUI.I

TEST
lOROUEFI. LBS.(N-il)

HYDRO
TEST

sfRÉss
PSI

(MPA)

HYDRO
TEST

TOROUEFI. LBS.
(N-M)

"ser r¡oil9Jnîhb iffsîÄJ3i?ofi8ç Yi'3,3ËrÊk'-,'ð!'lfE*

cYL. INIR. Pt T, ût $tT. 2: ?aüzr

DÊSCRIPf¡ON

6. O0

02/ I 9 /96

5-l I -94

R82 I 20Ê-00
SHEEÎ 3 OF 3UI

ÏNDER INSTRUCTIONS

t24C t49C

VDK/GRL

JMV

âPPROVED

REVIS¡Ot{S

5.3i9¿ (å!fl '?ml,i'?l. ¿å. 
sJ 

¿8mï(ruLsâ)



 





2ooo / 09 /2L

I eurasa/eHFes4 lrnmru 6nos4

PART NT'MBER

I

| .MrrAAHKo4oLG2

I.ur,rr:za23oc1
f .rør,vllzaz4o2GL
l.wroeees
l.ur,usoorzcer
l.ur,wraosaeee

DRESSER-RAND GAS FTEIJD COMPRESSORS

PARTS LIST

PART NA}48

F&G6IT0S4STD
lcovun FR PUMP END

f orr, rrr,rER AssY 2/4 rlLos/Dvr'P (cAsr HEAD

lcoor.un,FR RDs 4-6TII
lcvr,rrmun BALANcE 6nos 160.6 r,Bs

lwurcut xHD BAL 23.8#

or

QTY

SPARES
USAGE
CODE

UM
LLUST

NO

I

r.oolea
r.oolnn
r.oolua
r.oolna
r.oolne
r.oolne

M

tl



j

]

Thi s pase
I S i ntent i onal I U

b I ank,

Àrot€, ¡



ô

2OOA / 09 /2L

MI,AAIIKO4O].Gz F&G6HOS4STD.

PART NUMBER

I

| .uaeeua*ooler.
| .ur,aeneaoolcl
l.ur,uszessoe
l.lar,ns+zeacrz
| .ur,rnzaaootcl
l.ur,usoooeer
| .rør,wrzso8sAcl
| . zernaooor
| .aounooor
l.:.'zzl.zste

DRESSER-RAND GAg FIELD COMPRESSORS

PARTS LTST

I rssssorzs I

ILLUS
NO

PART NA¡{E

I rneur AssEMBr,Y 6Hos4/D-vrP4 (srD)

lcnaursuart 6uos4

lcowwncrrNc RoD 6uos (srD)

lcRossurao uos, STAIiIDARD

leuøe, orf, AssY coMPr,ETE 4TH Hos/D-vrP
PUMP, PRIMING
CONNECTION FR OII,
ADAPTER, PISTON NUT HOS

NA¡4EPLATE, HOS

DRIVESCREÍI

QTY

SPARES
USAGE
CODE

I]M

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

1
L
4
4
1
1-

1
1
L
4

00
00
00

.00

.00

.00

.00

.00

.00

.00

r')
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2OOO / 09 /2L

llrraeneeoorcr

DRESSER-RAND GAS FIELD COMPRESSORS
PÀRTS IJIST

IJIJUS

NO

I

I rnauu AssEMBLy 6uos4/D-vrp4 (srD)

PART NI]¡4BER PART NA},IE QTY

I rsssaoaso

UM

SPARES
USAGE
CODE

00r.
o02
o02
004
005
006
007
008
009
01_ o
011_

oL2
0r_3

014
0l_ 5

0r_6

oL7
018
0r.9
020
o2r
022
023
024
025
026

o27
04L
02B
029
030
03 r_

032
033
034
035

035
037
038
039

. AAIIK4l.O]-

.MLAAIIK42O]-cl

. .AAHM400L

..48HM240L
, .ABHM24O2

I

lrnaun Hos4/D-vrp4
lrnalan Hos4/D-vrp4
lrnaue Hos/vpD4
lcae, MN BRc rnRusr Hos/vpD
lcen, MN BRc ruRusr Eos/vpD sRvc
leor,t, MAIN BEARTNG cAp
leor.t, LocK Hos MAIN BRG

lcaucn, orrJ LEvEL Ros/sos
lernn PrJuc 2. oo Npr
lereu pr,uc .so Npr
lernu PLuc .7s Npr
IruRusr suon (Krr wr"H RoLLprNs)
lsner,l, MArN BEARTNG IIALF, ¡tos/vpo
Irrunoo ruarN BRc
Iwur r.soxsuNc HEAVy HEx
I wasunn
I seacun
I seecun
lcovun FRÄME Top
lcasrer FRAME Top ### sua Nors ###
lcovun FRAME Top
lcesxar FRAME Top
lcovea FR-AME Top
lcesrur FRAME Top
I carscnuw
lcovun FR cRossHEAÐ, Hos
lcesxur x-HEAD DooR

I caescnuw
lcovnn orrJ RrNc vpD4
lcovun DRrvE END (6uos2/4)
Inor,r,nru
lcasrur, END covuR, Hos/vpD
lsnar., CRANKSHAFT vtAs l-w76556
I canscnrw
I carscnnw
lannatuen, FRAME

lrr,aow
lNreer,u
lrr.nwen FRAME orL INLET
lni,uc PIPE .25 Npr
leasxet orrJ HEADER

I canscnuw
l swttcnceuce, orrr pREsssuRE

lnr,aow 45 DEG sr

. w36756

.w29804

. w82537

. 3 0A7S1_0

.L1,O2L946

. 1_1 021953

. 1EFZP200L

. EAZP2001

.l_vl139460

.46A4Kt4

. xr-0L6T6

.P.L69I2AP2

. Rr-691_2AP2

.MLRAZM4OOl.Gl.

.vAzM4001

.MLRAZM4OO2G].

.vAzM4002

.MLRAZM4OO3Gl.

.vAzM4003

.35A2C2L7

.wLo2367A

. w307688

.3542C2L7

. RCZKo004

.RCZMo002

.25.A'L3C289

.vAzMo002

. !{765s6C

.35A2C232

.35A2e2L9

. w82559

.65A7M9

.2SCrr40S4 . 0C

. ]_t BHMo001

.tLozL920

.wL29064

.3s42C224

.92r_1WA

.68A7M8

1
l_

L
4
4
I
I
l-
2
2
6
2

I
4
2
2
2
2

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

00
00
00
00

00
00

l_. 00
1. 00
r_.00
1_. 00
1.00

32.O0
4.00
4.OO

32.00
1. 00
L. o0
2.OO
L. 00
r..00

L4.00
2 .00
1. 00
r_. 00
L. O0

L.00
2.00
1_. 00
4. O0

1_. 00
1. O0

EÄ,

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

M

oc

oc

oc

ROCEM

ROCEM

EMo

ROCEM
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6
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Uoz¡3
É
U
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U
tsz
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F
o
U3u
l!Þz5oo

U..ts
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fiATD

H0s

BÊHâ4OO 1

r+
O
c)
\(t
ï(I
cô

6C, 29C, 80, t24C, 149C

5. 00

CRÊNKSHÊFT

DR

41
ML ÏSSUED

1ß¡ta

't¡ûtn

CH6 TO

LOCEY

K.',r.

K.

2

;
tll

uJ t-
lr,c)Øz

DÉSCR¡PTION

3

4
trJ

LL' ¡-
tuc)Øz

4

4

F
LL(t
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C
M
O

D

L

Ê

toFlHTNTS

C
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âPPROVEDDATE:

REVISIONS
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2000 / oe /21

lur,aarnaoorcr

DRESSER-RAND GAS FTELD COMPRESSORS
PARTS LIST

lcnaursuaFT 6nos4

ILLUS
NO-

PART NU¡{BER
QTY

SPARES
USAGE
CODE

I rsssnooze 
I

I'M

00r.
o02
003
004

. BAITK4OO]-

.XBHM4401

.vKzMo001

. r.7A13A416

PÀRT NAIvIE

CRÃNKSHAFT 6HOS4
COU}flTERWEIGTIT HOS4
KEY .375XL.25
PTN, PUMP OIIJ IIUB

ll
r. oo lual
z . oo lnal
z . oo luel
r. oo lrnl

M

EMo

(

rì



D-R PÊRTS L]ST

CONNECT¡NG ROD

4

5

3

\

H5 269.9



2OOo / oe /2L

lur,usze ssce

DRESSER-RAND GAS FIEIJD COMPRESSORS
PARTS TJTST

lcolwøcrrNc RoD 6rros (srÐ) lor

ILLUS
NO

PART NUMBER PART NAME

I

f comrecrrNe RoD r¡os (srD) usn MLHs26ssc6
lausurwc coNN RoD

lnor,r, coNNRoD

f uur comrnoD BoIJT, vpo / Hos / trHE-vB
lwasuen BoLT Nrrr
lerr, corruR coNNRoD Nrrr
lanenrwc coNNRoÐ

QTY
SPARES

USAGE
CODE

o

uM

001
o02
003
004
005
006
o07

.1F321_50A

. EBHPOOO1-

.LR74322

. .P.74323

. . vÍ86526

. . Li.A13C88E

.L253L562

r.oolua
r.oolna
z.oolua
r.oolua
r.oolra
r.oolua
r.oolna

M

EM

EM

EM

EMo

(,

\' l



I

D-R PÊRTS LIST

CROSS HEÊD

4

3

7

6€

to

9

5

14

NOTE
SPLIT LINE OF BUSHINCE) SHOTJLD BE
90" FROM NOSE OF CROSSHEAD IVHILE
MAINTAINING ALTGNMENT OF OIL HOLES

SEE NOTE

2

il

t2

t3

H5 42BB
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lur,rsazeeerz

DRESSER-RAND GAS FIELÐ COMPRESSORS
ÞARTS LIST

I cnossneao uos, srAÀTDARD

PART NAIVIE

CROSSHEAD HOS STD (NI)
BUSHING, CROSSHEAD IIOS
SIIOE, CROSSHEAD HOS
BOLT, CROSSHEAD SHOE HOS
NIIT,
SHIM SET X-IIEAD
PIPE,CROSSHEAD OIIJ HOS
PrN, CROSSHEAD HOS
GROOVE PIN
eAP, CROSSHEAD
CAP, DRILI,ED PIN CROSSIIEAD PIN COVER
BOIJT, CROSSHEAD
BOIJT, LOCK RDS CROSSHEAD PTN

I rsrraooas

fIJIJUS
NO

PÀRT NUMBER QTY
SPARES

USAGE
CODE

M

OEM
OEM

UM

I oor
I ooz
I oo:
I oo+

I oos
I ooe

I ooz
I ooe

I oos
I oro
I orr
I orz
I ort

.Ltr49923C

. R71_92LA

.tt1272L38

. w98039

.wL22t56

.2VG493

.vlL45445

.R7L923

.2941_3FL06

.w28027

.1t125452

. w2 5453
-w28028

r.oolna
z.oolua
z.oolee
z.oolua
z.oolua
r.oolua
z.oolue
r.oolra
z.oolua
r.oolua
r.oolee
r.oolre
r.oolua

ROCEM

EMo

EM

rl
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E
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tr-

cn
IJ-(J
z.

z
tlj
É.c
<t,zo
at>zt!
=
tì
.J
J
G

d
LLI

TL

(-)
trj
o-
U)

trJ
U>

3e.
tlJ-t-o
U>
U>
Lll
-Jz.
=

-Jc0

LLJ

U)a
C
ô_

:)
0_

_l
C)

O
O\
G
Nc
LL

s
O
o'\

(J
o.
c)

LLJ
O
co

Oõ
(\I

O(o

Õt-
(,
T
(J

ñ-Tt DHESSERflATIDrrTt ffi
SIZE

SCALE

NTS
â

stzE SIROKE TYPE
DRAl.IN

K. II. LCICEY
DÊTE

Ê
REMOVED 2 SEÏSCREWS AT ITEM I

9980478 10 / 25,/ 99 KWL/GWT CHECKED DATE
NâME OF PART

OIL PUMP ÊSSEMBLY
DESCRIPTION E D ÊPPROVED DRÊI.IING NO REV

Ê
LTR

REViSIONS
DAT APPROVE

K.I,J

RR
DâTE SUPPLY CODE

FÊZA4OO 1
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lur,razle oorcr

DRESSER-RAND GAS FIELD COMPRESSORS
PARTS LIST

rl
'l

leuue, orL Assy coMpLETE 4TH Hos/D- r.eeeBo4zs I

IIJIJUS
NO

PART NUMBER

.MLFAZA4OO2Gl

.LO9A2A47

. w86236P1

. L.25SCH80¡t2 . 0C

. !ü8271"8

.23A7M2L

.65A7M8

.1.5SCH80J2.2e

.67A7yt9

.1UEH!Ío002

.w63792

PART N'\IVIE

PUMP, OrrJ suB-ASSy 4TIt HOS/D-VIP
SETSCREIf HEX SKr
I{UB, llos
NIPPLE

lvar.ve,REIJIEF puMp orrJ RDH/vrp
lnusuruc REDUcTNG

lur,eow 90 DEcREE

lurner"n
lnr,now 90 DEc s?
I rreu sucrroN vÍrru scREEN 6uos2/4
lvar,ve,RErJrEF puMp orL

QTY UM
SPARES

USAGB
CODE

001
002
003
004
00s
006
007
008
009
0r_0

I

r.oolre
2.oolEA
l.oolEA
r.oolne
1.00 | EA
r.oolue
r.oolua
r.oolua
1.o0lEA
r-. oo IEA
r-.oolEA

EM

M

M

)i



D-R PÊRTS LIST
PRTMING PUMP ÊSSEMBLY

-qttI F.

*t
l'''
g.-\

J

\
rfi" \

T

t
û

f.,
{t'

4

F /,
6

1

ø

¿/ê\ #\

rffi
\Lt ¿t
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I

f

I

\
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10

H50006



r-.
2OOO / Oe /2L

lur.uso ooe cr

NO

004
005
006
007
008
009
0L0
0LL

PART NUMBER

.w92433

.w93326

.3sA2Ct_11

. LscH80,t4 . 0c

.65A7M6

. i.scH80ir3 .0c

.2347M7

.428410SLs

.426ALOSL7

.33942t86

.35A2C22L

ÐRESSER-RAND GAS FIEIJD COMPRESSORS
PARTS LIST

PUMP, PRTMING
I rsrsaozsz I

LIJUST PART NA¡vTE

I nwe, PRrMrNc Ëo3 /AA4A-H/SL
lcasrrr pRru'c puMp

I canscnuw
lrvrrnr,u
lnr,aow 90 DEcREE

lwretr,u
lausurue REDucrNc
lur,aow laar,e

lcolwecroR tvtALE

lruerwe o.soxo3sw
I caescnuw

QTY

1-. 00
24.OO
4. O0

SPARES
USAGE
CODE

0 01_

o02
003

EMo
ROCEM

uM

EA
EA
EA
EA
EA
EA
EA
EA
EA
IN
E.A,

L. 00
L. O0

4.00
1. 00
1. 00
1. 00
L. o0
L. 00

()

t)



D_R PÊRTS LÏST
FRÊME OIL DISCHÊRGE

CONNECTION

ì

/

4
I
I

I

3

?

I^/ 1 29 0B5Ê
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MIJWl2908sAct- lcolwecrroN FR orr,

PART NI'IVIBER

DRESSER-RAND GAS FIELD COMPRESSORS
PARTS LIST

PART NA¡{E

I

lrr,eweu, sos/nos
leesxnr orrJ HEADER

I censcnew

I rsaeaosre

usIIJIJ
NO

QTY

SPARES
USAGE
CODE

I'M

I

loo
loo

L
2

3

.P.64772

.wlz9064

.LL9A2A2E4

r.oolua
r.oolre
a.oolue

ROCEM
00
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:
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O
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O
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O
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O
o.
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O(o

c)
f-
(Ð-
CJ

DRESSEBf,A]ID
TULSA, OKLAHOMA 74143

SIZE

SCALE DR â
SIZE STROKE TYPE

HOS/VPÐDRÊIJN

K. h,

DÊTE

NAME OF PâRT
CHECKED DÊTE OIL PUMP SUB ÊSSEMBLY

DESCRIPTION APPROVE D DRAHING NO.LTR
REVISTONS

DATE APPROVED

l,i. LctcEY
DâTE FED. SUPPLY CODE

FâZÀ4OO2
REV
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lvr,raze+oozcr

DRESSER-RJ\ND GAS FIEIJD COMPRESSORS
PARTS LIST

leuur, orrJ stB-Assy 4TH gos/D-vrp

ILLUS
NO

QTY
SPARES

USAGE
CODE

OI

UM

0L1_

oL2
013
o02
ol_4

PART NI]MBER

.MLFAZA4OO3G1

.35A2C2L9

.2oAr_t cM328

.LFL727LB

. vt3137LP1

.w76487

PART NAI"TE

PUMP, OIIJ SUB-ASSY 4TH HOS/D-VIP
CAPSCREW

ORTNG

COVER FR.AME END
BUSHTNG, OIIJ PI]MP
GASKET FR.AME COVER

I

r.oolua
e.oolua
r.oolna
r.oolne
2.oolEA
r.oolua

ROCEM

EMo
ROCEM
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õ.

I

t-'-(t
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:uo
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lt',
Lli
=(J
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z
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c
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(h
z.
IJ'

=o
J
Jc

J
m

LLIaa
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m
l

û_
:
:)
û_

-J
C)

N')
C)
Õ\
CT
N(ï
tl-

OÞ
!

O
o-
O

LU
O
co

c)6
(\l

O(o

o
F-

CÐ];()

o
tr,
LL
(J
TJJ
ô-a
TIJ
(t>

=e.t!
t-
c)
(t)
u't
IJJJ
z.:)

DRESSEBfiATIE
TULSA, OKLÊHOMÊ 74146

sïzE

SCALE Df, Ê
NTS SIZE SfROKÊ TYPE

HOS/DRAI.¡N

K. ln. LOCEY
DATE

NAME OF PâRT
CHECKED DÊTE OIL PUMP SUB ÊSSEM3LY

ÉìRR
DESCRIPTION âPPROVED

K. W. LOCEY

DRAI.'ING NO.LIR
REVISIONS

DATE APPROVED DâTE FED. SUPPLY CODE

F ÀZà4003
REV



2OOO / Oe /2L

lur,reze+ooser

DRESSER-RA}TD GAS FTEIJD COMPRESSORS
PARTS LIST

lnuae, orr, suB-AssY 4TH Hos/D-vrp lor(1

ARESSP
rLLUS

NO

PART NI]MBER PART NAI'iIE QTY UM UgAGE
CODE

0L5
016
oL7
004
01_8

002
ol_9

.MLFAZA4OO4G1

. L7413A208

. R743 794

.1H527534

. r-74L3A208

. LH2685L8

. w313 7lP1

.35A,2Cr.29

PUMP, OIIJ SUB-ASSY (SHAFT/GEARS)
DOÍüEIJ PIN
eAsKET, puMp orL z /+ *lno¡{ NEw sryI,E
BODY OIL PUMP
DOWEIJ PIN
HEAD, orL PUMP ¡ros/nos/¡ürg
BUSHING, OIL PUMP

CAPSCREW

I

r.oolna
a.oolua
z.oolua
r.oolna
a.oolue
r.oolne
z.oolea

rz.oolna

ROCEM

EMo

,l(

\l



\
cr.

I
F(t
o
U)
H

Eu
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l,il
e.
<t
C,z.
C]
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o
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\
C
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O
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c)
co

O
6(\
O(o

ot-
cDI
O

DRESSERf,AilD
TULSA, OKLAHOMA 74146

SlZE

scA:E Df, Ê
NTS SIZE STROKE TYPE

DRâI.IN

K. I,J. LOCEY
DÊTE q

CHECKED DAIE
NâME OF PâRT

OIL PUMP SUB âSSEMBLYIìRR
DESCRIPTION ÊPPROVED

K. lJ. LOCEY

DRÊI{TNG NO.LTR

REVISIONS
DâTE APPROVED DÊTE FED. SUPPLY CODE

FÀ2A400 4
REV



DRESSER-RAND GAS FIEIJD COMPRESSORS
PARTS LTST2OOO / Oe /2L

lur,razaaoo+cr
Õ

Jnuun, orrr slrB-Assy (sHAFT/eEARs)
I rsssaozoe

II¡IJUS PART NI]MBER PART NAIVIE

KEY, WOODRUFF OIIJ PUMP
BUSHING, OITJ PUMP
KEY

QTY
SP.ARES

USAGE
CODENO

o2
o2
o2
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4
5

.23A9C807

. rß137LP1
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3 .00
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EA
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2OoO / oe /2L

MrJi.r3z323oe1 lcoven FR puup END

PART NUI'ßER

DRESSER-R.AND GAS FIETJD COMPRESSORS
PARTS LISIr

PART NA}IE

COVER LT'BR DR
ORTNG

CAPSCREW

lor

ILLUS
NO

OTY UM
SPARES

USAGE
CODE

I

loo
loo
loo

1-

2
3

. wr-2 9061

.20411CM328

.35A2C2L7

1- O0

L. 00
4. 00

EA
EA
EA

ROCEM

(-)



4 3 2

DESCRIPlION DAfE FPROVED

Ê âDIED Ir€íS 22l¿3. r€D. rorE I
0G0¡78
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NOTES:I. FOR FRAME OUTLINE SEE D-R DRAI.IING(S) AAZO200I, ÊA20400t

AAZO2002, âAz.O4002

cHG f0: 29C ro9 t2¿C ¡49C

DRAVINO IRâDE IN- N0.
IS Tt€ PR@ERIY OF DRÉSSER-Rff.ID Co¡lPât{Y DNA'{D IS PROV¡DED TO TI€ RECE¡VER IN CONF¡DEITCE. fI€ RECiE¡VER

BY RECEPT¡ON *.ID REÍENÍIO.I OF IIIÉ DRâIIIITG rcCEPTS ITIE DRâ!I-
IÎ{G IN COr,F¡D€r,trÉ âND âGReES lHÂÌ, EXCEPT ÂS A,TI€RIZED ¡N
T¡RIII¡G BY DRESSER.RâND COMPÊNY, ¡T I'ILL (I) NOI USÉ II€
DRAl,l¡l{G 0R Êl{Y CoPY lt€REoF OR T¡€ CoÎ.¡F¡DÉNTIAL 0R lRâD€
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NoT DISCLoS€ T0 oTH€RS EITHER Tl€ DRâùrIÍ{G 0R THE CO\FI-
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2ooo/oe/2L
DRESSER-RAND GAS FIELD COMPRESSORS

PARTS LIST

ll
MLv'rAzA24o2c1 lorr, rrr,rER Àssy 2/4 Hos/Dvrp (cAsr

PART NI]MBER PART NA¡UEII,TJUS QTY

I zoooeoero 
I

UM
SPARES

USAGE
CODENO

000
001_

000
000
o02
003
004
005
006
007
008
009
0l_0
01_r_

oL2
0L3
0r-4
0L5
0L6
oL7
01_8

0l_9
020
o2L
o22
023
024
025
026

.00

.00

.00

.00

00
00
00
00

. I/[A2K0002

. r{AzP0002T1

. wAzP0001T2

. L300852

.UHHMOOOl.

.vAzMo004

.3542C224

.38A4Cs

.vAzMo003

. r.4342A83

. ucIIMo002

.35A2C229

. w]_29064

. SDHMO001

.35A2C2r_9

. Lr.45C6

.3542C223

.35A2C2L9

.1LA5C6

.2oDPG-OS-30

.502207 08

.35A2CL

.l_L45C2

.4284L0S06

.42641_0S04

.33942t52

. sP43 -32-32

.Lro2L920

.1_L021953

OIL FILTER KIT HOS&D-VIP 2/ATHROW
OIL FIIJTER ASSY (FLANGEÐ)
EIJEMENT, OIIJ FILTER (13'')USED ON 2/4 TH
SEÄL KIT, FILTER (HOS/Ð-VIP)
HEÀDER, FRAME OIL (CAST)
GASKET, FTLTER ADAPTER (HDR TO ADAPTER)
CAPSCREW

NtIr, .500-1_3
GASKET, FILTER ADAPTER (FILTER SIDE)
CAPSCREW, FERRY HEAD 1_2pT .500-13-2.25
ELBOW, FLGD - FILTER ADAPTER (CI)
CAPSCRE¡T

GASKET OIIJ HEAÐER
FILTER SUPPORT BRACKET
CAPSCREW

VTASHER

CAPSCREW

CAPSCREVI

VIASHER

GAUGE, DIFF PRESST'RE (MURPI{Y)
BRACKET, DIFF,PRESS.
CAPSCREVI

WASHER

ELBO?Í MALE
CONNECTOR FEIIALE
TUBING O.38XO35rü
FTLTER FIJG CONN 2trNPT W/SEAL & BOLTS
PIJUG PIPE .25 NPT
PTPE PLUG .75 NPT

1
l_

1
1
L
1_

4
4
l_

00
00
00
00

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA

4.
1
4
l_

1_

4
4
2
a

4
1
1
4
4.
1.
2.

.00

.00

.00

.00

.00

.00

.00

.00

.00

00

EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
IN
EA,

EA
EA

00 ROCEM

00
00

60-00
r_. 00
2.00

00l_
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2OOO / O9 /2L

lur,usooszccr

ÐRESSER-RAND GAS FIETD COMPRESSORS
PARTS LrST

lcrr.rruoun BATJANCE 6uos l-60.6 LBs Itsssøoz+z I(ì

IJIJUSI
NO

PAR1r NUMBER PART NAME

I

I cvrruoun, BALANcE Hos/D-vrp
lnruc LocKrNc
I caescanw
l wlsnuR,
I onrxc
lersror 11.s0 BALANcE

lnoo aar, prsroN, Hos
N(IT, PISTON
NUT, ROD IJOCKING (,tA¡q NUT)
PISTON 11..50 BAL
ROI¡IJPIN

lsnr scnew
lcovun BAI¡ANcE crLTNDER END

lcasrrr BATJANcE cvLTNDER END covsR
I cnrscnew
lsur scnew
ler,aow laar,u

lruaruc o.25xo3sw
Irxroll ureu
lur,aow r;Nrox
f corowctoe. L/4 x L/4
Irnu srnerr
lcolowcroR MALE

lur,eow uar,n

QTY

I

r.oolee
r.oolua
+.oolua
a.oolua
r.oolee
r.oolna
r.oolua
r.oolna
r.oolna
r.oolue
r.oolue
r.oolra
r.oolue
r.oolna

zo. oo I ua
r.oolne
r.oolna

se.oolrr,t
z.oolue
r.oolua
r.oolue
r.oolnn
r.oolua
r.oolue

SPARES
USÀGE
CODE

UM

00L
002
003
004
005

. H59608Pr-

.1H59509

.3542.t382

.1245C9

.2OALLF,M?79

.L2459228

.P'720L4

. w98 966

. xLoL0T12

. LH500294PL

..25A13C329

. L09A2A44

. vür_3 9551P2

. vlL3 9562P]_

.3542C2L9

.LO9A2A44

.428.A'L0C0sF.O62

.LLIT34L2

.43741_0C04

.43oAJ-0C04

.4264L0C06

.7247M2

.4264L0C20

.428A1_ocL6

ROCEM

006
oo7
008
009
01_0

M

M

M

0r_1
oL2
or-3
014
0L5
0l_6
oL7
0L8
019
020
o2L
023

M

ROCEM

M
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2OOO/Oe/21

lur,wr+orrece

DRESSER-RÃND GAS FIELD COMPRESSORS
PARTS LIST

WEIGHT XHD BAL 23.8#

LLUSI PART NUMBER PART NAME QTY

L99tBo492 I

UM

SPARES
USAGE
CODENO

00r_
o02
003

.H49944T6

.3sA2.J377F'

. x].636T062

I

f wnreur BAT,ANcE xHD Hos 22.4t;Bs
I caescnuw
lr,ocrwrnu, srEErJ . 062 Ì DrA.

I

r.oolea
a.oolue

ze. oo I ru

(





DRESSER-RA¡{D GAS FIELD COMPRESSORS
PARTS LIST

lì

2OOO / Oe /2L

lønczesa/6utc26s7 lcvr, rs.oo x 6nos (#62) NrGe lor

LLUST

NO

PART NUMBER

I

| .ur,u.lrar5o1c2
l .ur,nszsoroer
| .ur,use olsr,er
l.ur,rseoeo,rcr
l.ur,usooazce
l.ur,ussreoacr
| .ur,usooa2Dct g

| .ur,eanaooolc4

PART NAME

fcvr,ruonn ls.oo ( 4ss#/rn67l Nr cc pRcD

luueo Ls.oo \ /c pKT orrruR
lvarve PF6z TNTJET

lvar,vn PF67 DrscHARcE
laccuss vALVE

lnacxrue RoD coMpr/ puRcED

fersrolv 1s.oo & RoD Alto/Tcs/t
lvorr 13.00 Hos sorrR cAs (vrlsLrNcuR)

QTY

SPARES
USAGE
CODE

tllvt

EA
EA
EA
EA
EA
EA
EA
EA

.00
-00
00
00
00
00
00
00

1
l-
4
4
I
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L
1

I(
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l\,
2ooo / 09 /zL

lur,nurarsorez

DRESSER-RAND GAS FIELD COMPRESSORS
PARTS LTST

f cvr,rrvonn L5.oo ( 4ss#/pn67) Nr cc lzoooeozzo I

ILLUS
NO

00L

180

000

PART NT]MBER

. LH¡JI{Ml_501_

. H,JHML501

.LLO2L946

.4264L0S06

.34624742

.4264L0S06

.uAzMo003T2

.330374L7

.143A7TT2

. R78L64X0"7042P(

.38A4K9

. R?81_64X06042R

. R78164X0603sR

.38A4K8

. R781_64X06061R

.38A4K8

.P.70784

.20A11_EM445

.LLLT1074

.L221726t

. r_L065554

.VAHK15O]-

.204LL8M445

.Nt498T29F

.33A11C1_3

PART NAME

CYLTNDER t-s.00 ( 49s#/PF67)
CYLINÐER ts.0o ( 49s#/PF67)
PTPE PLUG .50 NPT
CONNECTOR MALE
sTLc.25X065!f
CONNECTOR T{ATJE

ADAPTER QUTLL
VALVE, CIIECK IJ'BR
EI,,BOW 90 DEG SS
STUD
Nut z/e-g HEAVS
STI'D
STUD
NUT 3/4-J_o HEAVy
STUD
NUT s/¿-ro HEAVy
covER, VALVE
ORING, VALVE COVER
KIT NAI,TEPLA?E
NA¡4EPLATE CYLINDER
NAIIEPIJATE !{ARNING
GASKET KIT 1.5.00 HOS GC CYL
ORTNG, VALVE COVER
GASKET, PKG CASE
GASKET

NI GC
GC

l_. o0
1_.00
4.00
2.OA

36.00
2-O0
2.00
2.00

QTY

2.OO
24 -OO
24.OA
16.00
32
64

4
4
I
I
1
1
1_

L
B

l_

2

.00

.00

.00

.00

.00

.00

.00

.00

.00

SPARES
USAGE
CODE

M

ROCEM

ROCEM

ROCEM

ROCEM

ROCEM

EA
EA

UM

EA
EA
FT
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EÀ
EA
EA
EA
EA
EA
EA

o02
003
004
006
o07
008
009
010
0l_1
oL2

ROCEM

013
0l_4
0t_5
0r_6

oL7

o0
00
o0

00
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DRESSER-RA!ÍD GAS FIEIJD COMPRESSORS
PARTS IJIST

ír
2OOO / 09 /2L

lur,xszsoroer luuao ls.oo \ ¡e pKT otrrgR
I rsseaoe+e I

IJLUSï
NO

001_

o2o

PART NUMBER PART NÀI\48

I

lueao wc pKT oureR
ler,uc PrpE .25 Npr
lvar,w \ /c pKT yoKE

lersrou 10.oo & RoD

lvoxu cL pKT

lxrt 2.125 sEArJ
WASHER

FITTING GREASE

I snat , RDs/Hos
lr.arlrunr'r, RDs/Hos
I wasuun
lnurlrueR nruc
lmur uvr uux
lRrrc, PrsroN i-0. oo

leasxur, orrrERHEAÐ
GASKET
CAPSCREW

BOIJT

QTY

I

r.oolul
a.oolea
r.oolua
r.oolua
r.oolna
r.oolua
:- . oo lea
r.oolre
z.oolue
r.oolue
r.oolua
r.oolra
r.oolna
z.oolaa
r.oolue
r.oolna

rz.oolea
e.oolua

SPARES
USAGE
coÐE

ROCEM

ROCEM

ROCEM

I'M

003
004

. LII52353APt_

.1r.02L920

.LL275260

.]-2435483

. r.H49883P2

.l_1_1LL853

..vtL27907A

. .258A10X1650

. .1r_3L8623

..w12784LP1

. .r¡1L27907

. .18341_3SXRRT287

.4644K18

.1_1143708

. tìlL3 9566

. G7r-r_12L038c

.4442,J480

.4442,J436

005
006
007
008
009
o1_0

01L
oL2
0r.3
014
or_5

0r-6

ROCEM

ROCEM

EM

EM

EM

EM

o

o
o
o

RDs/Hos



PARTS LIST

67PF INLET VALVE ASSEMBLY
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H56039L



PARTS LIST
it H

l

rocEü
?ocEr,l
lE l{
locEtl
ìocEil
ìocEÌr

PC

PC

PC

PC

PC

PC

PC

PC

1.00
1.00
l.00

r6.00
I.00
1.00
1.00
2.00

.F36497J

.F3649ALT3

.25413C69

.PPl344

. H605l9KT3

. H56068D

. tt9A2R254

.25^15C98

AT VALVE INLET
TOPPLATE INLET
OLLPIN
PR ING
UIDE RING
LATE VALVE
APSCREW
OLLPIN

,/USE LOCTITE
/TO ASSET,IBLE
/2 & 7.

*242
ITE}IS

AC€ESSOBY LMRATURE SECÎON

I
2
3
4
5
6
7
8

5l¿At'tE5
USAGE
CODE

t
a

tt
E

s

UNII5
PER

ASSEMBLY
PARTNAMEPAFTT NUMBERNO.

ILLUS.

'i

FoRltr:filog ISSUE:03/0288 REV:001



PARTS LIST

67PF DISCHARGE VALVE ASSEMBLY

é?

ee
e

H56040J



PARTS LIST

lr
ROCET¡
ROCEIT
0El,l
ROCEl,l
R0cEt{
ROCEH

PC

PC

PC

PC

PC

PC

PC

PC

1.0
1.0
1.0

1ó.0
1.0
1.0
1.0
2.O

.F36499H

. F36500JT5

.25A13C69

.PPl344

. H605t9KT5

. H56068D

. I I 9A2R253

.25A.tsC98

T
o

AT VALVE DISCH
OPPLATE DISCH
LLP IN
RING
IDE RING

LATE VALVE
APSCRET{
OLLP IN

./usE LoCTITE *2q2
/'ro ASSEHBLE ITEl.ts
/l & 7.

ACCESSORY LITERATURE SECÎON

I
2
5
4
5
6
7
8

SPAFIES
USAGE
CODE

J
{
I

M
€

s

UNIIS
PER

ASSEMBLY
PARTNAMEPARTNUMBERILLUS.

NO.

FoFtr:3lx)g ISSUE:03/I)7188 REV:00Í



VÊLVE ÊSSEMBLY

5

VALVE COMFLETE
5
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Hs0037



2OOO / Oe /2L
ÐRESSER-RÀNÐ GAS FIELD COMPRESSORS

PARTS LIST

r-' MLHSOO3 7G6 ACCESS VAIJVE

IÏ,LUS PART NTJMBER PART NÀIIE QTY

J rsssaoeea

ïlM
SPARES

USAGE
coÐENO

00 3

4
5

loo
loo

.R70778P7

.3041_1F0740XL3

.LL2A2S23

CRAB, VALVE
GASKET
SET SEREÌI

1. 00
L. O0

1. 00

EA
EA
EA

EM

ROCEM

()

(' )
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2OOO / 09 /2L
DRESSER-RANÐ GAS FIELD COMPRESSORS

PARTS LIST

lur,ussseoaer lpAcKrNc RoD couprJ puResÐ lor

usILL
NO

PART NUMBER PART NA¡,IE

CASE PKG PURGED
RING SET RENEWAL
RING PACKING
RING PACKING
GASKET, PKG CASE

QTY

SPARES
USAGE
CODE

Iltvt

I

I oor
loo
loo
loo

2
3

4
5

. H599518

.L24759L9

.5411_,J40

.l_6A1_1JG40

.xL498',t29F,

I

r.oolua
r.oolra
z.oolne
a.oolua
r.oolna00

ROCEM

ROCEM



.Þ

u

f\)

5{
o
oø

¡-

(^l

fv

4 PlsToN & ROD

1

7

6
6

I+n

I
mq
on
T+
oz

Þ
DI
m

t
!
o

C)

I
ur(f
c)
¡-
N)
tl

2

t""

H50042D

17

5
7
m

a
oz
Ø

Êp,

ãg
ãg

åä
Eìi
Eãi
ðF

I

o-G)

to

= zr
Ø
U)c
rn
Ef

ï

3

Ln

oo

o)

oo

:E(f
U'

ÐoI

¡

t

D w c)

ISI ¡50ÆTR!C FmT 0t?1t (f[3Â)
c SIZE (FUL tt. 00 X 22.00 ) FmnT



2OoO / Oe /21

MLHsoo42Dc19 ltrsrox t5.oo & RoD

PA,RT NUMBER

DRESSER-RAND GAS FIELD COMPRESSORS
PARTS IJIST

4L4o/

PART NAI,IE

lor

TJIJUSI QTY uM
SPARES

USAGE
CODENO

001
002
003
004
005
006
007
008

.IEHM].5O8T1

. w844568

. r_0942444

. xL010T12

.LF32t77P4

. KCHPl402

. R72004CP]_

. R72005P4

. ZBHMo001

ROD PISTON 15.00 NIGC
N[If, PISTON
SET SCRE}I
NIII, ROD IJOCKING (,IAM NtIf)
PrsToN 15.00
RING Ls.00 COMBO (P-I TFE)
coLLAR FRAME E¡tD, ¡IOS
coLLAR OUTER END, IIOS
ADAPTER, PISTON NTIT HOS

(4]-40/Tel
I

r.oo]ua
r.oolua
l.OOlEA
r.oolue
r.oolua
z.oolua
r.oolee
r.oolne
r.oolna

M

M

M

M

ROCEM

M

M

1)



1 3
,l

YOKE ASSEMBLY PURGED
G

I

\,,-.

Il//

//-'/ -''r"
N

c
A J

D

A A
U,,

NOTES:
I. ITEHS I9, 20 & 2I HAY NOT BE REOUIRED. tî'{9SEE I.IATERIAL LIST

2. ITEMS 2¡t, 25, 26 E 27 REOUIRED lrllH
INTERNALLY }IATER COOLED PACK]NG ONLY
OIHERllISE, CONNECTION IS PLUGGED. )
CONNECT]ONS AS SHOTIN

B) PACKING LUBE
C) PACKINO VENT/DRAi
D) YOKE DRÊIN
G) YOKE VENT/PURGE
H) PACKING COOLANT D
J ) PÊCKING COOLANT ]
N) SPARE CONNECTiON
v \ ô^^r, ltr^ ôr rn^-

^ 
,/ r HUA 1t\|J r UI\þtr

A
N

A A
ISCHARGE(IF REOUIRED)
NLET(IF REOUIRED)

GAHAOOOl
@ c)

a-m
m

:
ol

a
F

E

o-d){o

D¿

¡
z.

Ð

-n

Þ@

Tm

D

n
mr
m
J
q
mv
mI
Drr

{o@zaz

5
c)

À
I
c)

I
oo

w
oo

DÌTao
m0

Þ
DI
m

ã-
o
Ðr

tr
g
oa

Tc

zz

a
m

Er

r

Í
i
v

Þ
maon
Ti
oz

moz

@
o

o

Eü

-o
lt>

()
m̂
D
U'
U)
rn3
@rç

c)

G)
D
-D
(?
O
O

ÈtEt
àI

{

I@
ro
Øe
oz-o
@Þ
AHta
om-Þ

=r
<t
<nc
rn
IJ t$€

a)
!
N
c)

ISt ¡SrtÌttc Fmt 09?4, (t[sÂ)
c s¡zE (FrlL | 7.00 x ¿2.00 , FffimÎ



2OOO / 09 /2L

lur,canaooorca

DRESSER-RAND GAS FIELD COMPRESSORS
PARTS LIST

lvoru 13.00 sos souR cAs (vrlsLrNcuR
I rsszaoorr 

J

TLLUS

o0l_
o02

PART NUMBER PART NAME

I

lvore l-3 . oo, Hos
ler,uc erna
laoaernR, PrpE
lorr, srumuR Hos
lcesxrr, orrJ sruFFER Hos
I carscnuw
I cerscnnw
lscnanun PURcE orL
lcovun, YoKE RDs/Hos
leasrnt, YoKE covaR
I censcnuw
lvar,vn, cHEcK Í,I]BR
I caescnnw
Itrunon (t3tryoKE)
lum r.soxguNc HEArrr HEx
f comuecror L/4 x t/+
lrunrue o.2sxo35tÍ
I ruronuerrow
I sear, orrJ DEFTJECToR (2 . 50 tr RoD)

I onrwe

QTY

I

r.oolaa
a.oolre
a.oolua
r.oolna
r.oolue
s.oolae
e.oolua
r.oolne
z.oolna
z.oolEA

re.oolea
r.oolna
e.oolra
a.oolae
a.oolua
z.oolre

ae.oolrw
r.oolue
L oolra

oolre

SPARES
USAGË
coÐE

ROCEM

ROCEM

uM
NO

0
0

o
0

0

0

0
0

0

0

0
0

0

0

0

o3
o4
05
o6
o7
08
09
10
l_1

t2
L4
15
r.6
t7
t-8

220

. F32134AP2

.3047C6

.w47886

. R70691PL

. w139350

.35p.2e23L

.35A'2C2L9

.MLHs7758Cc4

. w78603

. w78604

.35A2C2L7

.330374L7

.3542C382

. R70754

.4644K1,4

.4264L0C06

.33942L29
,NOTE
.30001_8AK9
.20ALLCM279

ROCEM

I M
023 ROCEM1

{l
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D
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R
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E

D
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IL
M

IIE
 O

F
 ffiI

S
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E

CS
C

âLE
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T
s

M
IE

cH
G

 10: l6c 29C
 124C

 l49C

M
L IS

S
U

E
D

F
trtsrevtsu

T
N

JS
S

 O
N

€N
¡IsE

 5fE
¡IF

IE
!,

d_L D
IG

ÌlsI016 ffi ¡r ¡ral€s

B

oæroNN1(,
I

<
r

Ozoðh/")

(\
c)

.z
ozu)U

J
.É

l
(r)
]JJO)Z

É]¡J
o-EoØJõoutoEDfL

R

I 230778t



2ooo / oe /2L

( lur,uszzsecca lscnarun puRcr orL

DRESSER-RÀND GAS FTELD COMPRESSORS
PARTS LIST

lor

ILLUS
NO

PART NUMBER PART NAIVIE QTY uM
SPARES

USÀGE
CODE

oL
o2
03
o4

0

0

0

0

. rJEzP000l_T3

.L247509L

. R79480T4G

.5411,J40

I

I casu
I nrwe
I nrre
lnrwe

OTL SCRAPER
SET RENEWAI,
OTIJ SCRÀPER
PACKTNG

EA
EA
EA
EA

00
00
00
00

L
1
1_

2

t'

r)





2OOO / Os /2L
DRESSER-RAIqD GAS FTELD COMPRESSORS

PARTS LIST

leuczøss/6Hc2658 lcvr. s.50" x 6Hos (#48) Nrcc

PART NUMBER PART NA¡\,IE

OI

ILLUS
NO

QTY. UM

EA
EA
EA
EA
EA
EA
EA
EA

SPARES
USAGE
CODE

I

| .ur,uinreogoi-c3
l.ur.aassezecr
| .ur,useroovee
l.ur,usersrvce
l.ur,uessrzca
| .ur,uarsseore
l.ur,nssseoecr
l.ur,usrrr3BFcg

I

f cvr,rwoan 9.so (r,26s#/pÊ4sl Nr cc pRcD

luneo ouruR
lver,w PF4B INLET
lvaavu PF4s Drscr{ARcE
leccnss vArrve
fnrsrow 9.so & rtoÐ AL4o/Tca/LgDp
leacrrre RoD coMPr, PURcED

Jvoxu 18.00 PtrRcED t{rPER

r-. o0
1_. 00
4.00
4.00
8.00
1. 00
1.00
1_. 00

t)



tsocl IScErRtc Fffit (tta) (usÂ)
c 3IZ€ (F[L l?.00 X ?2. 00 ) Fml



2OOO / 09 /2L
DRESSER-RAND GAS FIELD COIUPRESSORS

PARTS LIST

t^_\
MLII.fI{AO9O].G3 f cvr,ruorn 9. so (L26s#/pF4B, Nr cc

PART NT]MBER PART NAI¡IE

OI

UMILLUS
NO

QTY

I

r.oolra
z.oolne

re. oo I rr
z.oolua
z.oolee
z.oolea

za.oolua
za. oo I re
re. oo I ne
sz.oolua
ea.oolra
+.oolrn
+.oolea
a.oolee
a.oolra
z.oolra
r.oolua
r.oolua
r.oolra
r.oolra
e.oolua
r.oolua
z.oolue

SPARES
USAGE
CODE

00L
o02
003
004
00s
006
007
008
009
ol_0
0l_1
oL2
013
0L4
015
016
0r-7

. H.JITMOgOl

- 426Ar_0SO6
.34624742
.42641_0S07
.uAzMo003T2
.L43A7F2
. R781_64X08047R
.3844K10
. R78r.64X08052R
. R78L64X08044R
.3844K10
. R78164X05059R
.3844K7
. R70704
.2041_1KM434
.330374L7
.LLtt1074
.t22t7261
. 11065554
.VAHKo903
.20411KM434
.xLA98T29F
.3741r_C12

I crr,ruonn 9. so (L26s#/pnlsl cc
lcomvecroR DitALE

I srr,c. 2sxo6svü

lcouructoe uer.u
leoetrun eurr,rJ
lar,eow
I sruo
luur r.oo-8uNe
I sruo
I sruo
lNm r.oo-suNc
I sruo
f lrur .62s-LL
lcovrn, vALvE
I onrwe
lver.vr, cHEcK LITBR

lrrr wnrønPLATE

lweuuer,atE CrIJTNDER

lweruner,arE wARNrNc

lcasrer Krr 9.so Eos cc cyL
I onrNe
leesxur, PKG cAsE

I casrer

000

EM

ROCEM

ROCEM

ROCEM

ROCEM

ROCEM

ROCEM

'l
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G
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l6c 29C

 l24C
 I

D
f,

9. 50

a

M
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S
U

E
D

2

D
E

S
C

R
IP

T
IO

N

3
4

JmU
.J

ØaGO(tlrl-Mtllt-:)O

4

s
o s

o

oÕ

s o

s
so

os

H
O

S
-âC

S
C

âLE
r¡1"€ss 0n€ûß

€ S
P

E
D

¡F
IE

o,
d.t 0I166t66 # ll 

¡t€l€s

A
P

P
R

O
V

Ê
D

D
A

lE
R

E
V

IS
T

O
N

S

LT
R



2OOO / Oe /2t

l vn Haosszeer luueo ouruR

DRESSER-R.AIüD GAS FIELD COMPRESSORS
PARTS LTST

ll I resasosoz I

ILLUS
NO

PART NT]MBER PART NAME

HEAD OtIrER, HOS 9.50
BOLT
GASKET, OIITER HEAD
PLUG BOTTLE, HOS 9.5,1_0.5
BOLT
GASKET, PIJUG

QTY

L. 00
L2.OO
r-.00
t-. 00
8. O0

1. 00

SPARES
usActE
CODE

ROCEM

ROCEM

001
o02
003
004
00s
006

.9.49972A

.44À'2J483

. H32894T3

.R72046

.44¡'.2J434

.xL29716L

(FTII,L IJENGTH

fJM

EA
EA
EA
EA
EA
EA

)\

\_,



PARTS LIST

48 PF INLET VALVE

SET PINS FLUSH
rITH STOPPLATE RIM

TA},IP.SUCTION' THIS
LOCATION PER STANDARD
80. 23O-IO ON ASSEMBLY

ee

æ

H56190Y



PARTS LIST
R v

El{
ocE
ocE
Elt

ì,1

t{

1.00
1.00
2.00
1.00
8.00
1.00
1.00

.F36 931lt

.F36 952VT3

.25^13C9ó

.25AlsC67

.PPt344

.H56l83APt

. t2tA2A204

/.O80 LIFT
AT INLET

TOPPLATE INLET
OLLP IN
OLLP IN
PRING
LATE VALVE
CRE}' SKT SHLDR

,/USE LOCTITE *242
,/TO ASSE¡'IBLE TTEI'IS
/2&7

ACCESSORY LÍTERATUBE SECÎON

I
2
5
C+

5
6
7

sPAt-ttss
USAGE
CODE

J{
r

M
Ë

a

UNIIt'
PER

ASSEMBLY
PART NAMEPART NUMBER

ILLUS.
NO.

FOFñ,:&109 ISSUE:0T07,88 REV:001



PARTS LIST

48 PF DISCHARGE VALVE

-sE/ro
1 Pllts FLUSH
S'OPPLATE ßIII

IAHP . OI
ltoN

80. 230- r o

scHAnG€' 1r{lS
PER S'AiOARO
OIt ASSE}IELY

l

¿D
e

aæ

.)

H56191Y



PARTS LIST
Y R

r-\

I

0Elt
0Elt
ROCEIT
ROCET{
0Elt

Er{P

P

P

P
Ð

Ð

t

1.00
1.00
2.00
1.00
8.00
1.00
1.00

.F36 953t'l

.F36934htr3

.25At3C96

.2541 3C67

.PPt3q4

. H56 l8sAP I

. t2tA2A204

I t. oao LrFT
FEAT DISCHARGE

H;Iiiii'' DISCHARGE

hollp ru
bpn rxe
þlarc vALvE
þcnew sKr sHLDR

| ,/usE LocrrrE *242
| /TO ASSET.|BLE ITEr.tS

|"*7
I

I

I

I

I

I

I

I

I

I

I

I

I

*".[ o""r*o'Y LTTERAT'RE sEcïoN

I
2
3
4
5
6
7

t'PAfltsti
USAGE
CODE

It
€

a

u
¡t

r'

UNIIS
PER

ASSEMBLY
PARTNAMEPARTNUMBERNO.

ILLUS.

FoHllr:gÐg ISSUE:03/0788 REv:001
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VÊLVE ÊCCESSORIES

1

5

3

cc-
(.2 ti a

l't' f {t

4

H49937



2OOO/Oe/2L

lur,u+srrzea

0

leccuss vALVE

DRESSER-RAND GAS FIEI¡D COMPRESSORS
PARTS LTST

o L994eO774

ILIJUS PART NT]MBER

. R70705P2

.30A11F0540X12

.LL2A2A23

. LL9A2Rr.52

PART NAI{E

ERAB, VAIJVE
GASKET, VALVE SEAT
SETSCREW
CAPSCREVÍ

QTY uM

gPARES

USAGE
CODE

o

NO

03

I ooa
I oos
I ooe

.00

.00

.00

L
L
1
2

EA
EA
EA
EA

EM

ROCEM

00
EM

EM

)(

(-,



PISTON ÊND ROD ÊSSEMBLY

t
<'

5

1

7
2

t

6

3

4

ì

H49??B



2OOO / Oe /2L

MrJH49998c18 Inrsrou 9.50 & r(OD 4L4O/TC3/18DP

PART NUMBER PART NAI\,¡E

DRESSER-RAI¡D GAS FIEI,D COMPRESSORS
PARTS IJIST

lnoo ersror g.so Hos
lcor,r,an, prsroN
lrvur, Prsror
lsur scRuw

Iwut, RoD rJocKrNG (,tAI!t NIrr)
I ersrou s. so
lnrue 9.so prsroN co¡,rBo

lor

QTY uM

1. 00 E.A,

r.oolna
r.oolna
r.oolne
r.oolna
r.oolua

SPARES
USAGE
CODE

ILIJUS
NO

I

I oor
I ooz
I oor
I ooa

I oos
I ooa

I ooz

.IEHMO4OTT].

.tù139438

. w98966

.109A2A44

. x1010T12

.t149973PL

.11066s45

4L4o/Tca/LBD
M

M

M

M

M

ROCEM3.OO EA

('i



è
b
o
Ioo
Ø

:eô
L

D

c

B

PACKING ROD COMPLETE

(t
O
(o
õ
G
LN:r

HOS

80, 124C, l4

DR

6C, 29C,

ML TSSUED

ùnâna

CHG TO

234

4

LIJ
F
lrj
-J
0_
:o
O
cf
O
M
(D
Z
v
c_)
C
ô_

D

c

B

H É

t0Fl
H59960âl.

ur.Éss oil@¡lsÉ sP€llF¡ED'IDrmrmffiilmÉ3
ÂPPROVEDDATÉDESCRIPlIONLTR



2000 / os /2L

lur,ussse oacr

DRESSER-RAIüD GAS FIELD COMPRESSORS
PARTS LTST

lracrrre RoD coMpr, puRcED lo¡(ì

rLLUS
NO

PART NT]MBER

I

01 l.ussssre
02 l.tz+tssot
03 | . sarro+o
04 | . reerrueeo

PKG PI'RGED
SET RENE!{AL
PACKING
PACKING

PART NAIVTE QTY

SPARES
USAGE
CODE

UM

0
0
0
0

0

I

I cesu
I nrue
I nruo
I nrre

EA
EA
EA
EA
EA

r-. 00
L. 00
2.00
4.00
L. 0005 . xr.498T2 9F GASKET, PKG CASE

ROCEM

ROCEM

()

i)\--'./



D @ c) tl

18
]t

YOKE ASSEMBLY PURGED

5 À.

. \-,-.

t¡
w

r
i
7

D o Þ

rrc
4

DÐ 2
o

Þ
mao
Ð
TI
oz

I V
v
m

a
oz
Ø

I

-
c

Þ
Di
m

!
ao ¿'

r

-'d l\)

N
\

o-o
j

I
fv.o
c)
;
o{
À)Þ
c)

ò
.o
c)

I\ c
J ¡

T

aa
C
m(f

D I .y'->.:t:../Cl
m

c),
NOTES:
I. ITEHS I9, 20 8 2I MÊY NOT BE REOUIRED.

SEE I4ÊTERIAL LIST.

2. ITEMS 24, 25, 26 & 27 REOUIRED I.IITH
INTERNALLY I.IATER COOLED PACKING ONLY.
OTHER}IISE. CONNECTlON IS PLUGGED.

CoNNECÍIoNS ÊS 5H0!lN:

oo
D
f
m

z{ø

c) C
()
m̂
l)
at
<J'
m3
æ
f-

oo r
:f
uì
-o

w
tÐ-rl

q)

(tro

B) PACKING LUBE

B') PACKING LUBE (USED L'HEN HIGH PRESSURE

C) PÊCKING VENT/DRATN

D) YOKE DRAIN

G) YOKE VENT/PURGE

H) PACKING COOLANÍ DiSCHARGE (IF REOUIRED)

J) PACKING COOLANT INLET (IF REOU¡RED)

N) SPARE CONNECTION(S)

W) }IIPER PURGE

X) PACKING PUR6E

PACKING TS REOUIRED)

F

Toa
H519138F

C'

tf

D @ c)

¡socr rsffirRrc Fmt (lr1t (us)
c StzE (ruL r t.00 x ¿?, 00 ) FGmr



DRESSER-RAND GAS FTELD COMPRESSORS
PARTS IJIST?.000 / 09 /2L

lur,xsrsrearea("'t lvorr r.B.oo prrRcED vrrpER

PART NAl,lE

YOKE 18.00, Hos
PLUG PIPE
ADAPTER, PIPE
OIL STUFFER HOS

leesrur,orL sruFFER Hos
lcaescnew .soo x 3.7s
I caescnuw
lscnaenn PURcE orrr
lcoven, voru RÐs/Hos
lclsrur, YoKE covnR
I ceescnew
lvelvu, cHEcK LrrBR

I ceescnew
lrranoo (1s'YoKE)
lum r.sox8uNc HEAVv HEx
f corurrcror L/4 x L/4
f srar. orL DEFLEcToR (2.sor RoD)

I onrNo

OI

ILLUS
NO.

PART NI'MBER QTY

SPARES
USAGE
coÐE

ROCEM

ROCEM

I

I

I

I

t ¡,t

00L
oo2
003
004
005
006
007
008
009
0r-0
01r_

oL2
0r.4
015
ol_6
oL7
o22
o23

.F32243

.30A7e6

. w47886

. R7069]_pr_

.vür_39350

.3542C230

.35A2C2L9

. MtHs 7758Cc4

. vù78603

. w78604

.3542C2L7

.330374L'7

.3542C382

. R70754PL

.46A4K14

.426ALOCO6

.3000L84K9

.20AL1CM279

I

r.oolre
a.oolne
e.oolra
r.oolua
r.oolen
a.oolna
e.oolee
r.oolne
z.oolna
z.oolna

re. oo I aa
r.oolra
e.oolue
+.oolua
a.oolee
z.oolna
r.oolua
r.oolne

ROCEM

M

ROCEM

',.t)
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OIL SCRAPER
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ÐRESSER-RÄND GAS FTELD COMPRESSORS
PARTS LIST
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ILLUS
NO
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.541L,t40

I

I casu
I nrue
I aruc
I nrwe

1_. 00
1. 00
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IIJLUS PÀRT NT]MBER PART NA¡48 QTY UM
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0r_3
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. HL]HMO6O1

. R72049T8
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.46A4KLl_
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lver,ve, cHEcK LUBR

lrrr ueuuPr,ATE
I nelarer.atE cyrJrNDER
lwauuer,are wARNrNc
lcesxer Krr 6.00 Hos cc cyl
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lcaescnrw .soo x 3.?s
I ceescnew
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D D

TO EORE
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lò rc¿ orvroeR vâLvE
- uITn cYcLE PIN IND¡câToR

o HC4 DIVIDER VALVE
I¿ITTI CYCLE PIN INDICÊTOR c

@
HC5 DIVIDER VALVE UITH
CYCLE PIN INDICâTOR

NO FLOV VALVE(ELECTRIC SUITCH)
HÁNIFOLD

B
!¡I TH
RUPTURE DISC NCTE:

I. MAX LUBRICÊÍION FLOH C I2OO RPI{ IS
I. 64 CU. IN. /MIN.

Z. FEEDER CYCLE TIHE NT IOO1
FL0IJ = 2.6 SEC0NDS

FEEDER CYCLE TIME AT 2OT
FLOU - l3 SECoNDS.

:. * DROPS PER CYCLE
I DR0P = âPPROX. .002 CU. IN.
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OIL SYSTEI.I. PUMP

OOlINSTREÊIt
FROH FILTER DRÊIN BACK TO FRAI'IE

LUBRICNTOR
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@r
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How to order replacement parts...

The use of repair parts other than those included

1

2.

create hazardous conditions over which the
company has no control. Such hazardous
conditions can lead to accidents that may be life-
threatening, cause substantial bodily injury, or
result in damage to the equipment.

When ordering replacement parts, please specify:

The SERIAL NUMBER as stamped on the machine nameplate.

The QUANTITY desired and the PART NAME and PART NUMBHR, exactly as listed

Careful obsentance of the following will help us to 1Íll your order correctly and promptly:

THE MACHINE SERIAL NUMBER MUST BE GIVEN WITH EVERY ORDER FOR
PARTS. This number will be found on a nameplate attached to the unit. lt consists of
a combinatioñ of letters and numerals (Example: YRS312, YRH590, YOR565, A'17922).
The serial number is often permanently stamped in the metal near the nameplate
location.

DO NOT use such terms as "complete" and "sets" unless these words appear
specifically.in the Parts List. State quantig wanted and give the part number and part
name exactly as shown in the Parts List. DO NOT use illustration numbers when
ordering parts.

\Men ordering spares for parts not manufactured by Dresser-Rand Company, such as
Lubricatons, Magnetos, Oil Pumps, Govemors, etc., always give the serial or $pe
numbers of these parts as well as the Dresser-Rand machine serial number. This will
enable us to more quickly send the conect material, as manufacturers often make
changes over which we have no control.

lf retuming parts for inspection or repair, be sure to include the serial number of the
machine from which the parts were removed.

a



Parts Ordering lnstructions

How to use approved parts lists...

PARTS LIST INDEX

The assemblies and major subassemblies comprising the complete unit are listed in the
index in the order in which they are displayed and broken down in the Parts List. The Part
Number for each assembly and major subassembly listed in the index appears at the top right
corner of the Parts List which lists the subassemblies and individual parts of that assembly.

PARTS LIST

The Parts List contains the listings and illustrations of the parts for your unit.
lnterpretation of the Parts List is described on the next page.

NOTE

Some illustrations may have illustration numbers which do not
appeer in the Parts List. This simply means those parts are not
used on your unit.

A plus (+) sign next to a part name indicates that suÞmanufacture/s literature for that
part is available elsewhere in the Service Manual. A notation at the bottom of the parts list page
calls attention to this fact.

RECOMMENDED SPARE PARTS DATA

The spare parts data shown in the Spares Usage Code column of the Parts List identifies
for you those Spare parts which you may require in the maintenance of the Dresser-Rand
equipment.

It is desirable to forecast as accurately as possible your requirements for Spare Parts
to assure that the necessary parts and materials will be available when needed to keep your
equipment in efficient and continuous operating condition

We feel that you are in a better position than we to decide how much you wish to invest
in Spare Parts. The importance of minimizing shutdown time due to possible breakdowns in
operation, together with the distance from source of supply and transportation facilities, should
be considered when ordering spare parts.

MAINTAIN THE MAXIITIIUM OPERATING CHARACTERISTICS AND DEPEND.
ABILITY OF YOUR EQUIPMENT BY U$ING GENUINE DRESSER-RAND
SPARE PARTS.

2



Parts Ordering lnstructions

How to interpret parts list columJts...

UH]TS OF TEASURE COLUMN

Thir column da!ignaloi ryhat unil ol moasur€ it epplic
eblr tor s part¡cul8r pårt numb6r, E¡amglos ol lh¡s
atü

PIC' glccc HAr h¡ly.r
lN¡ inch GAg gnllons
Fï¡fcct OT= qu¡nr
Slr Squer¡ inCh L8= poundr
SFg cqu¡rc lcct

UIIIÎS PER ASSEiIBLY COLUMN

fhr qurntiticr rpccilicd in rhi¡ column in-
d¡c!t. thc numbar ot p!n3 ulrd par ncxt-
highor-rsambly lnd .rr not nrcar¡ltily ¡hr
totll numbrr ulad io rhc complstr unit.

x¡T coDE coluM'l
This column indicltlr p¡ns that rrr includsd
¡n on! or moro kitg.

Codc Dcfinition

G ltcm includrd in ¡ Ga¡lct Set.

PARI NUMSER AÍTD ]ÚAME FOR
1HE ÎOTAL ASSEMSTY

lncludrs all psns lis¡ed.

PANT NAMEPART NUMBEF

PAßÎ T{AME COLUMÍT

Thi¡ column contlins stsndð?d noun-namcs
with maior modili¡rs. Whcn ordering en itom,
givr rhc Pln Nama craclly as shown.

ing down timr at ovlrhaul
pr?iods.

lnsuranca ¡tgms normelly con-
tumcd ovcr an artandad pånod.

lnsuranc! itêms required lor mr-
¡or låilurc, otherwisc not l¡krly to
ba consumed,

E

M

MLH43705CGrPISTON T ROD

t¡l¡r3 ¡hc pan on th. attocirrrd.iþ
lurtrrtion. Wh¡n a prn3 l¡st hss no il.
lustration thi3 column i¡ lcft blank.

ItLUSlRAltOl{ NUIT|BER COLUMT{

Thc illustre¡ion numblr ir th! item
numbcr a$ignrd ro th! plat in tha
l¡atind- lhir illurrntion numb.r ¡d¡n-

SPARES USAGE CODE COLUMÍI

Thi¡ column ¡d!ñtatir3 pan3 lhal ar! ?!com-
mrndld undtt ona ot motr ol fivc cl¡¡s¡¡ of
tprfa p!nt.

Dclin¡tion
Prns normally consumod during
rostlrl oglration.

Plftr nonnslly usad lor ov¡rh¡ul.o

Spr¡as
Ustgc
Coda

R

PARÎ NUMBER COLUMN

All numbers shown ars Oresser-Rend Pert
Numbers. The relationship ol a parl to íts
next high€r esg€mbly is inclicatetl by inden-
ture intho Part Numborcolumn, An included
it€m is danoted Þy indenturs und€r thc it€m
with which it i3 included. For exemÞl€:

PARî NUHAEN PANI NANE

r H28571 A
. w548574
. war556

Unat
OFing
G¡rlct

Whcn ordrring lny plrt hlying !n idrntrd l¡nr
o¡ lin¡¡ lollowing thr 9!n, th! idrnrad ircms
arr rlwayr includld witlr thr 9!n.

3

lndlntod it.ms mry abo br ordlrld 3rp!6¡aly.



Parts Ordering lnstructions

Sales Support Operation...

DRESSER-RAND
Gas Field Compressors

5710 S. Garnett
Tulsa, OK 74146-6843

Phone (918) 2544099
Fax (918) 252-9055

4
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SUB.MANUFACTURER,S EQUIPMET\¡T

The lnstrustions and replacement Parts l¡sts for sub-manufacturer

instrusllons and parts llsts are the responslblltty of the part¡cular sub-

manufaeturer. Prices that may be glven in the llterature are those of the

manufasturer and notthose of Dresser-Rand Company; no assurance can be

given that these prices lyere curent at the time this Service Manual was

issued.



i) OPERATING INSTRUCTIONS

BASCO TYPE "5OO'' EXCHANGERS

INSTALLATION

Except when the hot fluid is dirty or is prone to fouling, it is preferable to pass the cooling medium through
the tubes and the hot medium through the shell. Since lhe tubes can be mechanically cleaned it is sometimes
advantageous to pass the hot dirty fluid through the tubes. When installing a single pass unit the shell intet must,
be at the same end of the exchanger as the tubeside outlet.

Either or both shell connections may be used as steam inlets.

OPERAT¡ON

At start up or afrer maintenance inspection, both shell and tubeside should be carefully vented and full of
liquid. lmproper venting and fouling are the most common causes of heat exchanger malfunction.

To obtain maximum performance the following precautions should be taken:

1. Make sure all other equipment in the fluid circuifs are functioning properly
2. Maintain rated flow of both fluids but be sure flow rates are not excessive.

Frequently tube failures can be directly traced to excessive fluid flow,
causing tube erosion and corrosion. ln the case of heavy oils high flow
rates can reduce cooler efiiciency.

3. A períodic venting program should be followed if air or vapor tends to
accumulate in the system.

4. Observe a regular maintenance program.

INSPECTION

A periodic inspection and maintenance program should be followed with any heat exchanger. To ensure
continuous satisfactory performance of your Type "500" exchanger the following steps should be taken:

1. lnspect filters in system and replace or clean as required.
2. Remove bonnets from heat exchanger and inspect the zinc pencils for

erosion or oxide deposits. Scrape to bright surface and replace if
more than half corroded away.

3. Carefully examine tubes for scale and clean if necessary.
After cleaning, examine for erosion or corrosion.

CLEANING

The interior surfaces of the tubes can be cleaned in several ways. Many deposits can be removed by
flushing a high velocity stream of water through them. For more stubborn deposits, wire brushes or rods can be
used. lf the special air or water gun is available rubber plugs can be forced through the tubes.

Both shell and tubeside can be cleaned chemically by circulating cleaning solutions through the exchanger.
For most deposits a mild oakite solution is satisfactory. Circulate the cleaning solution until exchanger is clean.
Be sure to wash out all chemicals thoroughly with clean water before returning the exchanger to service.



Customer

An¡pnrcan Pnpcrs¡oN INDUSTRTES
Basco Division

2777 Walden Ave, Buffalo, NY 14225 Tel: (716) 684-6700 . Fax 684-2'129

PARTS LIST

Type "500" Heat Exchanger - Size 08036-L-4PASS

DRESSER RAND
Basco Gt No.

3-951 0056

PGCG870320C Basco Serial No. 951 0056-01 01thruO1 03
l,l1 06865 6A24A08036

Customer P.O. No.

Customer Part No.

3
Basco Drawing No.
STK/SPEC.

E A

A - Core Assembly GÀ.?3Q-oÈsal¡.r

B - Single Pass Bonnet

C - lnleþOutlet Bonnet 3zt:sz-E-È

D - Reversing Bonnet i3Þszs R

E - Gasket O3\C--Of A.-È

F - Gasket Õ3?-C:rO\ À-È

G - Mounting Bracket A-SO\Y-- I

E
B

!=:cG>l

E

o

H - Zinc Pencil
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PALL

--890018910 Filter Series
SERVI CE II\STRUCTIOI\S

l. General Sources of lnformation:

Reference should be made ro PIHC Lowi Medium

3. lnstallation of Housing:

3.1 The filter can be installed in anf attirude, but for ease of

paramcters assembly and ¿lement part numbering,
ordering information and notes and specifications. The
Bulletin is available through your local Pall Industrial
Hydraulics Distributor or directly lrom pall Industrial
Hydraulics Corporation, 2200 Northern BlvcJ., East Hills,
New York 11548, Telephone number (5t6) 484-5400.

2. Specifications:

Housing Materials:
Head: Cray Cast Iron
Bowl: Carbon Steel
Ring: Ductile Iron

Maximum Operating Pressure:
600 psi (41 Bar)

Maximum Operating Temperature Range:
-l5oF to 225"F (-43'C ro 107"C) wirh nitrite seals
-20oF to 250"F (-29'C ro l2l "C) rvith fluorocarbon seals
140'F (60"C) maximum in HWCF or warer glycol tìuids

Element Collapse Rating: 150 psicl (10 Bar) minimum

Bypass Valve Setting Options:
50 t S psid (3.4 1. 0.34 Bar) cracking prèssure
25 + 5 psitl (1.7 t 0.34 Bar¡ cractclng pressure

Seals: Nitrile or Fluorocarbon stanclarcl O-rings.

The actual operating conditions shoulcl be checked by the
user to ensure that the element, housing and all seals are
compatible with the fluid and application, and are within
local safety codes. Please contact Pall Industrial
Hydraulics Corporation or approvecl disrributor if furrher
information is required.

CAUTION: Maximum surge flow should not exceed
1.3 times normal flow.

the filter bowl pointing downwards. A minimum clearance of
ztí" (64 mm) should be allowed beneath the bowl for
installation and removal of ñlter element.

3.2 Flanged ditterenrial pressure devices, when firred, musr
have screws torque tightened to 23 lb. in. (2.6 Nm).
ThreadecJ differenrial pressure dêvices, when fitted, musr be
torque tighrened to 40 lb. ti. (5a Nm). All visual indicators
must be clearly visible.

NOTE: Head has a machined port for a differential pressurè
rvaming device; f'langecl porrs may be sealed with an
H't'86308L or threade<J porrs may be sealed with an HA9O00-
kit port plug kir. Never place the port plug kit in this port
lvithout fìrst insralling the lower O-ring in lower O-ring
groove, othenvise a small bypass flow will result, allorving
contaminan! dorvnstream of the tilter element.

3.3 iv{ount rhe tìlrer assembly in posirion using four bolts in
the %-UNC x l" full threaded holes in the head assembly.

3.4 Use check valve on ourlet if there is a possibility of
reverse flow.

CAUTION: Reverse flow rhrough filter element will.c¿use
damage. ,.:- :

3.5 Connect lines or hoses to ports.

WARNINC! USE FITTNGS OR ADAPTERS
COMPATIBLE WITH PORTS SUPPLiED AS SHOWN
BY PART NUMBER ON NAMEPLATE AIVD NOTED IN
DATA SHEETS: UsE OF INCORRECT FITTINGS OR.
ADAPTERS CAN CAUSE FILTER TTOUSINCr OR
MANIFOLD FAILURE RESULTING IN T,OSS OF
PRESSURE AND POSSIBLE SYSTEM FAILURE OR
PERSONAL INJURY.

1.6 Bleetl filter prior to operation: open bleed plug, if fitted,
one and one hlll tums. Jog system ancl Frll filter until all air
bleeds through plug, then tighten plug. Pressurize sysrem
tully lnd check tbr leaks: if lcaks occur ref'er ro Section 4.

@t"n te Pefarmance



CAUTION: F¡ilurc to bleed ñlter housing adequatety
will increase the. dissolved air content of the system
fluid which will shorten fluid life and may cause other
problems in tlie system.

3.7 Painting of the filter is optional. The black coating
on the filter is a zuitable painting base.

Note: Cover the differential pressure warning device
and nameplate if painting of assembly ukes place.

4. RoutineMaintenance:

4. I Pall filters do not normally require special attention
except for periodic monitoring of the differential pressure
warning device. Schedule replacement of ñlrer element
every six months or sooner, and have ample supply of
spare elemeuts available.

4.2 If extemal leakage is noted, replace O-ring at leak.
For bowl seal leaks, replace .O-ring (3). If leakage
persists, check sealing surfaces for scratches or cracks;
replace any defective parts.

4.3 Differential pressure devices actuate when the
elemeot needs cbanging or because of high fluid viscosity
in 'cold start' conditions. If "cold start' conditions
exist, see Section 5.2 and 5.3.

CAUTION: Continued operation of 8900/8910 bypass
frlters (valve options A or B) with differentíal prcssure
device actuated can allow unfiltered flow downstream.
Continued operation of 8900/8910 non bypass filters
(valve options V$ may cause collapse. or premature
fatigue failure of the plugged filter element, which
could allow coataminant and unfiltered flow
don¡stream. Refer to element change iristructions in
paragraphs 6.1 through 6.7. l

4.4 A dirty system can quickly plug a new filter elemenr,
especially with Pall silt removal grade media. It may
requirc one or two initial element changes to sr¿bilize
element life. If element life is short or differential
pressure excessive, filter may be undersized; refer to the
sizing and selection section of the PIHC Low/Medium
Pressure Filter Catalog.

4.5 Make sure element change labels are clean and
undamaged. Replace illegible labels with the appropriate
new labels.

5. Differential Pressure Devices:

Reference should be made ro Product Brochure for
dimensions, operating parameteß, part numbering, ordering
information and specificarions. The Bulletin is availabli
through your local Pall tndusrrial Hydraulics Distributor or
directly from Pall l¡ndustrial Hydraulics Corporarion, 2200
Northern Blvd., East Hills, New York il548. Telephone
(516) 484-5400.

5.1 Ðifferential pressure devices acruåte when the element
needs cbanging or because of high fluid viscosity in "cold
start" conditions.

5.2 If visual indicator is fitted and actuates during 'colcl start'
(orange sleeve or red burton is visible), reset by depressing the
button when the normal operating temperarure is reached. If
indicator acruates after resetring, replace element.

NOTE: Optioo 'PL' or "PT' visual indicator has thermal
lockout and manual reset. No signal below 32o F (0"C)
signal above 80"F (29'C).

5.3 If ele¡trical switch acnnres (red light comes on) during
cold start, continue operaring until red light goes out Í$ sysrem
warrns to normal operating temperature (this fearure can be
used as 'warm up" indication in operating procedures). If
warning signal (red light) remains or appears when system is
warm, replace elemenl.

5.4 Use of both positive indication (green lighr) and negarive
indication (red light for dirty element) is recommended to
effectively monitor hlter element life.

(A)

Elack
Tag 1

or fag
Red lB)+orta! 

ä

Elcctric¡l Connection¡
& Ratings for ¡ll diffcrenti¡l
pærsurc rwitch optiont

I l0 VAC = {A (inducrive),
{A (resistivc)

220 VAC = ¡lA Gnductive),
4A (resistivc)

2E VDC = 3A (inductivc),
5A (resistive)

48 VDC = lA (inducrive),
l.5A (ruisrivc)

125 VDC= 0.254 (inducrivc),
0.54 (resistivc)

M¡ximum innrslr - 24 rmps
UL, lnc. listcd nting of Microswitch-
4 nmpr at 250 VAC
l/4 rmp ¡esis¡ive ¡t I l0 VDC
ll2 emp rcsistive ¡t I l0 VDC

Electric¡l Difrcrcnti¡l Prc¡surc
Switch Opcntion
Whcn presct differcnti¡l pressuce is

excccded continuity ¡wi¡ehc¡ from
'c'-'A'to 'c'- 'B'
Whcn di ffcrcn¡ial pressuæ
dec¡¡¡scs continuity ¡ln¡rn:r to
'c'-'A'

-: HoncYwell
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6. Filter Element Servicing

Refer to Figure I or Service parts List (Section g) for
item numbers. Remove and replace elemcnt as follows:

6.1 Tum off snd depressurize rhe system. Open bleed
plug (if ñtted) one and one half rurns.

V/ARNING! FAILURE TO DEPRESSURIZE THE
FILTER BEFORE SERVICING THE ELEMENT
COULD RESULT IN EXPLOSIVE LOSS OF FLUID,
DAMAGE TO EQUIPMENT, A¡¡D POSSIBLE
PERSONAL INJURY.

6.6 Bleed the system and check for leaks as per Section _1.

6.7 After element change ENSURE DIFFERENTIAL
PRESSURE DEVICE IS RESET BY PUSHING fN THE
BUTTON; electrical switches reset automaticalty. Vy'hen
system reaches normal operating tempcrahrre, check that rhc
electrical switch has not actuated and/or the visual warning
button has remained depressed. If visual indicator rises due
to a cold start condition, reset again as per section 5.

7. Warranty, Limitation of Liability and Rernedies:

THERE IS NO WARRANTY OF MERCHANTABILITYOR
FITNESS FOR ANY PARTICULAR PURPOSE WITH

6.2 Unscrew and remove fitter bowl (2) from head RESPECT TO
tse

It may be necessary ¡o use a lever on rhe 'Rotolok Ring"
of the tìlter bowl (2) ro loosen rhe bowl initialty.

6.3 Remove filter elemenr (4) and carefull,v inspect the
surface for visibte contamination. Normally no dirt
should show, but visible dirt or particles can be an early
warning of system componenr breakdown and can indicate
potentiel failure. Discard both the filter element and irs
o-ring. The filter elemenr is NOT CLEANABLE. Any
attËmpt to cle¡n the filter elemenr can cause degradation
of the f¡lter medium and allow contaminared fluid to pass
through the frlter element.

R WARRANTY EXPRESS OR IMPLIED,
EXCEPT AS PROVIDED FOR HEREIN

WARNING! DO NOT ATTEMPT TO CLEAN OR
RE.USE ELEMENT.

6.4 DO NOT run the system without a filrer element (4)
installed. Check that the O-ring (3) on the head assembly
(l) is not damaged. Use replacement filrer elemenr part
number called for on the elemenr change label.

6.5 Lubricate elernent O-ring (5) with clean system fluid
and push open end of filter element (4) straight onro rhe
nipple in the head assembly (l). Clean our filter bowl (2)
interior and lightly lubricate rhreads of filter bowl with
cleaa system fluid. Screw filter bowl onto head assembly
until it bottoms. O-RING SEALING IS NOT
IMPROVED BY OVER TIGHTENING.

\¡/ARNING! DO NOT USE PIPE V/RENCH,
HAIVIMER OR ANY OTHER TOOL To TIGHTEN
BOTWL.

For a period of rrvelve months from rhe date of clelivery from
Seller or three thousand hours of use, whichever occurs firs¡
(the 'Warranty Period'), Seller warrants that products
manufacrured by Seller when properly installed and
maintained, and operated at ratings, specifications and design
conditions, will be free from defects in material And
workmanship. By way of explanation and not lirnitation, the
Seller does not warrant the service life of the filter element as
this is beyond the Seller's control and depends upon the
condition of the system into which the hlter is installed.

Seller's liability under any wananry is limited solely (in
Seller's discretion) to replacing (FOB original ship poinr),
repairing or issuing credit for products which become
defective during the Warranry Period. Purchaser shall notify
Seller promptlv in writing of any claims and provide Seller
with an opportunity to inspect and test the product claimed to
be defective. Buyer shall provide Seller with a copy of the
original invoice lor the product, and prepay all freight charges
to return any products to Seller's facrory, or other faciliry
designated b¡, Seller. All claims musr be accompanied by full
particulars, including system operating conditions, if
applicable.

Seller shall not be liable for any product altered outside of the
Seller's factory except by Seller or Seller's authorized
distributor, and then, as to the latter, only for products which
have been assembled by the distributor in accordance with
Seller's written instructions. Nsr shalt Seller be liable for a
product subjected to misuse, abuse, improper instaltation,
application, operation, maintenance or repair, alteration,
accident or negligence in use, storage transportation or
handling.

In no event will Seller be liable for any damages, incidental,
consequential or otherwise, whether arising out of or in
connection with the manufacture, packaging, delivery, storage,
use, misuse, or non use of any of its products or any other
cause whatsoever.

@"ntu Perfornnncz J



FIGURE I

FLANGED

8. Service P¡¡rts List:

NOTE: O-rin_c sizes are per SAE-ARP568 Uniform Standarcl
Sizes.

Flanged Indicator standard prior to December, 1992
Threaded Indicator standard atier January, 1993.

Contact your local Pall Distributor when ordering service
sPare parts.

THREADED

(
(
f.

Size -906Drain Plug O-Ringt0

1 128259{ Drain Plug9

Flanged Size {15

Indicator O-RingI Threaded Size {14

Threaded Size -908

Flanged Size -017

Indicator O-Ring7

See BrochureIndicator t6

Siz¡ -139Element O-Ring5

See BrochureFilter Element4

Size -248Head.To Bowl O-Ring3

1199344U-Length Bowl

r 19952tT-Length Bowl

1t99343S-Length Bowlz

N/AHead AssemblyI

PART NUMBERDESCRIPTIONITEM
NO.

Jrn. I 99 ì

+
@, futz PerþntvlrLce sl ¡,t9lj{)



t,

'(

THE GORMAN-RUPP COMPANY o MANSFIELD, OHIO
g!F:3SÉDES Al-L PREVìCUS lssUES ocop¡gnt ry tne Goîra'l-fiuFÞ Comptry 1994

COMPACT

SE/..F.PBIMING

AVAIUBLE IN c/.ST IRON OR

NLBROME

AUAIUBI-E IN 314", AND 1'
sucnqv Paîrs

CAPACTTY (GPM):

[LPM]:

(6 T0 21)

[23 r0 ie]

PRESSURE (PSr):

IBARI:

(s0)

t3.sl

(2500)

[541]

(120.)
[49']

VISCOSITY (ssu):

[cSt]:

TEMPERATURE (Ð

tcl

TRANSFER OF UGHTTO
MEDIUM LIOUIDS,

COMPAT]BLE WITH CAST

IRON AND BRONZE

OPT]ONAL DRUM K¡T

AVAILABLE

1
I

al

HO SERIES
OSCILLATING HAND PUMP
ROTARY GEAR PUMP

ROTARY GEAR RJMPS
PU MP SPECIFICATIO N. BULLETINGIIHMATI.BUPP

sEc.510

-

March 1996
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Standard Construction H0, SEC.510: PAGE 101
March 1996

GRAY

IRON
STEEL

NPT
1 80"

SST

TYPE

416

BRASS
BRASS

ALLCÍY

GRAY

IRON
BRASS

GRAY

IRON

IIOTE:

o BUNA-N LTPSEAL USED 0N H0 3/4 MoDELS oNLY. H01 USES PACKING TYPE SEAL

Standard Model:

ilOTES:

@ HomwRt cApAcnv BAsED oN oPEN DIScHARGÊ

@ wneru 9FçHARGE eRESSUBE INcREASES (ABovE s0 ps¡o) FLow RATE (GPM) oEcREASES.

CONSULT FACTORY FOR APPLICATIONS THAT EXCEED lHE LIMITAÎONS SHOWN.

IIOTE:

(a MOST 55 US GAL DRUMS ARE 34"TALLWHICH REOUIRETHE 36'DRUM PIPE. HOWEVER, SOMEv 
DRUMS ARE TALLER TMN 34", so AN opTtoNAL Ktr wtTH A 42' oRUM PIPE ls oFFERED.

THE cORMAN-RUPP COMPANY o MANSFIELD, OH¡O
SUpEFSEDES ArL PREuOUS TSSUES oçopyngnt Uy na Gormetl¡upp Cornpâfiy 1994
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8'HOSE, FITT1NGS ANO NOZLE

KIT NUMBER DRUM PIPE LENGTH PUMP MODEL DRUM KIT CONSISTS OF:

OPTIO¡IAL ACCESSORY I¡RUM KIÏ
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ROTARY GEAR PUMPS

The Gorman-RuPP ComPanY
305 Bowman StreeL Mansfield' Ohio 4/¡902-1217
Phone: 419/755-1011 FAX 419ø55-1251

The Gorman-Rupp lnternational Company
P.O. Box 1217, Mansielcl, Ohio 4,/¡901''1217
Phone 419t755-1011 FA)c 419t55-1266

Gorman-RupP of Canada Lld.
70 Burwell Road
SL Thomas, Or¡tario N5P3R7
Phone: 519/631-2870 FAX: 519/631-4624

@Corytrgm ¡y rn Goûnarl'Rup9 ComP¡t¡t

a
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RTSERVOIR SIZE:

DRIVE TYPE:

GEAR RATIO:

,I P INT

CTR. REAR ROTART

60: I

11

ll-26-96
1/8" NPT INLET 735302

1.75
L/8" NPT OUTLET

2.62 <-

2.ØØ

?
i

9 62

.5ø #22ø ø-RiNG

a
I

l
:

1 90 FLAT
¡a-4

3 28

5. 16 1.6
1 .620

D IA.

.500
D IA.

r.5ø .499 I

Ai.5ø

1.25
I

2.5ø 25

.øø
.38

I1.13 1.73
8.75

1.5ø 7.75

CAII QtJAIITITY: 1

PIJ},IP S IZE:

PUHP QIJNTITY:

3/6" PLUNGER

2

cl-Ass
ORAIN P

90221

loNs
ASST}JBLY

PREMIER
LUBR I EÀT I ON 5Y5TEM5
I4Iø5 PACKARO 5T. HOUSTON, TEXAS 11ø1ø

Au. 0ll¡fl6lo6 lll ll{cllts
RtxnE ItJRf,S r ¡nar mG$

¡ottrrrcts þI }{¡ItIl
CC{f u0¡ .0J IAI.
¡.¡ (r tlr.t) +/- -020

r.tr {¡ ttÆl +/- .ato
¡.Es (t tt ¿f5) +^ .oos

CorßfxfilCtIr .010T.1.1.
!¡fr{ ¡IJn¡[ 125 Rts

r¡Í¡¡S +Ê .5 DtC.

NOT SHO'${

""'LUBRIcAToR P-55u wlTH
cIR. RIAR DR I VE / MTG PLATT

r 1-2'Y-
A

OTY PART NO. OISCRIPTION RtYrSt0N t.c.N IV.8Y
0Aft

2l I 90586 ASS'Y - DRIVE SHÀFT COVER

20 I 90t 5t O-R I NG

t9 2 901 74 PLÂTE - BLANK PUUP

18 2 90230 SPACER - CÂTISHÀFT

17 I 9r380 COVER PLATE
t6 I 90r 75 PUUP GASKET

l5 I 90t 77 COYER GASKEÏ
14 2 9021 5 R I VETS

r3 1 9021 4 NA}¡I PLÄTE - PRE}IIIR

I TÐJ OTY PART No.l DrscRrpTroN

DBESSER - RÂNO ROS / HOS

vril A-A

tltu il2 rrÂs 9clJ5

.625 DIA THRU

1 PLACES

@ INDIcATES BLANK PUMP LocÂTroNs

@ rnotcÄTEs PUMP LocATIoNs

7353l.20^Tt SClLt: 1f4" = 1"
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BOX SUCTION

PREMIER LUBRICATION SYSTEMS.l4]05 
PACKARD STREET

HOUSTON, TEXAS 77040
TELEPH0NE : 7l 3 -462-5255

FAX :7 t 3- 46?-7919
I l ?00fv

PRE],II ER APT RAT I T{ G /AIS.TAU CT IOIVS.'
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PREIUII ER OPERAT I IV G //VSTAUCT IOIVS

t/E" iPt orjntT

t/8" xPr HtÛ

^

urtw A-A

t/6, lrPÌ or,Irtl

PNESSURIZED SUCTION

r/8" ÍPr rxrt¡

PRESSURIZED SUCTION
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r/t" lrPt or,tur

PRTSSUßIZED SUCTION

)rPI ll{ttr

PRESSUßIZED SUCTION

PI]EIVII ER APERAT I IU G /AiSTNT-] CT I O/VS

r/8" lPt txrtr

r/8" rPI or,ltft



BOX $UCTIOÌ,| PtJlJlP$ (\lACtlU}'I FEED)

1. Fill reservo'ir wìth o'i l.
2. Loosen union nut on pump outlet.
3. Remove vent screw and fill sight glass with oil.

Pr jme by manuaì I y pumpi ng f I ushi ng uni t unti I a.ir
f ree oi 1 is observed in drip tube and oi 1 ]evel
drops in glass.

4. Rep'lace vent screw and ti ghten union nut.

5. Majntain oil level in glass below drip
tube so drops can be observed.

FLOW RATE

1. Loosen lock nut on f lush'ing unìt.
2. Turn f I ushì ng uni t counter-c'lockw'ise to

increase flow.

3. Turn flushing unjt clockwise to decrease flow.

4. T'ighten lock nut when desired fìow rate
'i s ach i eved .

SIGHT GLASS:

In a vacuum type sight feed, it is not
uncommon for oi I level j n the s'ight g'lass
to drop during operat'ion. Absence of a
leve'l indicates air is beìng taken in with
the oil and some oils, due to v'iscos'ity con-
ditions, wiil release air faster than others,
When the quantity of air becomes excessìve,'it can eventual 1y air ìock the pump.

trTTE¡ THlq, ç¡FAq,ôN TT Tq. ÞEôTTM¡¡EI' TìETì N TITI I EVEI
IN THE GLASS BE MAINTAINED

When level drops, remove vent screw and fill sight
gìass to top; replace vent screw and operate
flush'ing unit manually, observing that o'i I in
sight glass is free from air. If air is not
expelled, 'it may be necessary to loosen union nut(on pump outlet) and expel air at this poìnt.
It is desirable to majntain 'levet below drip
tube so drops can be seen during operation.

l

1

!

1



Due to v'iscos'ity conditions, some oi ls release
air faster than others. For t,his reason, it isdifficu'lt to indicate how long sight glass level
can be maintained before diminishing oi1 level
occurs,

If reservoir runs]ow on oit (at a point below
suction inlet of pump) it, may be necessary toprime individual pumps after filling, using theprocedure listed above.

The cubic volume for a pint of oil is Zg.9
inches and average drop size is .0O2 cubic

cubi c
i nches.

however oi I vi scos'it,y

Maximum output/stroke :

s nap n
may vary si ze of drop.

(1/4" p'lunger) .019 cubic(3/8" pìunger) .041 cubjc
i nches
'inches

2 rn a vacuum type s'ight feed, it is not uncommon to seea reverse action whereas sight, gìass fìl'ls with o.i l
and the drops cannot be observed. Overfilling is
caused by the oi'l absorbing air in the sight gìass
and normal ly does not affect the operating of thepump, Remove vent screw from sìght glass and allow
ìevel to drop below drip tube. Tighten vent screh,
and check to see that air free oil from drip tube
can be observed in sight gjass. If overfiìlìng con-tinues, it may be caused by plunger wear and oilslippage ìs being drawn back to sight glass. Ifthis is the problem, the feed setting in drops per
stroke will automatically be reduced by the amountof sl ippage.

INSTALLATION INSTRUCTIONS

*90670 SIGHT GLASS ASSY.
WITH PYREX GLASS

Remove flushing unit assembly from pump toprovide easy access to sight glass area.

Instal1 new s'ight g'ìass assembly over the
drip tube and into the threaded hole in the
block. Screw the assembìy into the hole and
tighten fìrmly with a wrench. Tighten by
using the flats on ltem *1.

3. Loosen the ret,ai ner, Item *5 , one comp'lete turn.

2

2



4

5

Loosen the 'lock screw, Item *6, one complete turn.

Turn the hous'ing, Item *2, so that the w'indow
opening with the 'lock screw below ìs facing the
front of the pump. Now tighten the lock screu,
with a small screwdriver.

T'ighten the reta j ner, Item *5, f i rml y bv hand.6

7

B

Remove the vent screw, Item *4, and
oi'l to a visible leve'l . Re-install

Re-install flushing unit
now ready for operation.

assembl y.

ON DOWNWARD STROKE ALL DISCHARGE
VALVES CLOSE ANO SUCTION VALVE
REMAINS OPEN WHII.E OIL IS DRAWN
THROUGH SIGHT GI.ASS.

ON UPWARD STFOKE SUCTIOX YALVE
CLOSES AÌIO DISCHARGE YALVES OPEN
TO ALLOW OILÎO BE DISCHARGED
THROUGH PUHP OUTIET.

fi 1 I with
the vent screw,

The pump js

,l

3
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PRES$IJRTZED SUCTIOi{ PU},IPS

1 Fill reservoir with oil to approximatel Y 1/z fuïl.

2 Loosen union nut on pump outlet.
Fill pumps with oil and prime by manualìy pumpingflushing unit until air free oir is observed aroundunion nut.

3

4. Tighten union nut,

NOTE: RESERVOIR WILL EVENTUALLY FILL TO TOP
AND OVERFLOW IF OIL IS NOT PERIODICALLY
DRAINED FROM RESERVOTR TO LEVEL INDICATEDIN *1 ABOVE. THIS IS NOT UNCOMMON IN
PRESSURIZED SUCTION PUMPS.

FLOW RATE

1. Loosen lock nut on flushing unit.
2. Turn flushing unit counter clockwise to increaseflow

3. Turn flushing unit clockwise to decrease ftow.
4

ach i eved .

4
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PREMIER LUBRICATION SYSTEMS
I 4ì O5 PACKARD STREET
HOUSTON, TEXAS 77A40

TELEPH0NE : 7 I 3 -462-5255
FAX:713-462-7919
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MC DIVIDER VALVES

SPEC¡FICATIONS:

72 i^-lÞ.108 in.-lb.5/16'.-24 UNF1/8 NPTF1/4 NPTFViton'6000 Psi

Tlr Rod
Xul Torquc

Xountlng Scrrw
Torquc

lñdlc¡tor
Portt

Lsb.
Oullctt

Lubc
lnlcl

8c¡l
I¡tcrl¡l

I¡¡. Oprr¡tl¡rg
Pr!3turÊ

G./
0

¿-\l9 @

DESCRIPTION
MC Divider Vatves are comprised ol

lnree to erght valve blocks lastenect lo a

segmentect baseolâle wilh gaskel Dlale seals
benveen lh6 vatve Þloc,(s and lhe baseplale
and between tne õaseDlale segmenls. These
divider valves are used in I srngle l¡ne. pro-
gfessive lubricâ¡ron syslem anct can be used
lor dispensing oil or grease. MC valves and
baseplate segments 8re suppl¡ed urith

,vilon s€els..
Reler lo th6 Modular Lube Plannrng

Manual for s!¡stem dosign intormaüon and an
in{epth explanBtion of operal¡on. An in-hne
fillor should be instsllect between the pump

and diyider yaives. Check vaþes shoulct be
installed at th€ inlots of all lube points. Refcr
to Se¡vice Page M50 Pege 1 lor check
valvB intormstion.
'vrton gasket Dlates afe roenlrhed Þy a red
slnpe.

Valve blocks conþinrng metenng pis-
tons discharge a prectelermined amount ol
lubricant with each cycle. Vaþe blocks can
be single or twin anct can be etefnally
singled or crossported with Model 97905
Single/Crossport Bar. OuÍers not to be used
when singling or crossport¡ng musÎ Þe
plugged. Use 68645 pipe ptug.

An 874000 By-Pass Btock can be used
in any posrtion on the baseplate, The use of a
by-pass block alloìvs rhe add¡tion or delelton

ing p¡ping. Botn outlets under a Þy-pass
block must þe pluggecl.

The valve blocks and by-pass blocks
are lastened to a baseplale mounted on lhe
machtne to be luÞncated. The Þaseglate
conlâtns the d¡vider valve's intel and ouilel
conneclions, tnterrelaled passagevrays and
buill-in chect( valves. All plping ol lubr¡cant
to and lfom the divider valve is connectecl to
the baseglale.

The bsseDlale consisü ol one inlet
block, lhree to eighl inrefrnediate blocks. one
encl block and thre€ ti€ rods. Gsskel plate
s€als are rncluded with the baseplate seg-
ments. The valve block câpacity ol each
baseplare is degenclent upon the number of
in¡ermed¡ate blocks ¡n the bassptate. There
must be a m¡nimum of three working yalves

on each valve and baseplars sssembly.
Optronal cycle inct¡cator pins provide

positivo tctentif¡cat¡on of sysEm op€ration.
The ind¡cator pin ts an et€nsron ot the pislon

in a valve btock and will cycl€ þack and toñn
as lhe pislon moves.

Optional mounting btackets are shown
below lor mount¡ng lhe valve assembly.

360676

ASSEMBLY INSTRUCTIONS
NOTE: Tne center tre rod ¡n lhe oaseplate rs

otlsel so lhar rne lntermedtale btocks cannot
be assemÞled backwards. ll excesstve iorce
ls encounlered durrng assemÞty. mãxe sure
Þlock ts not bacxwalds,
'I . screw tnree tte fods tnto rnlet Þlock untri

ends are llush wilh surface ol þlocx.
2. Slide rnlet gasket onlo tre rods.
3. Allernately slide an rntefmedtate block

and an tntermediale gasket plate onto the
lie rods until lhe lasl tntermed¡ate block is
in place.

4. Drscard remain¡ng intermedtate gasket
ptate.

5. Slide end gasket ptare and end btock onto
tie rods.

6. Lay baseplare assembty on flat surlace
and lorque nuts lo 72 in-lbs.

7. Mounl divicter valves wrth oasket Dletes
onlo baseglate anct tofque mountlng
screws lO 108 rn-lbs.

LNCOJ}T

-

MC VALVE BLOCXS

TIC BASEPLATES

One Lincoln Way
S¿ Lou,s Mtssouri 6312ù1578
(314) 679-4200
Customør Se¡v¡ce ß14) 67s4300

Section - MsO
Pase ' 12A-

Copyright 1988
Pnnted rn U.SA

.006 cu. rn.

.009 cu. in.

.012 cu. in.

.018 cu. in.

.024 cu. in.

.012 cu. in.

.018 cu. in.

.024 cu. in.

.036 cu. in.

.048 cu. in.

874126
87,1186
874216

874125
874185
874245

-
874124
874184
87424a

874123
874 18il
874243

874062
874092
874'-t22
s74182
874242

874061-
874091
874121
874 18 1

871241

MC-6
MC-9
MC-12
MC-18
MC-24

Trln (2.Outlrl¡)
Dbchrrgc/Outlct

Slngle (r Outlct)
Dùrchrrga/OutlctTrin-LcltSlrçlc-LcflTrln-RlghtSlnglc-R19hl

TrinSlnglè
Cyclê lndlc.tor Pln

(3)236640
(3)236641
(3)236642
(3)236643
(3)236644

{3)236645

87913
87913
87913
87913
87913
87913

(3)87914
(4)87914
(5)87914
(6)87914
(7)87914
(8)87914

87912
87912
87912
87912
87912
87912

2-6
2-8
2-10
2-12
2-14
2-16

MC-3
MC-4
MC-5
MC-6
MC-7
Mc-8

ïlc Rods
End

Eloct
lltlcntr.dl¡tr

Btoclr
lnlct
glockOullet¡

Blt.plrlc
Doþnrllon

Rev. B

A PENTAIR COMPANY

Form 411A26



OPERATION
The inler passageway ts connectecl to all

Þtslon chambers at all times wrlh only one

pis¡on lree to move at any one rlme.'With all
pistons at the tar rignt. lubncant trom the rnlel

flows agarnst lhe righl end of ptston 1. (See

illusrralron l)
LuÞr¡cant llow shitls ptston I from right

to letl dispensrng prston I output lhrough
connecting passages lo outlet 1. Pislon I

shifl dírects tlow agarnst righl sicte of pislon 2.

(See illustratron 2)

lnlet

Outler

Oullel

Outlet
3

lnlel

Outlel

Oullel

Outlet

- Lubricant llow shilts piston 2lrom r¡ghl
to letl clispening piston 2 outputthrough valve
porisolpiston 1 and lhroughoutlet2. Piston 2

shitt directs lubricañl llow against right side ot
prston 3. (See illustration 3)

Luþricant flow shrfls pislon 3 from right
lo letl d¡spensing pislon 3 output lhrough
varve ports of piston 2 and through ouilet 3,
Pisron 3 shitl direcß lubricant througn con-
necr¡ng passage lo lhe lettside of piston 1.

(See illustration 4)

Oullel
1

Outlet

Outlel Outlet

Outlet Outlet

Outlet Outlet

Oullet Outlet

Oullet Outlet

Lubncanl f low agatnst left srcle ol pts¡on
begins lhe second hall-cycle whrch shiits
p¡slons lrom left to right dispensrng lubncanl
lhrough outlels 4, 5 and 6 ol lhe orv¡der
vãlve.

lntet

Ouller

Outlel

Oullet

lnlel

Oullet

5

6

4

2

3

5

6

4

2

Outlel
5

Oullet
6

4

2

3

5

6

4

2

3

lllus¡ralion 1 lllustretion 3

llluslrat¡on 2 lllustration 4
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sCI3tOaINLET..¡

7044

561

236554
Toroue to
72 ¡n-lbs.

236 I 48

236151

16481
r51 17 rg7934599

34589 1 6482

CYCLE INDICATOR PIN

NOTE: Vrton gasket ptates are
rdentrlted Þy a feo slnpe.

BASEPLATE

(,

34589

236064

5082 I
Torque to
108 ¡n-lbs.

236141

DIVIDER VALVE

SERVICE PARTS

r

CIo
o@ooo@ooc

Gaskel Plale
Gaskel Plate
Gasket Plate
Gasket Plate
Nut

236141
236146
236148
236 151

236554

O-Ring
Scrcw
Spnng
Ball
Plug
Plug

346r 1

50821
56128
70449
236063
236064

Bearrng
lncticator P¡n

lndrcaror Body
Reraining Plug
O-Ring
O-Ring

151 17
16479
16481
16482
34589
34599

DcrcrlpllonP¡rtDarcrlÞllonP¡rTDcrcrlptlonP¡rl



D¡MENSIO¡,tS

-1-15/16'
3-3/8'

1-7t8'

1 1/16'
'l-'t1/32'

29/32'

AB

i u32'

RETATN TH|S TNFORMATTON FOR FUTURE REFERENCE _
lt h.n ordcrinE rcpleccmcnt plrts. llst: Part Numbcr, Dcrcription. Modcl Numbor, end Srri¡ Lrü¡r.

LINCOLN providcr s Dlstributo? Nrtwork thst ltock¡ rqu¡pmcnt rnd rrÞlrc.mcnt prrt3.

f-

5-3t32'
b

6-29t32'
7- 13/1 6'
8-?,3t32'
9-5/8',

3-3/8'
4-9t32'
5-3/ 1 6'
6-3t32'

7'
7-9t32'

MC-3
MC-4
MC-5
MC-6
MC-7
MC-8

BABú.pltlc

\/
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Model 1ZO,,F¡lter Minder"t
lnstallation and operating lnstructions

Ì'

INSPECTION

Before installation check the nameplate on each
ínstrument against the receivíng paperwork and the
intended application for correct part number,
materials of construction, working pressure, dial
range, etc. lf equipped with switches, check electrical
qting, gpe of enclosure, etc. lnspect for shipping
damage and, if damaged, report it immediately.

NOTE - Before attempting repairs contact your
local Mid-West Representative or our factory.
Failure to do so will void any warranty.

PRODUCT DESCRIPÎON

The Model 120 "Filter Minder"'is a rugged, medium-
range difierential pressure instrument available as a
switch, a gauge, or both. See "part Numbering
System". (F¡9. 6) for available options.

Differential pressure ís sensed by the movement of a
floating piston magnet against a calibrated spring.
The magnetically coupled gauge pointer outsíde the
pressure housing follows the movement of the píston
magnet and indicates ditferential pressure on the dial
scale.

When equipped with switches, a contact ís made or
broken by the magnetic field of the piston magnet.
See Eulletin Elec. lM 120/96 for gauges with
switches.

The unit provides full over-range protection to the
rated working pressure of the housing in either
direction.

The precise piston/bore fit allows minimal leakage
from high to low sides. This leakage is only 5 to 15
SCFH air at ambíent conditions and a pressure
differential of 100 PSID.

lNSTALLATION
Model '120 "Fílter Minde/'" is calibrated and tested
prior to shipment and is ready tor immediate
installation. Use of the following installation
procedures should elímínate potential damage and
províde optimum trouble-free operation.

1. CONNECTIONS
1/4" FNPT are provided as standard but check
paperwork for connections ordered. There are two
connections on the housing identified as uhi" and nlo"

for high pressure and low pressure (F¡9. 2). Be sure
these get plumbed to the proper connections on your
system. lmproper connection will not damage the
instrument, but it will not function properly. Flexible
tubing is recommended to minimíze the efiect of any
vibratíon that may exist.

2. INSTRUMENT LOCAT|ON
On liquíd servíce the instrument should be mounted
below the process connections to facilitate self-
bleeding. On gas service it should be located above
the process conneclions to promote self-draining. lf
the process contains particulates, a "pigtail" loop or
drop leg (manometer "U-tube" configuration) in the
tubing will minimize the possibiliÇ of it migrating into
the instrument.



3. PANEL MOUNTING
Gauges wilh 2-112' dials can only be mounted

through the rear of the panel. Make the proper panel

cutout as indicated in (Fig.1). Remove the (4) bezel

screws. lnsert the gauge front through the rear of the

panel and reinstallthe bezelscrews through the front
of the panel and into the gauge bezel. Ïghten the

screws securely, altemating in a diagonal pattem.

Gauges with 4'112' dial should be mounted from the

front of the panel. Make the cutout as indicated in

(Fig. 1). lnsert the (4) panel mounting studs, fìnger

tight, into the metal inserts located in the rear of the

bézel. lnsert the gauge through the panel, aligning the

panel mounting studs with the holes in the panel'

lnstall the (4) #8'32 nuts onto the studs and tighten

securelY.

4. PIPE MOUNT]NG

An optional pipe mounting kit is available for mounting

the gauge lo a 2" vertical or horizontal pipe (Fig. 3)'

Model 12O 2-112lnch Dlal (Std.)

SULLETIN NO. IMI20/96

TROUBLE SHOOTING

1. Gauge does not indicate differential.
A. Check for proper hook up, high to "hi" and low

to "1o".

B. Make certain block valves are open and, if using

a 3-valve manifold' that the equalizer (balance)

valve is closed.

C. lf A & B check out correctly, loosen or

disconnect the high pressure line to determine

if there is pressure to the instrument'

D. lf there is pressure to the instrument, check to

determine that there is difierential across the

unit being monitored- lf so, contact the factory

for assistance and/or an "RGA" (retum goods

authorization) number to retum the instrument

for rePair or rePlacement.
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6) eucrncr¡. s¡tc¡Flc¡TloNs
- À S,.D.T- 3 É, Q:3irvrÇ- 125 V OVDC (SL.Ûlf

B. S'S.'. 50É.OJ^æ- S v CA50 \OC (¡lñ¡ly o?"rl
È stSL 50É. A5ÀC-:fxl v cf3¡0 voc (Ìloñ"|' c{od)
o. s-P.3T- 50 tÊ. oJ^ñ- 3æ VAC,,3So vOC
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STANDARD MODEL SPECTFICATIONS
120-AA-0$oo

6000 P.S.l.G. Working Pressure Aluminum Body, Stainless

2.l12.EngineeringPlasticCasewithshatter-ResistantLen
Accuracy 13 -2'3% Full Scale (Ascending)'

Steel Piston, Ceramic Magnets' Buna N Seals,

s. 1/4' FNPT Back Connections- tt

(F¡s.6)

lnstrument
65OO Dcbry Dr. C Stêrtinq He¡ghts. Ml 4a:ì14

i81Oì 254Æ5OO C FAx (810) 254€5Og

Menufaclurer reserves the right to change specifications without prior notice'

PROOF PRESSURE: 12,000 PSI'

TEMPERATURE LlMlrs: -40"F(+g"ç¡ to +200.F (+g3'c) - These limits are based on the ent¡re instrument being saturated to

these temperatures. system (process) temperauràs may exceed these limitations with proper installation' contact our customer

service representative for deiails.

REPRESENTED BY:

M¡d-West' f'
l

ãnmed in U.Srq.
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i , Eentralized lubrícation Systems

@

Lube-Llne Alert
Producl Specs qnd Ordering

@ //*N
Bulletin 540t

A Posilive Sofeguord -lndicqles lubricqnl flow or no flow

DESCRIPÏION
The Manzel Lubeune Alert is an easily installed devica pro,
viding positive protection for compressont, pumps, engines
and equipment employing any make or t),pe of force feed
lubrication system. lnstalled as close to each point of lubrica
lion as possible, the unit acts as a senlinel to indicate flow

Alert inlet.
One Lube'Llne Alert per Pumplng Unlt will wam ol llow
stoppage for any reason including low resewoir lubricant
level; shaft rotation stoppage; broken lubricant lines; dirt
under pump valves and wom plungers.

A slngle Lube-Llne Alert per Lubrlcator will warn of low
reservoir lubricant lwel or shaft rotalion loppage.
For complete protection, thera should be as many LubeUne
Alert units in your installations as there are points
of lubrication.
The Manzel LubeUne Alert provides lowcost, dependable
protection for costly machinery

txtü1
VO(IAGC

ols€oHiccfstIcx

Q¡: -.

Sensltive to a wide range of llow - from .006 cubic
inches to 190 cubic inches per minute.
Many type lubrlcants and viscositles - mineral or
synthetic.
Tlme delay adfustment - to comp€nsate for viscosity
and/or f,ow rate. Quick and easy to adjust.
Pressures - for operation up to 10,00O psi.

E:rploslonçroof - UL and CSA Ust€d for Class I Groups
C & D and Class ll Groups É, F A G, Division 1 & 2 when
installed as per Natlonal Bectrlcal Code.
For connectlon to any electrlcal waming system -lights, sound devices, machinery shutoff relays, telephones,
stc. ._::

A low-level and shaft rotatlon lndlcator - equip one
pumping unit per reser.¿oir with LubeLine Alert.

SPECIFICATIONS

F.
M.

oL.
tF-
cR-

Fuse
Mâ¡n À[olor Slarter
fl,lolor Overbad
Iming Relay
Control R€16)È10
ìvetl coil mer.
Green tamp
Red tamp
L¡rb. t-hr Alcri '

2

I
¡¡

I
G.
R.

LI.A-

Typical wiring diagram for fail safe operation using LubeUne
Alerts assembled in N.O. normally open position- Alerts
installed in a 110V control circuit side ol motor starter to
prwide pos¡tivo system protec'tion through automatic system
shut dovrn.

FEATURES
lndlcates Flow or No-Flow at any point in the system
ahead of the Lube-Une Alert inlet. Nol affected by discharge
pressure.

!cerales under contlnuous or lntermlttent low-flow
-3tes.

.;nlversal use - operates in any air free rorce feed lubrica-
' :n :;ystem - any make lubricator.

El€ctrical..... ......Á........ Slngle pole, singla thror'r
magnetaaaflY opsratd srÚítch

::::::::::::::::::::.lll.Y1Î:ä"íbå:ExH'1g*lil":
.5 AmPs induclive (U.R-'9261

Operating Pressurs...... ........... 10,00o psi.(!f3x'l
PiessurdDrop Across 41ert............ 150 psì (Mln')

Flow Range.......................... .006 cu. ¡n. to 190. cu' in PeI
minute at 1OO SUS at 1O0o F'

"""' '006 cu' in' to 75'0 cu' in' per

Huid r/iscosi,, .... .......::::'n.:t$.tytt"i:itrj;
We ght

ç

((
t

.9,-l..EV;;irç¡ñ\ ) LUgFìlOUlP. ¡tlc.. A Unrl ol lO€X CorDorsl@ t98'6 (Rry¡srd Foò.usry 1992). Aü Flighls Rææcd. Revised February 1992



WARNINc-Visua and/or Audio and/or Mechanical

l¡ofofi stoF
co¡{tnors

ORDERING INFORMATION

Fail safe circuitry can ontv 
lp- 

p.r3,.¿"O by using the N.O. {norma¡ly
!$*"Ëtfl füjition. 

Muitipte'nlerts muá ¡ã'ñrü¿-' ¡n ì"'ies or rhroush

lEgl_ ry.g.- t"ormalty ctosed) switcrr pos¡t¡on muttipto Aterrs shoutd b€wrrod rn paralt€l or through séparare circu¡rs.-
T,hg too.qe cover must bo ass€mbl€d.over the €xpos€d machined ,acoot th€ Atsrt hydrautic lrodv ro. meer Un¿ã"iïñ"iJriåËårory usring. Toreduce th€.risk .of ignition'of ht;dõ;ãñå:ä"ä:änduir runs musrnave a seating fining conn€qed w¡rh¡n le'inãäoåïìhienctosure.
lnstallation ar point of tubrication qrovidg¡ comptete fiÀt*rion, inctudingdeted¡on of broken l¡n€s up strearn of Alert.

OPERATION
The Manzel LuboUne Al€rt is compros€d of a separate hydraulic bodyand a switch body boh€d rogernãä -rrú-ivîrårñ'ttry 

cons¡sts ot a

i:'Å,g,"*å,TX.*:l'.i":it1'd"T..,.TrHffiXflülW,;:l_.:il,ginllpott¡ns compound. The é*n9¡ _uooy äñ'äJ,i"ìüiä ¡n one ot nvoalernate eosírions: one ror 1ñ.õjior.äü ö;ï';:äacts (durins noPi.L["-l!l"r for (N.C.) n<irmaríy ao""¿ 
"õÃrãäifjrrins 

no now) roaccommoda¡e va¡ious alarm or shut down ciril¡ñ .-

ü"iö{ï::%åH:3'ì,''li#!i.#iff ,li#:f flålil.*ffiï",,ll,,ol the masn€r oeens üe p3q"ts 6;. ùü iüö;är',ì.ly o*"o o.rtr"nposition and ctoses rhe conracrs on rtre if.fìö.i'írórääty open switctrposition. lhus breakino o' mar<ing i¡ìö'ãrä;ä'tìiii,i. Ths rubricânr

þË.ff ï:,lt!":slH,îfi :Ëiilïi*¿[#"îf; fl i:rf, Ïlxffi 
"rn gr€y.

Wh€n llow stogs, the sorir
rneiiJiõ¡ü ,;'Ëãiiiä:"lüilifl 

^fi 
1""H:J:å*?r3:,,il"1"å,iifl î.lffi :1ctos63 th6 contac¡s tor rne 1rv.c.¡ nã;mäü;ã"ä'i"i"n po"irion o.opens ûe conracls tor ne.iN.O.! ;ña,ii 

"pä-r*i"ì.l 
posnion, maijngor break¡ng rho a¡arm or strur ãõwn äi';ã;fi.-'"' --""

The¡e is.a builþin 6nema¡ tlme delay to adlust for various ltow ratesaridor viscos¡t¡es. wtrich c
..:-o-äki"-;ää,"î"tï#Liiillid1'Ë_,.%',,!Tfl #å#ty#*ffth the N.c. or N.o. ¡n"rr oppoãid i¡î ;:ö.^,ü¡t''n" þnses¡ r¡rned"l"v - trorn tow sroppage iõ-¡ñãiäârióã j*äiioir.¡ned. 

An inrsr-nal screrr adiusrm€nt i¡iov-lAes ai-àãirlänA iffiïö adiusrrnentrange. This ca¡r be vahe¿ ¡r reniovñJ ùiåäää;iËi conn€ctóon andtuming üe sþn€d scrow crrcrrrise. ij¿äåä ñ;ïìr"y ùme a¡rdcountor dochriso. to increas¡_lhe oaãi r¡mãlnäìå ä¡usrn"nr"s'roüld bo mad€ h r/4 rum incr€menß'and riür'úü ñ.c. or r.¡.o. martopposite l,te ,.O,, 
mark.

êA?,W;i'i"if#n"Hïflfl'o*
eppl¡catbns where the unit fajis tdaauatõ.

lNsfAtt-ATtoN
9."t nq rine a3 d*e ro the..point or. rubricatron as pfadhar. rnstail thsAten wilh proper flow dirsoiön as irro*äìri-rüñJm?*pate. srra¡ght or

lÐJilË#lånlil*'å[*;ï;ä*giif 
'ildtsizes'i¡irär

The el€ctrica¡ swtþfr housin

$.,ffiqi¡*#"'r#$ffi i.*l*iir-ro'r$iiHl;
,

ffir¡cat¡or gystems

rrrr.rt4¡-t - Ltlf.tË.LlIlg lll
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Lube Llne Alert
N.C. configuration with check.valves for 1/4,, O.D. tube,
-:ff åiÍ'ni,'iî,8J1îìi;".ih[1[J:!';llA!,,¿f ii;]i'se¿eooog

{il:{*Fer"l-ffi $*gf *ttîiil$,,gî_ïi:î;ïAcce$ory Parts
lnlet Check Valves
Wilh. l/4" 9.D. tube intet (supptied wirh 4Sô06GO09

ú!iåiÈi!51,?lhim;;iúää;ñ6tiä--*Ï"co+oot'zrr4sôo6o r 09)......:.........
outlet ctrect-ír;Ë;"""""' 463001'201

W¡th. 1/4" I.D. rube ourter (supptied with 45ôO@.fi)9

ffil#tr",,n¿ti'ffi äää+ääää¡¡åiõö'¡ää:;,i'"11-::l
nttnssluseríiinffiï;äË-;äjäi¿o:i;;;'öäoläit'"t
me20 lr-a¡shr ma¡e rrrreão i i7e.;ñþñ'täl"rjpi¡"¿
with 456{6Gi09t........_

Sprlngi-- ' 4Íl5.()5G040

;#Ti#iË¡#:;ffi iïïî,ï,ïTîT 4s8.oos-440

_ ñ¡ur ¿Eeo'eoõciõ,'iläå,åå1ll?l?Sif iffii'e.:..:::. ou"*Repa¡f Partg

Fä[:lå'Ëßifi ö' ;u;¡ü::::::::::::::::::::::::::::;:::::::: fi #S&BäS
'Hi"J"i.¿ln gb lþht sprins (4ss-oos-220) fluíd viscosÛy shoulrc

ry Begistered trademarks of LUBRteUlp. lNC.,
A Unit ol IOEX Corporat¡on. prinred ¡" U.Så.
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D ESCRI PTIO N: Biiur Window-Units are llush-mounted,
preserving the clean lines of the machine. lnstallation is

economical, requiring only a simple press fìt into a reamed
hole . . . no bosses to face . . . no holes to Ëp . . . no loose
parts rc assemble. One piece constn¡ction features a
corrosion resistant chrome plated brass frame, holding a

clear, hard. unbreakable plastic or a cry*al clear glass

window with an oil proof gasket between the frame and

window assuring perrnenent oil tightness.

I N STA LLATI O N DATA All units are simply pressed into

Window Units
Plastic-Glass

shellac or other sealing material before pressing
Windc¡r-Unit into place.
Hole diameters a¡rd Assembly Punches are given below
according to Window size.

a-5 I 7t2-000lYt
8-505tt.500llt
B-50¡19t-2JOr
Ès02ó.ttsYr

8¡IUR
HOLE

stzE -A-
ASgYPUNCH PA¡'TNO.

Asablt Pwhé te ¡iwn o D¡s Shcct 290O

-A-oxet

Jr

cover the surface of the hole with a thin coat of Glyptal,

STANDARD TYPE (PLAsÏc wlNDow)
Used to indicate level of oil or other non-corrosive liquid in
reservoir. A clear window together with a reflecting background
provides good visibilit¡L

B-5r71WIXDOW.UNIl, ST'Þ TYPEY.LlYt

B-4908ìYINDOW.UNIT ST'D TYPExtklV.

B{904wrNoorv-uN lT, sÎ'D ÎYPEtln1V.t-
B{900\YIXDOW.UNIl, SÎ'D ÎYPEtrlu%,l
BIIUR

NA}IEcBA
PARÎ NUFIBER

LEVEL TYPE (PtAslc wtNDow)
Arranged to indicate a definite lryel of oil or other non-corrosive
liquíd in reservoir. Wording is on back of a clear window. Relleccing
background assures good visibilicy.

B-5t75WIT{DOW.UI TT. LEVEL TYPExtt%

8-5oilWINDOW.U}ITT, L.EYEL TYPE%tkly.
B-50t3WINOOW.UNII, LEYEL TYPEtltz1y.

B-5Ut5WIHDOW.UNTX, EVELTYPEtrlshYr

BIIUR
NA}IEc3A

PARTNUI{BER

OPEN TYPE (PLAsrIc wlNDow)
Has no reflecting background thus permitting obserration of liquid
flow or internal parts througha cle:r window

l.lAxl I'lull TEÈIPERATURE I 20"F.

B

A

c

I
A

c

(ÍwlNDovÐ

B

A
--l 'r

B-stt7WINDOV'.UNTÍ, OPEN ÎYPEV1IlYt

B-5¡00wrlrDoìv-uNll oPEN TYPEV1tr5t%

8-5102WINDOW.UXTT, OPEX TYPEVtlV.

B-5t04wrNDow-uxE oPEHTYPEt4u,Atl
BIIUR

NA}IEÞBA
PAET NUI{8ER

(See rwerse side for glass windows)



ÌvlNDolv uNlTs (GLAss w¡NDows)

INSIALI"AT¡ON DATA: All units are simply pressed irno

a reamed hole in the wall of the reservoir' To insure

tightness cover the sur{ace of the hole with a thin coat of
hãat-resisdng sealing material before pressing

Window-Unit into Place-

Hole diameters and Assembly Punches are given below

according to Window size-

HAXIITUH PRESSURE 50 lbsJsq' in'

Asibt hndË æ rtwa d gbrs¡Ët 2900

ÈlAxlllull TEI'lPERl{ruRE 300e F'

STANDARD TYPE (GLAss wlNDow)
Used to indicate lerrel of oil or other non-corrosive liquid in

.*""-¡". Ã clear window together with a refìecting background

provides good visibilicY-

LEVEL TYPE (GLAss wlNDow)
Arranged to indicate a defìnite lerel of oil or other non'corrosive

i¡qrld i" t;rvoir. Wording is o¡ back of a clear window' Reflecing

bickground ãssures good visibility'

Brrur LuÞrlcatlng CorPoratlon

B

A

c

B

A

c

('twrNDOvÐ

¡

I

OPEN TYPE (Gt-Ass wlNDow)
Has no reflecting bacþround' thus permitting observation of liquid

llow or internal parts through a clear window'
-l'r-B

A

r-5trt2-000t%

¡-¡o3tr.300lY¿

E-504tr I r:so
l-50t¡á.grtx
!¡¡ui

HOLË
DIA}IETEIsl:lE -4"

AtlfY PUXCH tARlXc'.

B-t58:lST'D TYPÉ*zlYt

B.5l¿15wtl{00w.uNrr, ST'DTYPE\ltkaY.

8-5t0twrxDow-ul{r,srÞElEtVnt%

B-5lt¡lwr{Dow-uNlÏ, SÎ'D ÏYPEttluh
BUUR

XAI{EcBA
PARTHUIIBER

Þ5191fiNDOW.UHII LEYELTYPE+tTl{t

B-m,lwtNDOW-Uilrr, L.EYELTYPExtthlV.

8-5ô31WIHDOW.UNIT, ISVEL TYPEI YrrlVl

8-59¿l¡lwrxÞow-uH¡l, LEYELTYPEtlu,l$

BIIUR
NA}IEcBA

PARTNU}I8ER

8-5óO5WINDOW.UNTT, OPEN ÎYPEVtZlY¿

B-560¡lWTNDOW-UNI.f,,OPEXÍYPEVt,tAlVa

B-5603- wlx oow-uxfT, o Plt{-lrYlE-f.lV.

B-5601wtNDOW-UÌarr, OPEillYPÊttls,Â,t

BIIUR
XAtIEDA

PARÍNUËAÊR

OH
36-80 Siiur Lsbnosnt C*Ponttet

l12 Bauer Drive, Oaklar¡d, NewJersey 07436 (201) 337'1600



 



) rrY\ - u)u''
:Krn- Djo+',

é+=-
rt¡r

The 8F914 combines a BF9t5 spin.
on (with draín) anrt a FBlgO7 mouniing
head. The BFgtS is about t-1/ã
inches longer than most competitive
spin.on filters. The greater length and
lhe use of a high capaciry papãr fitter
media provides longer ljfe and greater
contaminant capacity.

The 810-AL ís our onty element-
style storage tank unil. lt comes
complete with PFl0 fitter elemenl, a
see-through amber collectïon bowt
and its own mounting head. When
it's time to drain, the unit has an
easy-lo-open petcock for fast,
efficient draining.

See-Through Style Fuel Storage. Tank Filter
Spin-on Style Fuet Storage Tank Complete Filter........................81O.ALFilter Fitter Etement............ .pFtO
Complete Fi1ter.........................8F914 Bowl Onty ,....8f O-AL Bowt
Spin-on On1y,......... .BF91S Filter Elemenl
Mounting Head -,,..F8!,002 wlùornStarch Media...........,pF10-cs

Baldwin- -gives you a choice of many different srorage tank
filters. wheth.er you use dieser, gasor¡;e or gasohor, a Bardwin
storage tank filter is the proven way to ¡nsurã your fuel is clean
when it leaves the tank. Each one is designed to meet the
varyÍng needs on our nation's farms. you ñeed to make thechoice of which Baldwín firter meets your particutar
requíremcnts. Refer to the chart on the preceding paöe to helpyou make this choice.

^
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BernwIN SronAcE TaNx FrrrnRs
Youn cHoIcES FoIl CLËANER FUEL . - .

It's uP To You.

lf you own or operate farm equlpment,
you know the importance of using clean

fuel. That's why it's wise to filter your

fuel at the source - your fuel storage

tânk.

(" {T
The Baldwin storage tank filters will

help prevent water, rusl, fungus'
bacteria, scale and grit from damaging
your equipment. All Baldwin fillers

offer the proven filtering efficienoy of
ourspecial Microliteø filter media. This.

unique rnedia traPs harrnful
contaminants. without removing the

important additives in Your fuel.

O Good

The outstanding feature of Baldwin's
8F956 spin-on is its highly absorbent
¡nalerial that rcmovcs moisturc as wcll
as olher contaminants. ll there is
significant water contamination, the
Íil[e/s media will swcll and block fucl
ffow. The fueldelivery rate thelr drops
frorn 15 gallons pcr minutc to onc-half
gallon per minute.

Hl Pêlôrn¡¡rEê 7-llB
t¡ng SphonFBISTÌ{o20ItBF97I

Spln-on

Reolacemenl lorAnø' Ao5.AOSt{onaYesr5IABFlt58
Spl¡oa

WalE¡Absoúenl MediaFBIæ7t¡or5a
I
o

8F955

-9Plno!- 
--

8F¡56
Spln-on

Shndard99S
lomSdnonFBlæ7l.lor5I

BFgr5 Spln{ñFBIæ7Yes25AABF9t4 Bese
&Spln-on

See.Thtugh
Collecl¡on Bofll

BIOAL
capYes25IoBlO.AL

Hss. & Ele.

SPECIAL
FEATURESBASEDRAINGPM

FLOW
GREATEST
EFFICIENCY

LONGEST
LIFE

STORAGE
ÍANKFILTER

26
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COMPRESSED AIR FILTER SVSTEMS

d¡:aln co¡¡¡!¡c.q
llq¡¡ld

cle¡ndry airdh*y w.t !¡r

COALE¡CruGi FILTRATION

drdÐglLyc

COALESCING FILTRATTON -
HOW IT WORKS
Compressed atr. even ftom a new ¡nstallation' ls a
heavily contaminated product. Dirt is ingested through
the compressor inlet, oil is carried over ftom the piston'
and water condenses out at the higher air pressure. The
demand for more sophisticated and more reliable
pneumatic systems can only be met by ultra-dean
compressed air.

produced ln the production plant bythe lnstallation of a
welt-des¡gned Coalesclng Filtrat¡on System. Thls system
wilt remove essenüally all solld and llquld contarninat¡on,
r¡rith minlmum ma¡ntenance and low operating costs.
Headline Coalesclng Filters remove up to 99.9996 of solld
and llquid particles down to O.1 micron, produclng truly
clean compressed a¡r.

C-TYPE COALESiCING ELEMENT

c¡Þtura dralnagr
layer,l.y.r

s'
..1

Headline C-Wpe elements are completeV setf'
support¡ng and are sealed into the filter houslng stmpltt
by tightening a retaining nut. No end caps, gasketing
materials or support cores ar€r required. At element
change onty the fittering material ¡tself ls dlscarded. and
this comptete disposability keeps replac€ment element
costs down.

Headllne Coalesclng Filters are deslEnedto have an
initial dry pressure drop of less than ? Ésl. Thereafter
the pressure drop wlll increase very slowV as solld
particles are captured and retalned in the capture-layqr
of the element. Headline recommends changlng the
filter etement when the pressure drop reaches 1O pst.
The optionat differentlal pressure indlcator w¡U g¡ve a
visual waming of the need to change the filter element.

At the heart of tfie Headline Coalescing Filter is tt¡e
completeV d¡sposable C-type coalesc¡ng elemer¡t. Made
entireVfrom borosilicate glass microrñber and
f,uorocarbon blnder. it ls compatible with all compressor
tubrlcants and wlll operc¡te ãttemperahJres upto 3OO"F,

The C-Vpe etemerrt has a twolayer structur:e, an lnner
parücle capturelayer and an outer dra¡nage-layer' Uquld
droplets rema¡n mobile once caphlr€d and travel through

,^tlre fine-pored capture-layer, along the intersecüng
' dcrofibers, gtowing ln slze aä.they progress. These

cgalesced dropleùs are ù'ansferred to the large-pored
drainage-layer, fum where they draln bf sravity lnto t}t€
ñRer bpwl. Uquld colþcted in tfie filter bo\tl can be
remor¡ed by a manual or ftrlly automaüc dra¡n.

C

TYPICAL PRESSURE DROPvSTIME CURVE
FOR COALESCING FILTERf¡

AR lpsD
¡cc!mmcnde(l

elgmeftchance

I o
I
6
4
2

o

so[ds
Þulld-uP

normal
Ap

lniüal element sduraüorl
ürtn

2



COMPRESSED AIR FILTER 5Y5TEM5

HEADLINE

BENEFITS

O COMPLETE REMOVAL OF OtL, WATER AND SOLIDS

O HIGH FLOW RATES, LOW PRESSURE DROPS

O LOW COST COMPLETELY DISPOSABLE MICROFIBER FILTER ELEMENTS

O . COMPATIBLE WTH ALL COMPRESSOR LUBRICANTS

O CHOICE OF MANUAL OR FULLY AUTOMATIC DRA¡Ns

HOW TO SELECT THT CORRICT GRADT
OF FILTER ELTMENT

GRADI ?OC. COALESCER
has an efñclenc1r' ratlng of 95qo agalnst O.l mlcron
particles and aerosols and should be specified for all
general purpose applications requlring clean compressed
alr ê.g, Protectlon of valves. cyl¡nders, air tools, air motors
and pumps stc.

GRADT sOC. COALESCER
hâs an efñclency rating of 99.9996 agalnst O.l mlcron
particles and aerosols and should be speciñed forthe
most demanding appllcations requlring the highest qualiW
'orf air cleantiness e.g. alr bearings, spray coating'
lnstrumentation, laser systems, food contact etc. For
best performance a grade 7OC coalescer should be used
as a p.reflterto ttre grade sOC.

GRADE CC -\/APOR ADSORPTION
Coalesclng filters can only remove the oil and water
present in compressed air lines as liquld aerosols. They
cannot remove the small ftactlon of oil present as a true
vapororwatêrvapor. Headline manufactures a range of
vapor adsorption filter cartridges which will remove such
gaseous cor¡tåm¡natlon when used in coniunction witlr
coalescing fiÌters. These grade CC cartridges fit the
complete range o,f Headl¡ne Compressed Air Housings and
are described in detail on page 6. Please remember grade
CC VaporAdsorption Cartridges must always be
protected by a grade SOC coalescing prefilter,

HOW TO SELECT THE CORRECT
FTLTER HOUSTNG

Flrst sêlect the correct grradê of element uslng tha gu¡d€l¡nsi

above. Next est¡rflate the maxlmum airflow and line

pressure expected at the filter. Now tum to page I ofthls
tu[et¡n and sêtect whlch houslngs have the neccssary ffow

capac¡ty forthe grade of element chosen' Then refer to th'
specificatton tables on pages 4 & 5 to select the hous¡ng

whlch has the necessary pressure ånd temperatur'
capabllity. and the raqulred drain gption'

UTRGER HOUSINGS

Detalls of larger Headllne Fllters arc avallable on r€quest'

INST/TLI.ATION 6UIDT

I Never lnstal¡ a frlter wlth portE smatler than the el¡tlng
alr t¡ne slfe.

I Always lnstall the fflt€r as close a3 Þosslble to the

. equlpment be¡ng Protected'

I Never exceed ihe maxlmum rated f,ow of the ñlt€r' or tt's

efñc¡ênry will be Jeopodized.

I Never install potycarbonate bowls whet€ syntheùlc

tubricants or solvents may contact them'

I Atways use a grade 7OC prerlllter before ¿¡ gÉdo 5OC ñnal

filter'

I Atways protect grade CC vaÞor adgorpt¡on cartrids€¡

with a grade 5OC coalescer'

*J

HOW TO ORDER

FTLTER H6U5INGS - ptease specify model no.. port slze and etemerrt grade requlred' e'g' 36OA'5OC'1/c'

Each housing comes complete wÌth filter element' ready for installatlon'

- For your convenience ptease order accesssory ttems at the time of ordering tt¡e

ñ¡ter hous¡ng.
PlEase checkthe exast order codes ln the table on Pag€ 4' 5' 6 g 7' I

- coalesclng elêments are sold in packs of 3 or lo. Please refer to tables on

pages 4 & 5 for the exact order codef . Please spec¡fy the grade required.

Adsorption carÈridges are sold indMdually.

ACCESSomeS

REPI.AEEMENl
ILEMENÎS

il



HIGH EFFICIENCY COALESCING FILTERS 1/8,,THROUG,}d 712,,

Tt

MOE'EL315 MODEL 3154

-''RINCIPAL SPECIFICATIONS

[4outtthg bnclet

Boì,vl6uad

lbnsed set

0H r¡t

(l) Ent* gr¿de Equired . 50C ø 70C or CC, CC orffig€s are not used h hot¡shgs wiÛ¡ automatk dnlns,

Ø Material abbeuiations A=Anodi¿ed dminmr ft=PolycaÈonate. SS=Sdtþss 5þd.

4

MODEL 36(, MODEL 360A MODEL 36OFI (

M8360r

86360

6\ß?0

lndded

t 8¡60

BG360

6V3706V360

M8360

Gißr5

M8315 MB360t

86360

GV360

lnduded

A
È

s/Al
BJneN

FlastiqlBnss

AI

k
SE¡¡

BwlaN

AI

A

llylm

Buna.N

Brôss

AI

Pc

Mon

Buna.N

Plas&/8trss

AI

AI

Mon

Buna.N

Bnss

oFcoNsTBucnoN e)
- Head

. Bovi

' lnt€mals

. Seals

.Oôe¡s

&ln-tr,
100

t0

2U17&.D

100

t0

25{4Ê

100

10

2tr4-El

100

t0f0

t00

12.32-=RL'IER EI.EMENT CODEs (I)

tvlAWUM PRESSURE DROP - (psD

II'A(IMUM PRESSURE DROP

AT tl,"EMENf CHANGE - (psi)

0.61

¿4
il.9?

0.61

2.4

10.28

0.6t

2.44

6.30

0.6r

2.4

7.U

mr\¡ClPAt DlMtl'lSlONS . A

0nches) .B'.c

PORTSIZE NPf)

DRA¡NTYPE

ùIAffiUM TEMPERATURE (l)
MTI)0MUM ffiESSURE $sis)

ræ

l5{l

aubmaft

tE1ë'

dumPtø¡1n

tz0

150

1/¿l or th'

manud

200

25{t

1/a'or Vt
dunpvalve

. 120

t50

ltt or t/c'

manual

200

250

0,39

1.57

4.45

HOUSING MODEL 37oFr370360A360r3154



HIGH EFFICIENCY COALESCING FILTER 112" THROUGH 3,.

I

B

.9

iì

MODEL3TOA MODEL3SOAF

PRI NCIPAL SPECIFICATIONS

(1) Enter grade requiæd - 50C or 70C ø CC. CC cartridges are not used in housings wifr ar¡tomatic drarns,

Ø Material abbreviatbns: A=Anodized aluminum, Pc=Polycarbonate, SS=Stainless Sted.

5

MODEL 385AF MODEL 39OAF MODEL 3954F

: .ii:¡.:: 1

;:r,:ì:iiijìÌii¡i::
.:.M8360:.:i
: :'::.!,.;:,:r.: i

rÌ;'ì rìì':ì..::lì:

''ctB60, i

iiil,,i¡ ri
GV360

M8360 M8390

6V390

DP38O

M8385

6V385

DP38O

MB380

6V380

DP380

OPÍIONAL ÌTEMS

Mounting bncket

BowlGuard

Viton seal set

DPIKit

MB39O

6V395

DP3E)

A

A

5S/Ar

Buna-N

Plasüc/Brass

A

A

ss/A

B¡na.N

PlastidBrass

A
AI

5S/At

Buna-N

P'lasticlBnss

A

AI

SS/AI

Buna-l{

PlastidBnss

MATERIAIJ OF CONSTRUCTION C¿)

. Head

- Bowl

- lntenpls

- Seals

- 0thers

A
AI

5S/al

Buna.N

Plastic/Bøss

.o+ir;z¡ìr
'ii:iiiÀ.':iLr:
.ir:.jì.ìi:i,r;,- ì'
. lìiìriijì..ri::.1:
')jt rr¡::j :i . ...

:ìì::dQii.iiri:ì

-à+isa,61¡:

:jrììrJ00riji:i
il,:ir,llìilli¡ìr

;¡;ìôii;.-i:

.?il?&Eiì,

::,,,10i.i

i;¡;,,.,JQ:,¡¡;r;;,

.t
::

t0

51.æ0.¡

100

10

38.152-=

t00

211¿7:'

t00

l0

FILTER ELEMENT CODES (I)

iúAXIMUM PRESSURE DR0P. (psD

MAXIIìlltiM PRESSURE DROP

AT EI"EMENT CHANGE . (psD

63.76U--

100

10t0

51.476-tr

t00

f.i '0.61i:..ì;;:1.r:.:::ì'iìì:.ir:

i: i. 2:{4 ì. ,t
1- ' ::::!. r.l\¡1:

i:...:iþ'2$:,;::'.

:I.',r:: llìiììirìiì

, ij:3.ri1ìiiiìi

, ;,il,f¡l¡,¡;

,,iilàiO,.,'ìl

ì:. i7.:lll¡ i:j:.::

':i 
38.19:,:,'i.

r.85

5.51

t4,57

I

3.94

I r.6t

0.61

2.44

10.28

PRINCIPAL DIMENSIONS . A

0ncfies) -B

.c

2.56

7,48

38.t9

t.85

5.5t

?5

3/a'or 7"

automatic

200

250

Y¡'q.l'.11,t

i:PP-ii',

.i.*r¡i,
,,:ir::25Q:iì¡:ì:

200

'250

automatic

t/¿' . .r:j5 .'

,,.tin¡rtd:::;,

"Ìlæo';,;:i,l:iiiìæqì,,:i

200

250

automatic

2'lVz'

automath

200

?50

PORT SIZE (NPT)

DRAINWPE

MPJffiUM IEMPERATURE (Ð

I¿AXIMUM PRESSURE (psig)

¿00

250

aitgmätic

3o

,3854:r:38OAF389437OAF370AHOUSING MODEL 395AF3954.':39OAF3854F



VAPOR ADSORPTION FILTERS 1/q" THROUG.I{ ?"

REMOVE LAST aP¡\CES OF OIL
VAPOR AND ODOR FROM
COMPRESSED AIR.

Headline grade CC vapor Adsorptlon Cartridges fit the
standard range of compressed air housings described
on pages 4 & 5 and are designed to remove the last
traces of oil vapor and odorfrom compressed air. The
cartridge conslsts of a cylindcr sf astivated carbon clotf¡
sandwlched between two filtertubes providing the

Carbon cloth ls up to 20 times more efñcient in the
removal of orEanlc vapors than granulated carbon,
giving Headline cartridges exceptional ûow and life
sharacterlstlcs.

ADSORPTION
CHAR/ACTERISTICS

ADSORPflON - I-IYDROCARBONS €a & L.AFIGER

FREONS

OILVAPOR

ALCOHOLS

ALDEHYDES E KEÎONES

AROMATIC ÞiYDROCARBONS

UTTLEADSORFÍON . METHANE

C'TRBON MONOXIDE

CAF'BON DIOX|DE

ACEÎYLENE

AMMON|A

AMINES

I-IYDROCARBONS C¡ & t-OWEh

RECOMMENDED PREFILTER/A,DSORBER COMBINATTONS

th,

V¿'

u¿

v¿, t'
tw
¿
3'

t

câ pura
alr

ôlt r t¡¡ba

outat
fltt rt¡ta

6RADE CC ADSORPTION CARTRTDGE
HOW IT WORKS

ft
&
br

315.3154 + t2€2-CC

360.3604 + 2$64-CC

3704 + 2Si?&CC

ssoA'+ 3&r52€c

3854 + 51.230.CC

3904 + 51.47ôCC

3?54 + 63-?62{C

315,31sA

360F,360AF

370F,370AF

38OAF

38sAF

3gOAF

39sAF

5 scftn

1.5 scftr

40 scfrn

80 scfr¡r

l?5 scfrn

25O scfrn

560 scfrn

Adsorber Houslng
and cartrldge code

Prefilter Houslng
(use 5OC elemenÐ

Maximum f,ow rate
at lOO pslg

Une Slze

6



COALESCING FTLTER REGULATORS 1/a" THROI)GH th"

HI6H EFFICIENCY COALESCING
FILTRATION + HIGH QUALITY
PRESSURE REGULATION
ln one convenient piggy-back unit. Headline
coalescing filter regulators cornbine all the
advantages of coalescing filtratlon using grade
SOC filter elements with a high perforrnance
pressure regulator. The regulator is placed
downstream of the coalescerto provide clean, dry

pFessure drop across the coalescer.

PRINCIPAL SPECTFICATTONS

w
v¿

e5-r?&soc

A
A

SS & B¡na-N
220
250

FR370A- 30
.60
. t30

6

w
w

25-04-50C

A
A'

55 & Bun¡-N
2ZO

2s0
FR360A. 30

.60
.. 130

I

w
vt

z5-64-50c

AI
Pc

SS & Buna-N
120
150

FR:t60. 30
60

t30
6

w
w

12.32.50C

A
A

Nylon & Buna.N
220
250

FR:¡15A. 30

'60
- 130

I

w
thr

r2-32-50C

A
Pc

N9on & Buna-N
120
r50

FR315 - 30
.60
. 130

I

MODEL NO.

PORT

GAUGE PORTS

FILTER ELEMENTCODE
I'ATERIALS OF CONSTRUCÎON (I )
. Head
- Bowl
.lntemals
Maximum Temperature (F)
Maxìmum lnlet Pressure Gsig)
Regulated Rånge O-30 psig

s-60 psig

l0-130 psig
% Drop at modmum ffow rate

FR:¡7OAFR36OAFR:¡60FR:¡I5AFR315

(1) Material abbreviationg: Al=Anodized alumlnum. Pc=Polycarbonate, SS-Stainless Steel.

FLOW CHARACTERISTICS

\....,"..
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40 50
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I
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I
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r25
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æ
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FLOI r (SCFM'

20 2a

I
I
u
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f
6u
E

I
5:
ú
ua

?5

50

25

o
o t 2345

FLolrl, (SCFM,

6

FR37()A-30/60/! 3()FR360-30.160.1730/FR3f s-3O/6O/13()

FR3T5 FR36O FR!}?OA

ACCESSORIES

MOUNTING BRACKETS
Flltrr Mountlng Br:rck.tr .¡.
.vallrbl. f,or mort H.rdllna Fltt rì|.
Ttrr modol no. f,or r¡ch hou.lng It
g¡v.n ln ttì. tâblea on prgor 4 & 5.

7

BOWL GUARDS
Av¡llablo for all
ñlto:¡ wlttr
Þolycadronrta
Þl.rtlc bowlr to
Þrst ct.g¡lnst
lmp¡ct demtgo.
l{radllnr
rlcomm.ndr lrr¡t. ln
th. lntarnait of
¡rfaty, bowl guardt
elwryr b¡ ln¡trll¡d.

B

DIFFER"ENTTAL PRESSURE
INDTCATORS

Dlfi.nñtl.l Prrl¡ur¡
lndlcåtorì¡can ba
ln¡trlhd on rll Ho¡dllnr
Fltt r!'to glv. polltfv.
vlrual lndlc¡tton oú
t'hr neod to chlngr
d¡m¡nû¡.
Dlf'ñr¡¡rrtlrl Þ¡rsrur'¡
lnd¡cåtoñ c.n âlto
b¡ bullt lnto thr h¡rd
onmrnymod¡l¡.



COMPRESSED AIR FILTER SYSTEMS

AIR FLOW R.¡ATES tn SCFM at 2 psf pressure Þrop

1200560365170cc
17tO79552024050c

590028æ180083570c

5395A 39sAF

47025016376cc
65535023010650c

2620140091042570c

z'

2351258t38cc
3301751145350c

150080052024070c

1V¿'

150805224cc
1871006530s0c

75040026012070c
t/q'

or f'
300A.380AF

7540261Zcc
1126039t850c
?.80t50984570c

th,

3?0,3701

370Ft

3?oA 370AF

2A15t04.5cc
4725t6I50c

12¿65422070c
w

or th'

360,360t

36oFt

360A 360AF

9.45.O3.31.5cc
179.05.92.750c

5630209.070c

vd3t5.315A

250(l)200(|)rs0r00806040202

A¡R LINE PRESSURE (pslg)E|LEMENI

GRADE

UNE
StzE

HOUSITI¡G MOD€L

\,

l8sÀ 38sAF

39OA 390AF

(1)Airllne pressures above i50 psig appV only to housings with atuminum bowls.
Housings with polycarbonate bowls are limited to 150 psig.

WARRANTY
HEAÞUNE FILTERS WARRANTS their products against defects in materíal and workmanshlp for a period of one year from the date of purchase,
þroviding use was ln accordance with Headline Fihers recommendations. lf product fails to perform as warranted, Headline Filters will replace the
product free of chaçe. The company will not be liable for incidental or consequential damages, labor charges, delays, or any gther charges. We
make no other warranty. expressed or implied,
The user through his own analysis and testlng is solety responsible for product selection and ensuring all reasonable salety md warñing
requlrements of the application are meù.

HEADUNE FILTERS reserves the riglrt to make design changes and tmprovements in our products at any time without noticc.

Distributed byr

HEADLINE FILTERS
Headline North Amerlca lnc.
340,62 James J. Pompo Drlve
Fraser Ml48O2O
Phone: (81O) 296-80()z
Fax: (81O) 296-8081
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RUFFNECK
Heaters
Owner's Manual @

tX4 Ser¡es
Electric Forced Air Heaters for Hazardous Locations

)

This manual covers the installation, maintenance, repair and replacement parts.

MODET CODINC

FX420-480360-35
T -L 

*,.o*orr RATNG
I 

"="rt
PHASE

VOLTAGE

FAN SrZE (INCHES)

4th GENERATION

MODEL SERIES

APPROVED LOCATIONS

The Electric Forced Air Heaters are

CSA certified andior UL listed for the following locations:

Class l, Divisions 1 & 2, Croups C & D;

Class ll, Division l, Croups E, F, & G;
Class ll, Division 2, Croups F & G;

Class l, Zones 1 & 2, Croups llA & llB;
Temperature Code T3B 1 65'C (329'F)

i50 Hz & 60 Hz Models)

For details oi hazardous locations with potential for

explosion, refer to the Canadian Electrical Code, Part 1,

Section 18 or National Electrical Code articles 500-516.

Part No. 5031-1 0 ' Printed in Canada

RUFFNECK ancl VacuCore are registered trademarks of Lexa Corporation. Copyright' 2000' All rights reserved.

WARNING!
READ ALt IMPORTANT NOTICES ON PACE 3.

CERTIFIED
LISTED



HEATER MAINTENANCE CHECKTIST
For Electric Forced Air Heaters

Heater Model: Serial No.:
Date of Maintenance: Maintenance Done By:

Com

PERIoDtc
1. CLEAN f,l Finned Tubes

D Fan

r-l Fan Cuard

Q Motor
D Louvers

2. CHECK

Remove dust using compressed air. Do not spray with water or solvents.
Do not immerse in water or solvents.

ANN UAL season)

1. ELECTRICAL
D Check all terminal connections and conductors. Tighten loose connections. Conductors w¡th damaged insulation

must be replaced.
Ü lnspect contactor contacts. lf badly p¡tted, burned or welded shut, replace with factory supplied contactor.
Ü Check fuses. Fuse rating and type are on printed circuit board. Correct fuse must be in the active fuse clip. lt is

recommended that a spare fuse be stored in the spare fuse clip.
3 Check all explosion-proof conduits. Replace damaged conduits. All threaded conduit connections must have a

mínimum 5 turns engagement. Straight threaded conduit must protrude a minimum of 1/16" (1.6mm) inside
enclosures. Taper threaded connections must be at least hand tight.

O Check electrical resistance on all load side legs. Reading should be balanced (t 5%).

2. MECHANICAL
Ü Check for fluid leakage. The heater core is vacuum charged and contains ethylene glycol which is poisonous. lf any

fluid leakage occurs from the heater, disconnect it from the power supply and have the core replaced. A factory
supplied exchange core can be shipped immediately from stock. Refer to the "Repair and Replacement" section for
details.

D Check all enclosures. lnterior of enclosures must be clean, dry and free of foreign materials. Threaded covers must
be installed and hand tight.
Note: Enclosure joints are nretal to metal. Do not use gasket nraterial or sealant in joints. A grease is applied to the
joints at the factory and should be left intact.

n Check motor shaft bearing play. Replace motor if play is excessive, or íf motor does not run quietty and smoothly.
Motor bearings are permanently lubricated.

D Check fan. Replace immediately if cracked or damaged.
A Check louvers. Louver screws should be tight. Louvers shall not be fully closed or override stops.
D Check the tightness of all hardware. All nuts and bolts, including mounting hardware, must be tight.
D Turn heater on for a minimum of five minutes. Check for warm air exiting heater through louvers. Crackling or

pinging noises within heater during start-up are normal.

For assistance, please call
Toll Free: 1-800-661-8561 (24 hrs)

U.S. & Canada

ü Motor for snrooth, quiet operation

f,l Louvers for proper angle and tightness

tr All explosion-proof covers for tightness

C

It)
RUFFNECK
Heaters

-2-
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WARNING
Disconnect heater f rom power supply at integral disconnect or fuse box before opening enclosures or servicrng heater.

Lock the switch in the "OFF" (open) position and/or tag the swilch to prevent unexpected power application.
lF INTEGRAL DISCONNECT lS BEING SERVICED, verify that power has been disconnected at fuse box or main panel

Lock the switch in the 'OFF" (open) position and/or tag the switch to prevent unexpected power application.
This heater should only be serviced by personnel with heating and hazardous location equipment experience.

Ð



WARNINC
Read and adhere to the following. Failure to do so may result in severe or fatal iniury.

IMPORTANT NOTICES

1. Read and follow all instruct¡ons in this manual.
?. Heater is to be usecl only in atmnspheres having an

ignition tcmperature highcr than the heater's maximum
rated operating temperature as shorvn on the heater

data plate. Refer to applicable electr¡cal codes fbr
additional information.

3. Heater to be used only in the hazardous locations
indicated on the heater's data plate.

4. Heater is for dry indoor use only, Do not immerse in

water. Do not store or use in areas exposed to rain or
snow.

qualified electrician experienced with lrazardous
location equipment.

6. lnstallation and wiring of the heater must adhere to
all applicable codes.

7. Disconnect heater from power supply at integral

disconnect or fuse box beiore opening enclosures or
servicing heater. Lock the switch in the "OFF" (open)

position and/or tag the switch to prevent unexpected
power application. lF INTECRAL DISCONNECT lS

BEINC SERVICED, verify tlìat power has been
disconnected at fuse box or main panel. Lock the

switch in the "OFF" (open) position and/or tag the

switch to prevent unexpected power application.
B. This heater is er¡uipped with a single bimetal

overtemperature high-limit. ll is of the automat¡c reset

type and therefore tlre heater nlay restart without
warning. The heater ¡s not to be operated with the
high-limit disabled or disconnected trom the
control c¡rcuit.

9. Venting pressure of the pressure relief valve is factory
set. Do not tamper with lock nut.

LOCATION
For optimum heating, the heater should be installed as follows:

1. There are no obstruct¡ons that may impede the heater's air
inlet or discharge.

2. The air discharge is directed into open areas and not at

occupants.
3. The air discharge is not directed at a thermostat.
4. The air discharge is directed across areas of heat loss, such

as doors and windows (see Figure 1).

5. The air discharge is directed along and at a slight angle
toward exterior walls (see Figure 1).

6. lf equipment freeze protection is important, direct air
discharge at equipment.

7. Air discharge streams support each other and create a
circular air flow. lt is not required that the heater's air
throw reaches the next heater (see Figure 1).

10. Operate the heater only while it is pernrarrently
mounted in an upright position. Refer to the

"lnstallation - Meclranical" section f'or rictails.
'l l Heater nrust be kept clean. When operat¡ng in a dirty

environment, regularly clean the finned tubes, fan, and
fan guard. Follow the recommended maintenance
procedures. Refer to the "Heater Maintenance
Checklist" sect¡on for details.

1 2. The heater core is vacuum charged and contains

etlrylene glycol which is poisonous. lf any fluid
leakage occurs lrom the heater, disconnect it from the

13.

14.

15.

16.
17.

't B.

19.

20.

factory supplied core. Refer to the "Repair and
Replacenrent" section for (letails.

Do not operate the heater with any of tlre louvers fully
closed or overriding their stops.

Do not operate the heater in atmospheres corrosive to
steel or aluminum.
Do not of)e¡ate heater ill ¿rtrbient termperatutes above
40"c (1 04"F).

Use factory approved replacement parts only.
See applicable electrical codes for seal requirements in
field installed conduits. Factory ¡nstalled conduits
require no further sealing.
Crackling or pinging noises vr,ithin the heater core
during start up may occur. This is normal.
Air discharge near the bottom of the heater may be
warmer than the top. This is normal.
lf there are any questions or concerns regarding the
heater, contact the factory. Reier to the last page of
this nranual for details.

WARRANTY WItT BE VOID
IF INSTRUCTIONS ARE NOT FOLLOWED

INSTALLATION
The installation instructions provide a general guideline for the installation and wiring of the heater

All applicable codes must be adhered to.

MECHANICAT

-3-

HEATER LOCATIONS

EXTERIOR WALL

-nll ù

Þ

EXIERIOR
WALL

?

F¡CURE 1



:r-
112' 

-
{12.7mm)

MAXIMUM TILT ANGLËS
(E¡ther d¡rsct¡on)

(25.4mm)

MOUNTING
1. The heater must be permanently mounted in a level,

upright position for bperation. See Figures 2,3, and q
for maximum tilt angles, installation clearances, and
ohvsical dimensiond.
Foí ease of installation, a variety of mounting l<its arc
available from the factory.

2. Tþe mor-rnting str'-tcture must be strong enough to:
a. support the heater's weight, refer to the

"Specifications" section,
b. provide sufficient stiffness to prevent excessive

vibration, and
c. withstand harsh situations such as transportable

installations.

MINIMUM INSTALLA1TON CLEARANCES
(MUST BE MAINTAINED FOR SERVICE AND AIR FLOW)

No clea€nce required above hætq
€xcepl as æled (Sea notg #1 )

Noles:
1. All models 10kW and l6ss with an lnl€gral Disconnæt switch requi¡e l" (25ñm)

mounting clearance âbove lhe heale¡ (Seê Dirension 'F- ¡n liqu¡e 4).

72''-'- -- ---- T- (to2ghn)

Forlhe mdimum tuunt¡ng he¡ght lo ensure
w¿ilr å¡r ¡earhes lhè l¡oor. r€f€r lo lhe
"SPECIFICATIONS" sæl¡oh.

- t0'-

30'

- 
(762mml

(2gmm)

' . FLOOÂ .

OBSTNUCTION

Cabiret h€ighl plus
2 in.(51mm) ford$
ol coro Þmovd(w Figuß 4).

I

(102mm)
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HE 1ERS $lltouÎ
tNlEcR^L D|SCONi€eÐ

ELECTRICAT

Heater may be supplied w¡th a factory installed built-in room
thermostat (see Figure 7), On heaters not supplied with this
option, it is recommended that a remote room thermostat be used
Connect the remote room thermostat conductors to the printed
circuit board terminal block marked "TSTAT".
Any thermostat used with this heater must:

a. be of an explosion-proof type,
b. be rated 125 V minimurn,
c. have a minimum 2 amp capacity, and
d. open on temperature rise.

Appropr¡ate hazardous location room thermostats are available
from the factory.

FICURE 4

CENERAT
l. Use only copper conductors and approved explosion-proof wiring

methods during installation. Refer to the "Technical Data" table
and heater data plate for conductor rating.

2. External overcurrent protection is required. Refer to the "Technical
Data" table and heater data plate for voltage, trequency
amperage. and phase. Supply voltage is to be within 10% of the
data plate voltage.

FIELD WIRING
l. The supply conductors, ground conductor, and room thermostat

conductors lsee point 2, page 4) all pass through the 1 " NPT
opening (see Figure 5) and are to be wired into the control
enclosure (see Figure 6A).

2
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WARNING
Disconnect heater f rom power supply at integral disconnect or fuse box before opening enclosures or servicing heater.

Lock the swilch in the "OFF" (open) position and/or tag the switch to prevent unexpected power application.
lF INTEGRAL DISCONNECT lS BEING SERVICED. verify that power has been disconnected at fuse box or main panel

Lock the swilch in the "OFF" (open) positton and/or tag the switch to prevent unexpected power application
lnstallation and wiring of the heater must adhere to all applicable codes.



3. Heater may be supplied w¡th a factory installed built-¡n integral

disconnect. (See Figure 68)

Field Wiring for lntegral Disconnect:

a. Power Supply conductors and Cround conductor pass through
l "NPT opening of Disconnect Enclosure (see Figure 68). Supply
conrluctors to be wired to Disconnect Switch inside. Cround
conductor to bc wircd to Cround Lug fastened to ¡nside of
Disconnect Enclosurc.

hr. lf applicable, Remote Room Thermostat conductors pass through 
.

3/4"NPT opening of Tee fitting (see l-igure 68) and are to be wired
to printed circuit board terminals marked "T'STAT".

c. To reduce risk of ignition of hazardous atmosplteres, conduit tulrs

must have a sealing fitting connected within 1B inches (457 mrr).

Factory installed conduits require no further sealing. lntegral

D¡sconnect is sealed at factory.

FINAL INSPECTION
âpp power:

a. Check that all conrrections are securerl and comply with the

applicable wiring diagranr (see Figure B) and cocle requirements,

b. Coníirm that the power supply is conrpatible with the data plate rating
of.the heater,

c. Remove any foreign objects from the heater.

d. lnstall all covers and verify that all enclosures are wcll sccurcd, and

e. Ensure that the fan rotates freely. See Figure 5 for proper direction of
fan rotation.

-îi
-1-*

TIGURE 6A f IGURE 7

junction box

Control enclosure

and cover

Do not install contluit below heater (see 3r.

Motor

Rear View of Heater

Air

1 " NPT opening
Íor lield wiring Air exits througlr

louvers.

5

Control Enclosure & Field Wiring Connect su¡rply contluctors

to this s¡(le oi contactor.

Contactor loatl

sicle ternrirrals,
For a 1 -phase

heater. use these

contactor lugs.this sicle lor
lactorv wiring
only. Act¡ve and spare

fuses (see parts list)

Crouncling lug
Printed circu¡t boarcl's

termìnal block

()ptional factory
installerl l¡uilt-in

room thermostat.

Optional tactory
installed built-in

disconnect.

Optional Built-in Disconnect & Field Wiring
3/4" NPT

(Remote Room

Thermostat

if applicable)

Sealed at Factory

5rvrtch loacl side

terminals, this

Active and

Spare íuses

{see Parts list}sicle for tactory wiring

onlv'.

Printecl circuit

board terminal

I" NPT
(Porver Suppl¡rt Terminals marked

.T'STAT"

Connect Supply Conductors to th¡s

side of Switch

For a 1 -phase heater use these

Srvitch terminals

tr
.f

Crounding Lug

-5-

TICURE 68



WIRING DIAGRAMS
OPTþNALrtEm
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EffiA

ff ctm AWæSEI
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IIoruHÍ

M
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3-Phase 50Hz 380 Volt

lil

361 B

361 B

361 I4071
E

13.123.640I39.031 .221 ,8201.0r' 415 22.4 fFX420-415350-22.4
406618.032.5301025.920.7I 4,51 00.7J"14.9415r'FX41 6-41 5350-1 4.9
40581B.B33.915"14'r 3.010.47,240o.737.5415r'FX412-415350,7 .5

361 I405016.229.2r5146.45.13,5100.73)./415FX4't2-4't5350-3.7
361 I406812.222.O40B39.831 .B20,2301.0320.9380FX420-380350-20.9
361 B406520.236.435o31.825.416,220o.7316.7380FX41 6-380350-1 6.7

361 B406115.127.2251023.819.012,0300.7312.5380FX4l 6-380350-1 2.5

361 B405721 .137.9201216.012.88,1 000.738-4380FX4i 2-380350-8.4

361 I405315.828.4i514r 2.09.66,0200.736.3380FX41 2-380350-6.3
361 I404918.4) ).¿15148.06.43,9300.734.2380FX41 2-380350-4.2
361 B40451 i.019.715144.8)-Õ2,260o.712.5380FX41 2-380350-2.5
361 9406115.327.5BO471.657.3'I 2,1 002.O112.6220FX416-220150-12.6
3619405721 .137.950647.838.28,1402.018.4220rx412-220150-8.4
36i B405315.828-440B35.828.66,0502.016.3220FX412-220150-6.3
361 B404918.433.225l023.919.13,9502.O'I220FX412-220150-4.2
361 B40451 1.019.7r5141 4.311.42,2702.O12.5220tx412-220150-2.5

co'.llAcroR
PART

NLIMBER

CORE
PART

NUMBER

'c"F

MAXIMI]M
FUSE StZt

(A¡

SUPPLY
WIRÊ
stz|

rA\4'C)

MINIMUM
CIRCUIT

AMPACITY

iA)

TOTAL
CURRTN'f

HEATERMAX.
MOTOR

NAMTPLATI
CURRENT

iA)

ïÈ
NOMINAI
WATTACT

{kW)

VOLTACT

is;<ñ>

tsozMODET

TIMPÊRATURI
RISE

@ FX4 TECHNICAL DATA FOR 50 HZ ELECTRIC AIR HEATERS

I

C

NOTES:
I . Minimum conductor size tor 30"C (86"F) âmb¡ent. Derate conductor tor ambient temperðture. Use minimum 9ú"C ( 1 94.F) insulation.
2. Heater is lunctioning normally if at rated voltage the amp clraw is within 1O'l/" of the value in this table.
3. Operation at lower voltages will result in reduced heat output and amp drarv. (,

- 6-



FX420-600360-35 42.1 B33.7 15.628.0 36194074
FX420-480360-35 480 52.642.1 407315.628.0
FX420-600360-30 600 36.128.929,190 26.3 361 B107214.6
FX420-480360-30 480 45.136.1

'14.626.3 361 94071
FX420-600360-25 24.124,210 21 .930.1 361 B4070't2.2
FX420-480360-25 37.630.124,210 12.221.9 361 B4069

240FX420-240360-25 24,210 75.160.1 406812.221 .9 361 9
FX41 6-600360-20 24.O19.219,410 20.136. I 361 B4067

480FX41 6-480360-20 24.119,410 30.1 406620.'l36.1 361 I
FX4i 6-4801 60-20 52.141 .719,410 20.136.1 361 94066
FX4l r¡-2411160-2O 19,410 60.148.1 406520.136.1 361 9

208FX41 6-208360-20 55.519,410 69.4 3619406420.136.1
FX41 6-600360-1 5 14,400 18.014.4 406315.027."1 36]B

480FX41 6-480360-1 5 18,014,400 27.122.5 361 B406215.0
FX41 6-4801 60-1 5 480 39.131 .314,400 15.027.1 361 B4062

240FX41 6-240360-1 5 36.114,400 45.1 406115.027.1 361 9
tx41 6-2401 60-1 5 78."162.514,400 15.027.1 36"t94061

208FX41 6-208360-1 5 14,400 52.0 406015.027.1 3619
FX41 2-600360-1 0 600 12.O9,690 20.637.2 361 B4059

480FX41 2-480360-1 0 t2.o9,690 15.0 405820-637.2 361 I
FX41 2-4801 60-1 0 26.O20.89,690 20.637.2 361 B4058
FX41 2-240360-1 0 9,690 30.124.1 405720.637.2 361 B

tx412-240160-10 52.141 .79,690 37.2 3619405724.6
FX41 2-208360-1 0 9,690 34.827.8 405620.637.2 361 B

FX41 2-2081 60-1 0 48.19,690 60.1 405620.637.2 361 I
FX41 2-600360-7.5 7,200 1-5.527.9 361 B4055

4BOFX412-480J60-7 .5 7,200 11.3 405415.527.9 36tI
FX412-480160-7 .5 4BO 19.515.67,200 15.527.9 361 B4054

240tx412-240360-7.5 18.07,200 22.5 405315.527.9 361 B
FX412-240160-7 .5 240 39.131.37,200 15.527.9 361 B4053
FX41 2-208360-7.5 7,20() 26.020.8 405215.527.9 361 B

tx41 2-2081 60-7.5 36.17,200 27 -945.1 36't9405?15.5
Êx41 2-600360-s 4,700 405117.631.6 361 I
FX41 2-480360-5 1,700 31 .6 361 I405017.6
FX41 2-4801 60-5 4,700 13.010.4 17.63r.6 361 B4050

240FX412-240360-5
'12.04,700 15.0 404917.631.6 361 B

FX412-2401 60-5

208FX41 2-208360-5 4,700 17.413.9 4048't7.631.6 361 B

208FX4 r 2-2081 60-5 24.O4,700 30.o 361 B404817.631.6
FX41 2-600360-3 2,700600 10.519.0 36rB4047

480FX41 2-480360-3 2,700 19.0 4046'¡ 0.5 361 B
FX41 2-4801 60-3 2,700 'l 0.519.0 361 B4046

240tx412-240360-3 2,700 404510.519.0 361 I
tx412-240160-3 15.612.52,700 10.519.0 361 I4045
FX412-208360 3 2,700 10.4 404410.5'19.0 361 B
FX412-208160-3 18.014.42,700 i 0.5r 9.0 361 B4044

CL¡RRENT

(A)ikw!

is
.Ä<MODEL

{A)

MINIMUM
CIRCUIT

AMPACITY

HEAIERMAX.
MÚTÕR

TEMPERATURE
RISE

(At

MAXIMUM
FUSt 5lZt

(AWCI

SUPPtY
wlRE
srzE

COI.ÍIACÍOR
PART

NUMBER

CORE
PART

NUMBER

@ FX4 TECHNICAL DATA FOR 60 HZ ETECTRIC AIR HEATERS

) ìll
-a,tnl

* - CSA Certiiied ONLY
. - Exceeds the 48 amp ci¡cuit limit of NEC 424-22

NOTES:
l. Minimum conductor size ior 30'C (86't) ambient. Derate conductor ior ambient temperature. Use minimum 90'C (194'F) insulation.

2. Heater is iunctioning normall,r, ¡f at rated voltage the amp clraw ¡s with¡n 10% of the value in this table.

3. Operation at lower voltages will result in reduced heat output and amp draw.
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SPECIFICATIONS FOR AtL 60 HZ MODET

DS4-48-L for use only on heaters with totaf current not exceeding 48-Amps.
Lockout bar accepts 1 /4" fo 7/1 6" diameter padlock shackle.

Optional lntegral Disconnect

-49'F to '176'F (-45"C to go'C), short term to 248"t (120"C). Do not store or use areas

exposed to rain or snow. Do not immerse ¡n water.
Storage Lim¡tations

-49"F to 104'F {-45"C to 40"C).Temperature Limitations

T3B 165"C (329"F) Class I & ll.Temperature Code Rating

Preset 'l 00 psig (690 kPa) seep pressure relief valve, aluminum body, no field serviceable parts.Overpressure Protection

Heavy walled,0.122 in. (3.1 mm) steel, cadmium platedConduit Material

Steel with integral aluminum fins, vacuum charged and hermetically sealed.Core

14 ga. (0.075 in.) (1.90 nrm) steel. Epoxy coated with five-stage pretreatment, including iron
phosphate.

Cabinet Material

Long life formulated ethylene glycol and water, freeze protected to -49"F (-45"C).Heat Transfer Fluid

4O or 75 amp. Rated for 500,000 mechanical operations. 120 Volts, 15VA coil (separately

fuse-protected).
Contactor

Multi-tap primary, 120 V secondary,25 YA.Control Trañsformer

Explosion-proof. 36"F to S2"F (2"C to 2B"C)Optional Built-in Thermostat

120 Volts, 0.128 amps, 15V4. (Crounded)Control Circuit

Autonratic reset type. snap-action bimetal, open on temperature rise. Rated 100,000 cycles
at 10 amps, handles 0.128 amps.

Temperature High-Limit

Three long-life, low watt-density, high grade metal-sheathed elements.Heating Elements

lwo 9/16 in. (14.3 mm) diameter holes at top oí heaterMounting Holes

Split design with close wire spacing. 1/4 in. (6.3 mm) dia. probe will not enterFan Cuard

Aluminum blade. Steel spider and hub with 5/B in. ('l 5.875 mm) bore.Fan

Explosion-proof. Thermally protected. Permanently lubricated ball bearings.l 725 RPMMotor Type

NEMA Type 7 & 9. tor dry, indoor use only. Do not immerse in water. Do not store or use
in areas exposed to rain or snow.

Enclosu res

187

OJ

165
1E

with (lbs.t

D54-48-L (kg)
218
99

204
93

173

79

151

69

without (lbs.)

D54-48-L (kg)

Shipping

Weight

147

67

't25

57

with (lbs.)

DS4-48-L (kg)
168

76

154

70

133

61

111

50

without (lbs.)

D54-48-L (ks)Weight
Net

508

2016

406

12

305

Fan Diameter (¡n.)

1mm)

1/2

o.373

1/4

0.187

1/4

0.187

Motor Power (HP)

(kw)

20

6.1

10

3.0

10

3.02.'l

7Max. Mounting Height (ft.)

(to undersicle) (m)

70

21 .3

40
't2.2

30

9.1

15

4.6

(fr. )

(m)

Horizontal Air Throw

3950
671 1

3600

611 6

17 50

2973

850
't444

500

850

Air Flow @ 70"F

@ 21"c

(CFM)

(m7hr.)

6,000

1,829
7,000
2,134

'r0,000

3,048
7,OOO

2,"t34
10,000

3,048

1 0,000

3,048
8,000

2,438
7,OOO

2,134
12,000

3,658

(ft.)

(m)

Max. Altitude

3530252015f07.553Nominal kW

-8-
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SPECIIICATIONS TOR ALL 50 HZ MODEL

Optional lntegral Disconnect DS4-48-L for use only on heaters with total current not exceeding 48-Amps

Lockout bar accepts 1 /4" to 7/1 6" diameter padlock shackle.

Storage Limitations -49"F to 176'F (-45"Cto BO'C), short term to 248''F (120"C)

exposed to rain or snow. Do not immerse in water.
Do not store or use areas

Temperature Limitations -49"F to 104"F (-45'C to 40"C).

Temperature Code Rating T3B 165"C (329'F) Class I & ll.

Overpressure Protection Preset 100 psig (690 kPa) seep pressure relief valve, aluminum body, no field serviceable parts.

Conduit Material Heavy walled, 0.122 in. (3.1 mm) steel, cadmium plated

Core Steel with integral aluminum fins, vacuum charged and hermetically sealed

Cabinet Material 14 ga. (0.075 in.) (1 .90 mm) steel. Epoxy coated with five-stage pretreatment, including iron

phosphate.

Heat Transfer Fluid Long life formulated ethylene glycol and water, freeze protected to -49"F (-45"C).

Contactor 40 or 75 amp. Rated for 500,000 mechanical operations. 120 Volts, 1 5VA coil (separately

fuse-protected)

Control Transformer Multi-tap primary, 1 I5 V secondary,25 VA.
Optional Built-in lhermostat Explosion-proof. 36"F to B2"F (2"C to 2B'C)

Control Circuit 1 15 Volts, 0.130 amps, 1 5VA. (Crounded)

Temperature High-Li mit Automatic reset type, snap-action binretal, open on temperature rise. Rated 100,000 cycles

at I0 amps, handles 0.130 amps.

Heating Elements Three long-life, low watt-density, high grade metal-sheathed elements.

Mounting Holes Two 9/1 6 in. (14.3 mm) dianreter holes at top of heater

Fan Cuard Split design with close wire spacing. 1/4 in. (6.3 mm) dia. probe will not enter

Fan Aluminum blade. Steel spider ancl hub with 5/B in. (15.875 mm) bore.

Motor Type Explosion-proof. Thermally protected. Pernranently lubricated ball bearings.1425 RPM

Enclosures NEMA Type 7 & 9. For dry, indoor use only. Do not imnrerse in water. Do not store or use

in areas exposed to rain or snow

(lbs.)

(kg)

with
DS4-48-L

165

75

218
99

187

B5

Shipping

Weight

151

69

without (lbs.)

DS4-48-L (kg) 93

204173

79

with (lbs.)

DS4-48-L (kg)

125

57

147

67

without (lbs.)

D54-48-L (kg)Weiglrt
Net 111

50
168

76

154
70

133

61

Fan Diameter (in.¡

(mm)

12

305

16

406 508

20

Motor Power (HP) 1/4
ô ?7?

1/2
ô 147

114

2.1

7Max. Mounting Height (tt.)

(to underside) (nr)

20

6.1

10

3.0
10

3.0

13

4.O

Horizontal Air Throw (ft.)

(m)

35

10.7

25

7.6

60

18.2

Air Flow @ 70"F

@ 21"C

(cFM)

tmihr.)

700
1 189

3000
5096

10,000

3,048

400

679

8,00u
2,438

12,000

3,658
Max. Altitude

)

)(ti.

(m

't0,000

3,048

1450

2463

7,000
2,134

7,OOO

2,134

7,OOO

2,134
10,000

3,048

6.3&7.s3.7&4.22.5 20.914.9&16.712.5&12.68.4Nominal kW 22.4

-9-



8US-BAR CONFIGURAIION
ATL 1-PHASE MODTLS

EUS.BAR CONFICURATION

3.PHASE 380 VOIT 50 HERTZ MODETS ONLY
BUS-BAR CONTICURATION

ALt 3.PHASE MODETS (EXCEPT 380 VOLT 50 HERTZ)

H EATER ASSEMBLY DIAGRAM

item #16

See control
enclosure
assembly
diagram (below)

't
..1

See high-l
assembly

im¡t
diagram

ñ

tbelow)

HICH LIMIT
ASSEMBTY DIAGRAM

@

%

-10-



PARTS LIST
FORCED AIR ELECTRIC HEATERS

** See technical data table ior part numbers. NOTE: For items not shown, contact factory

-11-

Please have model and ser¡al number
available before calling.

"=T¡
;¿

38 670967096709 Kit, DS4 cover
647137 64716471 Switch, rotary

381 I381 I36 Bus-Bar, Large Curved381 I
3.5 38"t738173817 Bus-Bar. Small Curved
34 381 6381 6381 6 Bus-Bar, Straieht

408233 40824082 TemDerature Hish-Limit Kit
351 6351 632 351 6 Cover, Control Enclosure

35',t431 351 43s1 4 Printed Circuit Board Assembly
30 351 935',t9351 9 Fuse, Buss MDQ-1/4 Amp

't87629 't8761876 Terminal, 6-14 ga. Screw Lug
380928 38093809 Bracket, Printed Circuit Board

27 5O HERTZ: 441660 HERTZ:3612 Transformer
26 Contactor
25 Enclosure, Control
24

3526

50325032
35253524

5032 Thermostat, Built-in Kit
4983498323 4983 Enclosure, Thermostat

22 379"137913791 Bracket, Thermostat
379021 37903790 Panel, Element Enclosure Cuard

351 0351 020 Cover, Element Enclosure351 0

't9 37933793 Enclosure, Element3793
18 381 0381 0 Conduit, Element Enclosure381 0

17

38r3
208/240V 60 HZ I PH:

22OV 50 HZ 1 PH:
48OV 60 HZ I PH:

ATL 3PH:

381 5
381 5
381 3
381 4

Conduit, Control Enclosure

383B16 38383838 Enclosure, Conduit Junction

15 381 3381 2381 1 Conduit, Motor

373714 37373737 Coupling, Motor
13 37883788 Bracket, Motor Mount Leit37BB

3786378512 3787 Channel, Motor Mount
3789't1 37893789 Bracket, Motor Mount Right

208/240V 60 HZ 1 PH:
22OV 50 HZ 1 PH:

4B0V 60 HZ 1 PH:,

208|240/4BOV 60HZ 3PH:
3BO/41 5V 50 HZ 3 PH:

600V 60HZ 3 Pl t:

1377
1377
2396
1862
1862
1 861

10 Motor, Explosion-Proof240/480V 60 HZ 3 PH:

380/415V 50 HZ 3 PH:

6OOV 60 HZ 3 PH:

1699

1 699

2433

9 Fan Guard Kit408044794078

I 20.9-30 kW: 4025

35 kW:4026
12.5 - 20kW: 4O242.5-5kW:4022

6.3 - '10 kW: 4023

Fan

7 378437833782 Fan Shroud
37796 37813780 Panel, Right Side

3774)5 37723771

407640754 4077
Pinel, I

Louver Kit, c/w Screws

37763

2 3773 Panel, Bottom

Left sidePanel,3777

3774

"l

3778
3775

Core
ITEM 12.5 - 20 kW2.5 - 10 kW 20.9 - 35 kW DESCRIPTION

PART N UMBERS



REPAIR & REPTACEMENT

l. Aíter repairing any component:

a. check that electrical connections are correct and secure (see Figure 8).
b. remove any foreign material from enclosures,
c. install and secure all covers,
d. ensure that all fasteners are tight,
e. remove all ioreign objects from heater, and
i. ensure air exits through louvers and fan rotates counterclockwise when

viewed from rear of heater (see Figure 13).

CORE
The heater core is vacuum charged ancl not fielcl repairable.
For core renloval:
1. Remove cabinet lrottom and element enclosure cover.
2. Disconnect all wires errtering element enclosure (see Figure 9).
3. Slightly loosen all cabinet bolts shown in Figure 9, to prevent the core from

binding.
4. With an assistant supporting the weight of the core, remove the 3 core

mounting bolts. Carefully lower the core out oí the cabinet (see Figure 10).
5. To return core to tãctory, use crate suppliecl with exchange core to protect

the elenrent terminals and plate threads.
6. To reinstall, lift the core up into cabinet while an assistant guicles the

elenrent wires into the element enck¡sure conduit.
7. Position the core and tiglrten the 3 core mountingbolts. Tighten the

rernaining c¡binet bolts.

TEMPERATURE HIGH-LIMIT
l. Remove temperature hìgh-limit assembly and clean the inside of the

tlrermowell (see Figure 'l 1). A clean thermowell will ensure good thermal
contact.

2. Usc only a factory su¡rplicd tcmpcraturc high limit to cnsure safe o¡reration.
l. Ap¡rly a small dro¡r, 3/32" (2mm) dianreter, of heat sink compound to the

center of the metal ca¡r but do not spread. This is crit¡cal for proper thermal
contact between the temperature high-limit and the thermowell (see Figure 11).

4. Reinstall tlre temperature high-lirnit assembly with the snap ring and spring
into the thermowell without damaging the insulating tube. Secure in ¡rlace
r¡¡ith the cotter pin (see Figure 12).

MOTOR, FAN & FAN G UARD
l. Remove bolts holding the motor to the motor mount. On units with a built

in thermostat, renlove the bolts on the back of the thermostat enclosure.
2. Remove conduit f 1 located belween motor junction box and control

enclosure by turning it ¡n the direction illustrated (see Figure 13).
Note conduits #1 and f2 are not interchangeable and have left hand threads on
one end, this end is indicated by a machined groove.
Remove the 2 ¡riece fan guard assembly (see Figure 14).
Lift the motor assembly off the motor mount.
Before removing the fan, measure and recorcl the location of the fan hub on the
motor shaít (see Figure 151. lf difficult to remove, use a gear puller on the fan hub.
To reassemble, place motor assembly onto motor mount and fasten the ían guard
to cabinel.
Simultaneously engage and tighten both ends of conduit f 1 into enclosures.
Leave a 1/1 6" to 3/16' (1 .6 to 4.8 mm) gap behveen the motor and ían guard (see

Figure 1 6). Adjust conduit f2 to center the fan in the shroud.
To ensure a minimum 5 thread engagement, threaded ends of conduits must
protrude a minimum ol 1116" (1 .6mm) into enclosures. The groove on conduit #2

must not be more than 7/8" (22mm) from motor coupling (see Figure 13).
Bolt motor to motor mount. Manually spin the fan blade to ensure fan rotates
freely.

Air must exit through louvers and fan must rotate counterclockwise when viewed
from rear of heater (see Figure 1 3).

J.

4.
J.

6.

7.

B.

9.

10.

-12-
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I not
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Remove this
core mounting
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Control
Enclosure
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not
remove,

do

Loosen

Conduit
Junction
Ënclosure

FICURE 9

FIGURE TO

11

Thermowell 3/32',
(2mm)
Drop

Conduit t2 Conduit Sl

Air inlet

'Ì/8" \22mmt
iFrom groove to

iace of coupling)
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PRINTED CIRCUIT BOARD
After removing the printed circuit board (P.C. Board bracket assembly
from thc control cnclosure, separate the P.C. Board from the bracket by
culting off the plastic spacers (see Figure 1 7).

Reinstãll a new factory supplied P.C. Board onto the mounting bracket
us¡ng new non-conducting spacers of the sante lerrgth. Spacers are
supplied r,vith a ner,v P.C. Board. Reinstall the control circuit ground wire
to the printed circuit board bracket (see Figure 8).

CONTACTOR
Loosen, but do not remove contactor mounting screws. Slide contactor
off mountirrg screws.
Replace with a factory supplied contactor of the same rating,

TRANSFORMER
Replace with a factory supplied transformer of the same rating.

2

1

2 On the new transformer sel ect primary res to match heater voltage.

, t',:
TIGURE I5

B). lndividually terminate all unused wires using closed end connectors.

FUSE
Replace fuse with one of the same type and rating as indicated on P.C. Board
or refer to parts list. An extra fuse sl-rould be stored in tlre clips marked
"SPARE".

HEATING ETEMENTS
Heat¡ng elements are an integral part of the vacuum charged core. A iactory
exchange core can be shi¡rped immediately from stock. Refer to "Core"
sect¡on íor details.

CAB¡NET PANELS
Bolt-on cabinet panels are individually replaceable.

INTEGRAT DISCONNECT
ROTARY SWITCH

1. Disconnect power supply at main panel before opening enclosure.
Lock and tag nrain panel sw,itch in tlre "OFF" position to prevent
unex¡rected power application.

2. Center factory supplied replacement slvitch along DIN rail and secure
left edge of switch using pre-existing screw and lock-washer
(see Figure 1B).

l. Re-establish electrical-power to heater. Confirnr airflow enters core
through fan-guard and exits through louvers.

o o

o

o

Mounting
Hole for
rotary
switch

- 13 -
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RUFFNECK'
Heaters

2827 Sunridse Blvd. N.E.
Calgary, RlbËrta T1Y 6C1
Canacia

Phone: (403) 291-5488
Fax: (403) 291-7042
www.ruffneck.com
service@ruftneck.com

ffi\ity

f'-

f
t

24 Hr. Hotline: 'l -800 -661-8561
(U.S.A. and Canada)

Please have model and serial numbers available before calling.

llAY5.5l5cK"

PLEASE ADHERE TO INSTRUCTIONS PUBTISHED IN THIS MANUAL.
Failure to do so may be dangerous and may void certain provisions of your warranty

For further assistance, please call:

TIMITED 3 YEAR WARRANTY
All Electric Forced Air Heaters for Hazardous Locations are warranted against defects in
materials and workmanship for a period of three (3) years from date of purchase on the
following terms:

1. We will provide replacement parts free of charge as necessary to restore any unitto
operatin[ condition, provided that the ínoperãtive parts be .returned to us freight
pi'epaid ánd that the replacement parts be accepted freight collect.

2. The complete heater may be returned to our plant for repair or replacement (at our
discretion), provided that all related freight costs be borne by the customer.

3. Corrosion and contamination by dirt, dust, etc. will not be considered as defects
and, therefore, are not warrantable.

4. The heater must not be modified in any way.

5. The heater must be installed, used and stored only in accordance with the owner's
manual and placarded informatíon.

This warranty shall be limited to the actual equipment involved and, under no
circumstances, shall include or extend to installation or removal costs, or to consequential
losses or damages.

I
(

- 14 -



RUFFNECK
Heaters

2827 Sunridse Blvd. N.E.
Calgary, RlbËrta
Canada T1Y 6C1

Ph: (403) 291-5488
Fax:(403) 291-7O42
service@ ruffneck.com
www.ruffneck.com

trffiwv

,_)

\
)

tigne sans frais: 
'l -800- 661-856'l
( É.U. et Canada)

Lorsque vous appelez, veuillez avoir à portée de la main les numéros de modèle et de série.

ÐfiY5,5|lEcK

s,IL VoUs PLAÎT s'ACCROCHER À Ln nnOnE D,EMPLOI PUBTIER DANS CETTE MANUAL.
Dans le cas contraire, cela peut être dangereux et risque d'annuler certaines clauses de la garantie.

Pour assistance supplémentaire s'il vous plaît appeler:

GARANTIE LIMITÉE DE 3 ANS
Tout les aérothermes electriques d'air forcer pour endroits dangereux être garantit contre les défectuosités

matérielles et de fabricatíon pour une période de trois (3) ans à compter de la date d'achat, comme suit:

1. Nous fournirons les pièces de remplacement sans frais, si nécessaire, afin de remettre tout
appareil en état de fonctionnement normal à condition que les pièces défectueuses nous soient
retournées fret payé d'avance et que les pièces de remplacement soient acceptées port dû.

let lacé, à notreut être retourné à notre usine en vue d'être re ou
choix, à condition que tous les frais d'expédition re par ent.iés soient

3. La corrosion et la contamínation dues à la saleté, à la poussière, etc. ne seront pas considérées

comme des défectuosités et, par conséquent, ne sont pas couverts par la présente garantie.

5. llaérotherme doit être installé et utilisé uniquement selon l'information affichée ou indiquée dans

le guide d'utilisation.

La présente garantie se limite à l'équipement courant concerné et, en aucun cas, ne s'étend ou n'inclut
les coûts d'installation ou de retrait, ou tous dommages ou pertes encourus.

4. Uaérotherme ne doit être modifié d'aucune façon

\

-14-



FICURE I5

HCURE 16

8. Atr'n d'avoir au moins 5 tours de vissr3, les extrémitå vissées des conduits doivent
dépasser d'au moins 1/1 6 po lt,6 mm) dans les boîtiers. La rainure du conduit no. 2 ne

doit pas dépasser de plus de 7/B po t22 mm) du raccord du moteur lvoir tigure '13).

9. Boulonner le moteur au support moteur. Fair tourner à la main les pales du vent¡lateur

atìn de s'assurer qu'elles tournent lil¡rement.

1 0. L'air doit sorlir par les persiennes et les pales du ventilateur do¡vent tourner dans le sens

contraire des auguilles d'une rnontre lorsqu'on regarde par l'aniàe de l'aérotherrne (voir

figure 1 3).

CARTE À CIRCUITS IMPRIMÉ
I . Après avoir retiré l'ensemble sup¡:ort de la carte à circuits imprimê du boîtier de

commande, dégager la carte à ckcuits ¡mpr¡més du support en coupant les entretoises

cle plastique (voir i¡gure 1 7).

2. Remettre un nouveau du tournien us¡ne carle à c¡rcu¡ts ¡mprimés en place sur le support

cle montage à l'aicle de nouvelles entreto¡ses non conductrices de la mêne longueur.

Les entreto¡ses sont tournies avec une nouvelle carte à circuit ¡mpr¡més. Remenre en 
.

place le til de mise à la masse du circuit de commande sur le support cle la carte à

circuits ¡mprimés

{voir figure 8).

CONTACTEUR
I . Desserrer, mais ne ¡ras enlever, les vis c{e fixation clu contacteur. Clisser le contacteur

cles vis cle fixation.
2. Remplacer par un contacteur lourni en usine ayant la même valeur.

TRANSFORMATER
1 . Remplacer par un trânst'ormateur cle la même valeur iourni en usine.

2. Sur le nouveau transicrm.rteur, re¡;érer les Íìls primaires de manière qu'ils corresponclent

å la tension cle l'aérotherme. S'assurer que le bon condutleur second.rire du

transiormateur soit mis å la masse {voir iigure 8) taire des term¡na¡sons pour chacun cles

rils inutili#s à l'aicle de connecteurs à bout l'ermé.

FUSIBLE
Remplacer le tusible par un autre du même type et de la même valeut tel r¡u'indi<¡ué sur la

carte à circuits imprimt*, ou consulter la liste des pièces. Un tt¡sible de rechange rlevrait être

mis (lâns le porte-fusible inclentitié "SPARt".

ÉlÉtvtENTs cHAUFFANTs
Les éléments chauttants t'ont partie intégrale clu faisceau charge à vicle. Un faisceau de
rechange tourni en us¡ne l)€ut être livré imm&liatement à ¡rartir cles stccks. Consuller la

section "Faisceau" pour avoir plus rle clétails.

PANNEAUX DE L'ARMOIRE
On peut remplacer chacun rles panneaux rl'armoire à l¡oulonner.

oÉsnnNcHER rNTÉcÉ norATrF
1. Dél¡rancher la source a'alimentation à le control principal avant a'aouvrir le boîtier.

Fermer le l;outon en ¡rosition "OFF" et mettre une etiquette aiin d'eviter <¡ue l'appareil
ne soit mis en marche par inavertance.

2. Centre le clébrancher d'usine le long de DIN et bien fermer le bond qauche utiliser les

vis et se bloquer préexister. (Voir Figure I 8)

3. Rengréner la source d'alumentation. Verity cl'nir entrer clans le taisceau et traverse dans

la grille de protection et sorties pars les tuyeres.

c o o

u þ
o

Trous de
fixation pour
débrancher
rotatif

¡ri:'

{
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nÉpnRnrroN ET REMPLAcEMENT

l. Après avoir réparé un composant:
a. Vérifier si les connexions électrique sont bien íaites et serrées ivoir figure 8);

b. ret¡rer tout corps étranger à l'intérieur des l¡oîtiers;

c. installer et bien Íìxer en place tous les couvercles;

tl. s'assurer que toutes les attaches soient bien serrées;

e. ret¡rer tous les corp étrangers à l'intérieur cle I'aérotherme; et

t'. s'assurer c¡ue l'air sorte par les persiennes et r¡ue les pales clu ventilateur
toument dans le sens contraire des aiguilles d'une montre lorsqu'on regarde

à I'anière de l'¿érotherme (voir iigure I 3).

FAISCEAU
Le laisceau de l'aérotherme est chargé à vide et ne peut être réparé sur place. Pour

retirer le lìrisce¿u:

1. Enlever le bas de I'unité et le couvercle du boîtier.
2, Débr¿ncher tour les fils qui pénètrent clans le boîtier des élémens (voir iigure 9).

3. Desserrer légèrement tous les boulons de l'unité, tel qu'illustré à la figure 9, aÍin
d'éviter r¡ue le Íaisceau plie.

4. Avec l'aicle d'une autre p€rsonne qui soutient le lãisceau, enlever les trois boulons
de iixation du lãisceau. Retirer délicatement le taisceau de l'enceinte par le bas

tvoir tìgure 1O).

5. Retourner le laisceau à l'usine en utilisant la boîte t,ournie avec le lãisceau de

rechange atìn cle protéger les bornes des élémens et les fils cle la plaque.
6. Pour remettre en place, soulever le àisceau just¡ue dans l'unité pendant qu'une

.rutre personne lãit passer les fils dans le trous clu boîtier destinés à cet usage.

7- Place le tãisceau et serrer les trois lnulons cle fixation. Serer les autres boulons de

l'urrité.

TIMITEUR DE TEMPÉRATURE À IT,IRXIIT,TUIZI
l. Retirer l'ensemble limiteur de tem¡Érature à maxìmum et nettoyer l'intérieur de la

sonde thermométrique tvoir figure 1 1) afin d'assurer un bon contact thermicjue.

2. N'utiliser qu'un limiteur de température à maximum t'ournì en usine atin d'assurer

un fonct¡onnement sûr,

l. Mettre une pet¡te goutte de 3/32 po (2 mm¡ de diamètre tle graisse

thermoconductrice au centre du capuchon de métal, mais sans l'étendre. Cela est
. important atin d'assurer un bon contact therm¡(lue enke le limiteur de température

à maximum et la soncle thermonrétrique tvoir ligure 1 t ).

4. Remettre en ¡rlace l'ensemble limiteur cle température à maximum, en mettant le

circlip et le ressort clans la sonde thermométrique sans endommager le tube isolant.

Fíxer en place à l'aicle cle la gpupille iendue tvoir figure I 2).

MOTEUR, VENTTLATEUR
ET CRILLE DE PROTECTION

AVERTISSEMENT
Débrancher la source d'alimentati<ln de l'aérotherme avanl
d'¡ruvrir lcs boitiers ou d'en faire la maintenance. Bloquer le

commul¿teur en posilion "OFF" (circuit ouvert) evou y
mcllre une éliquctte afìn d'óviler quc l'appareil ne soil mis
en marche par inadvcrtance. Si la débranche intégré être
entretien, véritice le courant être débrancher à la source
d'alimentation. Bloquer le commutateur en posit¡on /'OFF"

(circuit ouvert) et/ou y mettre unc étiquette afin d'éviter
que l'appareil ne soit mis en marche par

inadverlance.L'aérotherme peut être chaud.

Desserrer
les
l¡oulons
seulement
, ne pas
les
enlever

Boîtier de
junction du
conrl u r t

faisceau, de
même oue les 2
autres bbulons
du còté opposé.

Desserrer les
boulons
seulement, ne
pas les enlever

Boîtier des
commande

Boitier des
éléments

Enlever ce
boulon de
fixation du

F¡CURE 9

FtcuRt l0

t1

Sonde
thermométrique

Coutte
de

3/32po
(2 mm)

àu

¿vec thermostat ¡ntégré enlever les lrculons à l'anière du boîtier du thermostat.

2- tnlever le conduit no. 1 situê entre la boite de jonction du moteur et le böitier de

commande en tournant dans le sens indirlué
incliqué à la tìgure 1 3. Prendre note que les conduits no. 1 et no.z ne sont pas

interchangeables et ont un liletage à gauche à une extrém¡té, cette dernière étant
indic¡uée par une rainure usinée.

l. Fnlever les deux part¡es de I'ensemble grille cle protection (voir figure 14),

4. Soulever l'ensemble motzur du support moteur.

5. Avant d enlever le ventilateur, mesurer et prendre note cle l'emplacement du moyeu du

ventilateur ¡ur l'arbre moteur (vo¡r tr'gure 1 5). S'il est clifiìcle à enlever, utiliser un anache-
pignons sur le mo;,eu du ventilateur.

6- Pour remettre en place, mettre l'ensemble moteur sur le support moteur et iixer la gr¡lle

de protection au boîtier.
7- En même temps, ¡nsér€r et serer chaque extrémité du conduit no. 1 dans les boîtiers.

Laiser un espace cle l/16 po à 3/l 6 po {l ,6mm à 4,8 mm) entre le moteur et la grille de
prctection (voir i¡gure I 6). A.¡uster le conduit no. 2 de manière à centrer le ventilateur
dans la tuyère.

Arrivée cl'air

no.2 Conduit no. l

7/8po \22
(entre la ra¡nure âu

raccorcl).

,l

-12-
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LISTE DES PIÈCES
AÉRoTHERMES ÉLEcrRlQUEs D'Al R FoRcER

Veuillez avoir le numéro de modèle et de
série avant de téléPhoner.
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NUMÉRO DE P¡ECE

ARTICLE 2.5 - l0 kw 12.s - 20 kw 20.9 - 35 kW DESCRIPTION

1
Faisceau

2 3773 3774 3775 Panneau, dessous

3 3776 3777 3778 Panneau, côté gauche

4 4075 4076 4077 Persiennes (vis incluses)

5 3770 3771 3772 Panneau, dessus

6 3779 3780 3781 Panneau. côté droít

7 3782 3783 3784

12.5 - 20 kW: 4024 20.9-3O kW:4025
35 kW: 4026

Tuyère de ventilateur
VentilateurÕ 2.5-5kW:4022

6.3 - 10 kW: 4023

9 4078 4Q79 4080 Crille de protection

10 208/240V 60 HZ 1 PH:
22OV 50 HZl PH:
.1BOV 60 HZ 1 PH:
208/240/4BOV 60HZ 3PH
3BO/415V 50 HZ 3 PH:
6OOV 6OHZ 3 PH:

't377

1377
2396
I 862
1862
I 86l

210i480V 60 HZ 3 PH: 1699

380/41 5V 50 HZ i PH: 1 699

600V 60 HZ I PH: 2433

Moteur (antidéflagrant)

11 3789 3789 3789 Support de lixation du moteur, droit

"t2 3785 3786 3787 Profilé en U, support du moteur

Supr:ort de fi xation du motzur, gauche13 3788 3788 3788

14 3737 3737 3737 Raccord du moteur

r5 381 1 3812 381 3 Conduit du moteur

16 383B -t 0-f o J()5Õ Boîtier, jonction cles conduits

17 208/240V 60 l-lZ l PH:
22OV 50 HZ lPH:
48OV 60 HZlPH:
TOUS 3PH:

381 5

381 5

381 3

181 4

381 3

Conduit du boîtier de commande

18 381 0 381 0 381 0 Conduit du boîtier d'éléments

19 3793 3793 3793 Boîtier, éléments chauffants

20 351 0 351 0 351 0 Couvercle, boîtier des éléments

21 3790 3790 3790 Panneau de boftier des éléments

Support du thermostat22 3791 3791 3791

23 4983 4983 4983 Boîtier du thermostat

24 5032 5032 s032 Thermostat intégré

25 3524 3525 3526 Boîtier du commande

26 I Contacteur

27 60 HERTZ:3612 50 HERTZ: 441 6 Transtbrmateur

28 3809 3809 3809 Support de carte à circuits imprimés

29 1876 1876 1876 Cosse à vis, calibre 6-14

30 3519 351 9 351 9 Fusible, Buss MDQ - 1/4 A

31 351 4 351 4 351 4 Carte à circuits imprimés

32 351 6 351 6 351 6 Couvercle du boîtíer de commande

33 4082 4082 4082 Limiteur de temperature à maximum

34 381 6 381 6 381 6 Barre omnibus, droite

35 3817 3817 38"17 Barre omnibus, petite, courbée

36 381 I 381 I 381 I Barre omnibus, grande, cottrl:ée

37 6471 6471 6471 Débranche, Rotatif

3B 6709 6709 6709 Trousse, Converture DS4



DIAGRAMME D'ASSEMBLÉE D'ÁEROTH ERMES

Le thermostat i

facultatif
l'article 16

Voir le diagramme
d'assemblée du
boîtier de commande
(ci-dessous)

I

ìì>
I

ìL-

I

Voir le
diagramme
d'assemblée du
limiteur de température
(ci-dessous)

Débrancher intégé
facultatii

BOîTIER DE
DIACRAM

COMMANDE
D'ASSEMBLÉE

LIMITEUR DE TEMPÉRATURE
DIACRAM D'ASSEMBLÉE

%

CONFICURATION DE tA EARRE OMNIEUS
TOUS LES TRIPHASÉS MODÉIES

(SAUF 380 VOIIS, s0 HERTZ)

CONF¡GURATION DE I"A BARRE OMNIBUS
TOUS LES MONOPHASÉS MODÉLES

CONFICURATION DE LA BARRE OMNIBUS
rn¡pr¡mÉt 380 vorTs, s0 HERTZ

MODÉLES UNIQUEMENT

,3

,)
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- 
spÉcrFlcATtoNs pouR Tous LES MoDÈLEs DE so Hz -

Puissance nominale 2.5 3.7&4.2 6.3&7.5 8.4 12.5&12.6 14.9&76.7 20.9 22-4

Altitude max. (pi.)
(m)

12,000
3,658

8,000
2,438

10,000
3,048

7,OOO
2,134

10,000
3,O48

7,OOO
2,134

10,000
3,O48

7,000
2,134

Débit de soufflage
@ 70-F (

@ 21"C {

PCM)
m'¡hi.l

400
679

700
1 189

1 450
2463

3600
5096

Portée d'air horizontale(pi.)
(m)

13
4.0

25
7.6

35
't0.7

60
18.2

Hauteur maximale (Pl) (pi.)
(le dessous) (m)

7
2.1

10
3.0

10
3.0

20
6.1

Puissance du moteur (HP)
(kw)

1/4
0.1 87

't/4
o.187

1/2
o.373

Diamètre du
ventilateur

(po)
(mm)

"t2

305
16
406

20
508

Poids net (lbs.)
(kgt

111
50

133
61

154
7A

Poids net
avec D54-48-L

(lbs.)
(kg)

125
57

147
67

168
76

Poids d'expédition ( lbs.)
(kg)

151
69

173
79

204
93

Poids d'expédition
avec DS4-48-L

(lbs.)
(kg)

165
75

187
B5

218
99

Boîtiers NEMA Type 7 & 9. Uniquement pour utilisation à l'intérieur, au sec.. Ne pas immerger
dans l'eaLi. Ne pas enkeþoser ou utiliser dans des endroits exposés à la pluie ou à la neige.

Type cle rroteur Antidéflagrant. À protection thermique. Roulements à billcs à lubrification Permanente.
14251r/mn

Ventilateur Pales d'aluminium. Crillage en acier et moyeu avec alésage de 5/B po {15,875 mm}.

Crille cle protection Séparable, à faible écartement entre les broches; impossible d'y faire passer un objet de
1/4 po 6.3 mm) de diamètre.

Trous de montage 2 trous de 9/16 po (14.3 mm¡ de diamètre sur le dessus de l'aérotherme.

Éléments chauffants 3 élénrents à gaine de métal de haut calibre, à faible puissance, à durée de vie prolongée.

Limiteur de température
à maximum

Du type à réenclenchement automatique, avec bimétal à rupture, à ouverture cle corttact
lorsqu'il y a hausse de température. Evalué à i 00,000 cycles à 10 A, tolère 0, 130 A.

Circuit de commande 1 ',l 5 Volts, 0.130 A, 1 5VA. (mis à la masse).

Thermostat i ntégré facu ltatif Antidéflagrant. 36''F à B2"t (2"C à 2S"C)

Transformateu r de commande À sorties multiples, primaire 1 l5 Volts, secondaire 25 VA.

Contacteur 4o ou 75 A. Calculé pour 500,000 opérations mécaniques. Bobine de 120 Volts, 1 5 VA
(à protection par fusible séparée).

Fluide de transi'ert de chaleur Mélange d'éthylèneglycol et eau formulé pour une durée de vie prolongée, plotection contre
le gel jusqu'à -49 F (-45 C) nrin.

Boîtier En acier de calibre 14 (0.075 po) (1 .90 mm). A
en cinq étapes, y compris au phosphate de fer.

revêtement d'époxyde avec prétraitement

Faisceau En acier avec ailettes complètement en aluminium, chargé à vide et scellé
hermétiquement.

Matériel du conduit À paroi épaisse en acier de 0.122 po (3.1 mm) à revêtement de cadmium.

Protection contre surpressions Determined à 100 PSI (690kpa) pression soulagement soudade. corps aluminum, aucun
piéce de terrain de service

Code de température T3B I65"C (329"F) Classes I & ll.

Linrites de tenrpérature -49"F à 104"F (-4s"C à 4O'C).

Limites d'entreposage -49"F à 1 76"F (-45"C à S0'C), courte durée jusqu'à 24s'F (120"C). Ne pas entreposer ou

utiliser dans des endroits exposés à la pluie ou à la neige. Ne pas immerger datrs l'eau

Débrancher intégré facultatif Cet DS4-48-L et pour utilization sur l'aérotherme pas avec plus du 48 AMPS. La barre
laisser dehors accepter 1/4" á 7/16" diamèter enclos enchaîner.

-9-



spÉcrFrcATroNs pouR Tous LEs MoDÈLEs DE 60 Hz -
)

3

,)

Puissance nominale 3 5 7.5 10 15 20 25 30 35

12,000
3,658

8,000
2,438

10,000
3,O48

7,OOO
2,134

10,000
3,048

7,OOO
2,134

10,000
3,048

7,OOO
2,134

6,000
1,829

Altitude max. (pi.)
(m)

Débit de soufflage
@ 70't (PcM)
@ 21"C (m'/hr.)

500
850

850
1444

1750
2973

3600
6116

3950
6711

15
4.6

30
9.1

40
12.2

70
21.3

Portée d'air horizontale(p i.)
(nr)

7
2.1

l0
3.0

10
3.0

(pi.)
(m)

Hauteur maximale (Pl)
(le dessous)

20
6.1

Puissance du moteur (HP)
(kw)

1/4
0.187

1/4
0.187

1/2
0.373

(Po)
(mm)

Diamètre du
venti I ateu r

12
305

"t6

406
20
508

111
50

133
61

Poids n__-et (lbs.)
(ks)

154
70

125
57

147
67

1lbs.)
(k8)

Poids net
avec DS4-48-L

168
76

Poids d'expédition (lbs.)
(kg)

i51
69

173
79

204
93

Poidsd'expédition (lbs.)
avec D54-48-L (kg)

't65

75
187
85

218
99

Boîtiers NEMA Type 7 & 9. Uniquement pour utilisation à l'intérieur, au sec. Ne pas immerger
dans l'eau. Ne pas entreposer ou utiliser dans des endroits exposés à la pluie ou à la neige.

Type de moteur Antidéflagrant. À protection thermique. Roulements à billes à lubrification permanente.
17251r/mn

Ventilateur Pales d'aluminium. Crillage en acier et moyeu avec alésage de 5/B po (15,875 mm).

Crille de protection Séparable, à faible écartement entre les broches; impossible d'y faire passer un objet de
1la po 6.3 mm) de diamètre.

Trous de montage 2 trous cJe 9/16 po (14.3 mnr) de diamètre sur le dessus de l'aérotherme.

Éléments chauffants 3 éléments à gaine de métal de haut calibre, à faible puissance, à durée de vie prolongée.

Limiteu r de température
a maxtmum

Du type à réenclenchement automatique, avec bimétal à rupture, à ouverture de contact
lorsqu'il y a hausse de température. Evalué à 1 00,000 cycles à 10 A, tolère 0, 128 A.

Circuit de commande 120 Volts, 0.128 A. I 5VA. (mis à la masse).

Thermostat intégré facultatif Antidéflagrant. 36"F à 82.F (2"C à 2S'C)

Transformateur de commande À sorties multiples, primaire 120 Volts, secondaire 25 VA.

Contacteur 40 ou 75 A. Calculé pour 500.000 opérations mécaniques. Bobine de 120 Volts, 1 5 VA
(à protection par fusible séparée).

Fluide de transfert de chaleur Mélange d'éthylèneglycol et eau tbrmulé pour une durée de vie prolongée, protection contre
le gel jusqu'à -49 F (-45-C) min.

Boîtier En acier de calibre 14 ß.O75 oo) {l.90 mml. À revêtement d'éooxvde avec orétraitement
c co

Faisceau En acier avec ailettes complètement en aluminium, chargé à vide et scellé
hermétiquement.

Matériel du conduit À paroi épaisse en acier de 0.122 po (3.1 mm) à revêtement de cadmium.

Protection contre surpresslons Determined à 100 PSI (690kpa) pression soulagement soudade, corps aluminum¡ aucun
piéce de terrain de service

Code de température T3B 165"C (329"F) Classes I & ll

-49'F à 104"F (-45"C à 40"C).limites de tempérahrre

Limites d'entreposage -49'F à 176"F (-45"C à BO'C), courte durée jusqu'à 24S'F (120"C). Ne pas entreposer ou

utiliser dans des endroits exposés à la pluie ou à la neige. Ne pas immerger dans l'eau.

Débrancher intégré facultatif Cet DS4-48-L et pour utilization sur l'aórotherme pas avec plus du 48 AMPS. La barre
laisser dehors accepter 1/4' á 7/16" cliamèter enclos enchaîner.
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TÉNSION PISSANCE

NOMINALE

(kwì

I

COURAN'T
DU

MOTOR

(A)

COURANT
DE5

TLEMENTS

COURANl
TOTAL

tAi

ADMISSABTE
MINIMAT DL

CIRCUIT

(Aì

CATIBRE

DES FITS

DAt lú¡NTAllO¡

íAWG)

AIVTPÉPERACE

MAXIMAL
DU FUSIELE

DU CIRCUIT

iAì

HAUSSE DU
TEMPÉRATURE

N" DE
PIECE DU
FAISCEAU

N'DE
PIECE DU

co'.frAcnuR

"F "c

FX41 2-2081 60-3 t/ 208 3 1 2.7 2,700 14.4 18.0 12 20 19.0 10.5 4044 361 B

FX412-208360-3 ./ 208 3 J 't.4 2,700 8-3 10.4 14 r5 19.0 10.5 4044 361 B

FX412-240160-3 ./ 240 3 1 2.7 2,700 12.5 r 5.6 12 20 19.0 10.5 4045 361 B

FX412-240360-3

FX41 2-4801 60-3

./ 240 3 3 1.4 2,700 7.2 9.0 't4 15 19.0 10.5 4045 36tB

480 J I 1.3 2,700 6.3 7.9 14 i5 19.0 10.5 4046 361 B

FX4i 2-480360-3 480 3 J 0.7 2,700 3.6 4.5 14 15 19.0 10.5 4046 36r B

FX41 2-600360-3

FX41 2-2081 60-5

FX41 2-208360-5

FX412-240160-5

FX412-240360-5

FX41 2-4801 60-5

600 3 0.6 2,700 2.9 3.6 14 t5 19.0 10.5 4047 361 8

208 5 I 2.7 4,700 24.O 30.0 l0 30 31 .6 17.6 4048 361 B

208 5 1 1.4 4,700 13.9 17.4 12 20 31,6 17.6 4048 361 B

./ 240 5 1 2.7 4,700 20.8 26.0 10 30 31.6 17.6 4049 161 B

240 5 3 1.4 4,700 12.0 i 5.o 14 t5 31 .6 17.6 4049 361 B

480 5 1 1.3 4,700 10.4 't 3.0 14 15 31 .6 17.6 4050 361 B

FX41 2-480360-5 480 5 3 0.7 1,700 6.0 7.5 14 15 31 .6 17.6 40-50 361 8

FX41 2-600360-5 600 5 3 0.6 4,700 4.8 6.0 14 15 3r.6 "t7.6 405 1 361 B

FX412-208160-7 .5 208 7.5 1 2.7 7,200 36.1 45.1 6 50 27.9 15.5 4052 161 9

FX412-208360-7 .5 208 7.5 3 "t.4 7,200 20.8 26.0 10 30 27.9 i 5.5 4052 361 B

FX412-240160-7 .5 240 7.5 1 2.7 7,200 31.3 39.1 Õ 40 27.9 15.5 4053 361 B

FX412,240360-7 .5 240 7.5 3 1.4 7,200 r 8.0 22.5 10 25 27.9 15.5 4053 361 B

tx412-4801 60-7 .5 480 7.5 1 r.3 7,200 15.6 19.5 12 20 27.9 15.5 4054 36.1 B

FX41 2-480360-7.5 4BO 7.5 3 0.7 7,200 9.0 1 1.3 14 l5 27.9 15.5 4054 361 I
FX4r 2-600360-7.5 600 7.5 3 0.6 7,200 7.2 9.0 "14 r5 27.9 15.5 4055 361 B

FX41 2-2081 60-1 0 208 I0 i 2.7 9,690 48.1 60.1 4 70 37.2 20.6 4056 3619

FX41 2-208360-1 0 208 r0 3 1.4 9,690 27.8 34.8 o 35 37.2 20.6 4056 3fi1B

FX41 2-2401 60-1 0 240 10 1 9.690 41 .7 52.1 6 60 37.2 20.6 4057 361 9

FX41 2-240360-1 0 240 10 3 't.4 9,690 24.1 30.1 B 35 37.2 20.6 4057 3fil8

FX412-4801 t¡0-10 480 10
.l

1.3 9,690 20.8 26.O 10 30 37.2 20.6 4058 361 B

FX41 2-480360-1 0

FX41 2-600360-1 0

FX41 6-208360-1 5

tx41 6-2401 60-1 5

FX416-240360-'t5

FX41 6-4801 60-1 5

FX41 6-480360-1 5

480 r0 3 0.7 9,690 t2.o i 5.0 14 t-) 37.2 20.6 4058 361 B

600 10 0.6 9,690 9.6 12.0 14 15 37.2 20.6 4059 361 B

208 15 3 1.4 14,400 41 .6 52.O 6 60 27.1 15.0 4060 361 9

a+ 240 15 I 2.7 14,400 62.5 78.1 4 BO 27.1 15.0 4061 361 9

r' 240 l5 3 "1.4 14,400 36.1 45.1 6 50 27.1 i 5.0 4061 361 9

480 15 1 1.3 14,400 31.3 39.1 B 40 27.1 15.0 4062 361 B

480 l5 3 0.7 14,400 18.0 22.5 10 25 27.1 15.0 4062 361 I
FX4 l 6-600360-1 5 600 l5 3 0.6 14,400 14.4 18.0 12 20 27.1 15.0 4063 361 B

16-208360-20

FX41 6-240360-20

a* 208 20 3 i.4 19,410 55.5 69.4 4 70 36.1 20.'l 4064 3619

240 20 3 1.4 i 9,410 48.1 60.1 4 36.1 20.1 4065 361 9

FX41 6-4801 60-20 480 20 1 1.3 19,410 41 .7' 52.1 () 60 36.1 20.1 -4066 361 9

FX41 6-480360-20 480 20 3 o.7 19,410 24.1 30.1 ö 35 36.1 20.1 4066 361 B

FX41 6-600360-20 600 20 3 0.6 19,410 19.2 24.O 10 25 36.1 20.1 4067 361 B

FX420-240360-25 240 25 3 2.O 24,210 60.1 75.1 4 BO 21.9 12.2 4068 361 9

FX420-480360-25 480 25 3 1.0 24,210 30.1 37.6 B 4U 21 .9 12.2 4069 361 B

FX420-600360-25 600 25 1 0.8 24,210 24.1 30.1 o 35 21.9 12.2 4070 361 B

FX420-480360-30 480 30 3 1.0 29,190 36.1 45.'l 6 50 26.3 14.6 4071 3619

FX420-600360-30 600 30 3 0.8 29,190 28.9 36.1 I 40 26.3 14.6 4072 361 B

FX420-480360-35 r' 480 35 3 1.0 34,200 42.1 52.6 6 60 28.0 r 5.6 4073 3619

FX420-600360-35 600 35 3 0.8 34,200 33.7 42.1 B 45 28.0 15.6 4074 3619

;,/.t

* - Certifiés oas le CSA seulement.
. - Excéder le 48 A limites de circuit du NEC 424-22

NOTAS:
L D¡mens¡ons minimales du conducteur à 30" C (86.F) de température ambiante. Reduire la valeur nominale du contacteur à la température ambiante. Employer

une isolation valuable pour au moins 90'C (194'l-).
Z. L'aerotherme fontionnå de façon normale si, à la tension nominale, l'ampérage est +/- 10"/,' la valeur indiquée au tableau ci-dessus.

3. Le tbnctionnement à un" tenslon moindre entraînera une moins grande productíon de chaleur, ainsi qu'un ampérage reduit.
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MATSFOBMAIEUF llâpþ ù¡l FUSIBTE

SCHÉMAS DE CABLACE
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i¡rågd
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Circui¡
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u
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+ è

CONTAC@F Umìbúr& fr.moúr
hpód!óà dsÙùmæNTACTÊUR

Ious lm monophasés Triphasés 50 Hz 41 5 Volls et lout les Triphæm 60 Hz

ñl€qÉ
TRANSFOAMATËUF FUSIBLE

ú
v
LI

è

CÔ¡{IACTÊUR
Lim¡t€u.& lhomosla¡

l.npèÉture à dûbEæe

Tr¡phasés 50 Hz, 380 volls

lãì, qoNNÉs rEcHNreuES pouR Tous LEs AÉRor¡rERMEs FX4lt!t' Émcrnrqurs D'Ain roncER pouR MoDÉrEs À so HERTz

HAUSSE DU
TEMPÉRATURE

(A)

ADMISSABTE
MINIMAL DU

CIRCUIT

PISSANCE

rrlooÉlr I4
(vl {k\ 4 (Al tw)

ts

z t
ô

MOTOR ELEIVIENTS

DÊSDt,

(A)

COURAN'T
TÔTAL

lAwc)

CALIBRE

DES FITS

D'AüWMAIß

¡r'rpÉptn¡cr
MAXIfuTAL

DI.J FI.JSIBLË

DU CIRCUIT .F t

Ñ'DE
PIECE DU
FAISCEAU

l\¡,DE
PIECE DU

coNfÌAcrEuR

FX412-220150-2.5

FX412-220150-4.2

r' 220 2.5 1 2.0 2,270 11.4 "t4.3 14 15 19.7 1 1.0 4045 361 I
1/ 220 4.2 I 2.0 3,950 19.1 23.9 10 25 33.2 18.4 4049 361 I

FX412-220150-6.3

FX4i 2-380350-2.5

FX41 2-2201 50-8.4

FX416-2201 50-12.6

220 6.3 1 2.0 6,050 28.6 35.8 Õ 40 28.4 15.8 4053 361 B

r' 220 8.4 1 2.0 8,1 40 38.2 47.8 6 50 37.9 21 .1 4057

220 12.6 1 2.O 12,100 57.3 71.6 4 BO 27.5 15.3 4061

380 2.5 3 o.7 2,260 3.8 4.8 14 15 19.7 1 1.0 4045

361 9

361 B

361 B

361 9

8.0 14 15FX41 2-380350-4.2 380 4.2 3 o.7 3,930 6.4 33.2 18.4 4049

380 6.3 3 0.7 b,|J2u 9.6 12.0 14 r5 28.4
.ì 

5.8 4053

FX41 2-380350-8.4 r' 380 8.4 J o.7 8,1 00 12.8 16.0 12 20 37.9 21 .1 4057

FX412-41 350-3.7

FX4 l 6-380350-1 2.5

FX412-415350-7.5

FX41 6-380350-1 6.7

FX420-380350-20.9

380 12.5 3 o.7 12,030 r 9.0 23.8 10 25 27.2 'I 5.1 4061

361 B

361 B

361 B380 16.7 3 o.7 't6,220 25.4 3r.B Õ 35 36.4 20.2 4065

20,230 31.8 39.8 I 40t/ 380 20.9 3 1.0 22.0 12.2 4068 361 B

415 3.7 -) 0.7 3,510 5.1 6.4 14 15 29.2 16.2 4050 361 B

7.5 J o.7 7,240 r 0.4 13.0 14 15 33.9415 1B.B 4058 361 B

f x416-415350-14.9 415 14.9 3 o.7 14,510 20.7 25.9 't0 30 32.5 18.0 4066 361 B

Õ 40Fx42o-41stso-zz.+ | 415 22.4 J 1.0 21 ,820 31 .2 39.0 23.6 13.1 4071 361 I

)

NOTES:
1. Dimensions minimales du conducteur à 30"C (86'F) de température ambiante. Réduire la valeur nominale du contacteur à la température ambiante. Employer

une isolation valable pour' ¿u moins 90"C (194"t).
2. L'aérothemes fonctionne de façon normale si, à la tension nominale, l'ampérage est +/- 1}Vo la valeur indiquée au tableau ci-dessus.
3. Le íonctionnement à une tens¡on moindre entraînera une moins grande pnoduction cle chaleur, ainsi qu'un ampérage réduit,

)

)
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3. L'aérotheme peut être lourni avec une débrancher intciral installé en usine. íVoir íigure 68)

Câblage sur place pour le bébrancher intégral:

a) Les conducteurs pour le courant et de terre sont passes dans le I "NPT de la

débrancher enclosure. tvo¡r FiSure 68) les conducteurs être íils à l'interrupteur

sonts cledans. Le conducteur de terre à la pafte de mise à la masse attacher

dedans enclosure débrancher.

b) 5i applicable les conducteurs de les thermostats éloigné sont passes dans le

3/4" NPT ouvert cle le point et les fils sonls attaches à la plaquette marque

Ï STAT.

c) Pour réduire risque s'inflammer dans l'atmosphére ciangereaux, les conduits

sont beso¡n un adéquat sceau dans les limites de l8 pouce (45zmm).

Les conduits installé en usine ne pas besoin plus rlu sceau. Le débrancher intégral sonts

sceau à l'usine.

¡NSPECTION FINALE
1. Avant (le mettre sous tension:

a) vér¡iier si toutes les connexions sont l:ien tãites et corres¡:ondent

au schéma de câblage applicable lr,oir figure 8) et aux codes en

vigueur;

b) s'assurer que l'alimentation électri(lue so¡t compatible avec la

puissance de l'aérotherme indiquée sur la plaque signalétic¡ue;

c) enlever tout corps étranger à l'intérieur de l'aérotherme,

cl) installer tous les couvercles et vérifier si tous les boîtiers sont bien

termés et.

e) s'assurer que le vent¡lateur tourne lit¡rement. Voìr la figure 5 pour

connaître le sens de rotation cles pales du ventilateur.

f IGURE 6

VUE ARRIÈRE DU VENTILATEUR

Trou cle I po
NPT pour le
câblage sur
place

L'air sort par les
persiennes

Entree
d'air

Boite cle
jonction clu moteur

Boîtier de
et couvercle

Ne installer de conduit sous l'aérotherme (vo¡r 3)

FIGURE 5

BOITIER DE COMMANDE ET

CÂBLAGE SUR PTACE

Raccorder les conducteurs
d'âl¡mentat¡on å ce côté-ci tlu
contacteur

Pour un aérotherme
monophasé, utiliserBornes clu

contacteur colé
charge, de ce
côté-ci pour le
câblage en
usine
uniquement.

ces cosses rle
contacteur

Fusible en seruìce et
cle rechange tvoir la

liste des ¡rièces

Pldquette de
connexions tles

Patte de mise a
la masse

crrcu rts

Débrancher intégré
facul¿titìf installé

en usine

tacultatif intégré
inst¿llé en usine.

Thcrmogt.rt
d'¡mbiance

iù.

'r{:c &]

Option pour débrancher intégré et de câblage sur place

sceau a I'usine

P¿tte de nrise a l¿ *
masse

côte-ci pour le

Borne du contacteur

en usine uniquement

coté charge, de ce

tvar la liste cles pièces

et de recharge

Fusil¡le en

marqué par T'STAT

du contacteur

3/4' NPT

{Thermost¿t

éloignét

1" NPT

(Fournir courant)

Racconder les conducteurs

d'alumentaton å ce côte-ci

d'i¡ìterrupteur

Pour un aerotherme monophase,

utiliser cet bornes d'lnterrupteur

Plaquette cle

connexions des

circuits imprimé

5-



ANGLE MAXIMAL D'INCLINAISON
(Un sens ou l'autre)

il2
(25.4mm)lr2.?mm)

--%:+ -r-
--!===: ---=l...

MONTAGE
1. Pour le fonctionnement, l'aérotherme doit êke installé de tàçon

permanente en pos¡tion verticale et de niveau, Voir les figures 2, 3 et 4
pour connaître l'angle d'inclinaison maximal, le dégagement maximal,
ainsi que les dimensions.

Afin cle faciliter l'installation, on peut se procurer en usine divers types

de nécessaires de montage.

2. La structure de montage doit être suftisamment forte pour:

a. supporter les poids de l'aérotherme; se reporter à la

sect;on "Spec¡tications";

b. ofirir sul'iisamment de rig¡dité pour éviter les

v¡brations excessives; et

c. résister aux situat¡ons dífiiciles comme les

installations clémontables.

)

FICURE 2

DÉGAGEMENT MINIMUM POUR L'INSTALLATION
(ENTBETENIF POUR SEBVICE ET LA SORÎIR D'AIR)

Nolâ:
Toul les modéles au moins de 10 kW ávæ le débrancher ¡nlégral do¡t être installe avæ
l (25 mm) au-dessus lâérolherme.

Pour avo¡r la hâuleu¡ max¡male dô fixalion
permellanl qu6 I a¡r chaud a¡¡le iusqu au plancher,
ænsller le sl¡on 'Specil¡@lìons'

un dégagement sur le dessus

+ (762ñml
30'

OSSTRUCTION

72'
l1829mm)

(1o2mm)

- to'-
1254mml

Hauleur de l ênceinte plus 2 po
(51mm) af¡n de p€rmeltre
d enlever le fâi$eau (voirfigure 4)

0ttr
z*to lLvm 20.9-f,s

ln, a-r /r6 È!t 
^62g t70 179

I 62 sa 665

c 2F1/2 2V1/2 t2-t f2
711 a2s

D
h. tbl/2 2-t/2 2Þl/2

170 572 671

E
690 792 a9J

F
h, fi/t6

17

rl
ï:t

E

,5
F

J

sfia'l212nn)

Pour le câblage sur place sur
lês âé¡ôlhêrñÊs sõç lè

débrancher intégral

5/d [157m¡

s/8'

sul

NPT

¡htégrål

+

17

o 9/16"
(o l4.3mm)

Trous de fxalion {2)

sur place sur
âvec le

Pour

I" NPT

3/8'[zB1ñml

Ilemm]

Tolerancos sur d¡mension€l¡e
r'll8 po (3.2mm)

1/tE'Uaeññl /

1/2' 1140,¡ñ7

3/4" NPT
Pourlhermoslat élo¡gé

MAX

4

AVERTISSEMFNT
Déhrancher la source d'alimentation ou à la débrancher intégré avant d'ouvrir les boîticrs ou d'en faire la

maintenance. Bloquer le commutateur en pos¡t¡on'OFF" (circuit ouvert) etlou y mettre une étiquette afin d'éviter
que l'appareil ne soit mrs en marche par rnadvertance. 5i la débranche rntégre être entretien, véritice le courant être
débrancher à la source d'alimentation. Bloquer le commutateur en pos¡tion "OFF" (circuil ouvert) et/ou y mettre une

étiquette afin d'éviter que l'appare¡l ne soit mis en marche par inadvertance.L'installatit¡n et le câblage de
l'aérotherme doivent être conformes à tous les codes en vi¡;ueur.

ÉlrcrRr UE

CÉNÉRAtITÉs
1. Pour raccorder l'aérotherme, n'utiliser que cles conclucteurs cle cuivre et des

méthodes de cåblage approuvées antidéilagration. Consulter le tableau "Données

techniques" et la ¡rlaque signalétique cle l'aérotherme pour connaitre la valeur clu

co¡rclucteur.

2. Une protectiôn externe de sur¡ntensité est requise. Consulter le tableau "Données

technic¡ues" et la ¡rlaque signalétic¡ue de l'aérotherme pour connaitre la tension, la

íréc¡uence, l'anrperage et la phase. La tension cl'alimentation doit être 11 0"1, la

tension indiquée sur la plaque signalétique.

CÂBtACE SUR PTACE
l - Les conducteurs d'alimentation, les conducteurs de mise à la masse et les

conducteurs du thermostat d'anrbiance lvoir 2, page 5) passent dans le trou de 1 po

NPT (voir l'igure 5) et sont raccordés dans le boitier de commande (voir figure 6).

2. L'aérotherme peut être tourni avec un thermostat d'ambiance intégré (voir ligure 7).

Pour les aérothermes qu¡ ne sont pas dot& de cette option, on recommande d'utiliser

un thermostat d'aml¡iance à distance. Raccorder les conclucteun du thermostat

rl'ambíance à distance à la plaquette de connexionsdu circuit ¡mpr¡mé portant

l'inscription "TSTAT". Tout thermostat ut;lisé avec cet aérotherme doit:

.1t ètre du type antkléÌìagrant;

b) avoir une tension nominale d'au nroins 1 25 V;

c) avoir une capacité minimale (le 2 A; et

d) lrcnctionner avec ouverture cle contact lonqu'il y a hausæ de température.

On peut se procurer des temostals d'ambiancepour les endroifs elangererrx appropries en

usine.

(suite à la page suivante)

)
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AVIS IMPORTANT

I

l. Lire les instructions du guide et les suivre.
2. N'utiliser l'aérotherme que dans des endroits où la température

d'allumage est supérieure à la température nom¡nale maximale de
l'aérotherme, tel qu'indiqué sur la plaque signalétique. Se reporter
aux codes électriques en vigueur pour avoir plus de renseignements.

3. N'utiliser l'aérotherme que dans les endroits dangereux qui sont
indiqués sur la plaque signalétique de l'aérothermes.

4. L'aérotherme ne doit être utilisé qu'à l'intérieur, au sec. Ne pas

immerger dans l'eau. Ne pas entreposer ou utiliser dans les endroits
exposés à la pluie ou à la neige.

5. Seul un électricien qualiiié et expérimenté avec l'équipement clestiné

aux endroits dangereux peut faire le racccordement et l'entretien de
l'aérotherme.

6. Pour l'installation et le raccordement de l'aerotherme, il iaut
respecler tous les codes en vigueur.

7. Avant d'ouvrir un l¡oîtier, clébrancher l'aérotherme cle sa source
d'a!imentation à la débrancher intégré. Bloquer le commutateur en
position "OFF" (circuit ouvert) evou y mettre une étiquette afin
d'éviter que l'appareil ne soit mis en marche par inaclvertance. S¡ la

débranche intégré être entretien, véritice le courant être rlébrancher à

la source cl'alimentation. Bloquer le commutateur en position "OFF"
(c¡rcuit ouvert) et/ou y mettre une étiquetle afin tl'éviter que l'appareil
ne soit mis en marclre par inadvertance.

B. Cet aérotherme est muni d'un seul bimétal limiteur de température à

maximum. ll est du type à réenclenchement automatique ce qui
signifie que l'aérotherme peut se remettre en marche sans

avertisscment. ll nc iaut pas iaire Íonctíonner l'aérotherme lorsque le

bimétal à maximum est hors service ou débranché du circuit de
commande.

9. La pression de purger de la pression soulagement soupaPe être ¡rtrser
à l'usine. Ne pas jouer avec I'ecrou serrure.

POSITIONNEMENT
Pour un chauftãge optimum, l'aérotherme diot être installé de

manière:
1. qu'il n'y ait aucune obstruction empêchant l'arrivée ou la

sortie d'air de l'aérotherme.
2. que la sortie d'air soit dirigée dans les espaces vastes et

non vers les personnes.
3. que la sortie d'air ne so¡t pas dirigée sur un thermostat.
4. que la sort¡e d'air soit dirigée directement vers les

endroits où il y a des pertes de chaleur, comme les portes

ou les fenêtres (voir figure I ).
5. que la sortie d'air soit dirigée le long des murs extérieurs,

avec un angle légèrement vers l'extérieur (voir figure 1).

6. que si on vise d'abord à protéger l'équipement contre le
gel, la sortie d'air soit dirigée vers l'équipement.

7. que les courants de sortie d'air soient complément¿rires et

créent une circulation d'air. ll n'est pas nécessaire que la
portée d'air de l'aérotherme se rende jusqu'à l'autre
aérotherme (voir figure 1).

10. Ne faire íonct¡onner l'aérotherme que lorsqu'il est installé de tãçon
permanente en position verticale. Consulter la section "lnstallation -

mécanique" pour avoir plus de détails.
I 1. L'aérotherme doit toujours être propre. Lorsqu'il tonctionne dans un

environnement où il y a beaucoup de saletés, nettoyer régulièrement
les tubes à ailettes, le venlilateur et la grille de protect¡on. Suivre les

procédures cle maintenance recommandées. Consulter la section
"Liste cle contrôle pour la maintenance de l'aérotherme" pour avoir
plus de détails.

12. Le hisceau cle l'aérotherme est chargé à vide et contient de
l'éthylèneglycol, lec¡uel est toxique. S'il y a une fuite de fluide de
l'aérotherme, le débrancher cle sa source d'alimentation el remplacer
le faisceau par un faisceau fourni en usine. Se reporter à la section
"Réparation et remplacement" pour avoir plus de détails.

13. Ne pas faire fonctionner l'aérotherme si des persiennes sont
complètement fermées ou dépassent des butées.

14. Ne pas faire fonctionner l'aérotherme dans des milieux où il y a
risque de corrosion de l'acier ou de l'alumínium.

15. N'utiliser l'aérotherme dans temperature plus de 40'C (104"F).

16. N'utiliser que les pièces de remplacement approuvées en usine.

I 7. Se reporter aux cocles électric¡ues en vigueur relativement aux
exigences des joints pour les conduits installés sur place. Des ioints
de conduits ne sont pas requis pour les concluits cle l'aérotherme
installés en usine.

18. Lors de la mise en marche de l'aérotherme, on peut entendre des

l¡ruits de cognement ou cle craquement à l'intérieur clu faisceau, ce
qui est normal.

19. L'airqui sortprès clu bas de l'aérotherme peut être plus chaud que

celui qui sort par le haut, ce c¡ui est normal.
20. Si vous avez tles c¡uestions en ce qui concerne l'aérotherme,

communiquer avec ie personnel tle l'usine. Veuillez consulter la

clernière page de ce guide pour avoir plus cle renseignments.

LA GARANTIE SERA ANNULÉE S¡ LES

INSTRUCT¡ONS NE SONT PAS SUIVIES

INSTALLATION
Les instructions cl'installation servent de directives générales pour l'installation et le câblage de l'aérotherme.

Tous les codes en vigueur doivent être repectés.

tvtÉcANIQUE

3

AVERTISSEMENT
Bie n lire .rtlr:ntivt' lcs .rvis suiv¿rnts et s'y conformer, sinr¡n il v a risque dt' blt¡ssures 8r¿ìves ()u mômt' m¡rrtclles

ERMES

tÞ

POSITIONNEMENT DES

Mur extérieur

Ãj
T

i3

Mur
extérieur

FICURE 1



LrsrE DE coNTnôlr pouR rA MA¡NTENANcE DE rnÉnorHERME
D'Électronique D'Air Forcer

No. Modèle D'Aérotherme: No. De Série:

Entretien Par:Date De Maintenance:

Commentaires

AVERTISSEMENT
l)ébrancher la source d'alimentation ou à la déhrancher intégré avant d'ouvrir les boiliers ou d'en tãire la maintenance. Bloquer le
commutateur en position "OFF" (circuit ouvert) et/ou y mettre une étiquette afin d'éviter que l'appareil ne soit mis en marche par

inadvertance. 5i la débranche intégré être enlret¡en, véritice le courant ô1re débrancher à la source d'alimentalion. Bloquer le commutateur
en posilion "OFF" (circuil ouvert) et/ou y metlre une ét¡quette afin d'éviter que l'appareil ne soit mis en marche par inadvertance.

L'installalion et le câblage de l'aórotherme doivent être coniormes à tous les codes en vigueur. L'entretien de cet aérothermc ne doit être lãit
que par du personnel expérimenlé avec l'équipement de chautfage pour les endroits dangereux.

1. NETTOYER fl Tube à ailettes
ü Ventilateu¡.
ü Crille de protection
ü Moteur
ü Persiennes

Si le moteur tbnctionne bien
Si l'angle des persíennes est bon et si elles tiennent
bien en place
Si tous les couvercles antidéflagrants sont bien vissés

2. VÉRIFIER D
ü

É

Enlever la poussíère à l'aide d'aír comprimé. Ne pas vapor¡ser d'eau ou de solvants.
Ne pas immerger dans l'eau ou les solvants.

r. ÉrEcrRreuE
ú Vérífìer tous les conducteurs et les bornes de connexion. Serrer les connexíons lâches. Remplacer les conducteurs dont

l'isolation est endommagée.
D lnspecter les contacts des contacteurs. S'ils sont très corrodés, brûlés ou si la soudure est en mauvais état, les

remplacer par des contacteurs fournis en usine.
tr Vérifier les fusibles. La capacité et le type clu fusilrle sont indiqués sur la plaque à circuits imprimés. Le bon fusible doit

se trouver dans le porte-fusible en service. On recommande de garder un fusible en bon état dans le porteJusible de
rechange.

û Vérifier tous les conduits antidéflagrants. Remplacer les conduits endommagés. Tout les raccorder des conduit filets
sont besion minimum de cinq tour fíancailles. Les conduit droit filets doivent dépasser d'au moins 1/l6"(l.6mm) dans
les boîtiers. Les raccordes diminuer doit être serrés à la main.

ü Vérifier la résistance électrique de toutes les bornes du côté charge. La lecture doit être la même (r5%).

2. MÉCANtQUE

ú Vérifier s'il y a des fuítes de fluide. Le faísceau de l'aérotherme est chargé à vide et contient de l'éthylèneglycol, lequel
est tox¡que. S'il y a une fuite de fluide de l'aérotherme, débrancher ce dernier de la source d'alimentation et faire
remplacer le tiaisceau. Un faisceau fourni en usine peut être expédié immédiatement à partir des stocks. Consulter la

)

section "Réparation et remplacement" pour avoir de détails.

vissés doivent être bien poser et serrés à la main.
Nota: Les joints des boîtiers sont métal sur métal. Ne pas utiliscr dc joints d'etanchóitó ou dc sccllants. De la graisse
est m¡se aux joints en usine et rester ¡ntact.

ü Vérifier les roulements à billes de l'arbre moteur. Remplacer le moteur s'il y a trop de.ieu ou si le moteur ne
fonctionne pas bien et silencieusement. Les roulements à billes du moteur sont lubrifiés de façon permanente.

Ð Vérifier le ventílateur. Le remplacer aussitôt s'il est fissuré ou endommagé.
ü Vérifìer les persiennes. Les vis des persiennes doivent être serrées. Les persiennes ne doivent pas être complètement

fermées ou dépasser des butées.
ü Vérifier si toutes les pièces sont b¡en serrées. Tous les écrous et les boulons, y compris les pièces de support, doivent

être bien serrés.
t Faire fonctionner l'aérolherme pendant au moins cinq minutes. Vérifier si de l'air chaud sort par les persiennes. ll est

normal d'entendre des bruits de craquement ou de cognement au démarrage.

RUFFNECK
Heaters

Pour assistance, veuillez composer
le numéro de la lignesans frais:

1-800-661-8561 Qa hù Canada et É.-U.

1
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Aérothermes électriques d'air forcer pour endroits dangereux

,t

rend l'information relative à l'installation, à laLe présent guide comp
maintenance, à la ration et aux ièces de replacement.

@
Part No 5031-1 0 Printed in Canada

RUFFNECK et Vacucore sont des marques de deposée
Copyright" 1999 tout a droite réserver

CODAGE DU MODÈtE
FX420-480360-35

T L rr,..o*cE N.MTNALE

I

- 
HEHTZ

DIAMETRE DU VENTILATEUR (POUCES)

TENSION

¡¡ooÈu DE sÉRrE

¿e oÉr'¡ÉRnrroru

PHASE

ENDROITS APPROUVÉS
Les aérothermes électriques d'air forcer sont certifiés par le

CSA et/ou homologués UL pour les endroits ci-dessous:

Classe l, Divisions 1 & 2, Croupes C &D;
Classe ll, Division 1, Croupes E, F, & G;

Classe ll, Division 2, Groupes F & G;
Classe l, Zoræs 1 & 2, Groupes llA & llB;
Code de température T3B f65"C (329'F);

(moclèles de 50 Hz et 60 Hz)

Pour avoir plus de détails sur les endroits dangereux avec risque

d'explosion, consulter le Code canadien de l'électricité.' 
première partie, sect¡on 1B ou le

Code national de l'électricité, articles 500 - 516.

AVERTISSEMENT
LIRI TOUS LES AVIS IMPORTANTS DE LA PAGE 3.

CERTIFIED TISTED



WARRANTY ÍìEGIST]ìATION
To assist us in providing information and se¡vice over the life of this product, please complete and return this form in the enclosed

envetope. For information about RUFFNECK Heaters and its products, please call: 1'800-661'8561.

PLEASE PRINT

RUFFNECK Model Number: SerialNumber:

Project Name:

Type of Facility:------* Date lnstalled:

Please provide this permanent contact information for future notilication purposes.

Owner / O
Address:

Contact Name:

Phone Number:

Postal Code:

Position:

Fax Number:

Type of Business:

lnstalling Company Name:

Postal Code:

. * Contact Name:

t - 
",tnon, Number: Fax Number:

Type of Business:

(oPTroNAL)
ls lhis new construction? Yes I No I

Have you worked with RUFFNECK heaters before? Yes D No D Would you buy from RUFFNECK again? Yes fl No E

lf applicable, which RUFFNECK mounting kit did you use on your Heater? [ Basic Mounting Kit (BMK)

I Hanging Mounting Kit fiMK) Q Pipe Mounting Kit (PMK) [ Swivel Hanging Mounting Kit (SHMK) [ Wall Mounting Kit (wMK) D Other

Did you use a RUFFNECK thermostat? Yes I No E
For hydronic systems, what is the heat transfer fluid? ---......--"."."

Are there any other features you would like to see in a unit heater?

Comments:

i. r ':'.'

' ." ' 
.,. warranty on this product is fully described in the sales brochure and installation manual. Please contact the factory to obtain service under the warran$ policy

RUFFNECK
Heaters

2827 Sunddge Blvd. N.E.

Calgary, Alberta

Canada T1Y 6G1

www,ruffneck.com
service @ ruffneck.com

Customer Toll-Free: 1 -80&661'8561

Phone: (403) 291-5488

Fax (403) 291'7042

PT. N0.3423-6
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HOW TO USE THIS MANUAL

Your purchase of aWaukeshaVHP Series engine was a
wise investment. ln the industrial engine field the name,
Waukesha Engine, stands for quality and durability. With
normal care and maintenance this engine will provide
many years of reliable service,
Before placing the engine in service read Chapters 1

and 2 very carefully. These chapters cover Safety,
General lnformation and Englne Operation.

Section 1.00 - Warning Tags And Decal Location -
gives the location of all warning tags and decals and will
show you a duplicate of each tag is illustrated in case the
decals or tags have been lost or damaged.

Section 1.05 - Safety Section - Provides a list of
warnings and cautions to make you aware of the
dangers present during operation and maintenance of
the engine. - READ THEM CAREFULLY AND FOL-
LOWTHEM COMPLETELY -
Section 1.10 - Rigging and Lifting Engines - Provides
information on engine weights and proper lifting proce-
dures.

Section 1.15 - General lnformation - Provides basic
data on the engines such as; engine plate data,
specifications and description.

Section 1.20 - Engine Systems - Provides basic
information on each engine system.

Section 2.OO - Engine Startup and Shutdown - provides
prestart i nspection, troubleshooting, routine startup and
shutdown.

This manual contains both operation and maintenance
instructions for the VHP engines. There are four
chapters within the manual and each chapter contains
one or more sections. The title of each chapter or section
appears at the top of each page. To locate information
on a specific topic, refer to the Table of Contents at the
front of the manual or the lndex at the back of the
manual.

ALWAYS BE ALERT FOR THE SPECIAL WARNINGS
W¡THIN THE MANUAL TÐCT. THESE WARNINGS
PRECEDE INFORMATION THAT IS CRUCIAL TO
YOUR SAFEW AS WELL AS OTHER PERSONNEL
WORKING ON OR NEAR THE ENGINE. CAUTIONS
OR NOTES IN THE MANUAL CONTAIN INFORMA-
TION THAT RELATES TO POSSIBLE DAMAGE TO
THE ENGINE OR ITS COMPONENTS DURING EN-
GINE OPERATION OR MAINTENANCE PROCE-
DURES.

Recommendations and data contained in the manual is
the latest information available at the time of this printing
and is subject to change without notice. Since engine
accessories may vary due to customer specifications
consult your local distributor or Waukesha Engine
Division Service Operations Department for any in-
formation on subjects beyond the scope of this manual.
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CHAPTER 1 . SAFEWAND GENERAL

CONTENTS

SECTION 1.OO - WARNING TAGS AND DECAL LOCAT¡ONS

SECTION 1.05 . SAFETY

SECTION 1.10 - RIGGING AND LIFTING ENGINES

SECTION 1.15 - GENERAL INFORMATION
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sEcTloN 1.00

WARNING TAGS AND DECAL LOCATIONS

WARNING TAGS AND DECAL
LOCATIONS

Warning tags and decals are placed so that they are
visible and readable by the operator when the engine is
running. This section provides detailed diagrams and
location of the safety labels on VHP engines.

A WARNING
All warning tags and decals must be visible and
readabletothe operatorwhen the engine is running.
Make sure all warning tags and decals remain
legible and attached. Likewise, allwarning tags and
decals removed during any repair work must be
replaced ln their original position before the engine
is placed back Into service, Old or badly worn decals
and tags should also be replaced. Failure to
properly replace these important tags and decals
can result ln severe personal iniury or death.

NOTE: The labels shown in this manualare for current
production engines. Your engine may have the previous
labels, which do not have visuals. The previous labels,
although they look different, will contain similar wordage
and will be located very close to the position of the new
labels.

NOTE: Not all labels are installed on all engines.
Application will depend on model of engine and optional
equipment ordered. Example: air/gas starter instead of
an electrical starter.

Clean surfaces of engine of all dirt, oil, etc. before
applying labels.
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WARNING TAGS AND DECAL LOCAT¡ONS

VHP 6 CYLINDER ENGINES
The warning labels on the VHP 6 cylinder engine have specific placement, and must be replaced if they are defaced or
removed for any reason. Table 1 .00-1 describes where each label is located. Figure 1 .00-1 shows the exact location of
each label.

Table 1.00-1. VHP 6 Cylinder Engine Safety Labels

þIrs¡i

o On tront and rear lifting eyesL¡fting lnstructionsSafety21 t 9304

a On control panel on right side of engineEyel5ar ProtectionCaution211920F

a Located next to turbocharger or exhaust outletHot ComponentsCaution211920D

o On side of crankcase, near barring deviceBarring DeviceWarning211911C

a Nytyed on governor control rod on rlght side of engine.Built Without Engine Protect¡onWarning211911 B

a On carburetor body, right side of engineMaximum Gas lnlet PressureWarning211910N

a On the fl)¡wheel housing (Q or the intercooler housing (GS|,GL)Safety GuardWarning211910K

a On the front gear housingSafety GuardWarning211910J

a On the front of governor drive housingSafety GuardWarning211 91 0A

LOCATION:SUBJECTTAG/PLATE
TYPE

LABEL
TYPEP/N
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WARNING TAGS AND DECAL LOCATIONS

BIGHT VIEW
P/N 211 P/N 2119118

P/N 2119304 P/N 2119304

P/N 119104

P/N 211910K

P/N 211911C P/N 211910N

NOTE: Labels shown apply to standard engine. Labels
can be affected by optional equipment specified.

LEFTVIEW

P/N 211920D

P/N 2119304

P/N 211910J

P/N 211910K

P/N 211911C

¡-=i [.i-1 E)7;,, 'îl

Ð(l
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Figure 1.00-1. VHP 6 Cylinder Safety Label Locations
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WARNING TAGS AND DECAL LOCATIONS

The warning labels on the VHP 12 cylinder engine have specific placement, and must be replaced if they are defaced
or removed for any reason. Table 1 .00-2 describes where each label is located. Figure 1 .00-2 and Figure 1.00-3 show
exact location of each label.

Table 1.00-2. VHP 12 Gylinder Engine Safety Labels

a On right flywheel housingGas lnlet PressureWarning2119118

a On right rear by the airlgas starterGas lnlet PressureWarn¡ng211911

a On prelube mounting bracketVent Flammable GasWarning2119't0W

. On right flywheel housingVent Flammable GasWarning211910S

a On water pipe on front on engine

On right and left water inlet tubesa
Safety GuardWarning211910L

a On front and rear lifting eyes, both sides of engineLifting lnstructionsSafety2119304

a On control panel on eaçh side of engineEye/Ear ProtectionCaution211920F

a On heat shield near turbochargers or exhaust outletHot ComponentsCaution211920tr_

a On the rear lifting eyes (G engines only)

On both sides of the water manifold, directly behind the
exhaust outlet (G eng¡nes only)

aHot ComponentsCaution211920D

a On the empty magneto drive housingBuilt Without lgnition SystemWarning211911 D

.a On both sides of crankcase, near barring deviceBaning DeviceWarning211911C

a Nytyed on governor control rod on r¡ght side of engine.Built Without Engine Protect¡onWarning2119118

a On carburetor bodies, both sides of engine

On air cleaner/carburetor housing both sides of engine
(Draw - thru engines only)

oMaximum Gas lnlet PressureWarning211910N

On the intercooler support brackets

On the rear lifting eyes (G engines only)o
Safety GuardWarning211910K

a On the front gear housingSafety GuardWarning211910J

o On the governor drive (G engines only)Safety GuardWarning211 91 0A

LOCAf,ION:SUBJECTTAG/PI-ATE
TYPE

LABEL
TYPEP/N
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WARNING TAGS AND DECAL LOCATIONS

5115GL SHOWN
FRONT VIEW

P/N 2119304 P/N 211930A

REAB VIEW

PiN 21 P/N 211920D

P/N 2il930A P/N 2119304

P/N 211910K
P/N 2119'l

P/N 211911

NOTE: Labels shown apply to standard engine. Labels
can be affected by opt¡onal equ¡pment specif¡ed.

FORM 6277 First Edition

Figure 1.00-2. VHP 12 Gylinder Safety Label Locations
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WARNING TAGS AND DECAL LOCATIONS

--6í156ETHOWI

LEFT VIEW
P/N 211920D P/N 211

P/N 211910N

P/N 211910W P/N 211920E

P/N
211910L

P/N 211910K

El/tt â{{ôlrì Ir /r!&¡rvree P/N 211920F P/N 211910N P/N 211911C

RIGHT VIEW
P/N 211920E

P/N 211920F

P/N 21191ON P/N 2119118

P/N 211920E

P/N 211920D

P/N 211 P/N
211910L

P/N 211910S

P/N 211911C

P/N 2119104

P/N 211911E P/N 211910N

NOTE: Labels shown apply to standard engine. Labels
can be affected by optional equipment specified.

l( l

',,,t i:\ i3

:)4-;:

1.00 - 6

Figure 1.00-3. VHP 12 Cylinder Safety Label Locations
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WARNING TAGS AND DECAL LOCAT¡ONS

VHP 16 CYLINDER ENGINES
The warning labels on the VHP 16 cylinder engine have specific placement, and must be replaced if they are defaced
or removed for any reason. Table 1 .00-3 describes where each label is located. Figure 1.00-4 and Figure 1 .00-5 show
exact location of each label.

Table 1.00€. VHP 16 Gylinder Engine Safety Labels

On back plate of engine, both sides of theaSafety GuardWarning211910M

On front and rear lifting eyes, both sides of engineaLifting lnstructionsSafety2119304

On engine control paneloEyel9ar ProtectionCaution211920F

outlet, both sides of engine

Nytyed on governor control rod on r¡ght side of engine.aBuilt Without Engine ProtectionWarning2119118

On oil pan, below the regulators, both sides ol engineaMaximum Gas lnlet PressureWarning211910N

On the front gear housingoSafety GuardWarning211910J

LOCATION:SUBJECTTAG/PLATE
TYPE

LABEL
TYPE

NOTE: Labels shown apply to standard engine. Labels
can be affected by optional equipment specified.

HIGHT VIEW
P/N 211920E

P/N 211

I
9,-

P/N 21 911C

P/N 21r920F
P/N 211910N

P/N 2119118 (BOTH S|DES)

0

---
o

Õ
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Figure 1.004. VHP 16 Cylinder Safety Label Locations
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WARNING TAGS AND DECAL LOCAT¡ONS

BEAB VIEW

P/N 2119304 P/N 2119304

P/N 211911C P/N 211911C

FRONT VIEW

P/N 21 P/N 2119304

P/N 211910S P/N 211910S

NOTE: Labels shown apply to standard engine. Labels
can be affected by optional equipment specified.

¿íSl

1'

1.00 - I

Figure 1.00-5. VHP l6 Cylinder Safety Label Locations
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WARNING TAGS AND DECAL LOCATIONS

21 1 9104

A\ARNtNc
Operate engine with
safety guards in place.
Contact with rotating
componenis couici
result in severe personal
injury or death.

I

I Figure 1.00-6. Warning Label - P/N 211910A - Safety Guard

AwnnNNc
Operate engine w¡th
safety guards in place.
Contact with rotating
components could
result in severe personal
injury or death.

AwARNtNc

Operate engine with
safety guards in
place. Contact with
rotating components
could result in severe
personal injury or
death.

211yI

AwnnNNc
Operate engine with
safety guards in place.
Contact with rotating
components could result
in severe personal injury
or death.

2¡19ttr

Figure 1.00-7. Warning Label - P/N 211910J -
Safety Guard

Figure 1.00€. Warning Label - P/N 211910K -
Safety Guard

Figure 1.00-9. Warning Label - P/N 211910L -
Safety Guard
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WARNING TAGS AND DECAL LOCATIONS

AWARNING

Operate engine with
safety guards in place.
Contact with rotating
components could
result in severe
personal iniury or
death-

AwnnNNc

Vent flammable gas
from this connection in

accordance with local
codes. lmproper
venting could result in
severe personal iniury
or death.

tii€!0s

AwnnNNc
Do not exceed maximum gas

inlet pressure. See regulator
label. Overpressure may
cause regulator to burst and
could result in severe
personal iniury or death.

21 10!0N

Figure 1.00-10. Warning Label - P/N 211910M -
Safety Guard

Figure 1.00-11. Warning Label - P/N 211910N -
Maximum Gas Regulator Pressure

AwnnNNc,r
Do not exceed 1 20 Psi
ai r/gas inlet pressure.

Overpressure may cause
molor to burst and could
result in severe personal
iniury or death.

2tl9il

Figure 1.00-12. Warning Label - P/N 211910S -
Vent Flammable Gas

Figure 1.00-13. Warning Label - P/N 21191r -
Maximum Air Prelube Motor Pressure

Figure 1.00-14. \lVarning Label - P/N 211910W -
Gas Venting

AwnnNNc
Vent flammable gas from
this connection in
accordance with local
codes. lmproper venting
could result in severe
personal iniury or death.

1.00 - 10 FOP.M 6277 First Ed¡tion



WARNING TAGS AND DECAL LOCAflONS

l

ArfiARNtNc
Do not engage barring
device while engine is
cranking or running.
Engagement could result
in severe injury or death.

21 191 1C

Figure 1.00-15. warning Label - PiN 211gfi8 - Buitt without Engine protection

Figure 1.00-16. Warning Label - P/N 2t19t1C - Earrtng Devlce

FORM 6277 First Edition 1.00 - 11



WARNING TAGS AND DECAL LOCATIONS

AmnNNc
This engine has been bu¡lt
wilhout an ignitiotì system.
Fa¡lure to connect customers
ignition systemto the engine
prolecl¡ve devices may resull
in seve¡e personal in¡ury or
death.

t-*

Figure 1.OO-17. Warning Label - P/N 211911D - Built Without An lgnition System

Awnnn¡Nc

Do not exceecl 1 50 Psi gas

¡nlet pressure. Over

pressure may cause

component to bursl and

could result in severe
personal injury or death.

!flgtlE

AcnuroN

Do not contact hot
components.
Contact with hot
components could
result in severe
burns or personal
injury.

2r1SæD

Figure l.O0-18. Warning Label - P/N 211911E -
150 psi Gas lnlet Pressure

Figure l.O0-19. Gaution Label - P/N 211920D -
Hot Surface
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WARNING TAGS AND DECAL LOCATIONS

AcnuroN
Do not contact hot
components- Contact
with hot components
could result in severe
burns or personal
injury.

2iitr

AcnurloN

Eye and ear protection
required when
operating or adjusting
engine. Failure to wear
proper equipment
could result in
personal injury.

211mF

Figure 1.00-20. Gaution Label - P/N 211920E -
Hot Gomponents

Figure 1.00-21. Caution Label - P/N 211920F -
Eye/Ear Protection

Figure 1.OO-22. Safety lnstructions - P/N 2fi990A -
Lifting Instructions

SAFETY
INSTRUCT|ONS

Follow eng¡ne
rigging and
lifting
instructions in
Operation and
Maintenance
manual.
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sEcTtoN 1.05

SAFETY

The following safety precautions are published for your
information. Waukesha Engine Division, Dresser lndus-
tries, lnc., does not, by the publication of these
precautions, imply or in any way represent that they are
the sum of all dangers present near industrial engines or
fuel rating test units. lf you are installing, operating or
servicing a Waukesha product, it is your responsibility to
ensure full compliance with all applicable safety codes
and requirements. All requirements of the Federal
Occupational Safety and Health Act must be met when
Waukesha products are operated in areas that are
under the jurisdiction of the United States of America.
Waukesha products operated in other countries must be
installed, operated and serviced in compliance with any
and all applicable safety requirements of that country.

For details on safety rules and regulations in the United
States, contact your local office of the Occupational
Safety and Health Administration (OSHA).

The words "danger", "warning", "caution" and "note" are
used throughout this manual to highlight important
information. Be certain thatthe meanings of these alerts
are known to all who work on or near the equipment.

NOTE: This symbol identifies information which is
NECESSÁRYTO THE PROPER OPERATION, MAIN-
TENANCE OR REPAIR OF THE EQUIPMENT

A CNUTION This symbol identifies in-
formation about hazards

or unsafe practices. Disregarding this information
could result in PRODUCT DAMAGE AND/OR PER.
SONAL INJURY,

A WNRNING
Thls symbol identifies information about hazards or
unsafe practices. Disregardlng this information
could result in SEVERE PERSONAL TNJURY OR
DEATH.

This symbol identifies information about immediate
hazards. Disregarding this information r,r¡ill result ln
SEVERE PERSONAL INJURY OR DEATH.

SAFETY TAGS AND DECALS

A WNRNING
To avoid severe personal injury or death, all warning
tags and decals must be visible and leglble to the
operator while the equipment is operating.

EQUIPMENT REPAIR AND SERVICE

Proper maintenance, service and repair are importantto
the safe, reliable operation of the unit and related
equipment. Do not use any procedure not recom-
mended in the Waukesha Engine manuals for this
equipment.

A WARNING
To prevent severe personal injury or death, always
stop the unlt before cleanlng, servlclng or repalrlng
the unit or any drlven equlpment.

Place all controls in the OFF position and disconnect or
lock out starters to prevent accidental restarting. lf
possible, lock all controls in the OFF position and take
the key. Put a sign on the control panel warning that the
unit is being serviced.

Close all manual controlvalves, disconnect and lock out
all energy sources to the unit, including allfuel, electric,
hydraulic, and pneumatic connections.

Disconnect or lock out driven equipment to prevent the
possibility of the driven equipment rotating the disabled
engine.

*l tE a rrÃFÃ
A UANr\rEFf
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SAFETY

CLEANING SOLVENTS

A WANNING
Comply wlth the solvent manufacturer's recom-
mendations for proper use and handling of sol'
vents. lmproper handling or misuse could result in
scvere personal lniury or death. Do not use gaso'
line, paint thinners or other highly volatile fluids for
cleaning.

ACIDS LIQUID NITROGEN/DRY ICE

A WNRNING A WNRNING

A WNRNING
To avold severe personal iniury or death, ensure
that all tools and other oblects are removed from the
unit and any drlven equipment before restarting the
unit.

A WNRNING
Allowthe engineto cool to roomtemperature before
cleaning, servicing or repalrlng the unlt. Hot compo'
nents or fluids can cause severe personal iniury or
death.

Some engine components and fluids are extremely hot
even after the engine has been shut down. Allow
sufficient time for all engine components and fluids to
coolto room temperature before attempting any service
procedure.

Gomply with the acid manufacturer's recommenda-
tions for proper use and handling of acids. lmproper
handling or misuse could result ln severe personal
lniury or death.

BATTERIES

A WNRNING
Comply with the battery man ufacturer's recommen'
dations for procedures concerning proper battery
use and maintenance, lmproper maintenance or
misuse could result in severe personal iniury or
death.

BODY PROTECT¡ON

Always wear OSHA approved body, sight, hearing
and resplratory system protection. Never wear
loose clothlng, iewelry or long hair around an
englne. The use of improper attire or fallure to use
protective equipment may result ln severe personal
inlury or death.

CHEMICALS

GENERAL

A WNRNING
Always read and comply wlth safety labels on all
contalners. Do not remove or deface the container
labels. lmproper handling or misuse could result in
severe personal iniury or death.

Comply with the liquid nltrogen/dry lce manufactur-
er's recommendations for proper use and handllng
of liquid nitrogen/dry lce. lmproper handling or use
could result in severe personal inlury or death.

COMPONENTS

HEATED OR FROZEN

A WARNING
Always wear protective equipment when lnstalling
or removing heated or frozen components. Some
components are heated or cooled to extreme
temperatures for proper installation or removal.
Direct contact with these parls could cause severe
personal inlury or death.

INTERFERENCE FIT

Always wear protectlve equipment when lnstalling
or removing components with an interference fit.
Installatlon or removal of lnterference components
may cause flylng debrls. Failure to use protective
equlpment may result in severe personal inlury or
death.

,¡-=

A WNRNING A WNRNING
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SAFETV

COOLING SYSTEM A WNRNING

EXHAUST

A WARNINGA WNRNING
Do not lnhale engine exhaust gases. Exhaust gases

A WARNING
Always wear protective clothlng when ventlng,
flushing or blowlng down the coollng system.
Operational coolant temperatures can range from
180" - 250" F (82" -'121'C). Contactwith hot coolant
or coolant vapor can cause severe personal inlury
or death.

is operatlng or when the coolant is hot. Operational
coolant temperatures can range from 180' - 250" F
(82" - 121" G). Contact with hot coolant or vapor can
cause severe personal iniury or death.

ELECTRICAL

GENERAL

A WNRNING
Do not install, set up, maintaln or operate any
electrical components unless you are a technically
qualified individual who is familiar with the electri-
cal elements involved. Electrlcal shock can cause
severe personal injury or death.

A WARNING
Disconnect all electrical power supplies before
making any connections or seruicing any pafi of the
electrical system. Electrlcal shock can cause se-
vere personal injury or death.

IGNITION

Avoid contactwith ignition units and wiring. lgnltion
system components can store electrical energy and
if contacted can cause electrical shocks. Electrlcal
shock can cause severe personal injury or death.

Properly discharge any electrical component that
has the capability to store electrical energy before
connectlng or servicing that component. Electrical
shock can cause severe personal lnjury or death.

lnlury or death.

Ensure exhaust systems are leak free and that all
exhaust gases are properly vented.

A WNRNING
Do nottouch or se¡vice any heated exhaust compo-
nents. Allow sufficient time for exhaust compo-
nents to cool to room temperature before
attempting any service procedure. Gontactwith hot
exhaust system components can cause severe
personal iniury or death.

FIRE PROTECTION

A WNRNING
Refer to local and federal fire regulations for
guidelines for proper site fire protection. Fires can
cause severe personal iniury or death.

FUELS

GENERAL

Ensure that there are no leaks ln the fuel supply.
Engine fuels are highly combustible and can ignite
or explode causing severe personal inlury or death.

A WNRNING A WNRNING
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SAFETY

A WARNING A WARNING

GASEOUS

Do not inhale gaseous fuels. Some components of
fuel gas are odorless, tasteless, and highly toxic.
Inhalatlon of gaseous fuels can cause severe
personal inlury or death.

A WNRNING

Use protective equipment when working with liquid
fuels and related components. Liquld fuel can be
absorbed into the body resulting in severe personal
iniury or death.

INTOXICANTS AND NARCOTICS

A WNRNING
Do not allow anyone under the influence of intoxi'
cants and/or narcotics to work on or around
industrial engines. Workers under the influence of
intoxicants and/or narcotics are a hazard both to
themselves and other employees and can cause
severe personal inlury or death to themselves or
others.

P R ESSU RIZED FLU I DS/GAS/AI R

Never use pressurized flulds/gas/air to clean cloth'
ing or body parts. Never use body parts to check for
leaks or flow rates' Pressurized fluids/gas/air in-
jected into the body can cause severe personal
iniury or death.

Observe all applicable local and federal regulations
relating to pressurized fluid/gas/air.

A WERNING
Provide guarding to protect persons or structures
from rotating or heated parts. Contact with rotating
or heated paÉs can result in severe personal iniury
or death.

It ls the responsibility of the englne owner to specify
and provide guardlng.

Use appropriate equipment and protective gear
when servicing or using products that contains
springs. Springs, under tension or compression,
can eiect if improper equipment or procedures are
used. Failure to take adequate precautions can
result in serious personal iniury or death.

TOOLS

ELECTRICAL

A WNRNING
Do not lnstall, set up, maintain or operate any
electrical tools unless you are a technically quall'
fied individual who is familiar wlth them. Electrical
tools use electrlclty and lf used improperly could
cause severe personal iniury or death.

Shut off the fuel supply if a gaseous engine has
been cranked excessively without starting. Crank
the engine to purge the cylinders and exhaust
system of accumulated unburned fuel. Failure to
purge accumulated unburned fuel in the engine and
exhaust system can result in an explosion resulting
in severe personal iniury or.death.

LIQUID

PROTECTIVE GUARDS

A WNRNING
Do not ingest liquid fuels or breathe in their vapors.
Llquid fuels may be highly toxic and can result ln
severe personal injury or death.

SPRINGS

A wnRNlNc A WNRNING
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SAFETY

HYDRAULIC ON ENGINE

A WNRNING A CNUflON
Do not install, set up, maintain or operate any
hydraulic tools unless you are a technically quali-
fied individual who is familiar wlth them. Hydraulic
tools use extremely hlgh hydraullc pressure and if
used improperly could cause severe personal lnlury
or death.

A CNUTION Always follow recom-
mended procedures

use of hydraulic tensioning tools can cause severe
engine damage.

PNEUMATIC

A WNRNING
Do not install, set up, malntain or operate any
pneumatic tools unless you are a technlcally quali-
fied individual who is familiarwith them. Pneumatic
tools use pressurized air and if used improperly
could cause severe personal inlury or death.

WEIGHT

A WNRNING
Always conslder the weight of the ltem being lifted
and use only properly rated lifting equipment and
approved lifting methods. Failure to take adequate
precautions can result in serious personal injury or
death.

A WNRNING
Never walk or stand under an engine or component
while it is suspended. Failure to adhere to this could
result in severe personal inlury or death.

WELDING

GENERAL

A WNRNING
Comply with the welder manufacturer's recommen-
dations for procedures concerning proper use of
the welder. lmproper welder use can result in severe
personal iniury or death.

Ensure that the welder is
properly grounded be-

fore attempting to weld on or near an engine. Failure
to properly ground thowelder could result in severe
engine damage.

A CNUilON Disconnect the ignition
harness before welding

on or near an engine to ellminate charging of an
ignition system capacltor. Failure to disconnect the
ignition harness could result in severe engine
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sEcTloN 1.10

RIGGING AND LIFTING ENGINES

A WNRNING A WNRNING
Exercise extreme care when moving the engine or
its components. Never walk or stand directly under
an engine or component while it is suspended.
Always conslder the weight of the engine or the
components involved when selecting hoisting
chains and lifting equipment. Be positive about the
rated capacity of lifting equipment. Use only proper-
ly maintained lifting equlpment with a lifting capac-
itywhich exceeds the known weight of the obiectto
be lifted. Disregarding this information could result
in severe personal injury or death.

Table 1.10-1 shows the approximate dry weight of the
VHP gas engines.

Table 1.10-1. ne Weights

Always lift the engine using the approved lifting
eyes. The VHP 6 cylinder gas engines are equipped
with two lifting eyes on top of the engine; 12 and 16

cylinder gas engines are equipped with two pairs of
lifting eyes, one pair on each cyllnder bank. Lifting
eyes are only meant for lifting the englne. Do not use
to lift drlven or auxiliary equipment that may be
attached to the englne. Dlsregarding this informa'
tion could result in severe personal iniury or death.

The VHP 6 cylinder engine is equipped with two lifting
eyes on top of the engine, 12 and 16 cylinder engines
are equipped with two pairs of lifting eyes, one pair on
each cylinder bank. The lifting eyes are only meant for
lifting the engine. Do not use the lifting eyes to lift driven
equipment that may be attached to the engine.

CORRECT METHOD OF RIGGING AND LIFTING
ENGINE

Lifting chains should be positioned so that they do not
rub or bind against parts of the engine. A properly rigged
engine will be able to be lifted in such a manner that the
chains will not damage the engine. See Figure 1.10-1

and Figure 1.1O-2 for examples of engine lifting.

A WARNING
To avoid severe personal iniury or death, follow
approved rigging procedures to ensure that no
undue straln is placed on the liftlng eyes and
hoisting chains/cable sling when the engine is
raised. Use the proper spreader beam to avoid
damage to the englne.

9390G1 13,04028,750

P9390GSr 13,04028,750

11,34025,000P9390G

10,47723,050511sGL

9,52521,0007042GL

21,000L7042GSr 9,525

20,500L7042G 9,300

5790G1 9,52521 ,000

L5790GSl 9,52521 ,000

9,30020,500L5790G

9,52521 ,00051 08GL

9,52521.000L5108GSl

20,500L5108G 9,300

15,0003521 GL 6,800

F3521 GSI 6,80015,000

6,58014,500F3521G

6,80015,0002895GL

6,80015,000F2895GSl

6,58014,500F2895G

kg¡b

WEIGHT
ENGINE
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sEcTloN 1.15

GENERAL INFORMATION

VHP G, GSI and GL engines (see Table 1.15-1) are
4-cycle; 6 cylinder engines are in-line configuration,
while 12 and 16 cylinder engines are V-configuration.
All engines rotate in the standard counter-clockwise
direction, as viewed from the rear (flywheel) end.

Table 1.15-1. ine Models

The basic "G" engines are naturally aspirated.

The "GSl" engines are turbocharged and intercooled.

The "GL" engine is turbocharged, intercooled and lean
burn. These engines are designed for lowtuel consump-
tion and reduced exhaust emissions. The prechamber
design utilizes combustion of a stratified charge. A rich
fuel mixture is provided to one part of the cylinder, and a
lean fuel mixture to the rest of the cylinder, with the
burning taking place in stages. To accomplish this, a
small auxiliary combustion chamber, referred to as a
prechamber, is located in the cylinder head. The rich fuel
mixture is supplied to this chamber while the lean
mixture fills the main combustion chamber. When the
spark plug ignites the prechamber fuel, a flame torch
projects from orifices in the prechamber to ignite the
lean mixture in the main chamber. The consistent
ignition of the rich mixture in the prechamber ensures
complete combustion within the main chamber.

Refer to Figure 1.15-4 thru Figure 1.15-16 for engine
identification views.

The design features of the VHP engine family include:

. High horsepower

. Sturdy construction, rugged and compact

. Low exhaust emissions

. Easy access and serviceability to all major components

. Fuel efficient and minimal fuel system complexity

BASIC ENGINE DESCRIPTION

The crankcase is a rigid gray iron casting (16 cylinder
engines are two piece). The main bearings are replace-
able. The counterweighted crankshatt is made of forged
steel and has seven main bearing journals (16 cylinder
engines have ten journals). Each engine is equipped
with a viscous vibration damper.

There are interchangeable cylinder heads, each with
two intake and two exhaust valves. Both exhaust and
intake valve seat inserts are replaceable. Roller type
valve lifters and hydraulic push rods are standard with
the exception of the 511sGL which uses non-hydraulic
push rods. The camshaft is heavy duty for long life. The
connecting rods are made from drop forged steel and
are rifle drilled. The cylinders have replaceable wet
cylinder sleeves. The pistons use a full floating piston
pin. The flywheel is machined and has a ring gear
attached.

The exhaust driven turbocharger (on GSI and GL
models) compresses intake air. This charged air is
cooled in the intercooler and then enters the carburetor
and mixes with pressurized fuel gas. The turbocharged
airlfuel mixture enhances the engine's power and
performance. On draw-thru equipped GSI and GL
models, the turbocharger draws fuel and intake air from
the air intake and carburetor(s) (mounted on the air filter
housing(s) and compresses the mixture. The mixture is
cooled through the intercooler and then enters the
intake manifold(s).

16 Cyllnder Engines
P9390G
P9390GSl
9390GL

151 08G
L5108GSl
5108GL
15790G
L5790GSl
5790G1
L7042G
L7042GSt
7042GL
511sGL

12 Cylinder Engines

F2895G
F2895GSl
2895GL
F3521 G
F3521 GSI
3521 GL

6 Cylinder Engines
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GENERAL INFORMATION

The pressurized lubricating system consists of an oil
sump, pump, piping network, filters, strainers and
cooler. The full flow oil filter is externally mounted,
separate from the engine. The system also consists of
an externally mounted oilcooler.

The cooling system has two water pumps. The main
water pump circulates the jacket water of the engine.
The auxiliary water pump, circulates water for the oil
cooler and the intercooler. The engine jacket, cylinder
heads, exhaust manifold, oil and charged intake air are
allwater cooled.

COMPONENT DESCRIPTIONS

CRANKCASE

The crankcase is a gray iron casting (16 cylinder
engines are two piece). For assembled rigidity, the main
bearing caps are attached to the crankcase with both
vertical studs and lateral tie bolts. This feature makes
the crankcase assembly more rigid and lengthens the
life of the main bearings.

CRANKSHAFT

The underslung crankshaft is made of a low alloy, high
tensile strength forged steel. The crankshaft is counter-
weighted to achieve a near perfect balance of rotating
forces. 16 cylinder engine crankshafts are two piece.

A viscous vibration damper is installed on the forward
end of the crankshaft along with a gear that drives the
front end gear train and accessories. The flywheel, with
ring gear, is installed on the rear end of the crankshaft
and is machined to accept several options.

TNTAKE MANTFOLD(S)

The airlfuel mixture passes through the intake man-
ifold(s) where it is distributed to the individual cylinders.

EXHAUST MANTFOLD(S)

The exhaust port of each cylinder head is connected to
one water-cooled segment of the exhaust manifold.
The water-cooled exhaust manifold(s) assembly is
comprised of individual segments (one for each cylinder
head). Each exhaust manifold segment is joined to the
next by a manifold pilot.

CONNECTING RODS

The connecting rods are machined to ensure maximum
strength, precise balance and consistent weight be-
tween cylinders. They are made of a low alloy, high
tensile strength forged steel, and are rifle-drilled to
supply pressurized lube oil from the crankshaft to the
piston pin bushings.

The split line of the rod and cap allows for removal of the
connecting rod assembly up through the cylinder liner
bore.

ïhe serrated split line ensures precise alignment and
transfer of loads. The caps and blades are also match
numbered to ensure that each cap is mated with the
correct blade during re-assembly.

The connecting rod cap fasteners, like all critical
fasteners used on the engine, are torqued to specific
values.

PISTONS

The pistons are machined from one-piece castings.
Each piston is cam-ground, This means the dimension
of the piston skirt at room temperature is slightly larger at
a point 90 degrees to the piston pin bore. This feature
allows the piston to expand from a shape that is
somewhat oval to one that is almost perfectly round
when operating at stabilized engine temperatures.

CYLINDER LINERS

Each wet type cylinder liner has a flange at its upper end
to locate it in the crankcase upper deck. The liners have
three external ring grooves to hold the lower crankcase
bore seals.

CAMSHAFTS

The design of the camshaft lobe and cam minimizes
valve overlap and reduces the flow of gases between
the intake and exhaust ports. This improves fuel
efficiency and lowers exhaust emissions.

CYLINDER HEAD AND VALVES

Each cylinder head has four valves, two intake and two
exhaust, with overhead rocker and actuator arms. GL
model cylinder heads have a prechamber bore in the
center, and an additional bore to accommodate the fuel
admission valve. The cylinder heads are water cooled, to
reduce heat deformation during the combustion process.

TURBOCHARGER(S)

On GSI and GL models, high efficiency, radial flow
turbochargers are mounted on the rear of the engine
and generate the required boost levels for the engine.

cusroM ENGTNE GoNTROL@ (CEC) rGNrïON
MODULE

Waukesha Engine's Custom Engine Control@ lgnition
Module (lM), is standard equipment on VHP engines.
The CEC ignition system uses a Hall-effect pickup and
a special timing disc to determine the exact position of
the crankshaft. The CEC ignition module interprets the
sensor's impulses to set the optimum ignition timing.
The CEC module then directs a precisely timed voltage
to the appropriate ignition coil.
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GENERAL ¡NFORMATION

cusroM ENGTNE GoNTROL@ (CEC)
DETONATION SENSING MODULE

Waukesha Engine's Custom engine Control@ Detona-
tion Sensing Module (DSM), which functions with the
CEC lgnition Module, is standard equipment on VHP
engines. The DSM protects the engines from damage
due to detonation on an individual cylinder basis. Engine
mounted detonation sensors monitor engine output
from each cylinder. When the signal exceeds a predeter-
mined limit, the DSM retards the ignition timing for the
cylinder associated with that sensor, As soon as
conditions permit, the DSM will advance spark timing to
the originaltiming set point.

SERIAL NUMBERS AND ENGINE
NAMEPLATE

For ease in ideniification, the engine model, serial and
specification numbers are stamped on a nameplate
(see Figure 1.15-2 and Figure 1.15-3).

The VHP engine nameplate provides the following
information: model number, serial number, date in-
spected, special application approval number (power
approval), valve clearance, compression ratio, firing
order, governed speed, altitude limit at which an engine
derate takes place, primary and secondary fuel ratings
which show the fuel, minimum WKI , ignition timing,
rated output in horsepower and kilowatts, and overload

The intercooler(s) (the box-type tube and fin assem-
blies mounted atthe rear of the engine) are standard on
GSI and GL models. The flow of air between the
aluminum cooling fins, runs perpendicularto the vertical
flow of cooling water in the copper tubes. The configura-
tion of the upper and lower bonnets create a U-shaped
path, that enables the cooling water to pass through the
core assembly four times, before exiting the unit at the
top. Header plates separate the air passing through the
casing from the cooling water in the upper and lower
bonnets.

A supply tube connected to the intercooler cooling water
inlet, provides a continuous supply of cooling water to
the wastegate(s)(one per turbocharger). The cooling
water enters the lower housing of the wastegate(s) and
passes through a cavity that encircles the valve guide.
Exiting the outlet port on the opposite side of the lower
housing, the water passes to the intercooler cooling
water outlet through a water return tube.

oARBURETOR(S)

The carburetor(s) consists of a main body, with a
conventionalthrottle valve and diaphragm operated gas
metering valves. The flow of air through the carbure-
tor(s) is controlled by the throttle valve in the carburetor
throat, as in any other carburetor. The amount of air
going to the engine is measured by air-flow measuring
valves, which rise in direct proportion to the air volume
passing through. The gas metering valves are mechani-
cally fixed to the air measuring valves, and rise with
them, thus opening the gas passages an amount
proportionate to the air entering the engine. This
establishes and holds a definite airlfuel ratio throughout
the operating range. The actual movement of the parts
results from the negative air pressure at the air
measuring valves, which is communicated to the back
side of each diaphragm through two small holes.

located on the lower left side of the crankcase, adjacent
to the front of the engine.

When requesting information, you will need to reference
both the engine model and serial numbers. lf the
nameplate is defaced or detached, the serial number
may be obtained directly off the crankcase. To locate it,

look directly above the nameplate location, on the
cylinder head deck of the crankcase.

INSTRUMENT PANEL

Waukesha Engine's optional instrument panel is
shipped loose and intended to be remote mounted on
site (see Figure 1.15-1). The panel is operated on
24VDC. The instruments are:

Figure 1.15-1. Optional Remote lnstrument Panel

. lntake Manifold Pressure Gauge; indicates the
intake manifold pressure in inches/centimeters of
mercury.
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GENERAL INFORMATION

. Dlgltal Tachometer/Hour Meter; indicates the en-
gine speed in revolutions per minute (rpm) and the
hours the engine has been in operation.

. lntake Manifold Temperature Gauge; indicates the
temperature of the airlgas mixture within the intake
manifold.

. Lube Oll Pressure Gauge; indicates the lube oil
pressure at the oil header.

. Lube Oil/Jacket Water Temperature Gauge; indi-
cates the lube oil temperature at the oil header and
the outlet temperature of the engine coolant.

. Exhaust Temperature Pyrometer; indicates the
temperature of the exhaust gases.

A WARNING
Swltches for alarms and automatic englne shut-
down must be supplied by the customer. The
sensors provided arefor measuring and monitoring
temperatures and WLL NOT shut the englne down if
potentially harmful temperatures are reached. Dls-
regardlng this informatlon could result in severe
personal iniury or death.

Engine instrument and safety shutdowns are not
supplied as standard equipment, due to the wide variety
of customer needs. lnstruments and safety shut downs
are the customer's responsibility. Oil pressure, intake
manifold pressure, water temperature, exhaust temper-
ature, main bearing, overspeed and oil temperature, are
the minimum required for engine protection. Switches
should be wired to an alarm to warn of high tempera-
tures and low pressure as wellas provide for automatic
engine shutdown if potentially harmful temperatures,
pressure or overspeed conditions exist.
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Figure 1.15-2. Nameplate - Gurrent Production
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ENG¡NE IDENTIFICATION V¡EWS

SIX CYLINDER GL VIEWS

F-

1

1

o

1SIHÃwÃu

I

1. Lifting Eyes
2. Cylinder Head Assemblies (6)

3. lntake Manifold
4. Control Panel
5. Prechamber Manifold
6. Regulator, Prechamber Manifold
7. Magneto Adapter
8. Water Drains (Right Side)
9. Governor
10. Governor Speed Control Hand Lever
11. CEC lgnition Module
12. Vibration Damper

13. Magneto Drive
14. Lube Oil Pump
15. Auxiliary Water Pump
16. Lube Oil Drain (Right Side)
17. Engine Leveling Bolts (Right Side)
18. Engine lgnition Power 24 Volt DC Junction Box
19. Lube Oil Dipstick
20. Regulator, Gas
21. Manual Shutdown Lever
22. Carburetor
23. Lube Oil Pan Access Doors
24. Exhaust Outlet

1.15 - 6

Figure 1.154. Rlght Side View - 6 Cylinder VHP GL
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I
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1. Thermostat Cluster Housing
2. Exhaust Thermocouple Assembly
3. Exhaust Manifold Assembly
4. Water Manifold
5. Crankcase Breather
6. Regulator Valve
7. Ejector Breather
8. Flywheeland Housing
9. Lube Oil Drain (Left Side)
10. Engine Leveling Bolts (Left Side)

11. Manual Barring Device
12. Lube Oil Pan Access Doors (Left Side)
13. Engine Temp. Connections/Controls Junction Box
14. Lube OilStrainer
15. Lube Oil Pan
16. O¡l Temperature/Pressure Control Valves
17. Prelube Pump and Motor
18, OilCooler
19. Safety Guarding
20. Crankcase

oo1 ù

7654321

Figure 1.15-5. Left Side View - 6 Cylinder VHP GL
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1. Turbocharger
2. lntercooler
3. Flywheel Housing
4. Tming Cover
5. Flywheel

6. Lube Oil Drain
7. OilFiller
8. Wastegate
9. Air Cleaner

Flgure 1.156. Rear View - 6 Cylinder VHP GL
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51lsGLV|EWS

rv:v Ã

1. Exhaust Manifold
2. Venturi Extractor
3. Air Cleaner
4. Exhaust Outlet Flange
5. Lifting Eye, Rear
6. Water Drain
7. Barring Device
L OilFiller
9. OilDipstick
10. Flywheel Housing
11. OilDrain
12. Oil Pan Access Doors
13. Regulator, Gas

14. Gas lnlet
15. OilPump
16. OilPan
17. Engine Leveling Bolts
18. Air/Gas Prelube Pump Motor
19. Jacket Water Pump
20. Water lnlet Flange
21. Crankcase Breather Oil Separator
22. Lifting Eye, Front
23. Detonation Sensors (1 Per Cylinder)
24. Thermostat Gluster Housing
25. Gontrol Panel
26. Water Manifold

FORM 6277 First Edition

Figure 1.15-7. Left Side Vlew - 5115GL
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P,

1. Exhaust Manifold
2. Detonation Sensors (1 Per Cylinder)
3. ThermocoupleConduit
4. Cylinder Heads
5. Lifting Eye, Front
6. Prechamber Manifold Regulator
7. Governor
8. Vibration Damper
9. Governor Speed Control Lever
10. CEC lgnition And Thermocouple Junction Box
11. CEC lgnition Module
12. Engine lgnition Power 24 Volt (DC)

13. Gas Regulator
14. Carburetor
15. Manual Shutdown Lever
16. Engine Leveling Bolts
17. Flywheel And Housing
18. OilStrainer
19. Breather Tube Drain
20. Tming Hole Pad
21. Lifting Eye, Rear
22. Flexible Exhaust Coupling
23. Air Cleaner
24. Control Panel

1

o1

E

wÃ

CI

Figure 1.15€. Right Side Vlew - 5115GL
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1. Flexible Exhaust Coupling 12. OilFiller
13. Carburetor
14. lntake Manifold
15. Prechamber Manifold
16. Lifting Eye
17. Air Cleaner
18. RockerArm Covers
19. lntercooler
20. Turbocharger
21. Wastegate

2. Wastegate
3- Turboeharger
4. Crankcase Breather Oil Separator
5. Rocker Arm Covers
6. Lifting Eye
7. Prechamber Manifold
8. lntake Manifold
9. ïming Hole Pad
10. Carburetor
11. OilStrainer

19

1

1

o

51

4321
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NOTE: Front guard shown removed for clarity.

1. Water lnlet Flange
2. Vibration Damper
3. Auxiliary Water Pump
4. Auxiliary Water lnlet
5. Governor

1.15 - 12

Figure 1.15-10. Front View - 511sGL
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TWELVE CYLINDER GL VIEWS
\

2

Ã .g
3

4

1
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1 1 I 1 1 14 1 1 I 8 7 6

1. Exhaust Manifold Assembly, (Right Bank)
2. Jacket Water Pump
3. Governor
4. Governor Speed Control Hand Lever
5. Vibration Damper
6. Lube Oil Pump
7. Magneto Drive
8. Water Drains (Right Bank)
9. Magneto Adapter
10. CEC lgnition Module
11. Regulator, Prechamber Manifold

12. Lube Oil Dipstick (Right Bank)
13. Regulator, Gas (Right Bank)
14. Garburetor (Right Bank)
15. Manual Shutdown Lever
16. Lube Oil Strainer
17. Engine Leveling Bolts (Right Bank)
18. Lube Oil Drain (Right Bank)
19. Control Panel (Right Bank)
20. Exhaust Thermocouple Assembly
21. Engine lgnition Power 24 Volt DC
22. Thermocouple Control Box/

CEG lgnition Junction Box

\-J

1
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Figure 1.15-11. Rlght SideView - 12 CyllnderVHP GL
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1. Thermostat Gluster Housing
2. Water Manifold
3. Venturi Extractor
4. Exhaust Manifold Assembly, (Left Bank)
5. Lube Oil Filler
6. Flywheeland Housing
7. Manual Barring Device
8. Lube Oil Drain (Left Bank)
9. Lube Oil Pan Access Doors (Left Bank)
10. Engine Jacket Water Drains (Left Bank)

11. Lube Oil Pan
12. Regulator, Gas (Lefi Bank)
13. Lube OilDipstick (Left Bank)
14. Crankcase
15. Engine Leveling Bolts (Left Bank)
16. Prelube Pump and Motor
17. Crankcase Breather (2)

18. Safety Guarding
19. Control Panel (Left Bank)

Figure 1.15-12. Left Side View - 12 Cyllnder VHP GL
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I
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I
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1. Flexible Exhaust Connection
2. Wastegates (2)
3. Turbochargers (2)
4. Lifting Eyes (4) (2 each front and rear)
5. Cylinder Head Assemblies (12)

6. Air Cleaners (2)
7. Prechamber Manifolds (2)
8. lntake Manifolds (2)
9. Carburetors (2)
10. lntercooler
11. Auxiliary Pump lnlet

66

€il(tilÊ 55 I

3223 414

FIgure 1.15-13. RearViEw - 12 CylinderVHP GL

l
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1. Lifting Eye (Rear Right)
2. Flywheel
3. Oil Filler Tube

4. Lifting Eye (Rear Left)
5. Venturi Extractor
6. Oil Separator

Figure 1.15-16. RearView - 16 GylinderVHP GL
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ENGINE SPECIFICAilONS

A CNUTION Alarm and shutdown val-
ues are based on dry

natural gas (900 Btu/cu. ft. SLHV). Referto Gaseous
Fuel Specification Sheet S7884C and Lube Oil
Recommendatlons Sheet S1015Y or latest revlslons
for typical changes in operation temperatures for
jacket water and lube oll when runnlng on landflll or
digester gas fuels, Disregardlng thls lnformation
could result in product damage.

Table 1.15-2. VHP Specifications

80 gallons (303 litres)
110 gallons (416 litres)

35 gallons (132.5 litres)
54 gallons (204.4 litres)

litres)
litres)

35 gallons (132.5
45 gallons (170.3

35 gallons (132.5 l¡tres)
45 gallons (170.3 litres)

Oil pan (Low level mark)
Oil pan (High level mark)

165 gallons (625 litres)99 gallons (376 litres)99 gallons (375 litres)72 gallons (272.5 l¡tres)
Sump capacity, including
filter and cooler*

Lubrication System

450 rpm450 rpm450 rpmLow idle 450 rpm

700 - 1200 rpm
(see engine nameplate)

1250 - 1500 rpm
(see engine nameplate)700 - 1200 rpm (see engine nameplate)Speed range

10.5:110.5:1
5108 10.5:1
5790 10.5:1
7042 10.5:1

10.5:1
10.5:1

2895GL
3521GLCompression ratio GL

8:1
5108 l0:1
5790 8.2:1
7O42 8.2:1

2895G,GSr
optional

2895GL
3521G,GSl

optional
3521GL

8:1
10:'l
10.5:1
8:1
10:1
10.5:1

Compression ratio G,GSI

9388 cu. in. (154 L)5108 cu. ¡n. (83.7 L)

51O8G,GSI,GL
5108 cu. in.
(83.7 litres)

5790G,GSt
5790 cu. in.
(1l5litres)

5790G1
5788 cu. in.
(95 l¡tres)

7O42G,GSI,GL
7040 cu. in.
(115|¡tres)

939OG,GSI,GL
9388 cu. in.
(154 litres)

2895G,GSI,GL
2894 cu. in
(47 l¡tres)

3521G,GSl
3520 cu. in.
(58 litres)

3521 GL
3521 cu. in
(58 litres)

Displacement

8.50 x 7.50 in.
(216 x 191 mm)

51 08

5790

7042

9390

8.50 x 7.50 in.
(216 x 191 mm)
8.50 x 8.50 in.
(216 x 216 mm)
9.375 x 8.50 in.
(238 x 216 mm)
9.375 x 8.50 in.
(238 x 216 mm)

2895 8.50 x 8.50 in.
(216 x 216 mm)

3521 9.375 x 8.50 in.
(238 x 216 mm)

Bore x stroke 9.375 x 8.50 in.
(238 x 216 mm)

v-16,
4-valves per cylinder

v-12,
4-valves per cylinder

v-12,
4-valves per cylinder

lnline-6,
4-valves per cylinderNumber of cylinders

Turbocharged, inter-
cooled. and lean burn

Turbocharged, inter-
cooled, and lean burn

Turbocharged, inter-
cooled, and lean burn

Turbocharged, inter-
cooled, and lean burnAspiration, GL

Turbocharged,
intercooledAspiration, GSI

Turbocharged,
intercooled

Turbocharged
¡ntercooled

Naturally aspiratedNaturally aspiratedAspiration, G Naturally aspirated

4-cycle4-cycle4-cycle4-cycleType

l6 Cylinder511sGL12 Cylinders6 CylinderEngine Model

GEN ERAL SPECIFICATIONS

(Continued)
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0 to -1 (negative) in. (0 lo -25.4 mm (negative)) H2OCrankcase vacuum

Crankcase Breather

See Table 4.35-1 Maximum Allowable Exhaust
Backpressure And Reductions For Speed And Load
in Section 4.35 Exhaust System Maintenance

Maximum permissible backpressure @ rated load and speed

Exhaust System

Add appropriate opt¡ons to obtain total capac¡tyTotal system capacity

9.4 gallons (35.6 litres)5.0 gallons (18.9 litres)

6 in. d¡ameter
3.4 gal. (12 L)

I ¡n. diameter
5.5 gal. (20 L)

10 in. d¡ameter
9.4 gal. (34 L)

6 ¡n. diameter
3.4 gal. (12 L)

I in. diameter
5.5 gal. (20 L)

10 in. diameter
9.4 gal. (34 L)

Oil cooler water capacity

11 gallons (42 litres)5.5 gallons (20 litres)5.50 gallons (20 litres)2.75 gallon (10.4 litres)lntercooler water capacity

45.5 gallons (183 litres)45.5 gallons (183 litres)45.5 gallons (183 litres)23 gallons (87 litres)Surge tank capacity
(optional)

148 gallons (560 litres)107 gallons (405 litres)

8.5 in. bore
107 gal. (40s L)

9.375 in. bore
100 gal. (387 L)

8.5 in. bore
52.5 gal. (198.7 L)

9.375 in. bore
48.5 gal. (183.6 L)

Jacket water capacity,
engine only

130'F (54" C)Normal charge air cooler inlet temperature

Cooling System (Jacket Water And Auxiliary System)

0.5 pint (0.2 litre)0.5 p¡nt (0.2 litre)0.5 pint (0.2 litre)0.5 pint (0.2 litre)A¡r motorized pre-lube mo-
tor, in-line lubricator

2.0 pint (0.9 l¡tre)2.0 pint (0.9 litre)2.0 p¡nt (0.9 litre)2.0 pint (0.9 litre)Air starter oil reservoir for
one shot lubricator

1.5 quart (1 .1 litre)1.5 quart (1 .1 litre)1.5 quart (1 .1 litre)'1 .5 quart (1 .1 litre)UG8 governor oil reservoir

Governor And Air Starter Gaoacities

205'F (96'C)205' F (96" C)205" F (96" C)205' F (e6" C)Oil header temperature
shutdown setpoint

195" F (91'C)195'F (91" C)1es" F (91" C)1e5'F (91" C)Oil header temperature
alarm setpoint

180' F (82' C)180' F (82" C)180' F (82" C)180' F (82'C)Normal oil header
temperature

5 m¡nutes afier operationPostlube duration

5 nrinutesPrelube duration

10 psi (69 kPa)10 psi (69 kPa)10 psi (69 kPa)10 psi (69 kPa)Minimum oil pressure at
turbo

1 5 psi (1 03 kPa)25 psi (172 kPa)20 ps¡ (138 kPa)20 psi (1 38 kPa)Low oil pressure shutdown
setpo¡nt

25 psi (1 73 kPa)30 psi (207 kPa)30 psi (207 kPa)30 psi @07 kPa)Low oil pressure alarm
setpoint

35 - 50 psi
24O - 345kPa

Æ 55 psi
380 kPa)(275 -

æ-55
(275 - 380

psi
kPa)

4O - 55 psi
(275 - 380 kPa)Normal lube oil pressure

74 micron74 micron74 micron74 micronStrainer screen

15 micron at @
90% efficiency

15 micron at @
90% efficiency

15 micron at @
90% efficiency

15 micron at @
90% efficiencyMain filter

10 gallons (38 litres)9.0 gallons (34.1 litres)(8 in.) 6.9 gal. (26.1 L)
(10 in,) 10 gal. (37.8 L)

(8 in.) 6.9 gal. (26.1 L)
(10 in.) 10 gal. (37.8 L)Oil cooler capacity

45 gallons (170 litres)36 gallons (136.3 litres)36 gallons (136.3 lltres)20 gallons (75.7 litres)Lube oil filter capacity

Lubrlcatlon System (continued)

16 Gylinder5116GL12 GylindeÉ6 CylinderEnginc Modcl

GENERAL SPECIF¡CATIONS

F¡-*

(Continued)
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GENERAL INFORMATION
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i

0.016 in (0,406 mm) (5115G1
0.036 in (0.914 mm) (5115c1

only)
only)

Valve Clearance - 511sGL engines Only, non-hydrauliclifters lntake
Exhaust

Not applicable - 0.000
Valve Clearance - Hydraulic lifters 6, 12 , and^1.6 cylinder

engines - excluding 5115GL

Valve Train

107o over governed speedOverspeed shutdown

2s0'F (121'C)
Main bearing temp
shutdown

Refer To Engine Name PlateEngine timing

See Table 1.15-4 and Table 1.15-5Park plug gap

Miscellaneous

150 psi (1043 kPa)(MAX) Pressure is based on 50'F (10" C) lube oit temperatureAir pressure starting

24 volts DCElectric starting

Starting System

99.7%Required filtering efficiency (coarse dust test per SAE726C)

15 in. (381 mm) of H2OMaximum perm¡ssible restriction @ rated load and speed

Air lnduction System

GSI -6 in
GL- 6in

and

(152 mm) of water column
(152 mm) of water column at regulator

30 psig (206.8 kPa) prechamber fuel supply
Natural gas pressure at regulator Draw-thru models

35 - 50 psi (241 - 345 kPa)Natural gas pressure at regulator "GL" Models

20 - 25 psi (138 - 172kPa)Natural gas pressure at regulator "GSl" Models

5 - 10 psi (34.5 - 69 kPa)Natural gas pressure at regulator "G" Models

ng DepartmentContact Waukesha Engine Application

Fuel System

lntake Manifold Pressure

20" F (11 " C) above design intercooler water ¡nlet temperatureShutdown:

15' F (8.5' C) above des¡gn ¡ntercooler water inlet temperatureAlarm:

Up to 10" F (5.5' C) above design intercooler water inlet temperatureNormal:

GSI & GL Engines

lntake Manifold Tem perature

See Note 2 belowShutdown:

9Þ9 tìULç - UYTUWSystem

212" - 250" F (100" - 121' C)Normal:
Elr¡¡Illaa+ fr¡al!r¡

10" F (5.5" C) above normal/design operating temperaturelShutdown

5' F (3" C) above normal/design temperaturelAlarm

210'- 235'F (99'- 113" C) solid waterNormal
Elevated Temperature
Solld Water Gooling

System

20" F (11 " C) above normal/design temperatureShutdown:

10" F (5.5' C) above normal/design temperatureAlarm:

180' F (82" C) for continuous rating
200" F (93" C) for intermittent rating

Normal:
Standard Goollno

System

Jacket Water Outlet Temperature

16 Gylinder5115GL12 Cyllnders6 CyllnderEngine Model

GENERAL SPECIFICAtr¡ONS

NOTE: *Total capacity of lube oil system. Fiil o¡l pan, filter; cooler; etc., run eng¡ne, then add oi! as required to bring o¡t tevel ¡n oit pan back to high mark.
Record total amount for future reference.
l"Wau*esna Pgwer Sy:tems Code 11A5, 1105A, or quivatent shutdown system ræommendd when jacket water tempmture exæds 2lO" F (gg" C).
¿ Waukesha Power Systems Codg 1106, 11 06A, or equivalent shutdown system is recommended for ebutlientty cooled engines.
3 Does not include 5í11GL modet.
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GENERAL INFORMATION

TOROUE VALUES
Table 1 .15-3 lists the torque values needed for the basic
maintenance of VHP engines.

Table 1.15€. Torque Values

NOTE: All torques oiled unless specified.

A CAUilON 112 lnch reach sPark
plugs must be used wlth

l l2inch reach spark plug carriers. Mixing spark plug
carrler and spark plug components will cause
damage to equipment.

Table I .15.4 . l 12lnch Reach Spark Plugs (Used On G and GSl, and 112 lnch Reach Spark Plug Carriers on GL Only)

NOTE: * 1/2 ¡nch reach spark plugs are used with 1/2 incl .reag.ll gpgr.k PllS carriers only.
# Seruice p/¡rl zitesTu ãpark plug connectors with P/N 740011 Boot'

x

24-2718 - 20Previous Oil Pan Access Covers (with one capscrew)

24-2718-20Pressure Relief Valve Equipped Oil Pan Access Covers

24-2718 - 20Oil Pan Access Covers (CurrenlPlNE2OO224 with two capscrews)

41-4730-35Rocker Arm Cover Capscrews

75-8155-60Fixed Valve Lifter Screws

75-8155-60Rocker Arm Support Capscrews 1i2-13

88-9565-70Gas Admission Valve (P/N 211587A used with stainless steel washer P/N 28357)

373 - 380
(with FEL--PRO@' 

c5-A@,
P/N 51005 anti-seize
compound applied to

threads)

275 - 280
(with FEL-fRO@

c5-A@,
P/N 51 005 anti-seize
compound applied to

threads)

Spark Plug Carriers

Stainless steel prechamber seal (P/N 209562D)-must be
used with the piechamber cup when torquing-the spark
pluE carrler to-275 - 280 ftlb (373 - 380 N'm) (with
FeÈ-pno@ cs-Ao, P/N 51005-anti-seize corirþound applled
to threads) or damage to equlpment will result'

s4 - 61 (dry)40 - 45 (dry)

Spark Plugs

l-acAur¡oNll3l1iT"î1,!?3"JHt?å1,|litålti":li,il"rÎini"*,lgl'"'is!!
wlth 1/2 inch reach carriers. Mlxlng carrfer and spark plug
components wlll cause damage to equipment.

N.mfr-lbDESCRIPTION

Replace boot as required740011Boot *

CSA G,GSI - Use with P/N 2083388 spark plug recess cover
and current P/N 6061 5F coil6977 2A (current production)Extension CSA

G,GSI,GL - Use with P/N 2083384 spark plug recess cover
and P/N 69694 "81ue coil"21 1 357 H (current) A211 357 (previous)Extension

SPARK PLUG EXTENSIONS

CSA GL - Used with P/N 69694D (previous production CSA
"long coil") and P/N 2083388 spark plug recess cover

60999R (Nickel) (previous product¡on -
see Table 1.1 5-5 for current production)

(Gap 0.010 in. (0.254 mm))

CSA (Shlelded)

CSA G,GSI - Use with P/N 2083388 spark plug recess cover,
P/N 697724 extension and current P/N 60615F coil60999H (Nickel) (Gap 0.020 in. (0.s08 mm))

GL - Used with P/N 208338A spark plug recess cover and
P/N 69694 "81ue coil"60999M (Nlckel) (Gap 0.010 in. (0.2s4 mm))

Standard

G,GSI - Used with P/N 2083384 spark plug recess cover and
P/N 69694 "81ue coil"60999F (Nlckel) (Gap 0.020 in. (0.508 mm))

SPARK PLUGS

Used on 2895GL, 3521 GL, 7042GL, 9390GL209567E*Qarrier 112 inch plug reach

Used on 5108GL only209567J*Canier 112 inch plug reach

SPARK PLUG CARRIERS

REMARKSP/NCOI,IPONENT
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GENERAL INFORMATION

A cauloN VHP GL 13/16 inch reach
spark plugs must be

used with f 3/16 inch reach spark plug carriers.
Mlxing spark plug carrler and spark plug compo-
nents will cause damage to equipment.

Table 1.15{. VHP GL 13/16 lnch Reach Spark Plugs (Used With 13/1 6 lnch Reach Spark Plug Carriers Only)

boot as740011Boot *

CSA GL - Use with P/N 2083384 spark plug recess cover and
current CSA spark plug carrier, coil adapter and P/N 69694G
Blue CSA flanged coil in CSA applicalions

211357P (current production)Extension CSA

G,GSI,GL - Use with P/N 2083384 spark plug recess cover
and P/N 69694 "Blue coil"

21 1 357 H (current production)Extension

SPARK PLUG EXTENSIONS

Used with P/N 697664 (previous production CSA "long coil")
and 2083388 spark plug recess cover

60999U (4 ground)(Nickel) (serv¡ce opt¡on)
(Gap 0.010 ¡n. (0.254 mm))

CSA (Shielded)

511sGL used with P/N 6f)694 "Blue coil" Non CSA applications
and and current CSA spark plug carrier, coil adapter and P/N
69694G Blue CSA flanged coil in CSA applications

60999X# (J-Type) (lridiunr/Platinum)
(5115GL cunent production)

(Gap 0.010 in. (0.254 mm))

Used with P/N 69694 "Blue coil" in Non CSA applications, and
current CSA,spark plug canier, coil adapter and P/N 69694G
Blue CSA flanged coil in CSA applications

60999T# (J-ïype) (lridium/Platinum)
(seMce option and CSA and Non - CSA

cunerìt production)
(Gap 0.010 in. (0.25a mm))

Used with P/N 69694 "81ue coil"
60999W (J-Type) (Platinum) (service option)

(Gap 0.010 in. (0.254 mm))

Used with P/N 69694 "Bluê coil"
60999S (4 ground) (Nlckel)
(Gap 0.010 in. (0.254 mm))

Standard

SPARK PLUGS

Used on 2895GL,3521GL, 7O42GL,9390GL (CSA)
Used with current CSA spark plug carrier, coil adapter and
P/N 69694G Blue CSA flanged coil

209s67R - (CSA)"Carrier 13/16 inch plug reach
(csA)

Used on 51 08GL and 51 1 5GL (CSA)
with

plug reachCarrier 13/16 inch

Used on 2895GL, 3521 GL, 7O42GL, 9390GL209567K*Canier 13/16 inch plug reach

Used on 51 08GL and 5115GL only209567M*Canier 13/16 inch plug reach

SPARK PLUG CARRIERS

REMARKSCOMPONENT

NOTE: * 13/16 inch reach spark plugs are used with 13/16 inch reach spark plug carriers only.* Sørvice P/N 211357H and P/N 211357P spark plug connectora with P/N 740011 EooL* P/N 60999X spark plugs can þe used in place of P/N 60999T spark plugs, but P/N 60999T spark plugs cannot be used in place
of the P/N 60999X spark plugs on 5115GL engines, because of manufacturing differences.
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GENERAL INFORMATION

ENG¡NE TIM¡NG DATA

A CNUilON Detonatlon ls NOT al-
lowed at any time during

engine operation, regardless of the speclfled tlm.
ing. lf detonation occurs at the specified tlming, a
tlmlng adlustment must be made to retard the
ignltlon timing until NO audible detonation exists.
Engine damage may result if detonation occurs.

Refer to the engine nameplate for the proper engine
timing value.

NOTE: Changing the engine timing will also change the
exhaust emissions and fuel economy.

WAUKESHA KNOCK INDEX'" (WK¡') The WKI'*,
developed by Waukesha Engine, represents a major
leap forward in field gas analysis. This new method
replaces the Octane Method analysis method previous-
ly used.

The WKlt" greatly improves the accuracy of calculating
fuel knock resistance of field gqs, natural gas, and low

Btu gases. ln addition, the WKI is able to account for
the "knock improver" characteristics of inert gases
which are often found in gaseous fuels. When used in
conjunction with the Waukesha Custom Engine Con-
trol@ Detonation Sensing Module, Waukesha is often
able to maximize power ratings and optimize perfor-
mance on poor quality fuels while maintaining an
adequate knock safety margin.

SERVICE TOOLS LIST
You will need the following special tools to perform the
operator tasks on VHP engines (see Table 1.15-6). ln
some instances, substitute items may be used but only if
specifically approved by Waukesha. To order these
special tools, contact your local Waukesha Engine
Distributor.

Table 1.15€. Servlce Tools

KRYIoX@ GPL-206 grease - for spark plug
boot and extension489341

Spark Plug Gapping Kit (4 prong) Contains gap
setting tool for closing the gaps, a gap
spreading tool, and two gap setting tools,
0.011 in. (0.279 mm) and 0.020 in. (0.508 mm)

475033

Spark Plug Gapping Tool - 0.018 - O.O22 in.
(O.457 - 0.559 mm)(4 prong)(not recommended
for gapping used plugs)

494422

Spark Plug Gapping Tool - 0.010 - 0.013 in.
(0.254 - 0.330 mm)(4 prong)(not recommended
for gapping used plugs)

494421

lnduction Timing Light494338

Valve Adjusting Wrench454287

Slack Tube Manometer494258

Explosion Proof Timing Light494227

Spark Plug Thread and Seat Cleaner (18 mm)
for 1 3/1 6 iñch reach spark plug bores475065

Spark Plug
for 1/2 inch

Thread and Seat Cleaner (18 mm)
reach spark plug bores494087

O-Ring Lube475029

Digital Manometer/Calibrator Kit475028

Spark Plug Socket (NEW) Ø/8 inch Socket 15-1/2
inch long Wrubber O-ring insert)475037

Spark Plug Spreading Tool475006

ïiming Tool474022

VHP V- Belt Tester474016

Spark Plug Socket/Ext. (1 inch socket with 10
inch extension, for Shielded, CSA ØF.M. coils)167164D

TOOL DESCRIPTIONWAUKESHA
TOOL P/N
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sEcfloN 2.oo

SPEED GOVERNING SYSTEM DESCRIPTION

DESCRIPTION

The engine speed governing system consists of the
following components. Components may vary with the
engine model:

. Governor Options

.. Woodward UG-8L Governor

.. Woodward UG-8 DialGovernor

.. Woodward UG-Actuator

.. Woodward EG-3P Electronic Governor

. Governor Linkage

. Magnetic Pickup (for electronic governors)

. Control Panels (for electric units)

. Overspeed Governor (optional)

WOODWARD UG.8L GOVERNOR

TheWoodward UG-8L Governor, capable of isochrono-
us operation (will maintain the same engine speed
regardless of engine load) is a mechanical-hydraulic
device (see Figure 2.00-1).

WOODWARD UG.ACTUATOR GOVERNOR

The Woodward UG-Actuator Governor, is a proportion-
al electric/hydraulic actuator. The UG-Actuator con-
verts an electrical input signalto a proportional hydraulic
ouiput-shaft position to control engine fuel flow. The
UG-Actuator provides the advantages of electronic
control while using the same linkages as the UG-8
governors. The UG-Actuator is outwardly similar to the
UG-8L governor.

Figure 2.00-1. Woodward UG-8L Governor

WOODWARD UG-8 DIAL GOVERNOR

The Woodward UG-8 Dial Governor, is a mechanical-
hydraulic device mechanically linked to the fuel system.
The governor operates isochronously (will maintain the
same engine speed regardless of engine load), except
during transient load conditions. The UG-8 DialGover-
nor has dial adjustments on the face of the gear (see

Figure 2.OO-2). These dials are the Speed Droop control
knob, the Load Limitcontrolknob, the Synchronizer, and
the Syn. lndicator, The speed droop control can be setto

WOODWARD

OIL FILLER CUP
SIGHT

SHAFT

GLASS

\

COMPENSATION
NEEDLE VALVE
(BEHIND PLUG)

OIL DRAIN
PLUG

COMPENSAT¡ON
POINTER

TERMINAL
SHAFT
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SPEED GOVERNING SYSTEM DESCRIPTION

automatically divide and balance the load between
engines driving the same shaft, or paralleled in an
electrical system.

OIL FILLER CUP

SIGHT
GLASS

COMPENSATION
ADJUSTMENT

OIL DRAIN
PLUG

COMPENSATION
NEEDLE VALVE
(BEH¡ND PLUG)

ru:
LOAD LIMIÍ SYN. INDICATOR

:t"ffi3
u

SPEED DROOP

Figure 2.OO-2. Woodward UG-8 Dial Governor

WOODWARD EG.3P ELECTRONIC GOVERNING
SYSTEM

The Woodward EG-SP electronic governing system (see
Figure 2.00-3) consists of three components, the mag-
netic pickup, the control unit and the actuator. The system
is capable of isochronous operation (will maintain the
same engine speed regardless of engine load). The
control unit is off-engine mounted and is usually in the
control room. lt is ihe device that interrupts the signal that
is sent from the magnetic pickup. The control unit then
compares the the magnetic signal through circuitry and
makes the proper adjustments through the actuator. The
governor actuator is engine mounted, and is the mechan-
ical device that physically moves the carburetor butter-
flies. The governor actuator is driven from the accessory
drive gear.

EG.3P GOVERNOR

GOVERNOR
LINKAGE

GOVERNOR
OUTPUT LEVER

Figure 2.00€. EG-3P Governor - 6 Cylinder Shown

OVERSPEED GOVERNOR

The overspeed governor is a safety device that protects
the engine from overspeed damage (see Figure 2,OO-4).
The overspeed governor is activated when the engine
speed rises approximately 10 percent above the maxi-
mum high idle speed. The overspeed governor functions
only if the regular governor fails to operate.

OVERSPEED

OVERSPEED
swrTcH

MANUAL RESET
BUTTON

DEPRESSED
(NORMAL MODE)

O
MOUNTING

(MAGNETO DRTVE ASSEM BLY)

LUBE OIL HEADER
INLET

I
Figure 2.OO4. Overspeed Pressure Switch
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SPEED GOVERNING SYSTEM DESCRIPTION

GOVERNOR LINKAGE

The governor linkage (see Figure 2.OO-3) connects the
governor ouþut shaft with lhe carburetor butterfly shaft.
UG-8L governors (see Figure 2.00-5) have a hand lever
on the side of the governor to manually set engine speed.
UG-8 dial governors (see Figure 2.OO-2) manually control
engine speed with a dial control. All engines have a
manual shutdown lever (see Figure 2.00-6) added to the
linkage on the carburetor side, that enables the operator to
manually return the engine to idle in he event of an
emergency.

Figure 2.00-5. Governor Speed Control Lever -
511sGL

FIgure 2.00€. Manual Shutdown Lever - 511sGL

MAGNETIC PICKUP

The engine speed is detected by a magnetic pickup
threaded into the flywheel housing above the flywheel
ring gear.

SPEED
CONTROL

LEVER

GOVERNOR

MANUAL
SHUTDOWN LEVER

GOVERNOR
ROD
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SPEED GOVERNING SYSTEM DESCRIPTION

CONTROL PANEL

A control unit (see Figure 2.OO-7 and Figure 2.00-8),
used with electric units, is off-engine mounted, usually in
the control room, and is the device that receives the
signal that is sent from the magnetic pickup. The control
unit then compares the magnetic pickup signal to the
predetermined engine rpm signal through circuitry and
makes the proper adjustments through the actuator. The
engine rpm is set with the rated speed potentiometer
located on the control unit, or by the optional external
speed trim potentiometer. The rpm setting voltage is

compared atthe control unit between the control amplifier
voltage and the rpm voltage. The control amplifier sends
an appropriate voltage to the actuator. For example, if the
speed was greater than the speed setting, the control
amplifier would decrease its output and the actuator
would decrease fuel to the engine. Load sharing between
two or more engine-generator sets is accomplished via
the load sensing circuitry. Each generator's load is
elecbonically measured continuously to other units on
the same bus via parallel lines. Continuous correction to
control loop gives load sharing.

DROOP
LOAD
GAIN

LOWIDE ACTUATOR RATED STABI
SPEED COMPENSATION øIN SPEED FUELUW
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sEcTloN 2.05

FUEL SYSTEM DESCR¡PTION

The function of the fuel system is to maintain a constant
airlfuel ratio throughout the load range of the engine and
to deliver the airfuel mixture in the proper quantities.
See following components and Figure 2.05-1 for G/GSI/
GL engine fuel components. See Draw-thru Engines in
this Section, for draw-thru components.

. Main Fuel Gas Pressure Regulator(s)

. Carburetor(s)

. Pilot-Operated Prechamber Gas Valve (GL engines)

. Prechamber Gas Safety Shutdown Valve
(GL engines)

. Prechamber Regulator GL engines)

. Prechamber Manifolds (2) (GL engines)

. FuelAdmission Valves (one per cylinder)
(GL engines)

. Custom Engine Control@ Air/Fuel Module
(AFM) System (Optional)

PRECHAMBER ADMTSSTON VALVES (GL)
(1 PER CYLTNDER HEAD)MANIFOLD (GL)

PRECHAMBER
REGULATOR (GL)

CARBUR MAIN FUEL GAS
PRESSURE REGULATOR

Figure 2.05-1. 5115GL Rlght Side Englne View

To ensure a steady fuel supply to the carburetor(s), all
engines have one main fuel gas pressure regulator for
each bank (see Figure 2.05-2).

The main fuel gas pressure regulator(s) reduce the
incoming fuel supply pressure to the carburetor(s).

NOTE: The actual carburetor inlet fuel pressure will
depend on the heating value of the tuel.

From the main fuel gas pressure regulator(s) the fuel
flows into the carburetor(s) where it is mixed with air to
provide a very lean mixture to the combustion cham-
bers.

MAIN FUEL GAS
PRESSURE REGULATOR

RIGHT SIDE SHOWN

4

Figure 2.05-2. Fisher 99 Maln Fuel Gas Pressure
Regulator - 12 Cyllnder GSI
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FUEL SYSTEM DESCRIPTION

GARBURETOR(S)

All engines have a carburetor, mountcd just below the
center of each intake manifold (see Figure 2.05-3).

RIGHT SIDE
CARBURETOR

RIGHT SIDE
PRECHAMBER

MANIFOLD

MANUAL
SHUTDOWN

LEVER

Figure 2.05-3. Carburetor - 5115GL Right Side View

The carburetor(s) produce a combustible mixture by
automatically mixing air and fuel in the proper propor-
tions.

PRECHAMBER REGUI-ATOR

On GL engines, the prechamber regulator
(see Figure 2.05-4) controls the amount of fuel available
to the prechamber manifolds. The flow to the precham-
ber manifolds is fuel only. All of the air needed for
combustion is pushed into the prechamber bythe piston
on its compression stroke.

PRECHAMBER
REGULATOR

Figure 2.054. Prechamber Regulator 5115GL

PRECHAMBER GAS VALVE

On GL cngines, the prechamber gas valve
(see Figure 2.05-5), located on a line off the main fuel
gas pressure regulator gas inlet pipe tee, admits high
pressure gas to the prechamber fuel regulator.

PRECHAMBER
GAS VALVE

b
Figure 2.05-5. Prechamber Gas Valve -

6 Gylinder GL Engine Shown
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FUEL SYSTEM DESCRIPTION

PRECHAMBER GAS SAFETY SHUTDOWN VALVE

On GL engines, the prechamber gas safety shutdown
valve (see Figure 2.05-6) admits gas pressure once
engine lube oil pressure reaches or exceeds 20 psi
(138 kPa). Lube oil pressure continues to admit gas to
the prechamber regulator, while the engine is running.

lf the engine stops, loss of engine oil pressure automatical-
ly causes the prechamber gas safety shutdown valve to
stop the flow of gas to the prechamber gas valve, which
shuts off the supply of gas to the prechamber regulator.

Figure 2.05-6. Prechamber Gas Safety Shutdown
Valve - 6 Cylinder Engine GL Shown

ADMISSION VALVE ASSEMBLIES

On GL engines, each admission valve assembly (1 per
cylinder head) is mounted at a 45 degree angle on the
side of each cylinder head (see Figure 2.05-7). The
admission valve directs the flow of fuel to the precham-
ber (see Figure 2.05-8). During the compression stroke,
the airfuel mixture flows into the prechamber through
the prechamber torch holes and mixes with the pre-
chamber gas. The spark plug ignites the near stoichio-
metric mixture.

Figure 2.05-7. Admission Valves -
6 Cylinder GL Shown

GAS SAFETY
SHUTDOWN

VALVE

ADMISS¡ON
VALVE
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FUEL SYSTEM DESCRIPTION

PRECHAMBERS AND SPARK PLUG CARRIERS

On GL engines, the air/fuel mixture in the main
combustion chamber is so lean that it can't be ignited
with a spark plug alone. With the prechamber design,
the prechamber receives a rich fuel mixture that is easily
ignited. The resulting flame ignites the lean mixture in
the main chamber.

The top half of the prechamber is located in the bottom of
the spark plug carrier. The lower portion of the precham-
ber is a separate piece with a six-hole nozzle (see
Figure 2.05-8). The prechamber is filled with the rich
airlfuel mixture through the admission valve. The
prechamber fuel charge is leaned out by air flow into the
prechamber during the compression stroke. This pro-
cess is designed to be highly turbulent, ensuring good
mixing of each prechamber charge. The spark plug then
ignites the prechamber mixture, which directs a flame
torch through the nozzle holes into the lean mixture in
the main combustion chamber. The main chamber fuel
charge then ignites.

CUSTOM ENGINE CONTROL@ AR/FUEL MODULE
SYSTEM

The Custom Engine Control@ (CEC) Air/Fuel Module
(AFM) system is designed to controlthe air/fuel ratio of
Waukesha's gaseous fueled, industrial engines (see
Figure 2.05-9). An engine's airlfuel ratio defines the
amount of air in either weight or mass in relation to a
single amount of fuel supplied to an engine for
combustion. Air/fuel ratio influences engine power,
emissions, and fuel economy. By controlling an
engine's airlfuel ratio with the AFM system, you will
benefit in fuel savings, emissions control, and/or peak
engine performance. The AFM system regulates and
maintains the engine's airlfuel ratio even with
changes in engine load, speed, fuel pressure, and fuel
quality.

Figure 2.05-9. Air/Fuel Module Front Panel

The AFM system is programmed atthe engine site and is
customized for the engine based on site specific
information with a personal computer (PC). Form 6263,
AFM Custom Engine Contro9 AilFuetModute Second
Edition, provides information on the operation and
programming of the AFM.

The basic AFM system consists of an oxygen sensing
system, intake manifold pressure transducer (catalyst
and lean burn only), electronic control module (AFM
module), actuator (see Figure 2.05-10), and exhaust
thermocouple. The oxygen sensor continually reports
the concentration of oxygen in the exhaust to the AFM
module. Based on this signal, the AFM module then
determines if a correction to the airlfuel ratio is required.
lf a change is needed, a command is sent to a stepper
motor (installed on the fuel regulator) which influences
the fuel flow to the engine. The exhaust thermocouple
ensures exhaust temperatures are high enough to
permit correct system operation.

STD NON-CSA
SPARK PLUG

CARRIER

O-RINGS

srArNLEss srEEL 9 ,,
pnËöiìÃr,l aER's EAL\ç /

P

PRECHAMBER
CUP

Figure 2.05-8. Prechamber/Spark Plug Carrier
Assembly GL Engines

KEYPAD

LCD DISPLAY

,:itatii*

LED DISPLAY
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FUEL SYSTEM DESCR¡PTION

The AFM module is equipped with several features to
inform site personnel of system status. These fèaiures
include:

. "Power" and "Alarm" lights (LED display) on the front
panel of the AFM module (see Figure 2.05-9)

.. The green "Powe/' LED is lit any time power is
applied to the AFM module

.. The yellow "Alarm" LED is lit any time the AFM
system's diagnostic functions are activated or
when AFM execution has been stopped by the
operator (such as during the saving of a data-set)

DRAW-THRU ENGINES

Draw-thru engines are capable of using low pressure
fuel. Characteristic that are unique to these engines are
listed below:

. Main Fuel Gas Pressure Regulator(s) mounted off
engine

. Carburetor(s) mounted in plenum(s) on top of the air
filter housing(s) (see Figure 2.05-11)

. Special piping that allows the air fuel mixture to be
delivered to the intake manifold (see Figure 2.05-12)

SPECIAL
PIPING

SPECIAL PIPING

.:fCARBURETOR

. An alpha-numeric liquid crystal display (LCD display)
visible from the front of the AFM module allows the
operator to monitor important system parameters

. A sealed membrane keypad located on the front of
the AFM module

AFM ACTUATOR

MAIN FUEL GAS
REGULATOR

Figure 2.05-l l . Draw-thru Engine -
6 Cylinder Engine Shown

MANUAL
SHUTDOWN LEVER

SPECIAL
PIPING

Figure 2.05-12. Draw-thru Engine -
6 Cylinder Engine Shown

Figure 2.05-10. AFM Actuator -
6 Cyllnder Engine Shown
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sEcTloN 2.10

IGNITION SYSTEM DESCRIPTION

The ignition system consists of the following compo-
nents:

. Custom Engine Control@ (CEC) lgnition Module
(Standard) used with the following components:

- Magnetic Timing Disc

- Hall-effect Pickup Sensor

- Cable Assemblies

. Spark Plugs (One per cylinder) and
Spark Plug Carriers (GL)

. Spark Plug Connectors (One per cylinder)

. lgnition Coils (one per cylinder)

. Custom Engine Contol@ Detonation Sensing Module
(Also described in this Section with Engine Protec-
tion Equipment)

. Wiring

. Magneto lgnition System (Optional)

. CSA lgnition (Optional)

CONNECTORS

A CNUilON 13116 inch reach spark
plugs must be used with

13/16 inch reach carriers, and ll2lnch reach spark
plugs must be used with 112 inch reach carriers.
Mlxing carrier and spark plug components will
cause damage to equipment and/or personal iniury.

One spark plug is provided for each of the cylinders. On
G and GSI engines ,1l?inch reach spark plugs are used.
On these engines, the spark plug is threaded directly
into the cylinder head. GL engines may be equipped
with either l12inch or 13/16 inch reach spark plugs and
spark spark plug carriers (one per cylinder), howeve,r 1 12

inch reach spark plugs must be used with 1/2 inch reach
spark plug carriers and 13/16 inch reach spark plugs
must be used with13i16 inch reach spark plug carriers.
The spark plug carriers (see Figure 2.10-1), are
stamped to identify the spark plug reach. lf a Waukesha
spark plug carrier is not marked, it is 1/2 inch reach. The
spark plug carriers are threaded directly into the cylinder
head and the spark plug is threaded into the spark plug
carrier. The GL engines use spark plug carriers because
of the special combustion characteristics of these
engines (see Figure 2.10-2).

METAL STAMP METAL STAMP
P/N

AN UNMARKED WAUKESHA
SPARK PLUG CARR¡ER

|NDICATES 1/2 |NCH REACH

SPARK PLUG
CARRIER

METAL STAMP SPARK
PLUG REACH

METAL STAMP SPARK
PLUG REACH

FORM 6277 First Edition

Figure 2.10-1. Spark Plug Carriers
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IGNITION SVSTEM DESCRIPTION

PRECHAMBER

PRECHAMBER CUP

SPARK PLUG CARRIER SPARK PLUG
SEATED HERE

ADMISSION
VALVE

PRECHAMBER SEAL

Figure 2.10-2. Spark Plug Carrier And Prechamber
Design - GL Engine Cylinder Head Cutaway View

Spark plug connectors, (made of white Teflon, exceptfor
G, GSI and previous GL CSA engines) extend from the
spark plug to above the rocker arm covers
(see Figure 2.10-3),

SPARK PLUG
CONNECTOR

Figure 2.10€. Spark Plug, Connector, And lgnition
Goil - Standard lgnition

IGNITION COILS

One ignition coil is providod for caoh of the cylinders.
Each coil is attached to a base that is securely mounted
between the intake manifold runners (see Figure 2.10-2
and Figure 2.10-3).

CUSTOM ENGINE CONTROL@ IGNITION MODULE

The Custom Engine Control@ (CEC) lgnition Module
(lM) (see Figure 2.10-4) and its associated components
are described in the following paragraphs. Refer to Form
6253 (Previous Model) or Form 6272 (Current Model)
IM Custom Engine Contro9 lgnition Modute tnstatlation
Operation And Maintenance for further information
concerning the lM.

The current lM is equipped with three diagnostic LEDs
on front of the die cast lM housing: "Power," "Pickup,"
and "Application" (see Figure 2.10-4). These LEDs give
operatorsvisualconfirmation on (1) incoming power, (2)

Hall-effect pickup signal, and (3) proper application
settings. The previous lM did not have diagnostic LEDs.

Figure 2.104- lM Diagnostic LEDs
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IGNITION SYSTEM DESCRIPTION

HALL-EFFECT
PICKUP

The Custom Engine Confol@ (CEC) lgnition Module
functions by using a Hall-effect pickup to read magnetic
reference marks on a timing disc to determine lhe exact
position of the crankshaft (see Figure 2.10-5,
Figure2.10-6, and Figure 2.10-7). The signals sent from
ihe Hall-effect pickup to the lM, allow the lM to tell the
conect cylinder, exacüy when to fire. Your engine may be
equipped with the Custom Engine Gonfd@ Detonation
Sensing Module (DSM). The DSM system is connected to
the lM system by a cable connector. The two systems,
when connected togethe¡ provide defense against com-
bustion detonation, which can lead to severe engine
damage.

Figure 2.10-5. Hall-effect And Timing Disc -
lnternal Mew 5115GL

HALL-EFFECT PICKUP

IGNIT]ON MODULE

Figure 2.10€. Hall-effect Sensor And Timing Disc -
P9390

Figure 2.10-7. Hall-effect Pickup Location -
6 and 12 Cylinder Engines - 12 Cylinder Shown

On 5115GL and P9390 engines, the timing disk is
located in the magneto adaptor housing attached to the
governor drive gear hub. The Hall-effect pickup sensor
is installed in the magneto adaptor housing with the
5115GL mounted vertically and the P9390 mounted
horizontally. On all other models the timing disk is
located in the governor drive housing and the Hall effect
pickup is located next to the governor.

The ignition module can be setfor dualfuel applications,
two distinctfuel gases, or load conditions. Referto Form
6253 (Previous Model) or Form 6272 (Current Model)
tM Custom Engine Contro9 lgnition Modute tnstattation
Operation And Maintenance for further information
concerning the lM.
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IGNITION SYSTEM DESCRIPTION

MAGNETO IGNITION SYSTEM

The magneto ignition system consists of the following
components:

. Magneto

. Spark Plugs (One per cylinder) and
Spark Plug Carriers (GL)

. Spark Plug Connectors (One per cylinder)

. lgnition Coils (one per cylinder)

. Wiring

The magneto is driven from the accessory (magneto)
drive gear (see Figure 2.10-8). The magneto uses solid
state electronic components. Self-generated alternat-
ing current is rectified to direct current and stored within
a capacitor. Silicon controlled rectifiers (SCR's) function
as switches to release the stored energy to the ignition
coils. A trigger coil arrangement produces the voltage
needed to turn the SCR on.

MAGNEÏO
DRIVE

MAGNETO

Figure 2.10€. Magneto

CSA IGNITION SYSTEM

Engines may be equipped with special sealed CSA
ignition systems. These units have special sealed
switches and wiring. G and GSI engines have a special
coil that is installed in place of the standard spark plug
connector (see Figure2.10-9). GL engines have a
special longer spark plug carrier that has the ignition coil
mounted directly to it (see Figure 2.10-10).

RUBBER
RECESS COVER

CONNECTOR
CABLE

colL
SPARK PLUG

ADAPTER

Figure 2.10-9. GSA Spark Plug Adapter And Goil -
G, GSI

V*
*i.

t,

i'

CSA SPARK PLUG CARRIERS
AND ]GNITION COILS

Figure 2.10-10. CSA lgnition - GL Engines -
6 Cylinder Shown
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IGNITION SYSTEM DESCRIPTION

CUSTOM ENGINE CONTROL@ DETONATION
SENSING MODULE

To prevent detonation from occurring, Waukesha Engine
has developed an electronic Custom Engine Control@
Detonation Sensing Module (DSM) system that is
designed to function with Waukesha spark ignited AT and
VHP engines (see Figure 2.10-11and Form 6268, DSM
Custom Engine Contro9 Detonation Sensing Module
lnstallation Operation And Maintenance). The DSM
system protects Waukesha spark ignited gas engines
from damage due to detonation on an individual cylinder
basis.

. a liquid crystal display (LCD) located inside the DSM
module which continually shows the current status of
the system through diagnostic codes
(see Figure 2.10-11)

. the capability to drive remote alarms or lights

For example, the DSM module can detect if a sensor has
been damaged or disconnected. ln either event, a
default timing value is imposed for the cylinder associat-
ed with the lost signal. ln addition to imposing the default
timing, the DSM module will also illuminate the yellow
alarm LED on the front cover, provide a signal for a
remote alarm, and will display the error code on the LCD

Figure 2.10-11. Detonation Sensing Module Front
Panel

The DSM, and its related system, must function with a
CEC lgnition Module with a 14 pin DSM expansion port.
The DSM system also includes a Waukesha designed
electronic filte¡ a detonation sensor mounted at each
engine cylinder, and a number of intcroonncoting cables
and harnesses that may vary depending on the applica-
tion.

The DSM system is customized for each application with
a personalcomputer. Referto Form 6268, DSM Custom
Engine Contro9 Detonation Sensing Modute lnstallation
Operation And Maintenance Íor further programming
information.

The DSM module is equipped with several features to
inform site personnel of system status. These fqatures
include:

. "Power", "Alarm", and "Shutdown" lights (LED dis-
play) on the front panel of the DSM modute
(see Figure 2.10-11)
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sEcTloN 2.15

AIR INTAKE SYSTEM DESCRIPTION

The air intake system consists of the following
components:

. Carburetor(s) G,GSI,GL

. lntake Manifold(s) G,GSI,GL

. Air Filtration System (Air Cleaner(s))

. Turbocharger(s) GSI,GL

. lntercooler(s) GSI,GL

oARBURETOR(S) AND TNTAKE MANTFOLD(S)

Both the carburetor(s) and air intake manifold(s) are
mounted to the outside of the cylinder bank(s). The
carburetor produces a combustible mixture by auto-
matically mixing air and fuel in the proper proportions
(see Figure 2.15-1, Figure 2.15-2, and Figure 2.15-3).

lntake manifold(s) connect the intake ports of the
cylinders and equally distribute the airlfuel mixture to
each.

Figure 2.15-1.6 Cylinder GSI

CARBURETOR

INTAKE
MANIFOLD

Figure 2.15-2.12 Cylinder GL

Figure 2.15-3.16 Gylinder GSI

ArR CLEANER(S)

6 cylinder engines have one air cleaner
(see Figure 2.15-4), while 12 and 16 cylinder engines
have two air cleaners (see Figure 2.15-5 and
Figure 2.15-6). Each air cleaner consists of the air filter
frame, main air filter element, prefilter pad, air intake
restriction indicator and rain shield.

j

CARBURETOR

G r¡¡rnxe MANTFoLD

INTAKE MANIFOLD
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AIR INTAKE SYSTEM DESCRIPT¡ON

The air restriction indicator on 6 and 12 cylinder engines,
will "pop red" if the air intake restriction is 15 in. (381 mm)
of water. This indicates a clogged or difi main air filter
element and/or clogged or difi precleaner element. On
16 cylinder engines, gauges mounted on each air
cleaner register the condition of the air filters. The air
restriction gauge must show in the green, for both the
prefilter and final filter. A toggle switch allows the
operator to select the filter reading desired.

TURBOCHARGER(S)

6 cylinder GSI and GL engines have one turbocharger
(see Figure 2.15-4), all other VHP GSI and GL
engines have two turbochargers, one for each bank
(see Figure 2.15-5 and Figure 2.15-6).

INTERCOOLERS
CLEANER

AIR

AIR
CLEANER

TURBOCHARGER TURBOCHARGER

il

AIR CLEANER

AIR
RESTRICTION

INDICATOR

INTERCOOLER

TURBOCHARGER

Figure 2.15-5. l2 Cylinder GL - Rear View

Figure 2.156. 16 Cylinder GSI

¡NTERCOOLER

TURBOCHARGER

INTERCOOLER AIR
CLEANER

Figure 2.154.6 Cylinder GSI - Rear View

TNTERCOOLER(S)

Box-type intercooler(s), used on GSland GLengines,
are mounted on the rear of the engine on 6 and 12

cylinder models (see Figure 2.15-4 and
Figure 2.1 5-5) and ontop of the engine, on 16 cylinder
models (see Figure 2.15-6). Heated compressed air
from the turbocharger(s) enters the intercooler(s) and
flows over a series of tubes through which the auxiliary
water system coolant is circulated. The temperature
of the compressed air is reduced, which makes it
denser.
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sEcTtoN 2.20

TURBOCHARGER SYSTEM DESCRIPTION

DESCRIPTION

GSI and GL engines are turbocharged. The turbocharger
system consists of the following components:

. Turbocharger(s)

. Connecting Hose(s)

. Connecting Piping

Figure 2.20-1. Turbocharger - 6 Cylinder Rear View

TURBOCHARGER(S)

6 cylinder GSI and GL engines have one turbocharger
(see Figure 2.20-1), all other VHP GSI and GL engines
have two turbochargers, one for each bank

side of each turbocharger is part of the exhaust system,
the compressor side is part of the air intake system; a
shaft connects the two. When the turbine is caused to
spin from the expansion of exhaust gases exiting the
engine, the movement of the compressor wheel causes
the air passing through the air cleaner enroute to the
carburetor, to be compressed.

TURBOCHARGERS

TURBOCHARGER

Figure 2.20-2. Turbochargers - 12 Cylinder GL
Rear Vlew

Figure 2.20-3. Turbochargers - 16 Cylinder GSI
Side VIew
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sEcTloN 2.25

COOLING SYSTEM DESCRIPTION

The cooling system consists of the following compo-
nents:

Jacket Water Circuit

. Jacket Water Header/Jacket Water

. Exhaust Manifold

. Jacket Water Pump

. Water Manifold

. Jacket Water Temperature Control Valve

. Surge Tank (Optional)

. Remote Heat Transfer Device (Customer Supplied)

Auxiliary Cooling Water Circuit

. Auxiliary Water Pump

. lntercoolers

. OilCooler

. Auxiliary Water Temperature Control Valve

. Auxiliary Water Heat Transfer Device
(Customer Supplied)

The cooling water passageways in both the crankcase
and cylinder heads comprise the jacket water system.
The jacket water header is integrally cast within the
crankcase. Cooling water circulates around the cylinder
sleeves inside the cylinder block. Water flows up through
the water passage openings in the deck of each cylinder
head, flows around the valve seats and exhaust guides,
and up to ihe water-cooled exhaust manifold(s).

EXHAUST MANIFOLD

From each cylinder head, water passes up through the
water outlet elbow connection (see Figure 2.25-1) lo
one segment of the water-jacketed exhaust manifold(s)
and exits through the water outlet port, to the water
manifold. (see Figure 2.25-2 and Figure 2.25-3). Each
exhaust manifold assembly is comprised of individual
water-cooled segments.

NOTE: Valve cover and rocker arms are shown removed
for

WATER OUTLET
ELBOW

EXHAUST MANIFOLD SEGMENT

FORM 6277 First Edition

Figure 2.25-1. Water Outlet Elbows
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COOLING SYSTEM DESCR¡PTION

CYLINDER
HEAD

WATER PUMP

WATER OUTLET
ELBOW

EXHAUST
MANIFOLD

WATER
MANIFOLD

CLUSTER
THERMOSTAT

HOUSING

Figure 2.25-2.6 Gylinder Engine Cooling Gomponents

AUXIL]ARY WATER PUMP

i'""""\k¡.4.f' T

JACKET
WATER PUMP

WATER MANIFOLD

CLUSTER
THERMOSTAT

HOUSING

Figure 2.25-3.12 Cylinder Engine Cooling
Components
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COOLING SYSTEM DESCRIPTION

I

I

l

I

JACKET WATER PUMP

On 511SGL engines (see Figure 2.25-4), a gear driven
water pump is mounted at the left side (as viewed from
the flywheel end of the engine) of the gear cover. On 6,
12, and 16 cylinder engines (see Figure 2.25-2
Figure 2.25-3, and Figure 2.25-5) a belt driven water
pump is mounted on the front of the engine. Cooling
water exiting the pump is piped to the jacket water
headers.

WATER MANIFOLD

The water manifold (see Figure 2.25-2, Figure 2.25-3,
Figure 2.25-4, and Figure 2.25-5) receives the cooling
water flowing out of each segment of the exhaust
manifold and routes it to the cluster thermostat housing
on 6 ånd 12 cylinder engines. On 16 cylinder engines,
the thermostats are located in the connector elbows
between the exhaust manifold segments and the water
manifold.

AUXILIARY
WATER PUMP

JACKET
WATER PUMP

HOUSING

CLUSTER
THERMOSTAT

CLUSTER TH ERMOSTAT HOUSING

The thermostatic valves are enclosed in the cluster
thermostat housing at the outet end (front) of the water

Figure 2.25-3, and Figure 2.25-4) and on 16 cylinder
engines, located in the connector elbows between the
exhaust manifold segments and the water manifold. By
regulating the circulation of coolant, the thermostatic
valves, control the jacket water temperature. The thermo-
stiatic valves remain closed while the engine is warming
up, so cooling water is circulated through the engine waier
jacket only.

The thermostats startto open as the engine warms up to
its normal operating temperature. A portion of the
coolant is diverted to the remote heat transfer device,
which absorbs the heat and directs the coolant back to
the jacket water pump. The coolant supply from the heat
transfer device mixes with that portion of the coolantthat
continues to flow down the bypass tube(s) to provide a
blend that is within the normal range,

AUXILIARY
WATER PUMP

JACKET
WATER
PUMP

WATER
MANIFOLD

Figure 2.254. 5115GL Engine Cooling Gomponents

Figure 2.25-5.16 Gylinder Engine Cooling
Components
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COOLING SYSTEM DESCRIPTION

SURGE TANK

The optional surge tank providas a coolant reservolr
for the engine. A sight gauge on the side of the surge
tank allows the operator to easily view the coolant
level (see Figure 2.25-6).

SIGHT GLASS

FILLER CAP

i,

*ffi
#ff

SURGETANK

Figure 2.25-6. Surge Tank (Optional)

REMOTE HEAT TRANSFER DEVICE

The remote heat transfer device may be a radiator,
cooling fan, cooling tower, heat exchanger or some
other device.

AUXILIARYWATER PUMP

On 511SGL engines the gear driven auxiliary water
pump is mounted at the right front of the gear cover
(see Figure 2.25-4). All other VHP engines are belt
driven, The 6 cylinder and 16 cylinder engines have
the auxiliary water pump located on the lower right
front of the engine (see Figure 2.25-2), while 12
cylinder engine auxiliary water pumps are located on
the lower right front side (see Figure 2.25-3).

TNTERCOOLER(S)

On GSl, and GL models, the intercooler(s) cool the
inlet air to the turbochargers, to provide denser air to
the turbochargers. The intercooler(s) are located at
the rear of the engine on 6 and 12 cylinder engines
(see Figure 2.25-7), and on top of the engine on 16
cylinder engines (see Figure 2.25-8).

INTERCOOLERS

'N

ri

INTERCOOLER

INTERCOOLER

Figure 2.25-7.lntercoolers - 12 Cylinder Engine

Figure 2.25{..lntercoolers - I6 Cylinder Engine
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COOLING SYSTEM DESCRIPTION

OIL COOLER

The coolant flows from the intercooler(s) to the oil
cooler. The oil cooler is atube and baffle type assembly
(see Figure 2.25-9). While the coolant flows through a
bundle of tubes in the oil cooler, the lube oil circulates
around them. Heat from the oil passes through the
tubes to the coolant which carries it to a heat transfer
device for dissipation. From the heat transfer device,
the coolant passes back to the auxiliary water pump to
repeat the circuit.

Figure 2.25-9. Oil Cooler - 6 Cylinder Engine Shown

AUXILIARY WATER REMOTE HEAT TRANSFER
DEVICE

The auxiliary or secondary heat transfer device, may be
a radiator, cooling fan, cooling tower, heat exchanger or
some other device. The heat transfer device provides
cooling for the auxiliary system coolant.
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sEcTloN 2.30

LUBRICATION SYSTEM DESCRIPTION

The lubrication system consists of the following compo-
nents:

. Oil Pan and Pickup Screen

. OilPump

. OilCooler

. Temperature Control Valve

. Pressure Regulating Valve

. Full-Flow Lube Oil Filter

. Filter Relief Valve(s)

. OilStrainer

. External Piping (customer supplied)

PRELUBE SYSTEM COMPONENTS

. Prelube Pump and Prelube Motor

. Prelube Pushbutton Valve

. Pilot-Operated Prelube Valve

. ln-line Lubricator

. Oil Pressure Gauge

INTERNAL OIL CONTROL

The main oil header is an integral part of the crankcase
casting (see Figure 2.30-1). lnternal passages in the
crankcase direct the flow of pressurized oil to the main
bearings, via drillings in the main bearing saddles.

into the T-drilled crankshaft and then up through drilled
passages in the connecting rods. After lubricating the
connecting rod bearing, piston pin bushing and piston
pin, the pressurized oil passesthrough an opening in the
top of the rod. The oil spray exiting the rod cools the
underside of the piston crown and drains back to the oil
pan.

Oil supply tubes tapped off the internal oil passage
leading to the front main bearing, supply a continuous
spray of oil to the gear train.

lnternal passages in the crankcase casting also direct
the flow of pressurized oil to the camshaft bearing
saddles to provide lubrication of the main camshaft
bearings (bushings). Oil flows through holes in the cam
bearing caps and down passageways in the valve lifter
housing. This lubricates the roller followers and cam
lobes, after which it drops back to the oil pan.

An external oil supply line off the main oil header carries
oilto a separate external rocker arm oil header. Supply
tubes from the rocker arm oil header direct the flow of oil
to the rocker arm assemblies and valves.

Excess oil drains down a cored passage in the cylinder
head and runs down the outside of the pushrod tubes to
a drainage passage in the valve lifter guides. The
passage directs the flow of oil to a drainage hole in the
valve lifter housing where itflows back to the oil pan via
the camshaft recess.

The flow of pressurized oilthrough the fixed valve lifter
screws of the rocker arm assemblies also supplies oilto
the lifters, where the excess oil joins the flow from the
cored passage in the cylinder head.

The flow of pressurized oil through the external system,
is depicted in Figure 2.30-2.
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LUBRICATION SYSTEM DESCRIPTION

OIL PAN AND PICKUP SCREEN

The bottom of the crankcase ls enclosed by the oil pan.
The oil pump draws oilfrom the lowest point in the oil pan
and delivers it to the oil cooler. The oil pickup screen
(see Figure 2.30-3) prevents foreign material in the oil
pan from entering the lube oil circuit.

OIL PAN AND PICKUP
SCREEN ASSEMBLY

Figure 2.30€. 6 Cylinder Engine Oil Pan And Pickup
Screen Assembly

OIL PUMP

The lube oil pump, gear-driven by the gear train, is
externally mounted. On 6 and 12 cylinder engines, the
oil pump is located on the front of the engine, below the
crankshaft (see Figure 2.30-4). On 511SGL engines,
the oil pump is located on the front left side of engine on
the back side of the gear housing (see Figure 2.30-5).
On 16 cylinder engines, the oil pump is located on the
right rear of the engine, mounted on the flywheel
housing (see Figure 2.30-6).

OIL PUMP '.,

GUARDS REMOVED
FOR CLARITY

Figure 2.304.6 And 12 Cylinder Engine Oil Pump -
6 Cylinder Shown

OIL PUMP

Figure 2.30-5. 5115GL Oil Pump

Figure 2.30€. 16 Cylinder Engine Oil Pump

i.ái

2.30 - 4 TORM 6277 l-irst Editlon



LUBRICATION SYSTEM DESCRIPTION

OIL COOLER

NOTE: The oilcooler assembly is shipped loose on t2
and 16 cylinder engines, and must be either skid or
remote mounted by the customer. The assembly
consists of the oilcooler, temperature controlvalve and
pressure regulating valve.

ïhe oil cooler (see Figure 2.30-7) is a tube and baffle
type assembly. Coolant is pumped through the cooler by
the auxiliary water pump. While the coolant flows
through a bundle of tubes in the oil cooler, the lube oil
circulates around them. Heat from the oil passes
through the tubes to the coolant which carries it to a heat

OIL STRAINER

The lube oil strainer contains one bypass pressure relief
valve. A pressure differentialof 15 psi (100 kPa) opens
the valve and allows the oil flow to bypass the strainer
element enroute to the main oil header (see
Figure 2.30-8).

olL
STRAINER

OIL COOLER

Figure 2.30-7. Oil Cooler - 6 Gylinder Engine Shown

Thermostatic valve(s) are enclosed in a housing
mounted at the oil cooler outlet (see Figure 2.gO-7).

Figure 2.30€. Lube Oil Strainer -
511sGL Englne Shown
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LUBRICATION SYSTEM DESCRIPTION

Mfur*

/7È,

SHUTOFF VALVE
5ft. (1.52 m) MAXIMUM

2 in.
DRAIN

(101.6 mm)
CONNECTION

1l2in. (12.7 mml
SUPPLY

12 in. (304.88 mm)
MINIMUM ABOVE

OIL LEVEL

CUSTOMER

Figure 2.30-9. MICROSPIN*

MICROSPIN.'' CLEANABLE LUBE OIL FILTERING
SYSTEM

The MICROSPIN'" cleanable lube oil filtering system,
consists of two major components, cleanable oil filter
elements (see Figure 2.30-10), and a centrifuge, using
a removable paper insert (see Figure 2.30-9). The
MICROSPIN* system cleanable filter elements, are

installed in the existing lube oil filtration canister. The
centrifuge is installed as a bypass system, working in

conjunction with the cleanable filter elements. The

centrifuge is driven by the engine's oil pressure. The
spinning action of the centrifuge's internal turbine

assembly develops a force that exceeds 2000 G's,

which compacts the contaminants against the turbine's
housing. The centrifuge will remove oil contaminating
particles as small as 0.5 microns. The cleanable filter
elements remove remaining particles as small as 25

microns absolute. The MICROSPIN'" system is more

environmentally friendly than systems that utilize dis-
posable elements. Cleaning the elements eliminates
the expense of replacement elements and the cost of
hazardous waste disposal. Refer to Service Bulletin
12-26988 or latest revision, for further information.

Centrifuge Assembly

VHP 32 in.

VHP 16 in.

Figure 2.30-10. Cleanable Oil Filter Elements - All
VHR Af, FBí7G, F1197G, And VGF (Vee) Engines
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LUBRICATION SYSTEM DESCRIPTION

IGNITION

START

PRELUBE

TO OIL PUMP
<-

/

BRACKET
MOUNTI .a-

AIR/GAS VENT
(cusToMER

coNNECT|ON)

PRELUBE
PUMP

IN-LINE
LUBRICATOR

AIR/GAS
INLET

PRELUBE PUSHBUTTON VALVE

The airþas supplyfrom the bulkhead is connectedto the
the pushbutton valve (see Figure 2.00-11). Depressing
the prelube pushbutton activates the prelube function.

A WARNING
From the bulkhead, all gas vented from the system
must be piped to a safe area ln conformance with all
applicable codes. lmproper venting may result in
severe personal inlury or death.

Figure 2.30-11. Prelube Pushbutton Valve

PRELUBE PUMP/MOTOR

A CAUTION Oil drains back into the
oll sump after engine

shutdown, leaving a minimal amount of oil at key
wear polnts. Since the crankshaft starts to turn
before the oil pump begins to circulate oil, failure to
prelube the engine will result in "dry" starts,
resulting in bearing damage and an accelerated
wear rate.

The function of the prelube pump/motor is to purge the
lubrication system of air and to ensure that all moving
parts, especially the turbochargers, are properly lubri-
cated before the engine is started (see Figure 2.gO-12).

Figure 2.30-12. Prelube Motor/Pump Assembly -
Similar All Engines

PRELUBE VALVE

The prelube valve opens to admit air from a branch of the
main ailgas supply line, which tr-,rms the prelube pump air
motor to activate the prelube pump (see Figure 2.00-19).

MOUNTING
BRACKET

STARTER REMOVED
FOR CLARIry

PRELUBE

Figure 2.30-13. Prelube Valve -
6 Cylinder Engine Shown
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LUBRICAT¡ON SYSTEM DESCRIPTION

IN=LINE LUBRICATOR

A WNRNING
lf hlgh prcssure gas ls used to drlvethe airþas prclube
pump motof vent the motor e*raust to a safe alea In
conformance with all applicable codes. lmproper
venting may result ln severc personal inlury or death.

NOTE: The airþas starting system also has a lubrica-
tion reseruoir. See Starting Systems for information on

this reseruoir.

The in-line lubricator injects oil into a sfeam of compressed

airþas to automatically provide the proper intemal lubrica.

tion for the vanes of the airþas operated prelube pump

motor (see Figure 2.30-14).

Figure 2.gO-14. ln-llne Lubricator

IN.LINE
LUBRICATOR
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sEcTloN 2.35

EXHAUST SYSTEM DESCRIPTION

A WNRNING
Do not inhale engine exhaust gases. Do not open
exhaust system while the engine is running. Ex-
haust gases are highly toxic and could cause severe
personal injury or death.

The exhaust system consists of the following compo-
nents (see Figure 2.35-1):

. Exhaust Manifolds

. Turbochargers (GSl and GL engines)

. Exhaust Wastegates (GSl and GL engines)

. Exhaust Piping and Flexible Connections
(customer supplied)

TURBOCHARGER

WASTEGATE

EXHAUST PIPING

EXHAUST
MANIFOLD

Figure 2.35-1. Exhaust System Components

Each water-cooled exhaust manifold assembly is
comprised of individual segments (see Figure 2.gS-2).
The exhaust port of each cylinder head is connected to
one water-jacketed segment of the exhaust manifold.
Water outlet elbows (see Figure 2.gS-2) connect the
water outlet hole in each cylinder head with the exhaust
manifold segments.

WATER OUTLET
ELBOW

EXHAU ST MAN I FO LD SEG M ENT

NOTE: Valve cover and rocker arms are shown removed for

Figure 2.35-2. Water Outlet Elbows
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EXHAUST SYSTEM DESCR¡PTION

TURBOCHARGERS(S)

A wastegate-confolled turbocharger (see Figure 2'35-3)

is provided for each cylinder bank. The compressor

side of the turbocharger is part of the air induction

system; the turbine side is part of the exhaust system'

Wf,"n the turbine spins through the expansion of

exhaust gases exiting the engine' the movement of the

compressor wheel causes the air passing through the

air cleaner enroute to the carburetor, to be com-

pressed.

Figure 2.35€. Turbocharger and Wastegate -
6 GYlinder Engine Shown

wAsrEGArE(S)

A water-cooled exhaust wastegate (see Figure 2'35-3)

is mounted at the outlet of each exhaust manifold' The

wastegate is a load limiting device. At a predetermined

point, intake manifold pressure counteracts the tension

bf a spring, and a valve opens to bypass a portion of the

engine exiaust around the turbocharger turbine' ln this

*ay, the air intake boost pressure is held within an

acceptable range.

Exhaust gases driving (or bypassing) the turbocharger

turbine, ãxit the engine through the exhaust stack'

Exhaust gases passing through the flexible exhaust

connectioñ, are directed into the atmosphere through

customer supplied exhaust piping.

TURBOCHARGER

WASTEGATE

2.35 - 2
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SECTION 2.4O

CRANKCASE BREATHER SYSTEM DESCRIPTION

DESCRIPTION

The purpose of the crankcase breather system is to
maintain a slight negative pressure in the crankcase.
The negative pressure rids the crankcase of harmful
water vapors and combustion gases, and helps to
prevent sludge buildup and oil contamination. The
breather system is álso designed to separate the oil from
the vapors before the discharge is released into the
atmosphere.

All engines are provided with manual crankcase pres-
sure adjustment. The adjustment is accomplished by
admitting more or less outside air into the breather
system. All manual adjustment devices are externally
controlled and easily accessible.

The components of the crankcase breather system are
as follows:

. Crankcase Separator Screen
(6 and 12 Cylinder Engines)

. OilSeparators

. Vacuum Valve/Choke Valve

. Breather Regulator

. Venturi Extractor

. Crankcase Pressure Relief Valves

SEPARATOR SCREEN MAINTENANCE

6 and 12 cylinder engines have a crankcase separator
screen. On six cylinder engines, the separator screen is
located in the firing deck of the crankcase at the rear of the
engine (see Figure 2.40-1) On 12 cylinder engines, the
separator screen is located in the rear right side of the
engine on the cylinder firing deck (see Figure 2.40-2). 16
cylinder engines do not have separator screens.

vented from the crankcase. lt also serves to stop a
portion of the oil carried by these vapors from reaching
the oil separator. As the oil mist and vapors pass out of
the crankcase, the expanded metal elements in the
separator screen restrict the flow of much of the oil,
dropping the surplus back into the oil pan,

SEPARATOR SCREENS

Figure 2.40-1. Crankcase Separator Screen -
6 Cylinder Engine Shown

SEPARATOR
SCREEN

CYLINDER HEAD

Figure 2.40-2. Grankcase Separator Screen -
12 Cylinder Engine Shown
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CRANKCASE BREATHER SYSTEM DESCRIPTION

orL SEPARATOR(S)

6 cylinder and 12 cylinder G engines, have one oil

separator located at the rear of the engine
(see Figure 2.4O-g).

OIL SEPARATOR

Figure 2.40-3. Oil Separator Assembly -
6 Cylinder Engine Shown

The 5115GL engine, and 12 cylinder GSI and GL engines,
have two oil separators. One oil separaior is connected
by an elbowto the vent in the gear housing cover on the
front left side of the engine (see Figure 2.40-5). The
second oil separator is mounted above the crankcase at
the rear right side of the engine (see Figure 2.40-4). This
oil separator is connected by a breather tube to the
crankcase separator screen in the top ofthe crankcase.

Figure 2.404. Oil Separator Assembly - 5115GL
Engine Rear Right

O¡L SEPARATOR

Figure 2.40-5. Oil Separator Assembly - 5115GL
Englne Front Left

OIL SEPARATOR
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CRANKCASE BREATHER SYSTEM DESCRIPTION

16 cylinder engines have one oil separator located on
the rear of the engine directly above the flywheel
(see Figure 2.40-6).

Figure 2.40{' Oil Separator Assembly -
16 Cylinder Engine Shown

As the crankcase vapors and oil mist pass through
the oil separator, much of the oil adheres to the steel
mesh element contained in the inlet side of the
separator housing. This surplus oil condenses, drops
into the base of the separator and returns to the oil
pan through a drain tube in the base of the separator
housing (see Figure 2.40-7). The crankcase vapors
pass into the venturi extractor, where they are drawn
into the exhaust stack and discharged into the
atmosphere.

Figure 2.40-7. OII Separator -
6 And 12 Cylinder Engine

CHOKE VALVE

BODY

O-RING

/

SE

/
DRAIN

SEPARATOR
LID

\

CLIP

\

ELEMENT
MESH

CRANKCASE VAPOR
AND OIL INLET

CELLULAR
FOAM

CRANKCASE
VAPOR OUTLET

VENTURI EXTRACTOR
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CRANKCASE BREATHER SYSTEM DESCRIPTION

C}IOKE VALVE¡úACU U M VALVE

The choke valve/vacuum valve, allows the crankcase
pressure to be adjusted externally. Refer to Crankcase
Pressure Adjustment in Chapter 4, for procedures to
adjust the crankcase Pressure.

On 6 cylinder models, crankcase pressure is adjusted
with either a venturi/adjusting screw assembly
(see Figure 2.40-g), an ejector breatheladjusting valve
assembly (see Figure 2.40-9) or a vacuum valve
(see Figure 2.40-10).

VENTURI/ADJUSTING
SCREW ASSEMBLY

.,e :v!- *!

Flgure 2.4OA. Venturi/Adjusting Screw Assembly -
6 Gylinder GSI Shown

VALVE

NUT

ADJ
SCREW

BREATHER TUBE

Figure 2.4O-1O. Vacuum Valve Assembly

VALVE

NUT

ADJUSTING
SCREW

BREATHER TUBE

Figure 2.40-11. Vacuum Valve Assembly

ADJUSTING VALVE

!-
EJECTOR

BREATHER

Fi g ure 2.40-9. Ejector B reather/Adi usti n g Valve
Assembly - 6 CYlinder Shown

On 12 cylinder models that are not equipped with
venturi extractor, the crankcase pressure is adjusted
with a vacuum valve assembly of which there are
different configurations. (see Figure 2.40-10 and
Figure 2.40-111. On 12 cylinder models equipped with a
venturi extractor, the choke valve is located on the end of
the venturi extractor (see Figure 2.40-12).

CHOKE VALVE
VENTURI

EXTRACTOR

F i gu re 2.40-1 2. Venturi Extractor/Ghoke Valve

Assembly - 12 CYlinder GL Shown

On 16 cylinder engines, the crankcase pressure is
adjusted with a vacuum valve that is similar in appear-
ance to the valve shown in Figure 2.40-8, or a venturi

extractor/choke valve assembly similar to the one
shown in Figure 2.40-12.
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CRANKCASE BREATHER SYSTEM DESCRIPTION

BREATHER REGULATOR

The crankcase breather regulator assembly
(see Figure 2.40-13) automatically performs fine adjust-
ments to maintain a negative crankcase pressure to as
the engine changes speed and load. Maintaining a
negative crankcase pressure is important to prevent oil
leaks and vacate harmfulvapors, buttoo much pressure
pulls in environmental dust and dirt.With less load, less
vacuum is required to vacate crankcase vapors.

CRANKCASE PRESSURE RELIEF VALVES

Some customers may require crankcase pressure relief
valves as a safety precaution, in lieu of the standard oil
pan door (see Figure 2.40-14). The valves open fully
when the pressure in the crankcase exceeds one pound
per square inch and close tightly and quickly to prevent
the inflow of air after the internal pressure has been
relieved. The possibility of combustion is prevented,
since no oxygen is allowed to enter the crankcase to
support new combustion. The valves do not prevent
crankcase combustion, but only reduce the peak
pressures, thereby minimizing damage.

il
il

rt ll
il

fl
il
il

Flgure 2.40-13. Breather Regulator

With an increase in load, the amount of compressor
discharge air from the turbochargers increases and the
plate within the regulator floats up. More outside air is
sucked in as the plate rises, which allows the breather
system to draw a greater vacuum.

VENTURI EXTRACTOR

Some models are equipped with a venturi extractor
(see Figure 2.40-12). The venturi extractor creates a
vacuum at the exhaust pipe connection to draw the
crankcase vapors from the oil separator(s) into the
exhaust stack.

Figure 2.40-14. Crankcase Pressure Relief Valve

The valve incorporates an internal flame trap to retard
the emission of flame while the valve is venting. The
flame trap is of an oil-wetted wire gauze design. The
cooling capacity of the gauze is doubled when oil-
wetted, a condition effected by the oil mist that normally
exists in the crankcase or by oil spray from the
connecting rod bearings. The valve incorporates the
flame trap as a single unit and the O-ring construction
eliminates oil leakage.

A WARNING
The number of pressure relief valves used on the
engine depends on the volume of the crankcase.
Never operate the engine without all valves on the
engine. The ability of the system to function is
dependent upon the proper number of relief valves.
Operation without the proper type and number of
relief valves, or if the relief valves are not properly
maintained, can result in severe personal ¡n¡ury or
death.
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CRANKCASE BREATHER SYSTEM DESCRIPTION
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sEcTtoN 2.45

PRELUBE AND STARTING SYSTEM DESCRIPTION

I

DESCRIPTION

. Prelube Pushbutton Valve

. Prelube Pump And Motor

. ln-line Lubricator

. Start Pushbutton Valve

. Starter Motor(s) Air/Gas or Electric

A WNRNING
From the bulkhead, all gas vented from the system
must be piped to a safe area in conformancewith all
applicable codes. Failure to comply could result in
serious personal injury or death.

PRELUBE PUSHBUTTON VALVE

The PRELUBE pushbutton valve activates the prelube
system (see Figure 2.45-1). The prelube system circu-
lates oilthrough the the engine and turbocharger(s) to
provide the engine adequate lubrication during startup.

The prelube pump and motor (see Figure 2.45-2)
circulate the oil through the engine when the PRELUBE
pushbutton is pressed.

Figure 2.45-2. Prelube Pump and Motor

Figure 2.45-1. Start And Prelube Pushbutton Valves

PRELUBE MOTOR
IN.LINE

LUBRICATOR

PRELUBE PUMP

I

PRELUBESTART
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PRELUBE AND STARTING SYSTEM DESCRIPTION

IN.LINE LUBR¡CATOR

The in-line lubricator (see Figure 2.45-g) provides the
prelube motor with lubrication during the starting
sequence.

STARTER MOTOR - AIR/GAS

The airþas pressure causes the starter pinion to shift
into engagement with the flywheel ring gear and
activates the starter motor (see Figure 2.45-4) to crank
the engine. A lubrication reservoir provides lubrication
to the airlgas starter during the starting sequence.

RESERVOIR

A¡RiGAS STARTER
:. 'Í-il1

Figure 2.454. Air /Gas Starter

STARTER MOTOR. ELECTRIC START

This system functions in much the same way as the
airþas starting system with the obvious difference being
the the use of electric starting motors (Figure 2.45-5).
An additional solenoid is added to the system to replace
the signal normally provided by airþas pressure.

IN-LINE
LUBRICATOR

Figure 2.454. ln-line Lubricator

START PUSHBUTTON VALVE

The START pushbutlon valve activatesthe starter motor
system (see Figure 2.45-1). On airlgas starter systems
the START pushbutton valve activates a series of valves
that allow airlgas pressure to activate the airlgas starter
motor. On electric start systems, an additional solenoid
is added to the system to replace the signal normally
provided by air/gas pressure.

tfr

ELECTRIC STARTER

Figure 2.45Ã. Electric Starter
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sEcTloN 2.50

ENGINE PROTECTION SHUTDOWN SYSTEM DESCRIPTION

LUBE OIL
STRAINER

TEMPERATURE
SENSOR

SENSOR CABLE STRAINER
ADAPTER

SYSTEM DESCRIPTION OPTIONS
The control switches that make up the engine protection
shutdown system must be supplied by the customer.
Waukesha provides the following:

. Sensors and Thermocouples

. Thermocouple Junction Box

. Manual Shutdown Switches

A WNRNING
Swltches for alarms and automatic engine shut-
down must be supplied by the customer. The
sensors provided are for measuring and monitoring
temperatures and WILL NOT shutthe engine down if
potentially harmful temperatures are reached. Wau-
kesha will not be responsible for any propefi
damage, personal injury or death, due to the failure
to follow these instructions.

NOTE: The customer supplied controlswitches must be
incorporated into the remote engine control panel logic.

K-TYPE THERMOCOUPLES

Thermocouples are used to measure lube oil
(see Figure2.50-1), jacket water (see Figure 2.50-2),
and intake manifold (left and right bank on Vee engines)
air temperature (see Figure 2.50-4). These thermocou-
ples are wired through the thermocouple junction box to
a remote mounted instrument panel (customer supplied
or as a Waukesha option). Additional thermocouples
(see Figure 2.50-3 and Figure 2.50-5) are used to
measure exhaust temperature and turbine i nlet temper-
ature.

Figure 2.50-1. Lube Oil lnlet Temperature Sensor -
511sGL Engine Shown

Figure 2.50-2. Jacket Water Temperature Sensor -
5115GL Engine Shown
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ENGINE PROTECT¡ON SHUTDOWN SYSTEM DESCRIPTION

LEFT BANK EXHAUST
MANIFOLD
SECTION

TURBO EXHAUST
INLET ELBOW EXHAUST

THERMOCOUPLE\

REAR FRONT

RETAINING CLI

THERMOCOUPLE
THERMOCOUPLE

CONDUIT
LEADS 14 13 12 11 10 98 76 54 32 1

RIGHT BANK

Figure 2.50a3. Exhaust Thermocouples Arrangement - 12 Gylinder Engine

NOTE: lntake manifold temperature sensors are located
behind each manifold ¡nlet adapter assembly below the
intake man¡folds.

Figure 2.504.lntakc Manifold Temperature Sensor -
511sGL Engine Shown

EXHAUST MANIFOLD
END SECTION

THERMOCOUPLE

THERMOCOUPLE
LEAD

Figure 2.50-5. Exhaust Thermocouple - 12 Gylinder
Engine Rear Left
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ENGINE PROTECTION SHUTDOWN SYSTEM DESCRIPTION

Additional K-Type thermocouples that may be found on
the engine, are:

. Thermocouples used to monitor the main bearing
temperatures (see Figure 2,50-6), All thermocouples
end at the thermocouple junction box when shipped.
It is the customer's responsibility to connect the
wiring to the remote-mounted instrument panel.
Main bearing sensor logic must be supplied by the
customer.

. Thermocouple usedto monitoroil sumptemperature.

. Oxygen sensors mounted in the exhaust system.

THERMOCOUPLE JUNCTION BOX

The function of the thermocouple junction box
(see Figure 2.50-7) is to serve as the main junction point
for the wiring of engine protection shutdowns.

MANUAL SHUTDOWN LEVER AND GOVERNOR
SPEED CONTROL LEVER

A WNRNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown. Failure to close fuel gas
valve(s) could cause severe personal injury or

to detect detonation in the combustion chambers.
Refer to Section 2.1O,lgnition Systems, for informa-
tion concerning the detonation sensors.

. Thermocouples for the compressor system.

MAIN BEARING TEMPERATURE
THERMOCOUPLES

Figure 2.50-6. Main Bearing Temperature
Thermocouples -12 Cylinder Engine

GOVERNOR SPEED
NTROL LEVER

THERMOCOUPLE
JUNCTION BOX

Figure 2.50-7. Thermocouple Junction Box And
Governor Speed Control Lever - 51lsGL Engine

All engines have manual shutdown levers located on the
right side carburetor (Figure 2,50-8) and may also have
a governor speed control lever on the governor. These
levers will return the engine to idle speed. Under some
conditions, the engine may shutdown completely when
using these levers. After the engine reaches idle speed,
close the fuel gas valves to completely shutdown the
engine. Always shutdown the fuel gas supply after the
engine is shutdown.

GLMODELSHOWN

MANUAL
SHUTDOWN

LEVER

Figure 2.50€. Manual Shutdown Lever - 12 Cylinder
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ENGINE PROTECTION SHUTDOWN SYSTEM DESCRIPTION

IGNITION SWITCH/SWITCHES

A WNRNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown. Fallure to close fuel gas
valve(s) could cause severe personal iniury or
death.

On 6 and 12 cylinder engines, IGNITION (Emergency
Stop) button(s), are located on the left and right sides of
the engine on 12 cylinder engines, and the right side
only on 6 cylinder engines (see Figure 2.50-9). Ðe-
pressing either IGNITION (Emergency Stop) button(s)
will stop the engine by de-energizing the ignition and
electrical fuel supply solenoid valves. Always shut down
the fuel gas supply after engine shutdown. To restart the
engine after depressing either IGNITION (Emergency
Stop) button(s), simply pull the depressed shutdown
switch back out to its original position. The manual
shutdown switches are wired to the main junction box.

CUSTOMER SUPPLIED CONTROL SW|TCHES

Control switches must be supplied by the customer.
Control switches must include, but are not limited to; low
oil pressure, high coolant temperature, high lube oil
temperature, high intake manifold air temperature, and
an overspeed switch. Switches should be wired to an
alarm to warn of high temperatures and low pressure, as
well as provide for automatic engine shutdown if
potentially harmful temperatures, pressure, or over-
speed conditions exist.

PRESSURE AND TEMPERATURE SWITCH
CALIBRATION

Calibrating and testing pressure and temperature
switches, should be performed by qualified service
technicians every 90 days.

OPTIONAL INSTRUMENT PANEL

Waukesha Engine offers an optional instrument panel
(see Figure 2.50-11). The instrument panel is shipped
loose and requires 24VDC power.

Figure 2.50-9. Control Panel - Left Side

On 16 engines, the engine may be shut down by turning
the IGNITION switch, located on the control paneltothe
OFF position (see Figure 2.50-10). Always shut down
the fuel gas supply after engine shutdown.

w

.....9

.r':r':.i,: ({i.r¡i

Figure 2.50-11. Optional Remote lnstrument Panel

The instrument panel includes switch gauges for jacket
water temperature, lube oil pressure, intake manifold
temperature and overspeed. Gauges are included for
individual exhaust thermocouples, pre and post turbine
temperature, intake manifold pressure, tachometer and
hourmeter. An annunciator will display the cause of the
shutdown.

2.50 - 4

Figure 2.50-10. 16 Gylinder Control Panel
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ENGINE PROTECTION SHUTDOWN SYSTEM DESCRIPTION

VSS

SENSOR 12

SENSOR rs
SENSOR 14

SENSOR 15

SENSOR t6

SEECTOF
CLOCK

RESF
.5ÞEG

EGC EN

GND

GNO

Ëre

SENSOR0T

SENSOR02

SENSOB03

SENSORü
SENSOB6
SENSOR6
SENSOnOT

oEil00n 00

SHWOOWN

6õò-õ ffio o
LCD

DISPLA
Y

INSIDETHE DSM MODULE
DETONATION SENSING MODULE AND SENSORS

A WARNING
For maxlmum engine protection, the DSM system
must be connected to a safety shutdown. The DSM
system is consldered a safety system and, as such,
must be connected to shutdown the engine if the
engine cannot be brought out of detonation. Disre-
garding this information could result in severe
personal iniury or death.

The DSM module is equipped with several features to

include:

. "Power", "Alarm", and "Shutdown" lights (LED dis-
play) on the front panel of the DSM module (see
Figure 2.50-12)

. A liquid crystal display (LCD) located inside the DSM
module which continually shows the current status of
the system through diagnostic codes (see
Figure 2.50-13)

. The capability to drive remote alarms or lights

.'ALARM"
"SHUTDOWN"

"POWER"

gü

3ä1ì; ¡r1-j:

:

Figure 2.50-12. Detonation Sensing Module Front
Panel

Figure 2.50-13. Detonation Sensing Module
LCD Display

One DSM sensor per cylinder is installed just below the
intake manifold (see Figure 2.50-14). These sensors
send their signals back to the DSM module.

Figure 2.50-14. Detonation Sensor (VHP Series)

Refer to Form 6268, DSM Custom Engine Contro9
Detonation Sensing Module lnstallation, Operation, And
Maintenance Manual, for further information.

DETONATION
SENSOR

FORM 6277 First Edition 2.50 - 5



ENGINE PROTECTION SHUTDOWN SYSTEM DESCR¡PTION
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sEcTloN 3.00

ENGINE STARTUP AND SHUTDOWN

A WNRNING
To avoid severe personal injury or death, be sure
that the clutch, circuit breaker or other main power
transmission device is disconnected.

1. lnspect the entire cooling system to verify that all
control valves are properly opened and that all drain
cocks are completely closed.

A WNRNING
Always wear protective clothing when checking or
venting the cooling system on a heated engine.
Slowly loosen the air bleed petcock to relieve any
excess pressure. Use the vent on the pressure cap
to allow pressureto escape. Escaping steam and/or
hot water can result in severe burns or death.

2. Check the coolant level; add coolant when neces-
sary. lf coolant is needed, open the cooling system air
vents to allow trapped air to escape.

3. Check for lube oil and/or coolant leaks.

the engine (see Figure 3.00-1) and the driven equip-
ment are secure. Remove tools, rags, fittings or any
other objects that may get caught by rotating parts.

GUARDS

Figure 3.00-1. Engine Guards - 5115GL Engine Shown

FORM 6277 First Edition 3.OO - 1



ENGINE STARTUP AND SHUTDOWN

5. On 6 and 12 cylinder engines, check air cleaner
restriction indicator. lf indicator shows red, clean
pre-cleaner and/or air cleaner elements
(see Figure 3.OO-2). 16 cylinder engines have indicator
gauges that are checked while the engine is running.

6. Bar the engine over two revolutions in a

counter-clockwise direction, to verify that nothing

interferes with its rotation (see Figure 3'00-3)'

Figure 3.00€. Engine Barring Device -
12 Gylinder Engine

7. Check the crankcase oil level daily before ihe engine
is started. The blade of the dipstick is marked "low" and
"full" (see Figure 3.00-4). Always maintain the oil level at
the "full" mark. Both marks on the dipstick are "static

lines." The dipstick does not indicate where the level of
the oil should be when the engine is running.

/
O-RING

Figure 3.004. Dipstick

AIR
RESTRICTION

INDICATOR

##i:å
it,

Figure 3.00-2. A¡r Restr¡ct¡on lndicator/Filter -
6 Cylinder Engine Shown

A WNRNING
Make certain barring device is disengaged from
flywheel prior to starting engine. Remove all
wrenches from the barring device before engaging
starter. Fallure to follow proper procedures could
cause severe personal iniury or death.

BARRING DEVICE
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ENGINE STARTUP AND SHUTDOWN

8. Check UG-8 governor oil level in sight glass
(see Figure 3.00-5).

IGNITION

OIL DRAIN
PLUG

COMPENSATION
POINTER

PRELUBE
START

\OIL FILLER CUP

SIGHT

Figure 3.00-5. Woodward UG-8L Governor

9. Examine the engíne foundation for condition of grout,
tightness of hold down bolts and general alignment of
driven equipment.

ENGINE STARTUP PROCEDURES

1. Reset all engine protection switches and devices.

2. Press and hold down the PRELUBE button for 5
minutes to operate the prelube motor (see Figure 3.00-6
and Figure 3.00-7). Check the lube oil pressure gauge
for a minimum of 5 psi (35 kPa).

Figure 3.00€. Gontrol Panel - 12 Cylinder Engine

START

IGNITION

PRELUBE

Figure 3.00-7. Gontrol Panel - 16 Cylinder Engine
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ENGINE STARTUP AND SHUTDOWN

3. Place the manual shutdown lever in the open
position (see Figure 3.00-8, Figure 3.00-9 and
Figure 3.00-10).

MANUAL
SHUTDOWN LEVER

Figure 3.00-10. Manual Shutdown Lever -
6 Gylinder GSI Engine

4. Place the governor speed control lever or dial to 1/3

open position (see Figure 3.00-11 and Figure 3.00-12)'

GOVERNOR SPEED
CONTROL LEVER

.'.tn lJ þ

Figure 3.00-11. Governor Speed Control Lever -
12 Cylinder Engine

Figure 3.00€. Manual Shutdown Lever -
12 Cylinder GL Engine

Figure 3.00-9. Manual Shutdown Lever -
16 Cylinder GSI Engine
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ENGINE STARTUP AND SHUTDOWN

GOVERNOR SPEED
CONTROL LEVER

Figure 3.00-12. Governor Speed Gontrol Lever -
16 Cylinder Engine

5. Open the fuel shutoff valve(s) (Figure 3.00-13)

MANUAL
DISCONNECT (cusToMER

SUPPLTED)

VENT
PLUG

LATCHING
KNOB

ta'

Figure 3.00-13. Fuel Shutoff Valve -
Customer Supplied

6. On 6 and 12 cylinder engines, make sure that the
IGNITION (Emergency Stop) buttons are pulled out
(see Figure 3.00-6). On 16 cylinder engines turn the
ignition switch to the ON position (see Figure 3.00-7).

7. Press the START button until engine starts
(see Figure 3.00-6 and Figure 3.00-7).

8. Check for oil pressure as soon as the engine
starts. Refer to Table 1 .15-2, VHP Specification in
Section 1.15 - General lnformation, for operating
pressures.

A CNUflON lf the lube oil pressure
gauge does not indicate

sufficient oil pressure within 15 seconds, shut the
engine down immediately. Never operate the engine
without the proper oil pressure indicatlon. Disregard-
ing this information could result in product damage.

A CAUilON Turbocharged englnes
should not be ldled for

extended periods. Accumulated carbon may dam-
age turbocharger. Shut down and restart when
needed.

9 ô ne or no
the oil pressure is normal and the coolant temperature
reaches 100' F (38" C). Refer to Table 1 .15-2, VHP
Specifications in Section 1 .15 - General lnformation,lor
operating pressures and temperatures.

10. Gradually apply load, to avoid overloading the
engine.

NOTE: Engines that are required to start at tempera-
tures below 50" F (10" C) should be equipped with both
an oil and coolant heater. These devices allow the
engine to be started with the proper oil flow. lf the
heaters are manually controlled, allow the engine to
become warm enough for normalstarting.
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ENGINE STARTUP AND SHUTDOWN

ENGINE DURING OPERATION CHECKS

A CNUTION Stop the engine immedi-
ately if the oil pressure is

low or fluctuating. Disregarding this information
could result in product damage.

1. Observe and record the normal operating readings
for oil pressure, oil temperature, and water temperature
on the engine instrument panel (see Figure 3.00-7 and
Figure 3.00-14) or optional remote instrument panel
(see Figure 3.00-15). RefertoTable 1.15-2, VHP Speci-
fications in Section 1.15 - General lnformation, lor
operating pressures and temperatures.

2. Check the air restriction indicator on the air cleaner
while the engine is running. Refer to Air Induction
System, and clean/replace precleaner and/or air
cleaner elements if indicator shows red on 6 and 12
cylinder engines (see Figure 3.00-16). On 16 cylinder
engines, check that the air restriction gauge is
showing in the green for both the prefilter and final
filter (see Figure 3.00-17). Atoggle switch allowsthe
operatorto selectthefilter reading desired. Thetoggle
switch should be left in the FINAL FILTER posítion
during engine operation.

3. Listen to the engine. Certain problems, such as
occasional misfiring, turbocharger bearing failure, or
water pump problems, may first be noticeable in the
engine sound.

4. Visually examine fuel, water, and lubrication lines for
signs of leaks, damage, or corrosion.

AIR
RESTRICTION

INDICATOR

AIR CLEANER
ASSEMBLY

Figure 3.00-16. Air Restriction lndicator -
5115GL Engine

Figure 3.00-14. Thermocouple Selection Switch -
16 Cylinder

Figure 3.00-15. Optional Remote Instrument Panel
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ENGINE STARTUP AND SHUTDOWN

TOGGLE
swrTcH

AIR RESTRICTION
GAUGE

Figure 3.00-17. Air Restriction lndicator -
16 Cylinder Engine

.'ALARM"
"SHUTDOWN"

"POWER"

iä*.*1"l r..;tPr..:i

Figure 3.00-18. Detonation Sensing Module -
Front Panel

5. Monitor the DSM module (see Figure3.00-18) for
system status. The DSM is equipped with several
features to inform site personnel of system status.
These features include:

. "Power", "Alarm", and "Shutdown" lights (LED dis-
play) on the front panel of the DSM module.

. A liquid crystal display (LCD) located inside the DSM
module which continually shows the current status of
the system through diagnostic codes.

. The capability to drive remote alarms or lights.

6. lf red "Shutdown" light is illuminated, shut down the
engine if automatic devices have not already done so.
Call a Waukesha certified technician for assistance.

7. The yellow "Alarm" light illuminates to indicate that
sensor output has been lost or disconnected. Call a
Waukesha certified technician for assistance.

NOTE: Refer to Form 6268, DSM Custom Engine
Contro9 Detonation Sensing Modute Installation, Op-
eration, And Maintenance Manual, for information con-
cern¡ng the DSM.

NOTE: Refer to Form 6253, (Previous Model) or

lgnition Module Installation, Operation, And Mainte-
nance Manual, for further information concerning the
tM.

DIAGNOSTIC
LEDS

Figure 3.00-19. lM Diagnostic LEDs

8. Monitor the three diagnostic LEDs on front of the lM
housing: "Power," "Pickup," and "Application"
(see Figure 3.00-19). These LEDs give operatorsvisual
confirmation on (1) incoming power, (2) Hall-effect
pickup signal, and (3) proper application settings
(see Figure 3.00-19).

. The green "Power" LED is lit any time power is
applied to the lM. The power LED confirms to the
operator that connection has been made to the lM
from the VDC power supply.

. The red "Pickup" LED is lit when there is no
Hall-effect pickup signal being detected by the lM
due to a failed pickup, an incorrect air gap setting,
and/or incorrect (bad) wiring. The pickup LED will
also be lit when the engine is at rest.
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ENGINE STARTUP AND SHUTDOWN

. The red "Application" LED is lit whenever the lM
detects a magnet pattern that does not match the
application for which the lM Selector Switch is set
(6 versus I cylinder) or when the incorrect lM model
is installed (inline lM model versus vee engine lM
model). Additionally, this LED will light when the
Hall-effect pickup is lost (disconnected or failed), or if
a magnet is lost or is very weak. The application LED
will also light when the Selector Switch is in the
"8" position (no application).

9. lf green "Power" LED is not illuminated, shutdown the
engine. Call a Waukesha certified technician for assis-
tance.

10. lf red "Pickup' LED is illuminated, shutdown engine.

Call a Waukesha certified technician for assistance'

11. lf red "Applicatlon" LED is illuminated, shutdown
engine. Call a Waukesha certified technician for assis-
tance.

ENGINE SHUTDOWN PROCEDURES

ROUTINE SHUTDOWN

A WNRNING
To avoid severe personal iniury or death, allow the
engine to cool for at least ten minutes after the
engine is stopped. Do not restart an overheated
engine or an engine that has been shutdown by the
engine protectlon system until the reason for the
shutdown has been determined and corrected.

1. Gradually reduce engine load.

2. Place the governor speed control lever or dial in idle

speed position, and allowthe engine to idle for 5 minutes
to cool down engine temPeratures.

A WNRNING
Always insure that the fuel gas valve(s) are closed
after englne shutdown. Failure to close valve(s)
could cause severe personal iniury or death.

3. Under normal operation, close the fuel valves to shut
the engine down.

4. Press and hold the Prelube button for five minutes to
post-lube the engine.

A CNUilON lf the englne is being shut
down for an extended

perlod of tlme, cap the exhaust pipe to prevent
moisture or contaminants from entering the englnc.
Failure to follow these instructlons could cause
severe engine damage and/or personal inlury.

EMERGENCY SHUTDOWN

A WNRNING
To avoid severe personal inlury or death, allow the
engine to cool for at least ten minutes after the
engine is stopped. Do not restart an overheated
engine or an engine that has been shutdown by the
englne protection system until the reason for the
shutdown has been determined and corrected.

RNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown, Fallure to close fuel gas
valve(s) could cause severe personal iniury or
death.

ln the event of an emergency, the engine may be

shutdown by using the IGNITION switch or buttons. The
manual shutdown lever or governor speed lever/dial
may be used to return the engine to idle speed. ln all

cases after engine shutdown, the fuel shutdown
valve(s) must be closed.

NOTE: Some governors may not have a speed control
tever. The IJG-î dial governor is equipped with a dial
speed control.
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ENGINE STARTUP AND SHUTDOWN

Engine Shutdown Using lgnition
(Emergency Stop Button/Switch)
6 & 12 Cylinder Engines

NOTE: CSA equipped engines have a similar lGNl-
TION (Emergency Stop button/switch) located on a
separate sealed box (see Figure 3.00-21).

1 . On 6 and 12 cylinder engines, shut down the engine
by pushing in the IGNITION (Emergency Stop) but-
ton(s), located on the control panel(s) and simulta-
neously close the fuel shutdown valve(s). 12 cylinder
engines have an ignition switch located on each side of
the engine (see Figure 3.00-20 and Figure 3.00-21)

the right side of the engine (see Figure 3.00-22)

A WNRNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown. Failure to close fuel gas
valve(s) could cause severe personal injury or
death.

Figure 3.OO-22. CSA Control Panel -
6 Cylinder Engine Right Side

Engine Shutdown Using lgnition Swltch -
16 Cyllnder Englnes

To shut down the engine using the IGNITION switch,
perform the following Steps.

1. On 16 cylinder engines, shut down the engine by
turning the IGNITION switch, located on the control
panel, to the OFF position, and simultaneously close the
fuel shutdown valve(s) (see Figure 3,00-23).

A WNRNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown. Failure to close fuel gas
valve(s) could cause severe personal injury or
death.

on

IGNITION

IGNITION Figure 3.00-23. Gontrol Panel -
16 Cylinder Engine Right Side

Figure 3.00-20. Gontrol Panel -
12 Cylinder Engine Right Side

Figure 3.00-21. Gontrol Panel -
12 Cylinder Engine Left Side

IGNITION

-%*-)

IGN¡TION
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ENGINE STARTUP AND SHUTDOWN

Using Manual Shutdown Lever Or Governor
Speed Gontrol Lever To Return Engine To ldle
Speed

NOTE: Some governors may not have a speed control
lever. The UG-9 dial governor is equipped with a dial
speed control.

1 . The manual shutdown lever (locaied on the right side
carburetor) (see Figure 3.OO-24, Figure 3.00-25 and
Figure 3.00-26) or the governor speed control lever/dial
(mounted on the governor) (see Figure 3.OO-27) may be
used to return the engine to idle speed. Under some
conditions, the engine may stop. ln this case, close the
fuelshutdown valve(s). lf the engine does notstop, push
in the IGNITION (Emergency Stop) button(s) on 6 and
12 cylinder engines, or turn the IGNITION switch to the
OFF position, on 16 cylinder engines, and simulta-
neously close the fuel shutdown valve(s) to shutdown
the engine.

A WNRNING
Always insure that the fuel gas valve(s) are closed
after engine shutdown. Fallure to close fuel gas
valve(s) could cause severe personal inlury or
death.

GL MODELSHOWN

MANUAL
SHUTDOWN

LEVER

Figure 3.00-25. Manual Shutdown Lever - 12 Cylinder

MANUAL
SHUTDOWN LEVER

Figure 3.00-26. Manual Shutdown Lever -
16 Cylinder GSI Engine

MANUAL
SHUTDOWN LEVER

Figure 3.OO-24. Manual Shutdown Lever -
6 Gylinder GSI Engine
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ENGINE STARTUP AND SHUTDOWN

or check starting circuitry and safety equipment with the
starter disabled. Special attention must be taken to
prevent internal corrosion, sticking and gumming of fuel
controls, and deteriorated starting batteries. Arrange-
ments should be made to run the engine and driven
equipment under load at least every 90 days.

ENGINE PERFORMANCE RECORD
Engine operating information, recorded during regular
inspections, is necessary to apply proper Routine
Maintenance schedules. Accurate records help control
costs by avoiding unnecessary servicing, insuring
needed servicing, and providing "trend" information on

record of the following information listed in Table 3.00-1

Figure 3.OO-27. Governor Speed Control Lever -
12 Cyllnder Englne

MAINTENANCE OF STANDBY UNITS
A generator set, or other standby unit, should be
exercised once each week, A record should be main-
tained of performance and servicing, of both the engine
and driven equipment.

A CNUilON Turbocharged engines
should not be ldled for

extended periods. Accumulated carbon may dam-
age turbocharger. Shut down and restart when
needed.

Always run the engine long enough to stabilize the oil
and water temperatures at the normal operating level
expected under load. Do not operate the engine under
no-load conditions for other than very brief periods.
Loads of at least one-third the normal rated capacity,
are recommended. Ordinarily, an exercise run of one to
two hours will be needed.

Some types of driven equipment cannot be operated
without fairly extensive procedures "to put them on the
line".

Weekly exercise may have to consist of periods long
enough to check the engine's ability to crank and start,

GOVERNOR SPEED
CONTROL LEVER
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ENGINE STARTUP AND SHUTDOWN

Table 3.00-1. Engine Performance Record Example

Detonation Sensors

lgnition Timing

Exhaust Back Pressure

Prechamber/¡ntake Pressure
(Wide Open Throttle)
Over Manifold Pressure

Exhaust 02'Á

Prechamber 02%

Goolant Leaks

OilLeaks

Unusual Noise(s) Mbration

Grankcase Pressure Pos/Neg

Manifold Pressure PosiNeg

Gas/Air Pressure

Oil Cooler Water Temp.

lntercooler l/Vater Temp.

Coolant Temperature

Oil Temperature

Engine Temperature

Fuel Meter Reading

Tachometer (rpm)

Hourmeter Reading

REMARKSREADINGITEM

ENGINE PERFORMANCE RECORDÐate

¡

I
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sEcTtoN 4.00

SPEED GOVERNING SYSTEM MAINTENANCE

WOODWARD

OIL FILLER CUP

\

GLASS

\

HTsrG

\

OIL DRAIN
PLUG

COMPENSATION
POINTER

MAINTENANCE

GOVERNOR MAINTENANCE

Check oil level in sight glass daily (see Figure 4.00-1).

Change oil every 8000 hours. Use the same lubricating
oil used in the engine crankcase.

i

I

Figure 4.00-1. Governor Oil Level Sight Glass

Governor Oil Change And Fill (UG-BL Governor)

1. Place a small oil pan beneath the governor.

2. Remove oil drain plug from governor and allow oil to
drain (see Figure 4.OO.2).

3. Replace oil drain plug.

4. Lift up oil filler cap and slowly add oit until the oil
appears at the line marked on the sight glass.

NOTE: Use the same oil as used in the engine
crankcase.

Figure 4.OO-2. Woodward UG-8L Governor
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SPEED GOVERNING SYSTEM MAINTENANCE

GOVERNOR ROD MAINTENANCE

Governor Rod lnspection And Lubricatlon

1. lnspect that the iam nuts on both ends of the
governor rod are secure (see Figure 4.00-3)'

2. lnspect the governor rod for straightness and

damage.

3. Lubricate the grease fittings on both ends of the
governor rod at each oil change. Clean off any excess
grease.

GOVERNOR
ROD

ROD END BEARING

GOVERNOR ROD
JAM NUT

NUT
ROD END
BEARING

I

RIGHT
HAND

THREADS

LEFT
HAND

THREADS
GREASE
FITTING

Figure 4.OO€. Governor Rod Assembly
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FUEL SYSTEM MAINTENANCE

STAINLESS
HOT POPPET COLD POPPET VALVE BODY

L WASHER
LOCKNUT SPRING /Ád

NGTUBE

/ /

@
/

SERVICE KIT

7065
fr-tb

Figure 4.05-1. Admission Valve Assembly

ADMISS¡ON VALVE MAINTENANCE

Admission Valve Removal - GL

A WNRNING
Ensure that the fuel source is completely shut off
prior to working on fuel system components. Clear
the engine supply lines and plping of accumulated
gas before performing any maintenance work on the
fuel system or severe inlury or death could result.

NOTE: This procedure applies only to the P/l"l 2115874
admission valve. Refer to Se¡vice Bulletin 9-25744 or
latest edition, for intormation on previous admission valves.

1. Disconnect the fuel supply tube from the admission
valve body.

2. Remove the admission valve from the engine by
turning counter-clockwise. Remove and discard the
O-ring from the valve body (see Figure 4.05-1 and
Figure 4.O5-2).

3. Remove the stainless steel washer at the bottom of
the admission valve bore using the seal remover
(Tool P/N 494385) or an O-ring pick. Discard this
washer.

Figure 4.05-2. Admission Valve

Admission Valve Disassembly - GL

A CNUflON lntermixlng components
with those of other

valves is not permitted. Admission valves (and
rebuild kits) are inspected as assemblies during
manufacture. Disregarding this information could
result in product damage and/or personal inlury.

1. Remove the lock nut from the end of the admission
valve body using a l14inch Allen wrench.
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FUEL SYSTEM MAINTENANCE

A CNUÏON lf a vise is needed to
remove the lock nut,

install a pair of brass iaw inserts to avoid damaging
the assembly.

2. Remove the tube assembly. Remove the tube seat.
Strike the admission valve body sharply against a piece
of wood to free the tube and tube seat, if necessary.

3. Removethe contents of thetube. Removethe spring
and cold poppet from one end. Remove the hot poppet
from the other,

4. Remove and discard the O-ring from the admission
valve body.

Admlssion Valve Clean And Inspect - GL

1, Remove any loose carbon using a rag or soft
nonmetallic bristle brush.

2. Boil all parts in a solution of one cup laundry
detergent to one gallon of water for 30 - 45 minutes.

3. After boiling, rinse the parts in cold water and wipe dry.

Admlssion Valve Assembly - GL

A CNUÏON The service klt parts may
separate after the pack-

aging is removed. There are internal differences
between the hot and cold poppets, as well as the hot
(flametrap) and cold (checkvalve) sides of thetube.
The valve will not function properly if incorrectly
assembled. Disregarding this information could
result in product damage and/or personal iniury.

A CNUilON Do not mlx parts from
varlous admission

valves, components are in matched sets. Disregard-
ing this information could result in product damage
and/or personal iniury.

NOTE: Before assembling, all parts must be dry and oil
free.

1 . Look into both poppets. Note that the bore of the hot
poppet is approximately 1/8 inch deeper than the cold
poppet.

NOTE: The parts in the seruice kit are assembled in the
proper order for installation in the valve body
(see Figure 4.05-3). The seruice kit parts may separate
after the packaging is removed. lf the parß become
separated, an easy way to identify the hot and cold
poppets is to visually inspect the inside of the poppets
(see Figure 4.05-3). Another way to identify the poppets
is to installthe spring. The spring willextend farther outof
the cold poppet (see Figure 4.05-3). The cold poppet and
spring are installed in the end of the tube that is marked
with the WED label. Proper assembly is required.

HOT
POPPET

COLD
POPPET

SPRING

Figure 4.05€. Spring Seats ln Cold Poppets

2. lnstall the spring in the open end of the cold poppet.
(see Figure 4.05-3).

3. Look intoeach end ofthetube. Notethatone end has
a larger diameter counterbore (to fit the tip of the hot
poppet), while the other end of the tube has a small
opening encircled with a lip (spring seat).

4. lnsert the cold poppet (spring end first) into the tube
untilthe end of the spring contacts the spring seat. Verify
that the tip of the poppet sticks out slightly.

NOTE: lf the entire poppetfits within the tube, then the
wrong (hot) end of the tube has been selected. Fit the
cold poppet into the other end of the tube.

5. lnstall the hot poppet into the opposite end of the
tube. The flat side of the poppet must face toward the
open end of the tube, so that the tip of the poppet seats
inside the counterbore.

6, Hold the tube assembly upright in one hand with the
tip of the cold poppet pointing upward. Use a finger to
keep the hot poppet in the other end of the tube,

7. Place the tube seat over the tip of the cold poppet, so
that the lip on the seat fits within the tube lD.

8. With the long hex on top, slide the admission valve
body over the cold poppet end of the tube until the entire
assembly fits easily within the valve body.

9. Finger tighten the lock nut into the end of the
admission valve body.
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FUEL SYSTEM MAINTENANCE

A cnufloN Do not over-torque the
lock nut or the tube may A CNUTION

valve may become damaged.

Do not over tighten the
admission valve or the

be permanently damaged. Disregarding this in-
formatlon could result ln product damage.

10. Use an inch pound torque wrench and Allen socket
to tighten the lock nut to 70 - 90 in-lb (8 - 10 N'm).

11 . lnstall a new O-ring on the admission valve body. To
prevent tears when the assembly is inserted into the
cylinder head admission valve bore, lubricate the
O-ring with Parker Super O-Lube@.

1. Clean the washer seat at the bottom of the cylinder
head admission valve bore.

NOTE: Previous production admission valves use a
copper washer.

2. lnstall a new stainless steel washer at the bottom of the
cylinder head admission valve bore (see Figure 4.05-4).

ADM!SSION

I
STAINLESS STEEL

WASHER

Figure 4.054. lnstall Stainless Steel Washer ln
Gyllnder Head

4. Tighten the valve to a torque of 65 - 70 ft-lb
(88 - 95 N'm) dry.

5. Reattach both ends of the prechamberfuel inlettube
on the prechamber manifold and the admission valve
assembly. Finger tighten the ferrule nuts. Use a wrench
to tighten the ferrule nuts. lnspect for fuel leaks.

A CAUilON When installing the ad-
misslon valve, make sure

only a stalnless steelwasher is used and is seated
flat against the seating surface in the cylinder head.
lf the stainless steel washer is damaged, fuel leaks
wllloccur.

A CNUilON Do not use copper
washer P/N 16409 with

P/N 21 1 5874 adm ission valve or with a P/N 2',1 587
valve that has been upgraded by machining the
lock nut. lf the copper washer is used, the new
assembly torque wlll drlve the admission valve
through the washer, causing damage.

3, lnstallthe admission valve in the cylinder head bore.
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IGNITION SYSTEM MAINTENANCE

SPARK PLUG MAINTENANCE . NON.CSA

Spark Plug Removal - NON-GSA

1. Detach the spark plug cable from the cable clip
mounted on the rocker arm cover. Remove the rubber
boot from the coil terminal connection
(see Figure4.10-1 and Figure4.lO-2). Remove the
spark plug cable from the ignition coil.

2. Pull back the rubber recess cover from the spark plug
wellon G and GSI engines orthe spark plug carrier bore
on GL models.

Table 4.10-1. Spark Plug Troubleshooting

plug cables to remove
the spark plug connectors. Pulling on the cable may
loosen or detach the terminal connectlon within the
Teflon tube. Disregarding thls information could
result in product damage and/or personal inlury.

3. Holding onto the Teflon tube, remove the spark plug
connector from the spark plug terminal nut.

4. Refer to Table 4.10-2 and select the proper spark
plug tools. Remove the spark plug from the cylinder
head or spark plug carrier bore.

Replace valves and seatsOxide of cobalt fouling from burning of Stellite@ on
valves and seatsBright blue or green deposits

Reduce engine load

Engine operated with severe detonation resulting in
piston damageAluminum contaminat¡on Check ignition timing, fuel gas octane

lnspect piston crowns w¡th borescope; replace
worn parts as necessary

Reverse ignition coil wiringReverse polar¡tyWear on side electrodes

Change plug heat rangeSpark plug firing tip temperature too highElectrode burning

lnspect and replace worn parts as necessaryHigh oil consumption

Carbon fouling Adjust engine loadEngine too lightly loaded

Change plug heat rangeSpark plug firing tip temperature too low

Use more "open" electrode type plug
Contaminated or "d¡rty" fuel gasGap bridging

Add fuel filter

Adjust engine loadEngine too lightly loaded
Black oil fouling deposits

Replace worn parts as necessaryPoor oil control around valve guides and p¡ston rings

lnspect and replace worn parts as necessaryPoor oil control around valve guides and piston ringsExcessive ash buildup

Change engine lube o¡l typeWrong lube oil; ash content too h¡gh
Excessive ash buildup

Change engine lube o¡l typeHigh oil consumption

No change; reflects a healthy operating cylinderNormal with medium to high ash lube oilsLight casting of whitish ash,
uniformly deposited

REMEDYCONDITIONFIRING T¡P APPEARANCE

NOTE: 1. lf any of jhe above conditions exist, be sure to correct the cause before installing new spark plugs.
2. "Stellite@ is a registered trademark of Stoody Deloro Stellite, lnc."
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SPARK PLUG
CABLE

CABLE
CLIP

\

cotL
TERMINAL

BOOTr'

IGNITION
cotLr'

RUBBER
RECESS
COVER

\

TEFLON
SPARK PLUG
CONNECTOR

\

TERMINAL
NUT¡av

hJ

SPARK
PLUG

STEEL
GASKET

@

@

Figure 4.10-1. lnstall Spark Plug/Gonnections

Spark Plug lnspection

lnspect the condition of the spark plugs, paying particu-
lar attention to the firing tip. Spark plugs often yield
visual clues to abnormal conditions existing in the
engine's power cylinders. Your observations also can be
used as a guide in establishing the proper service
interval. See Table 4.10-1.

Figure 4.1 O-2. lnstall Spark Plug/Connections
P/N 211357H Extension

Table 4.10-2. Spark Plug Tools

SPARK PLUG
CABLE

CABLE

M
CLIP

\

COIL
TERMINAL

BOOT

IGNITION
cotLr'

RUBBER
RECESS
COVER

\

TEFLON
SPARK PLUG
CONNECTOR

\

SPARK
PLUG
BOOT

TERMINAL
NUTAv

hd

SPARK

STEEL
GASKET

a

Spark Plug Socket (NEW)
inch long Vrubber O-ring

F/8 inch Socket 15-1/2
insert)475037

Spark Plug Socket/Ext. (1 ¡nch socket with 10
inch extension, for Shielded, CSA w/ F.M. coils)167164D

TOOL DESCRIPT¡ONTOOL P/N
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l

METAL STAMP METAL STAMP
P/N

AN UNMARKED WAUKESHA
SPARK PLUG CARRIER

INDICATES 1/2 INCH REACH

SPARK PLUG
CARRIER

METAL STAMP SPARK
PLUG REACH

STAMP SPARK
PLUG REACH

A CAUflON
A WNRNING

Figure 4.10€. Spark Plug Garriers

Spark Plug lnstallation - Non CSA

13/16 inch reach spark
plugs must be used with

13/16 inch reach carriers, and 112 inch reach spark
plugs must be used with ll2lnch reach carriers.
Mixing carrier and spark plug components will
cause damage to equipment and/or personal injury.

1. Obtain a set of new spark plugs (see Table 1.15-4
and Table 1.15-5). On GL models verify which size
carrier is present and use the correct size spark plug,
see CAUTION above and Figure 4.10-3. On G and GSI
models select the 112 inch reach spark plug desired.

A CNUTION The spark plug gasket
must be properly seated

to seal the combustion chamber and transfer heat
from the plug. Disregarding this information could
result in product damage and/or personal lnlury.

2. lnstall the steel gasket on the spark plug
(see Figure 4.10-1). Use only new steel gaskets. Verify
that the gasket is flat against the gasket seat.

3. lnstallthe terminal nut.

4. Refer to Table 1.15-4 and Table 1.15-5 and set the
spark plug gap,

A CNUTION The presence of oll or
grease on the ceramlc

lnsulator of the spark plug can cause flashover.
Flashover, a condltion where the spark falls to jump
the gap because of an easier path to ground, results
in misfire. Disregarding this information could
result in product damage and/or personal iniury.

A CNUflON When using Actrel@
3338L for cleaning, al-

ways wear rubber gloves to prevent the cleaner
from touching the hands as burning may occur.

Always read and comply with safety labels on all
containers. Do not remove or deface the container
labels.lmproper handling or misuse could result in
severe personal inlury or death.

5. Verify that the spark plug is clean. lf necessary use a
dielectric solvent to remove any grease or oily finger-
prints. Waukesha Engine Service Operations recom-
mends the use of Actrel@ 3338L dielectric solvent
manufactured by En<on Corp. and distributed by Safety-
Kleen Corp., (800-669-5750), to clean the connectors.

6. Apply a light coat of KRYTOX@ GPL-206
(P/N 489341) grease (or equivalent) on OD of the spark
plug ceramic insulator on the portion of the ceramic
insulator that will contact the spark plug extension
assembly (see Figure 4.1O-4).

I
APPLY rnwox@ cpt-zoe
GREASE OR EOUIVALENT

Figure 4.104. Apply KRYTO)€ GPL-206 Grease

A CNUTION Do not use oll or anti-
seize compound on the

spark plug threads. The spark plug may be ovefior-
qued if oiled. distorts the spark plug and may crack
the ceramic construction. Antl-seize compound
may foul the firlng tlp, resulting in a plug shorted to
ground. Disregarding this information could result
in product damage and/or personal inlury.
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CAUTION By mlssing the threaded
hole in the spark plug

carrler bore, the spark plug gap may be inadveñent-
ly closed or altered. Exerclse cautlon to avoid
bumplng the electrodes into the spark plug carrier
counterbore. Disregardlng this information could
result ln product damage and/or personal inlury

7. Torquethe spark plug to40 - 45 ft-lb (54 - 61 N'm) dry.

NOTE: The rubber recess cover keeps dirt and debris out
of the spark plug well and functions as a rain shield for
those engines that are ouBide. Any accumulation of rain
water in the spark plug well can short out he spark plug,
resulting in a misfrre or a stalled engine. Before installing
VHP spark plug reoess covers, (see Figure 4.10-5), check
to be sure that the rubber vent caps are opened. lf the
rubber vent caps are not opened, the spark plug recess
covers and spark plug ertensions, may pop oft he spark
plugs, due to pressure build up.

8. The rubber vent cap is pre-cut at the factory, but
needs to be pulled back initially, to insure proper
operation. About half of the rubber vent cap circumfer-
ence is cut, the remaining half acts as a rubber hinge,

RUBBER
VENT CAP

Figure 4.10-6. VHP Spark Plug Recess Cover Vent Gap

10. During normal operation, pressures generated in

the spark plug recess will vent through the vent hole in
the spark plug recess cover. During venting of pressure,
the upper half of the rubber vent cap will pop up, and
then return to the closed position

NOTE: If the rubber vent cap is torn off, the spark plug
recess cover should be replaced, when it is to be used in
outdoor environments.

11 . lnstallthe spark plug recess cover on the spark plug
connector assembly.

NOTE: The rubber spark plug boots must be installed
onthe P/N 211357H spark plug ertensions. These boots
prevent flashover from the spark plug insulators.

NOTE: KRWOP GPL-206 (P/N 459341) is a higher
te mperatu re fl uori n ated g rease.

12. On P/N 211357H connector assemblies, lightly
coat the inside surface of the spark plug boot on the
connector with a high performance fluorinated
grease such as KRYToX@ GPL-206 (P/N a89341 ) or
equivalent. lnstall the spark plug connector assembly
to spark plug (see Figure 4.10-2).

13. Attach the spark plug cable to the ignition coil. Make
sure that the cable terminal connection bottoms out in
the coil contact well. Fit the rubber boot over the coil
terminal connection. On P/N 211357H extensions,
insure the rubber boot is fitted over the upper end of the
spark plug extension. Secure the cable by snapping it
into the cable clip mounted on the rocker arm cover.

L

Figure 4.10-5. VHP Spark Plug Recess Gover

9. Using your thumb, gently pull the rubber vent cap
towards the center hole of the spark plug recess cover
until the vent hole is exposed (see Figure4.10-6),
Release the vent cap. The cap should close.
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SPARK PLUG MAINTENANCE. CSA

Spark Plug Removal - CSA (G, GSI)

1. Disconnect the spark plug cable from the coil
(see Figure 4.1O-7).

RUBBER
RECESS COVER

CONNECTOR
CABLE

COIL
SPARK PLUG

ADAPTER

Figure 4.10-7. CSA Spark Adapter And Coil - G, GSI

2. Remove the rubber recess cover from the bottom of
the spark plug recess. The recess cover is cut on one
side to allow the recess cover to be removed from the
spark plug adapter.

3. Remove the coil, spark plug adapter, and spark plug
from the cylinder head (see Figure 4.10-8).

SPARK PLUG

PARK PLUG
ADAPTER

Figure 4.10€. CSA Spark Adapter And Coil - G, GSI

Spark Plug lnstallation - CSA (G, GSD

A cnunoN The spark plug gasket
must be properly seated

to seal the combustion chamber and transfer heat
from the plug. Disregarding this information could
result in product damage and/or personal iniury.

1. lnstall the steel gasket on the spark plug
(see Figure 4.10-1). Use only new steel gaskets. Verify
that the gasket is flat against the gasket seat
(see Figure 4.10-9).

STEEL
GASKETS

Figure 4.10-9. CSA Spark Plug - G, GSI

2. RefertoTable 1 .15-4, 1/2 lnch Reach Spark Plugs
in Section 1.15, General lnformation, and set the
spark plug gap.

A CAUTION The presence of oil or
grease on the ceramic

insulator of the spark plug can cause flashover.
Flashover, a condition where the spark fails to jump
the gap because of an easier path to ground, results
in misfire. Disregarding this information could
result in product damage and/or personal iniury

A CAUTION When using Actrel@
3338L for cleaning,'al-

ways wear rubber gloves to prevent the cleaner
from touching the hands as burning may occur.

A WNRNING
Always read and comply with safety labels on all
containers. Do not remove or deface the container
labels. lmproper handling or misuse could result in
severe personal injury or death.
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3. Verify that the spark plug is clean. lf necessary, use a
dielectric solvent to remove any grease or oily finger-
prints. Waukesha Engine Service Operations recom-
mends the use of Actrel@ 3338L dielectric solvent
manufactured by En<on Corp. and distributed by
Safety-Kleen Corp., (800-669-5750), to clean the
connectors.

A CNUflON Do not use oil or antl-
selze compound on the

spark plug threads. The spark plug may be overtor-
qued lf olled. distorts the spark plug and may crack
the ceramic construction. Anti-seize compound
may foul the firing tip, resulting in a plug shorted to
ground. Dlsregarding thls informatlon could result
in product damage and/or personal iniury

4. lnstallthe spark plug in the spark plug bore. Torque the
spark plug to 40 - 45 ft{b (54 - 61 N'm) dry.

A CNUflON By missing the threaded
hole ln the spark plug

carrler bore, the spark plug gap may be inadvertent-
ly closed or altered. Exercise caution to avoid
bumplng the electrodes into the spark plug carrier
counterbore. Disregarding thls informatlon could
result in product damage and/or personal iniury

5. lnstall the spark plug adapter, and coil on the spark
plug and hand tighten components (see Figure 4.10-7).

6. Refer to Spark Plug lnstallation - Non CSA
in this section (see Figure 4.10-5), and install the rubber
recess cover around the spark plug adaptor and press it
firmly into place in the cylinder head spark plug recess.

7. Connect the spark plug cable to the coil
(see Figure 4.10-7).

Spark Plug Removal - CSA (GL)
(1 3/1 6 lnch Cunent Prcduction)

NOTE: Previous production CSA GL models used a
"long" coil P/N 69694D, mounted directly to a shielded
1/2 in. spark plug. This configuration is used with the
previous 1/2 in. shorter spark plug carriers. See
Table 1.15-4, l12lnch Reach Spark Plugs in Section
l. 15, General lnformalion, for previous components.
See Spark Plug Removal/lnstallation - CSA (G, GSI),n
this section for similar procedures. Conversion Kts are
available update to the new configuration shown in
Figure 4.10-10.

A cnunoN Do not pull on the spark
plug cables to remove

the spark plug connectors. Pulling on the cable may
loosen or detach theterminal connection within the
Teflon tube.

1. Disconnect the spark plug connector from the coil.

2. Remove three capscrews, lock washers and coil
from the coil adapter.

3. Remove four capscrews, washers and coil adapter
from the spark plug carrier.

4. Remove spark plug extension and the spark plug
from the spark plug carrier (see Figure 4,10-10).

.r'
SPARK PLUG
CONNECTOR

corL

g
(Ð

Ia --l
SPARK PLUG
EXTENSIONO.RING

å

SPARK PLUG

colL
ADAPTER

SPARK PLUG
CARRIER --c.o

Figure 4.10-10. CSA GL Spark Plug Extension And
GoilAssembly - Current Production

Spark Plug Installation - CSA (GL)
(1 3/1 6 lnch Current Production)

A CNUflON 13/16 inch reach spark
plugs must be used with

13/16 inch reach carriers, and ll2inch reach spark
plugs must be used with 1/2 lnch reach carriers.
Mlxing carrier and spark plug components will
cause damage to equipment and/or personal lnlury.

1. Obtain a set of new spark plugs (see Ïable 1.15-5,
1/2lnch Reach Spark Plugs in Section 1.15,General
lnformation). Always use the correct size spark plug,

see CAUTION above and Figure 4.10-3.
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A CAUilON The spark plug gasket
must be properly seated

to seal the combustion chamber and transfer heat
from the plug. Disregarding this information could
result ln product damage and/or personal lnlury.

2. lnstall the steel gasket on the spark plug. Use only
new steel gaskets. Verify that the gasket is flat against
the gasket seat,

3. lnstallthe terminal nut.

ceramic insulator that will contact the spark plug
extension assembly (see Figure 4,10-11).

\
APPLY KRYTox@ cPl-2oo
GREASE OR EOUIVALENT

4. Referto Table 1 .1 5-5,1/2 lnch Reach Spark Plugs Figure 4.10-11. Apply KRYTOX@ GPL-2OG Grease

in Section 1.1 General lnformation and set the
p gap.

A CNUTION The presence of oil or
grease on the ceramic

insulator of the spark plug can cause flashover.
Flashover, a condition where the spark fails to iump
the gap because of an easier path to ground, results
in misfire. Disregarding this ¡nformat¡on could
result in product damage and/or personal injury

A CNUilON When using Actrel@
3338L for cleaning, al-

ways wear rubber gloves to prevent the cleaner
from touching the hands as burning may occur.

A WNRNING

7. lnstall spark plug in the spark plug carrier with spark
plug tool P/N 475037.

A CNUflON By missing the threaded
hole in the spark plug

carrier bore, the spark plug gap may be inadvertent-
ly closed or altered. Exercise caution to avoid
bumping the electrodes into the spark plug carrier
counterbore.

8. Torque spark plug to 40 - 45 ft-lb (54 - 61 N.m) dry.

9. Lightly coat the inside surface of the spark plug
boot on the connector with KRYTOX@ GPL-206
(P/N 489341) (or equivalent) lnstall spark plug exten-
sion assembly to spark plug (see Figure 4.10-12).

10. lnstall the coil adapter on the spark plug carrier
with four capscrews and washers. Torque capscrews
to 6 - 7 ft-lb (8.1 - 9.5 N.m) oiled.

11. Apply a small amount of KRYTOX@ GPL-206
(P/N 489341) (or equivalent) to the small silicone
O-ring on the coil end of spark plug extension
(see Figure 4.10-12).

12. lnstallthe new O-ring P/N 292843, on the nose of
the coil (see Figure 4.10-10).

13. lnstall the coil on the coil adapter with O-ring, three
capscrews and lock washers. Torque capscrews to
11 - 13 ft-lb (14.9 - 17.6 N.m) oiled.

14. Connect the shielded primary cable to the coil
(see Figure 4.10-10).

Always read and comply wlth safety labels on all
containers. Do not remove or deface the container
labels. lmproper handling or misuse could result in
severe personal injury or death.

5. Verify that the spark plug is clean. lf necessary use a
dielechic solventto remove any grease or oilyfingerprints.
Waukesha Engine Service Operations recommends the
use of Acfel@ 3338L dielectic solvent manufactured by
E>o<on Corp. and disfibuted by Safety-Kleen Corp.,
(800-669-5750),.to clean the connectors.

NOTE: KRYTOP cPL-206 (P/N 489341) is a higher
te m peratu re fluo ri nated g rease.

6, Apply a light coat of KRYTOX@ GPL-206
(P/N 489341) grease (or equivalent) on O.D. of the
spark plug ceramic insulator on the portion of the

BOOT CONNECTOR O.RING

FORM 6277 First Edition

Figure 4.10-12. Spark Plug Extension
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TIMING ADJUSTMENT - DYNAMIC
(MAGNETO SYSTEM)

A CNUflON Overly advanced ignition
timing can result in deto-

nation whlch may severely damage pistons and
rings. Retarded timing wlll result in loss of power
and poor fuel economy. Disregarding this informa-
tion could result in product damage.

A CNUilON Be sure all engine con-
nections are completed

properly before englne startup. Follow all startup
procedures. Check that all engine openings are
properly closed and that all tools are removed from
the engine. Disregarding this information could
result in product damage.

A CNUflON Detonation is not allowed
at any time, during en-

gine operation, regardless of the specified timing' lf
detonation occurs at the specified timing, a timing
adlustment must be made to retard the ignition
timing until NO audible detonation exists. Engine
damage may result if detonation occurs.

NOTE: This task applies to magnetos that have already
been installed and static timed by a Waukesha Certified
Technician. Call a Waukesha Certified Technician for
the installation and static timing of magnetos.

'1. Refer to the engine nameplate for the engine timing
value (see Figure 1.15-2 and Figure 1.15-3).

2. Start the engine and run at rated speed (with or
without load).

3. Connect a stroboscopic type timing light to the
ignition cable of the #1R cylinder.

4. Turn up the timing pointer cover on the upper right
side of the rearflywheelhousing (see Figure 4.10-13).

5. Align the beam of the timing light with the timing
pointer. The timing light will flash at the instant the spark
occurs, making the tape on the rim of the flywheel visible
(see Figure 4.10-15).

FRONT
FLVWHEEL
HOUSING

REAR FLYWHEEL
HOUSING

POINTER
COVER

TIMING POINTER

Figure 4.10-13. Timing Pointer - Rear Right

NOTE: The magneto flange has slots to allow the
magneto to be rotated slightly once the capscrew hex
nuts are loosened.

6. lf required, readjust the timing by loosening the
magneto's flange bolts just enough to allow the magneto
to rotate (see Figure4.10-14). Rotate the magneto
slightly until the correct timing mark is aligned with the
timing pointer.

MAGNETO DRIVE
MAGNETO

MAGNETO
ADAPTER

SLOTTED
FLANGE

Figure 4.1 0-l 4. Magneto/Magneto Adapter Flange

7. Snug the flange capscrew hex nub
(see Figure 4.10-14).

8. Check the timing again with the timing light.

9. lf the timing is not correct, repeat Steps 6 through 8.

10. Alternately wrench tighten the hex nuts on the two
magneto/magneto adapter flange capscrews.
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NOTE: 6 Cylinder engines "TDC" of the t¡ming tape is
aligned with the "TDC" stamped on the flywheel. For 1 2
and 16 Cylinder engines, "TDC" of the timing tapes is
aligned with the "#1 RB TDC" stamped on the flywheel.
ln all cases the White side of the tape is BTDC and the
red side of the tape is ATDC.

E- #1 RBET #1 RBTõT

6 CYLINDER

REAR OF
ENGINE

<_ RECTION OF NORMAL
ENGINE ROTATION

12 CYLINDER

zo
-¡-

b
É,

\I

16 CYLINDER

#1 RB
TDC

FORM 6277 First Ed¡tion

Figure 4.10-15. Timing Tapes
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CEC IGNIT¡ON MODULE TIMING ADJUSTMENT.
DYNAMIC

NOTE: This task applies to ignition modules that have
atready been instalted and static timed by a Waukeshta
Certified Technician. For the initial installation and
timing of a CEC ignition module, catl a Waukesha
Certified Technician. Refer to Form 6253 (Previous
Model) orForm6272 (CunentModel) lM Custom Engine
Control@ lgnition Module lnstallation, Operation, And
Maintenance Manual for further information concerning
the lM.

The ignition module has two 16-position timing switches
located under white plaslic caps at one end of the box, one
marked "A'and another marked "B'(see Figure4.10-16).
Grounding lead "D" in the 7-pin connector to he engine
crankcase gives the timing selected by switch A Open-cir-
cuiting lead "D" gives the timing selected by switch "B'. This
feah¡re gives the engine operator the ability to switch
between two different timing settings to accommodate
automatic changeover between two fuels.

TIMING SWITCHES

NOTE: Timing selection is made by the dot on the switch,
not the screwdriver slot.

A

Figure 4.10-16. Timing Switches '4" And *B'

Eacfi timing adjust switch has 16 switch positions (0 - 15)
with a 1" timing variation per position. Switch position 15
gives the most advanced timing, while switch position 0 is
fullretard.

A CNUilON Do not swltch from posi-
tion 15 to position 0, or

from posltlon 0 to 15 while the englne is running.
Thetiming change ls so largethatit may damagethe
englne and/or cause it to shut down. Disregarding
this informatlon could result in product damage
and/or personal iniury.

NOTE: The outside temperature of ignition module
casing should not exceed 150' F (65" C) in operation.

1. Check the engine's nameplate (see Figure 1.15-2
and Figure 1.15-3) to determine the exact timing (or
most advanced) of the primary and secondary (if
equipped) fuels.

2. Run the engine on primary fuel with the "D" lead
(found in the 7-pin connectorfrom box) grounded tothe
engine block and the detonation sensing module
deactivated.

NOTE: VHP gas engines are to be run with no load on
fuels other than natural gas fuel. With natural gas fuel,
the engines may be run at any load.

3. Check engine timing at the flywheel using a timing
light (see Figure 4.10-17).

FLYWHEEL HOUSING

;L*.4 I
TIMING TAPE

Figure 4.10-'17. Flywheel Timing Opening

4. Adjust the "A' switch as required to achieve correct
timing. Single fuel ignition adjustments are now com-
plete.

NOTE: lncreasing the timing switch position by one will
advance the timirtg one degree. Decreasing the timing
switch position by one will retard the timing one degree.

5. Run the engine on secondary fuel with the "D" lead
(found in the 7-pin connector from box) open and the
detonation sensing module deactivated.

NOTE: VHP gas engines are to be run with no load on
fuels other than natural gas fuel. With natural gas fuel,
the engines may be run at any load.

6. Check engine timing at the flywheel using a timing
light (see Figure 4.10-17).
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7. Adjust the "8" switch as required to achieve correct
timing. Dualfuel ignition adjustments are nowcomplete.

NOTE: lncreasing the timing switch position by one will
advance the timing one degree. Decreasing the timing
switch position by one will retard the timing one degree.

A CNUilON To prevent the timing
from being altered, al-

ways replace the white caps over the timing
switches once the desired setting has been
selected. Dlsregarding this information could re-
sult in product damage.

IGNITION SYSTEM GENERAL MAINTENANCE
AND INSPECTION

A WARNING
Disconnect all electrical power supplies before
making any connections or servicing any part of the
electrical system. Electrical shock can cause se-
vere personal injury or death.

1. lnspect cables and wires for broken or cracked
insulation. Replace or repair as necessary,

A WNRNING
lf a gas engine has been cranked excessively
without starting, shut off the gas fuel supply and
ignition, and then crank the engine to purge the
cyllnders and exhaust system of accumulated
unburned gas. lf this is not done a spark could ignite
the gas and cause an exhaust explosion. Failure to
comply could cause severe personal injury or
death.

A WNRNING
lf the ignition switch is left in the ON position when a
GEG ignition module is disconnected, then the
spark plugs may fire when the ignition system
harness is reconnected, and could cause severe
personal iniury or death.

Before connecting the ignition harness (to the coils) to
the CEC ignition module, discharge the storage capaci-
tor to ground. Attach one end of a wire lead to the
crankcase and then touch the other end to the harness
connector pins on the CEC, one at a time. A snap is
heard when a capacitor discharges.

A WNRNING
As a safety measure, ground all the plns. Some
breakerless ignition systems have more than one
storage capacitor. Severe personal injury or death
could result.

NOTE: lf the ignition switch is in the OFF position, the
capacitor is immediately grounded when the ignition
harness is reconnected to the CEC ignition module.

loose hardware. Tighten as necessary.

3. lnspect spark plug and cable connectors for loose
connections. Tighten as necessary.
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sEcTloN 4.15

AIR INTAKE SYSTEM MAINTENANCE

Flgure 4.15-1. Air Gleaner Assembly - 6 And l2 Cyllnder Englnes

AIR FILTER MAINTENANCE

On 6 and 12 cylinderengines, the air restriction indicator
(see Figure 4.15-1) will "pop red" if the air intake
restriction is 15 in. (381 mm) of water. This indicates a
clogged or difi main air filter element and/or clogged or
difi precleaner element.

On 16 cylinder engines a gauge for each air filter
indicates the condition of the precleaner filter and main
air filter. Each gauge should register in the "green
range". A switch allows the operator to monitor the
pressure of the precleaner and main filter pressure
independently.

Precleaner Pad Removal - 6 And 12 Cylinder
The precleaner is a foam rubber pad that increases the
life of the main air filter element. lnspect and clean the
precleaner pad daily or as required. This can be done
while the engine is running. Replace the precleaner pad
every 4000 running hours, or more often if necessary.

1. Locate the four threaded mounting sfuds on the air
cleaner assembly and loosen the front lock nut (5/16 inch)
on each (see Figure 4.15-2). (Ihe rear locknut is loosened
only for removal of the main air filter frame and element.)

2. Raise up and remove the rain shield.

i

AIR DUCT

MAIN AIR FILTER
ELEMENT

\ I
\

AIR RESTRICTION
INDICATOR

PRECLEANER
PAD

FILTER ELEMENT
FRAME

RAIN SHIELD
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AIR INTAKE SYSTEM MAINTENANCE

3. Peel the precleaner pad off the main air filter
element.

AIF FILTER AIR
DUCT

AIR FILTER
FRAME

RAIN --'\
SHIE

FRONT
LOCK
NUT

BRACKET
STEP

FLAT
WASHEH \

REAR FLAT
WASHER

MOUNTING
STUD

ttLOCK NUT

Figure 4.15a. Air Cleaner Assembly -
6 And 12 Cylinder Engines

Precleaner Pad - Cleaning And lnspection -
6 and 12 Cylinder

1. Wash the precleaner pad with soap and water

A CAUflON Gompressed air can easi-
ly damage the foam rub-

ber pad.

2. Air dry the pad. Do not use compressed air.

Precleaner Pad lnstallation - 6 And 12 Cylinder

A cnuiloN On new engines, a card-
board insert between the

rainshield and precleaner pad must be removed
before the engine is started. Disregarding this
information could result ln product damage.

1. Reinstall the precleaner pad between the rain shield
and the main air filter element. lf necessary, use a drop
of adhesive on the corners to keep it from falling.

2. Do not clean and reuse the precleaner pad more than
three times. Replace with a new precleaner pad.

NOTE: Use only Waukesha supplied precleaner pads.

3. Lower the rain shield on the four mounting studs of
the air cleaner assembly. Alternately re-tighten the front
lock nuts (5/16 inch).

4. Clean or replace the main air filter element if the air
intake restriction indicator "pops" red after installation of
a new or cleaned precleaner pad.

Main Air Filter Element Removal -
6 And 12 Cylinder

lnspect and clean the main air filter element daily or as
required. Replace main air filter element if the air
restriction indicator "pops red" after the air cleaner is
cleaned and the precleaner pad has been replaced or
cleaned.

1. Locate the four threaded mounting sfuds on the air
cleaner assembly and loosen ûre front lock nut (5/16 inch)

on each (see Figure 4.15-2 and Figure 4.15-3).

2. Raise up and remove the rain shield.

3. Peel the precleaner pad off the main air filter
element.

4. Loosen the rear lock nut (5/16 inch) on each mounting
stud until the flat washer behind it can be brought forward
far enough to clear the step in the welded bracket of the
main air filter frame (see Figure 4.15-2').

5. Swing the four mounting studs to the outside in a
horizontal motion. Remove the main air filter frame and
element.
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Flgure 4.15€. Alr Cleaner Assembly - 6 Gylinder

Main Air Filter Element - Cleaning And lnspection
- 6 And 12 Cylinder

1. Clean the main air filter element using the following
method.

A. Gently tap the element on a flat surface with the
dirty side of the element down.

A WNRNING
Compressed air can pierce the skin and cause
severe injury or death. Never use your hand to check
for leaks or to determine air flow rates. Wear safety
glasses to shield your eyes from flying dirt and
debris.

B. Using an OSHA approved safety nozzle, direct
compressed air through the element opposite the
direction of the airflow, as indicated bythe orange
arrow on the instruction label. The air pressure
should be a maximum of 30 psi (207 kPa).

A CNUflON Compressed air can easi-
ly damage the pleated

paper of the main air fllter element.

C. Air dry the element. Do not use compressed air.

2. Carefully examine the element after cleaning, lf
damaged, replace.

NOTE: Use only Waukesha supplied air filter elements.

3. Do not clean and reuse the main air filter element
more than three times. Replace with a new element,

must pass through the main air filter element, not through
cracks or defects in the air cleaner assembly. lf inspection
of the duct work and intake manifold yields an accumula-
tion of dust and grit, it is an indication that the main air filter
element is not properly maintained or that air is getting into
the system around or behind the element.

5. lnspect all air duct hoses. Replace any hose that is
cracked or aged.

Main Air Fllter Element lnstallation -
6 And 12 Cylinder

NOTE: The orange flow arrow on the instruction label
points toward the air outlet side. Always store the
elements with the air outlet side down. Dirt and dust on
the outlet side will pass into the engine when the
element is installed.

1. lnstall the main air filter element with the instruction
label facing up. Fit the deflection brace on the outlet side
of the filter element over the horizontal bar running
across the front of the air duct chamber.

2. Place the frame over the main air filter element.

3. Swing the fourthreaded mounting studs to the inside
in a horizontal motion so that they fit within the welded
brackets on the air filter frame. Move the flat washer
behind the rear lock nut back into the step in the welded
bracket.

4. lnstall the precleaner pad between the rain shield
and the main air filter element. lf necessary use a drop
of adhesive on the corners to keep it from falling.

5. Lower the rain shield on the four mounting studs.

6. Alternately tighten the rear lock nuts (5/16 inch).

7. Alternately tighten the front lock nuis (5/16 inch) on
the four mounting studs.

RAIN SHIELD

AIR FILTER FRAME

MOUNTING STUD
TOTAL)

AIR
RESTRICTION

INDICATOR

AIR CLEANER
ASSEMBLY
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AIR INTAKE SYSTEM MAINTENANCE

8. Checkthe frame of the main airfilter elementtoverify
that its perimeter is sealed tightly. Damage to the frame
may result in improper element sealing.

NOTE: After the restriction problem is corrected, reset
the indicator by depressing the black button on the
plastic housing.

A WNRNING
The location of the air restriction lndicator relative
to the lntake manlfold causes it to be sublected to
hlgh pressure lf the engine backfires. A restrictlon
fllter must be installed in the indicatorair passageto
dampen high pressure surges which would other-
wise damage the indlcator. Through the proiection
of broken material, damage to the indicator might
pose a potentlal dangerto persons standlng nearby.
The restriction filter also protects against the
entrance of dust and dlñ in the event that the
restriction indicator is broken off or removed.
Disregarding this Information could result in severe
personal injury or death.

Verify that the restriction filter is in place between the
clean air tap and indicator.

A WNRNING
Do not grasp the indicator housing; the plastlc may
crack or break resulting ln a hand inlury.

AIR CLEANER
HOUSING

PREFITTER CLAMPS

DECAL

MAIN AIR FILTER
ELEMENT

PREFILTER FRAM
WITH HINGED GRID

PREFILTER ELEMENT
(coLoRED SrDE rN)

4.15 - 4

Figure 4.154. Air Cleaner Assembly - 16 Cylinder Engines
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AIR INTAKE SYSTEM MAINTENANCE

Prefilter Pad Removal - 16 Cylinder

The prefilter is a filament pad that increases the life of
the main air filter element (see Figure 4.15-4 and
Figure 4,15-5). lnspect and clean the prefilter pad daily
or as required. This can be done while the engine is
running. Replace the prefilter pad every 4000 running
hours, or more often if necessary.

Figure 4.15-5. Air Cleaner Assembly - 16 Cylinder

1. Raise up and remove the rain shields.

2. Open the front grate to remove the prefilter pads from
the prefilter frame (see Figure 4.15-6).

Prefilter Pad lnstallation - l6 Cylinder

A CNUilON The dark blue sides of thc
prefilter pads must face

the main air cleaner elements or damage to equip-
ment could result.

1 . lnstall the new prefilter pads in the grates so that the
dark blue sides of the prefilter pads willface towards the
main air filter elements when the prefilter pads are
installed.

2. Close the front grate door and secure by inserting
lhe.=end,golth e- gratain:theslotil nlh e-pref i lte rJram e
(see Figure 4.15-6).

3. lnstallthe rain shields.

Main Air Filter Element Removal - 16 Gylinder

lnspect and clean the main air filter element daily or as
required. Replace main air filter element if the air
restriction indicator "indicates red" after the air cleaner is
cleaned and the prefilter pad has been replaced.

1. Raise up and remove the rain shield.

2. Locate the four mounting clamps on the front of the air
cleaner assemblies and loosen the clamps to remove the
prefilter frame and prefilter pads (see Figure 4.15-6).

3. Discard the prefilter pads.

4. Pull out the main air filter elements.

Figure 4.15€. Prefilter Pad - 16 Gylinder

3. Discard the prefilter pads
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AIR INTAKE SYSTEM MAINTENANCE

A. Gently tap the element on a flat surface with the
difi side of the element down.

A WARNING A CNUflON
Gompressed air can plerce the skin and cause
severe iniury or death. Never use your hand to check
for leaks or to determine air flow rates. Wear safety
glasses to shield your eyes from flylng dirt and
debris.

Main Air Filter Element - Cleaning And Inspectlon
- 16 Cylinder

1. Clean the main air filter element using the following
method.

B. Using an OSHA approved safety nozzle, direct
compressed air through the element opposite the
direction of the air floW as indicated by the hand
on the side of the filter element. The air pressure
should be a maximum of 30 psi (207 kPa).

A CAUflON Gompressed air can easi-
ly damage the pleated

paper of the main air filter element.

C. Air dry the elemeni. Do not use compressed air.

2. Carefully examine the element after cleaning. lf
damaged, replace.

NOTE: Use only Waukesha supplied air filter elements.

3, Do not clean and reuse the main air filter element
more than three times. Replace with a new element.

4. lnspect the air duct for cracks. All of the combustion air
must pass through the main air filter element, not through
cracks or defects in the air cleaner assembly. lf inspection
of the duct work and intake manifold yields an accumula-
tion of dust and grit, it is an indication that the main air filter
element is not properly maintained orthat air is getting into

the sysiem around or behind the element.

5. lnspect all air duct hoses. Replace any hose that is
cracked or aged.

Maln Alr Filter Element lnstallation - 16 Cyllnder

A CNUflON On new englnes, a card-
board lnsert between the

rainshield and prefllter pad must be removed before
the engine is started. Disregarding thls lnformation
could result ln product damage.

The pleats of the main air
filter must be positioned

vertically in the air filter housing or damage to
equipment could result.

NOTE: The hand on the side of the filter element points
toward the air outlet side of the airfilter housing. Also a
labelwith a pair of eyes printed on it is positioned on the
air inlet side of the filter element. These eyes should be
visible from the air filter housing inlet opening and at the
top of the air cleaner, if the filter is properly installed. If
both labels are missing, one side of the air filter element
has ametalbrace horizontally acrossthe back. This side
should be positioned, towardsthe airoutletside. Always
store the elements with the air outlet side down. Dirt and
dust on the outlet side will pass into the engine when the
element is installed.

1. lnstall the main air filter elements with the hand on
the side of the filter elements pointing toward the air
outlet side of the filter housings. lnsure that the pleats of
the elements are positioned vertically.

A CNUflON The dark blue sides of the
prefilter pads must face

the maln air cleaner elements or damage to equlp'
ment could result.

2. lnstall the new prefilter pads in the grates so that the
dark blue sides of the prefilter pads will face towards the
main air filter elements when the prefilter pads are
installed.

3. Position the front grate and prefilter pad assemblies
on the air filter housings and secure using the four
clamps (see Figure 4.15-6).

4. lnstallthe rain shields.
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TURBOCHARGER SYSTEM MAINTENANCE

MAINTENANCE

TURBOCHARGER INSPECTION

A WARNING
Turbocharger components are extremely hot. Al-
ways allow the turbocharger to cool prior to
conducting an inspection. Fallure to comply with
these instructions could result in severe burns.

A CNUflON lnspection and repair of
turbochargers must be

performed by a factory qualified service agent.
Failure to follow these instructions could cause
engine damage and/or personal injury.

1. lnspect the engine air cleaner, service if required.

2. lnspect the turbocharger mounting and connections
for lube oil and air leaks (see Figure 4.20-1 and
Figure 4.2O-2).

Figure 4.20-2. Turbochargers - 16 Cylinder GSI
Side View

A cnufloN Do not run the engine if
the air cleaner is not op-

erating efficiently or lf leaks exist in the ductlng.
Dust leaking into the air ducting can damage the
engine and the turbochargers and/or cause person-
al iniury.

3. With the engine shutdown, inspect all air ducting for
loose clamps or connections. Check the manifold
connections to the turbine inlet and at the engine
exhaust manifold gaskets.

4. Visually repeat the inspection while the engine is
running.

5. Monitor the turbochargers for unusual vibrations or
noise. lf excessive vibration is evident, shutdown the the
engine and call your Waukesha authorized service
agent.

6. Establish a schedule with your Waukesha authorized
service agent to inspect the interior of the compressor
for accumulations of dirt. Dirt can cause the compressor
wheelto become unbalanced, which reduces efficiency
and causes bearing failure.

TURBOCHARGERTURBOCHARGER

it

Figure 4.20-1.51l5GL - RearView

TURBOCHARGER
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TURBOCHARGER SYSTEM MAINTENANCE

OIL DRAIN TUBE

TURBOCHARGER

TURBOCHARGER LUBRICATION CHECK

A CNUflON Before operating a new
or rebullt turbocharger

(or startlng a new englne for the flrst tlme), check to
ensure that the turbocharger is receiving proper
lubrlcation. Failure to follow these lnstructions
could cause englne damage and/or personal inlury.

1. Remove the oil drain tube (see Figure 4.20-3) from
the turbocharger(s).

Figure 4.20-9. Turbocharger Oil Drain Tubes -
12 Cylinder

2. Activate the prelube system and visually check for oil
flow at the turbocharger oil drain area.

3, Reconnectthe oil drain tube only after oil is observed
at the oil drain area.

4. Start the engine at reduced speeds until the coolant
temperature gauge indicates a temperature of
100'F (38" c).

5. Run the engine at rated output and listen for unusual
sounds at the turbocharger, especially those of metal
contacting metal. lf any noise of this type is apparent,
contact your Waukesha authorized service agent.
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COOLING SYSTEM MAINTENANCE

COOLING SYSTEM ADDITIVES

Standard closed heat exchanger or radiator cooled
cooling systems operating up to 250' F (121' C) must be
treated with industrial grade inhibited antifreeze or with
some other effective commercial cooling water treat-
ment product. These products usually provide corrosion
protection by forming a film on the surfaces of the
cooling system and also act as a scale suppressant by
modifying or conditioning the dissolved scale forming
minerals. To work effectively, all antifreeze and water
treatment products require a clean system, free of dirt,
oil, scale and rust.

Ethylene Glycol

The most common cooling water additive is ethylene
glycol. The required proportion normally depends on the
lowest ambient temperature levels from which the
system must be protected. A fifty-fifty mix of water and
ethylene glycol will produce the best results for freezing
and boiling protection, but cooling water efficiency is
reduced by as much as 15%. Since the radiator cooling
system effectiveness drops by approximately 2 - 3"/olor
each 1O"/" of glycol concentration, the radiator sizing for
the specified heat rejection value must be taken into
account to accommodate this relationship.

A minimum of 3O"/" ethylene glycol is generally recom-
mended for adequate antifreeze and corrosion protec-
tion. The amount should not exceed 67% to avoid
impairing the heat transfer processes. A concentration
beyond this percentage does not tend to lower the
freezing point any further and may result in engine
damage.

Since it effectively raises the boiling point of the water,
the use of ethylene glycol is also beneficial in hot
temperatures. Therefore, ethylene glycol treated water
is still recommended in those climates where antifreeze
is not normally required (see Table 4.25-1).

Table 4.25-1. Water Versus Goncentration

With heat exchanger cooling systems, it should be
remembered that the circulation of ethylene glycol
solution only protects the closed system coolant.
Therefore, the heat exchanger water supply, as well as
the auxiliary cooling water circuit, must also be pro-
tected.

Propylene Glycol

Propylene glycol has similar cooling properties when
compared to ethylene glycol. Ethylene glycol has the
advantage of lower viscosity than propylene glycol at
temperatures less than 0'F (-17" C). Propylene glycol
has a low toxicity, and it may be less stringently
regulated than ethylene glycol. Propylene glycol also
has been proven to alleviate cavitation erosion that may
be experienced when using ethylene glycol solutions.

Best for Corrosioir, Freezing and Boiling
Protection50/50

Minimum Glycol for Adequate Anti-
f reezelOorrosion Protect¡on7Ol3O

COMMENTSPERCENT
WATER/GLYCOL
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COOLING SYSTEM MAINTENANCE

Other treatments the engine operator should consider
are (see Table 4.25-2):

Table 4.25-2. Other Gooling System Treatments

NOTE: Refer to Seruice Bulletin 4-2429C or latest
revision, for more detailed coolant treatment informa-
tion.

COOLING SYSTEM SPECIFICATIONS AND
RECOMMENDATIONS

Cooling System Specifications

Ensure that the temperature of the cooling water leaving
the engine (as indicated by the temperature gauge)
does not exceed 22O'F (104' C),

Refer to Table 1 .1 5-2 for the jacket water outlet temper-
ature alarm and safety shutdown setpoints.

NOTE: Customer supplied fuel shutoff type safety
equipment must be provided to prevent engine damage
and possible personal iniury.

Engine overheating, as evidenced by high jacket water
temperatures, may be caused by one or more of the
following conditions:

. restricted air flow through the radiator

. defective thermostats

. worn jacket water pump

. excessive jacket water pump suction

. blown head gasket

. faulty temperature gauge

. low coolant level

. overloaded engine

. air bound system

. insufficient air circulation

. exhaustrecirculation

Coollng System Recommendations

1 . Ensure that the rise in coolant temperature does not
exceed 10" F (5.6" C).

2. Maintain the drop in system pressure at 8 - 15 psi
(55 - 103 kPa). While pressure that is too low
promotes cavitation erosion, pressure that is too high
may cause the water pump seals to leak.

3. Analyze the raw water chemistry to verify that it does
not contain contaminants and that it is nottoo hard. Use
only soft water, where the insolubles are as low as
0.5 ppm. Hard water accelerates the formation of scale
deposits.

4. Analyze the cooling water chemistry every month to
verify that it contains the proper inhibitor and additive
concentrations.

5. Measure antifreeze content according to the lowest
anticipated temperature and refill as needed with the
same brand.

6. Maintain cooling water pH between 8.5 and 10.5; an

acidic coolant with a pH of less than 7 will speed the
corrosion of cast iron, aluminum and steel, while a pH of
11 or higher will accelerate the corrosion of aluminum
and solder.

7. Check the cooling system level each day or consider
the installation of a coolant low level shutdown switch.
Even if a high coolant temperature switch is provided, it
will not shut the engine down if ihe system runs low on
cooling water.

8. Check the cooling system for rust, sludge or other
foreign matter. Clean and flush the entire cooling system
once each year, unless evidence of corrosion or
sediment build up demonstrates the need for more
frequent changes. Use only clean, soft water.

9. To eliminate the recirculation of particles and con-
taminants in the cooling water circuit, install a cleanable
filter (sized at approximately 10 microns) in the coolant
flow. lnspect and clean the filter on a regular basis.

10. Frequently inspect hoses and all cooling system
connections for cracks and leaks. Do this when the
engine is operating at normal pressure.

11. On a radiator, check for damaged fan blades, a
poorly fitting shroud, sticking shutters or dirt in the
radiator core. Repair or clean as needed.

12. Check the radiator cap gasket for proper seal.

General corrosion inhibitor; over 0.1%
concentration is not recommended for
industrial engines. A concentration that is too
hioh can cause the coolinq water in the
raäiator to gel, resulting in-solid deposits. High
silicate inhibitor concentration is used primarily
for high speed aluminum engines.

Silicates

Corrects the water pH to 8.5.Borax Buffer

Prevents hard scale build up.Synthetic
Polymer

Copper corrosion inhibitorTolyltriazole

Slows the growth of bacteria,Molybdate

lron and steel corrosion inhibitorSodium Nitrate

Althouqh a maximum hardness of 200 ppm is
acceptáble for initial fill and make-up, use only
softened water, where the insolubles may be
as low as 0.5 ppm.

Deionized,
Distilled or

Softened Water

COMMENTSTREATMENT
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COOLING SYSTEM MAINTENANCE

13. lf a heat exchanger is used, inspect it for scale or
corrosion, and when necessary clean the inside of the
tubes with a round, soft-wire brush. Flush with cleaning
solvent.

14. Periodically remove the intercooler and rod-out the
tubes with a soft-wire brush or circulate a suitable
cleaning solution.

NOTE: To facilitate draining and flushing of the engine
jacket water, replace one of the 3/4 inch NPT counter'
sunk headless pipe plugswith acustomer-supplied ball
valve (see Figure 4.25-1). The ball valve must be
threaded to accept both a hose connection and pipe
plug.

2. Open the air bleed petcock(s) on top of the cluster
thermostat housing on 6 and 12 cylinder engines and on
top of the water manifold on 16 cylinder engines.

3. Attach the makeup line to the ball valve and add
treated cooling water to the crankcase (see Water
Treatment in this section).

15. Consider the installation of the following cooling
system safety accessories:

. A high water temperature shutdown device

. A low water level shutdown device

' A coolant level sight glass

To avoid scored pistons and other serious problems, a
high water temperature shutdown device will stop the
engine if the coolant gets too hot. A low water level
device will shut down the engine if the coolant level
drops excessively, preventing cracked or warped cylin-
der heads, exhaust manifolds and water manifolds. A
sight glass is a quick and easy method of visually
checking the coolant level.

JACKET COOLING WATER CIRCUIT.
INITIAL FILL

NOTE: The following description is not applicable to
permanent vent systems.

1. Remove the 3/4 inch NPT countersunk headless
pipe plugs from the drain hole just below the level of the
jacket water header (see Figure 4.25-1).

WATER
HEADER

o
NOTE: 12 Cylinder
shown, all engínes
similar

o o o---\

o

0

@ \
BALL

VALVE o

o
oPLUG

o
/ JACKET WATER

DRAIN/FILL PORT
CRANKCASE

Figure 4.25-1. Customer Supplied Ball Valve - 12
Gylinder

NOTE: Always fill the engine from the bottom up to
minimize the formation of damaging air pockets. As the
engine fills, air is pushed up and out.

A WARNING
Antifreeze solution is toxic and poisonous, Always
wear protective clothing when working wlth anti-
freeze solution. Follow the safety instructions
provided on the container provided by the manufac-
turer. Fallure to follow proper procedures could
cause severe personal injury or death.

4. Add coolant to the engine until the level causes it io
escape from the petcock(s) on top of the cluster
thermostat housing on 6 and 12 cylinder engines. On 16
cylinder engines, petcock(s) are located on top of the
water manifold. See Table 1 .15-2 tor iacket water
capacities.

5. Close the cluster thermostat housing petcock(s) and
continue filling the system until the level of the coolant
reaches the top of the surge tank or radiator.

6. Close the ballvalve and unthread the hose connec-
tion.

A WARNING
Always install a plpe plug in the ball valve when the
hose connection is removed. lf the lever of the ball
valve is inadvertently bumped open, the absence of
a plug will cause the coolant to drain. During
operation, loss of any coolant may result ln cata-
strophic engine damage. Escaplng steam and/or
hot water can cause severe burns or severe person-
al iniury or death.

7. Apply Perma Lok@ Heavy Duty Pipe Sealant with
Teflon@ to the threads of the pipe plug. lnstall the plug in
the ballvalve.
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A CNUflON Alr ln the cooling system
speeds up the formation

of rust, lncreases corrosion and produces hot spots
within the englne.

8. Bleed trapped air (see Cooling Water System Air
Bleed).

9. Top off the surge tank or radiator.

AUXILIARY COOLING WATER CIRCUIT .
INITIAL FILL

NOTE: The following desuiption is not applicable to
pe rmanent ve nt system s.

1 . Open the air bleed petcocks in the intercooler cooling
water inleVoutlet bonnets.

2. Open the air bleed petcocks on the intercooler water
inlet and outlet tubes located behind the venturi
extractor.

3. Open the air bleed petcocks in the inlet side of the
wastegate water return tubes.

4. Fromthetop ofthe surgetankorradiator, addtreated
cooling water (see Water Treatment in this section) to
the auxiliary cooling water circuit.

5. Continue filling the circuit until the level causes it to
escape from the air bleed petcock(s) in the intercooler
cooling water inleVoutlet bonnet(s). Close the petcock(s)
when water begins to flow out in a solid steady stream.

6. Continue filling the auxiliary cooling water circuit
until the level causes it to escape from the petcocks in
the intercooler cooling water supply and the inlet side of
the wastegate water return tubes. Close the petcocks
when water begins to flow out in a solid steady stream.
See Table 1.15-2 for the capacities of the various
auxiliary water system components.

NOTE: Customer supplied items and connections not
included. Waukesha supplied items include the auxiliary
water pump, intercooler, oil cooler and the engine
mounted intercooler water supply and return piping.

7. Continue filling the auxiliary cooling water circuit until
the level of the coolant reaches the top of the surge tank
or radiator.

A CNUflON Air in the cooling system
speeds up the formatlon

of rust, increases corrosion and produces hotspots
within the engine.

8. Bleed trapped air (see Cooling Water System Air
Bleed).

9. Top off the surge tank or radiator.

COOLING WATER SYSTEM . AIR BLEED

Air bleed the jacket water and auxiliary cooling water
circuits at least once each day. Open and close the air
bleed petcocks in the order that they are listed below,
starting at the lowest petcock in the system and ending
at the highest. Bleed one petcock at a time. The number
of air bleed petcocks and their locations are listed in

Table 4.25-3.

1. lnltial Bleed: open each air bleed petcock prior to
engine startup. A hissing sound often accompanies the
escape of trapped air. Close the petcock when the
hissing stops and water begins to flow out in a solid
steady stream.

A WARNING
Always wear protective clothing when bleedlng the
coollng system on a heated engine. Slowly loosen
the air bleed petcock to relieve any excess pres-
sure. Escaping steam and/or hot water can result ln
severe burns.

2. Check Bleed: start the engine and reopen each
petcock. Close the petcock when the hissing stops and
water begins to flow out in a solid steady stream.

3. Final Bleed: once the temperature of the jacket
water circuit has stabilized (as indicated by the panel

mounted temperature gauge), reopen each petcock.
Close the petcock when the water begins to flow out in a
solid steady stream.

A CNUflON Air can be drawn into the
engine through small

leaks in the lacket water system. The problem is
compounded when the vold created by the loss of
coolant is filled by more air. lf aeration causes the
coolant to foam, the probability of engine damage
due to overheating ls greatly increased.

4. Carefully inspect the jacket water system for coolant
leaks while the engine is running.
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Table 4.25-3. Air Bleed Petcocks

lntercooler top center (2 per intercooler)4

lntercooler cross pipes (2 per intercooler)4
Auxiliary

Top of water manifold1

Top of jacket water pump1

Jacket Water

16 Cyllnder Engine

Wastegate water return tube (rear right and left bank)2

lntercooler water inlet/outlet bonnets (upper rear)2
Auxiliary

Cluster thermostat housing (above bypass outlet ports at front)2

Jacket water pump housing (front center); outlet port to left bank jacket water header1

Jacket Water

12 Cylinder Engine

Wastegate water return tube (rear right and left bank)2

lntercooler water inlet/outlet tubes (behind venturi extractor)2

Jacket Water

Auxiliary

Cluster thermostat housing (above bypass outlet ports at front)2

511sGL Engine

Wastegate water tube (rear)1

lntercooler cooling water inlet/outlet elbows (upper rear)2

lntercooler water inlet/outlet bonnet (upper rear)1

Auxiliary

Cluster thermostat housing (above bypass outlet port at front)1

Jacket water pump housing (front center); needle valve in lleu of petcock in outlet port to
jacket water header1

Jacket Water

6 Gylinder Englne

LOCAf,IONNUMBER OF
PETCOCKS

COOLING WATER
ctRcu¡T

COOLING WATER CIRCUITS -
DRA¡N AND FLUSH

Unless evidence of corrosion or sediment buildup
demonstrates the need for more frequent maintenance,
clean and flush both the jacket water and auxiliary
cooling water circuits at least once each year.

1 . Start the engine. Let the engine run about 1 0 minutes
to stir up any rust or sed¡ment.

A WNRNING
Always wear protective clothing when draining the
cool¡ng systems on a heated engine. SIowly loosen
the air bleed petcocks to re¡¡eve any excess pres-
sure. Escaplng steam and/or hot water can result ¡n
severe burns or death.

2. Shut down the engine. Open the air bleed petcocks
at the highest point in both the jacket water and auxiliary
cooling water circuits, whether it be on top of the surge
tank, radiator or other heat transfer device.

NOTE: To facilitate draining and flushing of the engine
jacket water, replace one of the 3/4 inch NPT counter-
sunk headless pipe plugs (ust below the level of the
jacket water header) with a customer-supplied bail
valve. The ballvalve must be threaded to accept both a
hose connection and pipe plug.

3. Verify that the customer-supplied ball valve is in the
closed position. Remove the pipe plug and attach the
drainage line,

4. Drain the coolant from the jacket water and auxiliary
cooling water circuits. Avoid delay, so that the water is
drained before the rust and sediment has a chance to
settle.
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5. Open all air bleed petcocks (see Table 4.25-4)

Table 4.254. Water Draln Petcocks

6. Open all water drain petcocks. Remove all drain
plugs. Place a small catch pan beneath each petcock
before opening.

7. Close all water drain petcocks. Apply Perma Lok@

Heavy Duty Pipe Sealant with Teflon@ to the threads,
and install all drain plugs.

8. Select and inspect an internal surface that is suitable
for gauging the effectiveness of the cleaning and
descaling solution. lf necessary insert a piece of drill

welding rod into the water passage opening to feel for an
accumulation of lime and mineral scale deposits.

9. Attach the makeup line to the ball valve and add
clean, soft water to the crankcase. Always fill the engine
from the bottom up to minimize the formation of air
pockets. As the engine fills, air is pushed up and out,

10. Successively close each air bleed petcock when
water begins to flow out in a solid steady stream. Begin
at the lowest petcock and finish at the highest.

11. Close the cluster thermostat housing petcock(s)
and continue filling the jacket water system until the level
reaches the top of the surge tank or radiator.

12. Bleed trapped air. Begin at the lowest petcock and
finish at the highest. Bleed one petcock at a time. Close
the petcock when the hissing stops and water begins to
flow out ln a solid steady stream.

13. Attach the makeup line and add clean, soft water to
the surge tank or radiator of the auxiliary cooling water
circuit.

1 4. Top off the surge tank or radiator of the jacket water
circuit.

15. Successively close each air bleed petcock when
water begins to flow out in a solid steady stream.

16. Continue filling the auxiliary cooling water circuit
until the level reaches the top of the surge tank or
radiator.

17. Bleed trapped air. Begin at the lowest petcock and
finish atthe highest. Bleed one petcock at a time. Close
the petcock when the hissing stops and water begins to
flow out in a solid steady stream.

18. Top off the surge tank or radiator of the auxiliary
cooling water circuit.

A WNRNING
Always wear protective clothing when venting the
coollng system on a heated engine. Slowly loosen
the air bleed petcock to relleve any excess pres-
sure. Escaplng steam and/or hot water can result ln
severe burns or death.

19. Start the engine and slowly reopen each air bleed
petcock. Close the petcock when the hissing stops and
water begins to flow out in a solid steady stream.

Wastegate (1 per wastegate)1

Auxiliary Auxiliary water pump (bottom)1

lntercooler (4 each intercoole02

Jacket water pump housing
(see ex¡t hole in side panel of
safety guard assembly)

1

Jacket
Water

Water manifold (front and rear)2

Jacket water headers (font and rear)4 (plugs)

16 Cyllnder Englnes

Water return pipe (p¡pe end at
crankcase Vee, engine front)1

Auxiliary
Auxiliary water pump (bottom)1

lntercooler (rear, left and right)I
Water Elbows front left and right)2

Jacket
Water Water manifold (front and rear)2

Jacket wder headers (ftont and rear)4 (plugs)

12 Cylinder Engines

lntercooler (lower)4
Auxiliary

Auxiliary water pump1

Jacket water pump housing1

Jacket
Water

Water manifold (front and rear)2

Jacket water headers (front and rear)4 (plugs)

511sGL Englne

Wastegate water pipe
(also used for air bleed)1

Auxiliary
Auxiliary water pump (bottom)1

lntercooler (rear, left and right)2

Oil cooler (bottom rear)1

Jacket
Water Jacket water pump housing

(see exit hole in side panel of
safety guard assembly)

1

Water manifold (front and rear)2 (plugs)

Jacket water header (front and
rear)2 (plugs)

6 Gyllnder Engines

LOCATþN
NUMBER

OF
PETCOCKS

COOLING
WATER
CIRCUIT
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20. Slowly reopen each air bleed petcock when the
engine jacket water temperature has stabilized (as
indicated by the panel mounted temperature gauge).
Close the petcock when the water begins to flow out in a
solid steady stream.

21. Let the engine run about 10 minutes to stir up any
rust or sediment in the cooling water system.

A WNRNING
Always wear protective clothing when draining the
cooling systems on a heated engine. Slowly loosen
the drain petcocks to relieve any excess pressure.

A CNUflON All antifreeze and water
treatment products re-

quire a clean system ln order to work effectlvely. lf
contaminants, such as dlrt, rust, scale, lime, grease,
oil and/or cleanlng agents, are not completely
flushed out, they can destroy the corroslon lnhlbi-
tors and scale suppressants intended to keep
freshly filled cooling systems clean.

30. lnspectthe drain waterfor cleanliness. Filland flush
the systems again, if necessary. The best results are
obtained when the drain water runs clear.

31. Fill the jacket water and auxiliary cooling water
Gan

severe burns or death.

NOTE: Contaminants left in the cooling water systems
will reduce or deplete the effectiveness of the cleaning
solution.

22. Stop the engine. Drain the crankcase and all
cooling system accessories. Drain the auxiliary cooling
water circuit. Avoid delay, so that the water is completely
drained while the rust and sediment are still in suspen-
sion.

23. Attach the makeup line and fill the jacket water and
auxiliary cooling water circuits with a suitable cleaning
solution. Use a non-acidic, non-corrosive, biodegrad-
able compound that prevents the loss of metal in the
engine and avoids damage to internal gaskets and
seals.

NOTE: Follow the manufacturer's recommendations
for the proper concentration of cleaning solution and
length of cleaning time.

24. Bleed trapped air.

25. Top off the surge tank or radiator of the jacket water
and auxiliary cooling water circuits.

26. Start the engine. Let it run for at least 10 minutes or
untilthe cleaning solution is depleted.

27. To ensure that the contaminants remain in suspen-
sion, drain the cooling systems as quickly as possible.

28. lnspect internal surfaces. lf the results are not
satisfactory, refill the engine with cleaning solution.
Repeat Steps 23 thru 27 as necessary.

29. To flush the systems of cleaning solution and any
residual contaminants, fill the jacket water and auxiliary
cooling water circuits with clean, soft water. Drain
immediately.

proper inhibitor and additive concentrations (see Water
Treatment). Bleed the system of trapped air.

A WARNING
Always install a pipe plug in the ball valve when the
hose connection is removed from the iacket water
header. lf the lever of the ball valve is inadvertently
bumped open, the absence of a plug will cause the
coolant to drain. During operation, loss of any
coolant may result in catastrophlc engine damage.
Escaping steam andlor hot water can cause severe
burns or death.

A cnunoN Air can be drawn into the
system through small

leaks in the coollng water circult. The problem is
compounded when the void created by any loss of
coolant is filled by more air. Air in the cooling
system speeds up the formation of rust, increases
corrosion and produces hot spots within the en-
gine. lf aeration causes the coolant to foam, the
probability of engine damage due to overheating is
greatly lncreased.

32. Carefully inspect the jacket water and auxiliary
cooling water circuits for leaks.
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IDLER PULLEY BEARING LUBRICATION

All engines with the exception of 5115GL engines
require greasing the ball bearing in the jacket water
pump idler pulley bracket every 720 running hours.

1 . Locate the idler pulley bracket grease fitting mounted
above the drain cock in the panel of the safety guard
assembly (right bank side) (see Figure 4.25-2 and
Figure 4.25-3).

WATER
DRAIN COCK

SAFEry PANEL

NOTE: 6 and 12 cylinder are similar.

Figure 4.25-2.ldler Pulley Bearlng Lube -
12 Cylinder Shown

SAFETY
PANEL

GREASE FITTING

Figure 4.25€^ldler Pulley Bearing Lube - 16 Gylinder

greasing causes high bearing temperatures that
shorten bearing servlce life. Disregarding this
informatlon could result in product damage and/or
personal inlury.

2. Using a hand held grease gun, apply one stroke of
Lithoplex@ Grease No. 2 (Multipurpose Lithium Com-
plex Formula Containing Molybdenum Disulfide) to the
grease fitting.

AUXILIARY WATER PUMP BEARINGS
LUBRICATION

All engines with the exception of 5115GL engines
require greasing the ball bearing(s) in the auxiliary water
pump every 720 running hours. The pump is mounted to
a bracket at the front left or right corner of the oil pan.
Depending on the model of the auxiliary water pump
used, the pump may have one or two grease fittings.
Safety guards on some engines may cover access to
grease fittings. ln this case an access hole is provided to
allow the fitting to be greased.

1. Locate the grease fitting(s) on the auxiliary water
pump (see Figure 4.25-4, Figure 4.25-5 and
Figure 4.25-6').

Figure 4.254. Auxlliary Water Pump Lube - 6 Cylinder

A cnunoN Do not over grease the
water pump bearings.

Over greasing causes hlgh bearing temperatures
that shorten bearing service life. Dlsregardlng this
information could result in product damage and/or
personal iniury.

A cnunoN Do not ovor grcasc the
idler pulley bearing. Over

NOTE: 1 or2 on model.

GREASE
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2. Using a hand held grease gun, apply two or three
strokes of Lithoplex@ Grease No. 2 (Multipurpose
Lithium Complex Formula Containing Molybdenum
Disulfide) to the grease fitting(s).

JACKET WATER PUMP DRIVE BELTS
REPLACEMENT

A WNRNING

NOTE: 1 or2 on model.

GREASE FITTINGS

Figure 4.25-5. Auxiliary Water Pump Lube -
12 Gylinder

Figure 4.25-6. Auxiliary Water Pump Lube -
16 Cylinder

GREASE RECOMMENDATIONS

A Lithium complex type grease is now recommended
over the Lithium soap base grease because of its ability
to resist water. Lithium complex type grease also
provides superior rust protection qualities (especially
steel surfaces), as well as its thermal and mechanical
stability at high operating temperatures. The Lithium
complex grease has a continuous operating tempera-
ture of approximately 350" F (177" C), whereas the
Lithium soap base grease has an upper operating
temperature limit of approximately 225' F (107" C).

Always install the safety guards after completing
any service operation. Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal lnlury or death.

NOTE: 5115GL engines are not equipped with belts.

1. Remove front safety guard

A CEUilON An accumulation of dirt
in the sheave grooves

impairs tractlon and accelerates belt wear. Disre-
garding this information could result in product
damage and/or personal injury.

2. Verity that the pulley sheaves are clean and com-
pletely free of grease, oil, dirt and grit.

3. lnspect the drive belts for fraying, cracks or wear.
Belts must not be glazed, split, peeled or greasy.
Replace as necessary.

A CAUilON Belts are matched and
tied in sets. Always re-

place the drive belts in sets. Never replace lust one
drive belt even if only one belt is worn. Since the
older belts are stretched during hours of engine
operation, the circumference of new belts is slightly
smaller. A difference in belt size will cause the new
beltto carrythefull load, resulting in rapid beltfailure
and possible damage to driven equipment. Disre-
garding this information could result in product
damage and/or personal injury.
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4. Remove the auxiliary water pump drive belts-Back
the upper thin hex lock nut on the threaded rod away
from the adjusting lever (see Figure 4'25-7 and
Figure 4.25-8). The movement of the idler pulley

releases the drive belt tension, Slip the drive belts off the
auxiliary water pump and idler pulleys.

HEX HEAD
IDLER

NOTE: 6 and 16 cylinders
are similar.

THREADED
ROD

ADJUSTING
LEVER

ELASTIC STOP
LOCK NUT LOCKWASH

\

SPACER

SPACER
.r'

PIVOT

THIN HEX LOCK NUT

.('

PLAIN

PLAIN

ELASTIC STOP LOCK

Figure 4.25-7. Adiusting/ldler Lever Assembly -
l2 Cylinder Shown

5. Loosen{he pivot bolfon whichthe idlerpulley brackel
turns (see Figure 4.25-91. Loosen the slotted lock boltto
unlock the position of the bracket. The belt tension is
released as the idler pulley bracket rotates.

IDLER PULLEY
BRACKET

PIVOT BOLT

JACKET WATER PUMP NOTE: 6 and 16 cylinder
are similar.

SLOTTED
LOCK BOLT

Flgure 4.2$A.Tlghten ldler Pulley Bracket Bolts -
12 Cyllnder Shown

6. Slip the old drive belts off the iacket water pump and
idler pulleys. Remove the belts from the rear crankshaft
pulley and discard.

7. Place a new drive belt in the rear groove of the rear

crankshaft pulley. The rear groove is the one closest to
the gear cover. Slip the belt into the rear groove of the
jacket water pump puiiey.

L Place a new drive belt into the second last groove of
the rear crankshaft and iacket water pump pulleys'

9. Rotate the idler pulley bracket clockwise to seat the

iacket water pump drive belts in the two pulley grooves.

10. Refer to Jacket Water Pump Drive Belt Tension
Adjustment to adiust the belts.

A WNRNING
Always lnstall the safety guards after completlng
any service operatlon. Never operate the englne
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal lniury or death.

:

læöiðÊt+

ADJUSTING/IDLER
LEVER ASSEMBLY

are similar.NOTE: 6 and 16

Flgure 4.25€. Adiusting/ldler Lever Assembly -
6 Cylinder Shown

4.25 - 10

11, lnstall the safety guards.

FORM 6277 First Edition



COOLING SYSTEM MAINTENANCE

JACKET WATER PUMP DRIVE BELT TENSION
ADJUSTMENT

Check the tension and condition of the two jacket water
pump drive belts weekly. Replace the drive belts every
8000 running hours or as necessary.

A WNRNING
Always install the safety guards after completing
any seruice operation. Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal injury or death.

NOTE: 5115GL engines and ebullient cooled engines,
are not equipped with belts.

1. Remove the safety guard.

A cnunoN Be sure that the belts are
cool when the tension is

checked or adjusted. The thermal expansion of
warm belts will result in a false tension reading.
Disregarding this information could result in prod-
uct damage and/or personal injury.

2. Using V-Belt Tension Tester (Tool P/N 474016),
check the drive belt tension.

A. Measure the distance between the center lines of
the crankshaft and jacket water pump pulleys.
Align the bottom of the large O-ring on the
"lnches of Span" scale to the measured distance.

B. Align the bottom of the small O-ring on the
"Deflection Force" scale with the zero mark.

C. Place the tension tester squarely on the front drive
belt at the center of the longest unsupported span
(between the jacket water pump pulley and the
crankshaft pulley). Apply inward force on the
plunger perpendicular to the belt span until he
bottom of the large O-ring is even with the top of

' the rear'drive'belt(see-Figure'4.25"10); ":

D. Remove the tension tester and read the force
applied from the bottom of the small O-ring on the
deflection force scale. The tension of the belts must
be between 11.9 - 17.5|b. (53 - 77 N.m).

E. Check the rear belt tension in the same manner

NOTE: lf the tension tester is not available, moderate
hand pressure should deflect the long part of the belt
approximately 0.25 - 0.50 in. (6 to 13 mm) or as a
general rule, 0.01562 in. (0.4 mm) per 1 in. (25.4 mm) of
belt span measured from pulley center to pulley center.
Belt span should be measured each time.

r00 150rrrlrrrrlrr50rrtl 0

t"'
FRONT DRIVE BELT

,/ REAR DRIVE BELT

$
LARGE O-RING SMALL O-RING

/

SPAN SCALE
DEFLECT¡ON

FORCE SCALE

Figure 4.25-10. Drive Belt Tension Tester
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3. lf belt tension adjustment is necessary loosen the
pivot bolt on which the idler pulley bracket turns
(see Figure 4.25-11). Loosen the slotted bolt to unlock
the position of the bracket. The belt tension is released
as the idler pulley bracket rotates upward in a counter-
clockwise direction.

,lt t ,

NOTE: 6 and 16 cylinder are similar.

PIVOT

SLOTTED

IDLER PULLEY

\

JACKET WATER
PUMP PULLEY

DRIVE BELT

/ (FRoNÐ

BRACKET

Figure 4.25-11. Jacket Water Pump Drive Belt
Tenslonlng - 12 Cylinder Shown

A cnuiloN Belts that are too tight
result in excessive

stretchlng and overheating. Too much tenslon may
also damage drlve components, such as sheaves
and shafts, and lead to premature failure of the idler
pulley and/or water pump bearings. Disregarding
this information could result in product damage
and/or personal lniury.

A cnunoN Belts that are too loose
result in belt slippage.

Slippage causes burn spots, overheating, rapld
wear and breakage. The vlbratlon created by loose
belts may also be sufficient to cause unnecessary
wear of the pulley grooves. Disregardlng thls
informatlon could result in product damage and/or
personal injury.

4. To reset the belt tension, insert a pry bar between the
upper edge of the idler pulley bracket and the untapped
boss on the left bank side of the water pump housing
(see Figure 4.25-12). To tighten the drive belts, use the
pad above the untapped boss for leverage and push up on
the pry bar to move the idler pulley bracket downward
(cw.

NOTE: 6 and 16 are similar. DRIVE
BELT

IDLER PULLEY
BRACKET

PRY BAR

LEVERAGE
PAD

Figure 4.25-12. Jacket Water Pump Drlve Belt Tenslon
- 12 Gylinder Shown

5. Holding the pry bar in position, use the tension tester
to apply inward pressure to the center of the longest
unsupported span on the front drive belt (between the
jacket water pump pulley and the crankshaft pulley).

6. Tension used belts between 11 .9 and 17.5 lb.

NOTE: lf the tension tester is not available, moderate
hand pressure should deflect the long part of the belt
approximately 0.25 - 0.50 in. (6 to 13 mm) or as a
general rule, 0.01562 in. (0.4 mm) per I in. (25.4 mm) of
belt span measured from pulley center to pulley center.

7. Tighten the slotted lock bolt on the idler pulley
bracket when the proper belt tension is obtained
(see Figure 4.25-11). Tighten the pivot bolt.

8. lnspect the belts for proper seating. V-belts should
ride on the sides of the pulley sheaves, not on the bottom
of the groove.

9. Verify that the tension of the front drive belt is
between 11.9 and 17.5 lb. Verify the tension of the rear
drive belt.

10. See Auxiliary Water Pump Drive Belts Tension
Adjustment.

A WNRNING
Always install the safety guards after completing
any service operation. Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal inlury or death.

4.25 - 12

11. lnstall the safety guards
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AUXILIARYWATER PUMP DRIVE BELT
REPLACEMENT

A WNRNING
Always install the safety guards after compleffng
any seruice operation. Never operate the englne
with the safety guards removed. Disregarding thls
information could result in product damage, severe
personal injury or death.

NOTE: 511íGL engines are not equipped with betts.

1. Remove the safety guard.

A CAUilON An accumulation of dirt
in the sheave grooves

impairs traction and accelerates belt wear. Disre-
garding this information could result in product
damage and/or personal lnjury.

2. Verity that the pulley sheaves are clean and com-
pletely free of grease, oil, dirt and grit.

3. lnspect the drive belts for fraying, cracks or wear.
Belts must not be glazed, split, peeled or greasy.
Replace as necessary.

4. lf replacement is necessary, back the upper thin hex
lock nut on the threaded rod away from the adjusting
lever (see Figure 4.25-13 and Figure 4.25-1a). The
pivot point of the idler lever follows the adjusting lever.
The movement of the idler pulley releases the drive belt
tension.

Figure 4.25-14. Adjusting/ldler Lever Assembly -
12 Gylinder

5, Remove the drive belts from the auxiliary water pump
and idler pulleys (see Figure 4.25-13 and
Figure 4.25-15). Remove the belts from the rear crank-
shatt pulley and discard.

Figure 4.25-'15. Auxiliary Water Pump Belts -
12 Cylinder

ADJUSTING/IDLER
LEVER ASSEMBLY

are similar.NOTE: 6 and 16

Figure 4.25-13. Adiusting/ldler Lever Assembty -
6 Cylinder Shown

AUXILIARY WATER
PUMP DRIVE BELTS

:

THIN HEX LOCK NUT

.a-/
SPACER

STOP LOCKELASTIC

WASHERPLAIN

P

PIVOT ROD

SPACER

LOCK WASHER

IDLER LEVEB

HEX HEAD

ELASTIC STOP
LOCK NUT

ADJUSTING
LEVER

THREADED
ROD
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tied in sets of two. Al-
ways replace the drive belts ln palrs. Never replace

iust one drlve belt even lf only one belt is worn.
Since the older belts are stretched during hours of
engine operat¡on, the circumference of new belts is
slightly smaller. A dlfference in belt size will cause
the new belt to carry the full load, resultlng in rapid
belt fallure and possible damage to driven equlp'
ment. Disregarding this lnformation could result in
product damage and/or personal inlury.

6. lnspectthe condition ofthe newauxiliarywaterpump
drive belts. Replace as necessary.

7. Place the new drive belts in the rear groove of the
rear crankshaft pulley (directly in front of the first jacket

water pump drive belt) (see Figure 4.25-16)' Slip the
belts into the grooves of both the auxiliary water pump

and idler lever pulleys.

JACKET WATER
PUMP BELTS

Figure 4.25-16. Jacket And Auxlliary Water Pump
Belts - 12 CYlinder

L To tighten the drive belts, thread the upper thin hex
lock nuttoward the adjusting lever. The pivot point of the
idler lever follows the adjusting lever in a clockwise
direction. The upward movement of the idler pulley

increases the drive belt tension.

9. Refer to Auxiliary Water Pump Drive Belt Tension
Adjustment to adjust the belts.

A WNRNING
Always install the safety guards after completlng
any seruice operation. Never operate the engine
with the safety guards removed. Dlsregarding this
information could result in product damage, severe
personal injury or death.

10. lnstallthe safety guards

--AUXITIARV WATç+PUMP DRIVE€EI T TENSION-_
ADJUSTMENT

A WNRNING
Always install the safety guards after completlng
any seruice operation, Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal injury or death.

NOTE: 5l15GL engines are not equipped with belts.

1. Remove the safety guard.

A CNUÏON Be sure that the belts are
cool when the tension is

checked or adlusted. The thermal expansion of
warm belts will result in a false tension reading.
Disregarding this information could result in prod-
uct damage and/or Personal iniury.

2. Using V-Belt Tension Tester (Tool P/N 474016),
check the auxiliary drive belt tension.

A. Measure the distance between the center lines of
pulleys of the longest belt span. Align the bottom
of the large O-ring on the "lnches of Span" scale
to the measured distance.

B. Align the bottom of the small O-ring on the
"Deflection Force" scale with the zero mark'

C. Place the tension tester squarely on the front
drive belt at the center of the longest unsupported
span. nppiy inwarci force on ihe piunger perperl-
dicular to the belt span until the bottom of the
large O-ring is even with the top of the rear drive
belt (see Figure 4.25-17).

D. Remove the tension tester and read the force
applied from the bottom of the small O-ring on

the deflection force scale. The tension of the belts
must be between 5 - 8lb. (22 - 35.6 N'm).

E. Check the rear belt tension in the same manner.

NOTE: lf the tension tester is not available, moderate
hand pressure should deflect the long part of the belt
approximately 0.25 - 0.50 in. (6 to 13 mm) or as a
general rule, 0.01562 in. (0.4 mm) per 1 in. (25.4 mm) of
belt span measured from pulley center to pulley center.
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SPAN SCALE
DEFLECTION

FORCE SCALE

150Irr50rrrl 0

MALL O-BINGLARGE O-RING
/

FRONT DRIVE BELT

_/.REAR DRTVE BELT

Figure 4.25-17. Drive Belt Tension Tester

A CAUilON Belts that are too tight
result in excessive

stretching and overheating. Too much tension may
also damage drive components, such as sheaves
and shafts, and lead to premature failure of the idler
pulfey andlor water pump bearings. Disregarding
this information could result in product damage
and/or personal injury.

NOTE: Since the circumference of new belts is some-
what smaller, reuse of the setting established for the
discarded drive belts will result in belts that are too tight.

3. To loosen the drive belts, back the upper thin hex lock
nut on the threaded rod away from the adjusting lever.
The pivot point of the idler lever follows the adjusting
lever in a counter-clockwise direction. The downward
movement of the idler pulley releases the drive belt
tension.

4. When the correct tension is obtained, thread the 3/8
inch elastic stop lock on the upper end of the threaded
rod toward the adjusting lever. Be sure thatthe lock nuts
(thin hex and elastic stop) on each side of the adjusting
lever are properly tightened.

5. lnspect the belts for proper seating. V-belts should
ride on the sides of the pulley sheaves, not on the bottom
of the groove.

6. Because of initial stretching, recheck the belt tension
after 10 minutes run time. Check the belt tension again
after the first 30 minutes run time and then every 250
hours thereafter.

A CNUilON Belts that are too loose
result in belt slippage.

Slippage causes burn spots, overheating, rapid
wear and breakage. The vibration created by loose
belts may also be sufficient to cause unnecessary
wear of the pulley grooves. Disregarding this
information could result in product damage andlor
personaliniury.

7. To tighten the drive belts, back the elastic stop lock
nut on the upper end of the threaded rod away from the
adjusting lever. Use a 3/8 inch deepwell socket for best
results.

8. Thread the upperthin hex lock nuttoward the adjusting
lever. The pivot point of the idler lever follows the adjusting
lever in a clockwise direction. The upward movement of
the idler pulley increases the drive belt tension.

9. When the correct tension is obtained, thread the
elastic stop lock nut on the upper end of the threaded rod
toward the adjusting lever. Be sure that the lock nuts
(thin hex and elastic stop) on each side of the adjusting
lever are properly tightened.

A WNRNING
Always install the safety guards after completing
any service operation. Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal injury or death.

FORM 6277 First Edition
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JACKETTAUXITIARY WATERPU MP IN S PECTþ N

Jacket Water Pump lnspection

511sGL engines jacket water pump inspection is
limited to a visual inspection for leaks and visual
inspection of the oil sight glass to determine if oil is
contaminated with coolant. The location of the sight
glass is similar to the sight glass location on the
auxiliary water pump (see Figure 4.25-19).

Always install the safety guards after completing
any servlce operation. Never operate the engine
with the safety guards removed. Disregarding this
information could result in product damage, severe
personal injury or death.

1. Remove the safety guard

2. lnspect the "weep hole" in the casting directly below
the water pump pulley (see Figure 4.25-18). The "weep
hole" drains any coolant that leaks past the ceramic
water pump seal.

: 
-L- -------^ -¡ --^¡^-¡

A WARNING A WNRNING

"WEEP" HOLE

at the "weep hole" indi-
cates that the lacket water pump must be rebullt. A
defective water pump seal results in coolant loss
and contamination of the inner ball bearing grease.
Disregarding this information could result in prod-
uct damage and/or personal lnlury.

3. Notify a Waukesha certified technician if any coolant
leakage at the "weep hole" is observed.

Always install the safety guards after completing
any seruice operation. Never operate the englne
with the safety guards removed. Disregardlng this
informatlon could result in product damage, severe
personal lnjury or death.

4. lnstallthe safety guards.

Auxiliary Water Pump lnspection

Auxiliary water pumps should be visually checked for
leaks. 511SGL engine auxiliary water pumps should be
visually checked for leaks and visual inspection of the oil
sight glass to determine if oil is contaminated with
coolant (see Figure 4.25-19).

Figure 4.25-19. Auxlllary Water Pump - 511sGL

Figure 4-25-1A. Jacket Water Pump "\lVeep" Hole -
lñlater Pump Shown Removed

ï
$

SIGHT GLASS
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LU BRICATION SYSTEIII MAI NTENANCE

LUBRICATION SYSTEM .MAINTENANCE

Table 4.30-1. Lubrication System

NOTE: 
* 

Does not include 5115GL modet.

OIL FILL. INITIAL PROCEDURE

The oil capacities listed in Table 4.30-1 represent
approximate amounts. Use the initial fillto determine the
actual amount of oil required. ïable 4.30-2 lists oil
recommendations.

A CAUflON The lube oil piping must
be purged of all slag and

debris before the engine is first started. Before
proceeding with the oil fill procedure, refer to the
purging instructions in this section. Disregarding
this information could result in product damage
and/or personal injury.

1. Remove the cap from the oil filler pipe on the lower
rear left side of the engine (see Figure 4.30-2).

2. Refer to Oil Filter Maintenance, and fill the oil fílter
with the proper grade oil.

3. lnsert the make-up line and add lube oil to the oil
pan. Periodically removè the dipstick and take note of
the reading.

4. Continue to add oilto the oil pan untilthe level reaches
the "fr¡ll" mark on the dipstick (see Figure 4.30-1).

5. Stop adding oil and start the prelube pump. The
prelube pump must be run to fill the oil lines, oil cooler,
the full-flow lube oil filter and oil strainer. lt also ensures
thatthe bearings, turbochargers and other moving parts
of the engine are properly lubricated.

/
O-RING

Figure 4.30-1. Dipstick

A CNUilON Filter must be filled with
lubricating oil before first

start and after each element change. Disregarding
this information could result in product damage

6. Depress the bypass valve plunger inside filter to
allow air to escape. Before first startup, vent air through
the cover vent while the prelube pump is still running. A
continuous flow of oil from the vent line is required and
indicates that all air has been removed from the lube oil
system.

7. Run the prelube pump until pressure is indicated on
the oil pressure gauge. Stop the prelube pump, wait a
few minutes for the oil to drain back into the crankcase,
check the dipstick and add oil to the oil pan until the level
returns to the "full" mark.

10 gallons (38 l¡tres)9.0 gallons (34.1 litres)
(8 in.) 6.s gal. (26.1 L)
(10 in.) 10 gal. (37.8 L)

(8 in.) 6.9 gal. (26.1 L)
(10 in.) 10 gal. (37.8 L)

Oil Cooler Capacity

45 gallons (170 litres)36 gallons (136.3 litres)36 gallons (136.3 litres)20 gallons (75.7 litres)Lube Oil Filter Capacity

80 gallons (303 litres)
110 gallons (416 litres)

35 gallons (132.5 litres)
54 gallons (204.4 likes)

35 gallons (132.5 litres)
45 gallons (170.3 litres)

35 gallons (132.5 litres)
45 gallons (170.3 litres)

Oil pan (Low level mark)
Oil pan (Low level mark)

165 gallons (625 litres)99 gallons (376 litres)99 gallons (375 litres)72 gallons (272.5 litres)
Sump capacity, including

filter and cooler*

16 CYLINDER5115GL12 CYLINDER *6 CYL¡NDER
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OIL FILLER PIPE BRACKET
DECAL \

PIPE
olL

EAR FLYWHEEL
HOUSING

lÊ-{aft-

Figure 4.gO-2. OilFlller Pipe

8. lnstall the oil filler cap, start the engine and wait until
the lube oil has warmed up to its normal operating
temperature. Shut the engine down, wait for the oil to
drain back into the pan and then check the level one
more time. Add oil if the level is below the "full" mark.

9. Check the crankcase oil level daily before the engine
is started. The blade of the dipstick is marked "lotlt/'and
"full." Always maintain the oil level atthe "full" mark. Both
marks on the dipstick are "static lines." The dipstick does
not indicate where the level of the oil should be when the
engine is running.

OIL COOLER AND LUBE OIL FILTER
INSTALLAT¡ON REQUIREMENTS

1. All piping connections to and from the engine and
between lubrication system accessories are to be
supplied by the customer. Place the lube oil filter and
lube oil cooler assemblies as close to the engine as
possible. All customer connections to the engine must
be flexible.

2. Verity that all lines between the engine and the lube
oil filter and lube oil cooler assemblies are clean and free
from scale.

3. Filter must be filled with lubricating oil before first
start and after element change. Depress bypass valve
plunger inside filter to allow air to escape. Before first
startup, vent air thru cover vent while prelube pump is
running. A continuous flow of oil from the vent line is
required, and indicates that all air has been removed
from the system.

4, Fìefer to Lube Oil Pressure Adjustment and adjust
the lube oil pressure.

PURGING THE LUBE OIL SYSTEM PIPING

The external lube oil piping must be purged of all dirt,
weld spatter and slag. The purging procedure must be
performed during the initial oilfill.

1 . Remove the four capscrews and washers from the
strainer head to detach the element housing
(see Figure 4.30-3).

g
€¡

{
.t

STRAINER
HEAD O

O-RING BAND
RETA¡NER

CLEANABLE
ELEMENT

MAGNET¡C ROD

SEAL

ELEMENT
HOUSING.r'

DRAIN PLUG

Figure 4.30€. Lube Oll Stralner Assembly
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2. Pull down on the stainless steel wire mesh elementto
detach it from the head. lnstall the paper element
provided. The paper element has a nominal filter rating
of 20 microns.

3. Fill the engine with oil (see lnitialFil/ in this section)
and run the prelube pump for a minimum of one hour.
During this period, use a ballpeen hammer and lightly
tap on all pipe welds to dislodge any internal slag.

4. Remove the paper element from the strainer after the
hour has elapsed.

5. lnstall the second paper element; run the prelube
pump for a second hour (minimum).

6. lnspect the second paper element for cleanliness
after the second hour has elapsed. Since all slag and
debris should have been removed from the piping bythe
first paper element during the first hour the prelube
pump was run, the second element should only be used
to verify cleanliness. lf the second element is dirty, install
a new paper element and repeat the procedure until the
element comes out clean.

A CAUilON The paper element is
only to be used for flush-

ing the lubrication piping during initiat startup of
new and rebuilt engines. lnstall the stainless steel
element after the purging procedure is completed.
Do not run the engine with the paper element in
place. The paper element cannot wlthstand engine
operating pressures and will collapse, allowing
unfiltered oil to enter the engine.

7. Remove the paper element after verifying cleanli-
ness and discard.

8. lnstall the stainless steel wire mesh element, and
element housing to the strainer head, with O-ring, seal,
four capscrews and washers.

CRANKCASE OIL LEVEL CHECKING

Check the crankcase oil level daily before the engine is
started. For convenience, a dipstick is located on both
the right and left side of the oil pan (see Figure 4.30-1).
The blade of the dipstick is marked "loW' and "full."
Always maintain the oil level at the "full" mark. Both
marks on the dipstick are "static lines." The dipstick does
not indicate where the level of the oil should be when the
engine is running.

When checking the oil level, carefully examine the
condition of the oil on the dipstick. Replace the oil any
time itappears diluted, thickened by sludge or otherwise
deteriorated. The useful life of the oil depends on a
number of factors, which include the engine load,
temperature, fuel quality, atmospheric dirt, moisture and

the level of maintenance. lf oil performance problems
arise, consult your oil supplier.

Always pay close attention to engine operating temper-
atures. lf engine jacket water and oil temperatures are
maintained according to engine specifications, particu-
larly during periods of light load operation, the problems
resulting from condensation of corrosive vapors in the
crankcase can be minimized.

When using an engine oil for which there is no previous
operating experience, a detailed oil analysis by qualified
professionals is strongly recommended. A well moni-
tored maintenance program also should be established
for the first year of usage and the performance of the
engine should be carefully observed against all external
operating conditions. This procedure will help to deter-
mine if the selected oil is really suitable for your
particular operation.

NOTE: lf any questions arise with regard to the foregoing
information, do not hesitate to call the WED Product
Support or Application Engineering Departments. The
engine operator may also wish to refer to Seruice Bulletin
12-1880V or latest revision, for more information on
lubricating oils.

OIL CHANGE

A WNRNING
Hot oil can cause severe burns. Allow oil to cool
prior to working on lube oil system components.
Wear protective equipment and use caution while
working on lube oil system components. Failure to
follow proper procedures could cause severe per-
sonal injury or death.

To change the oil, drain the oil pan and all lube oil system
accessories; oil cooler, full-flow oil filter and lube oil
strainer. Proceed as follows:

NOTE: Drain oilwhen warm for best results.

1. Oil pan: remove the 2 inch square head drain plug.
For convenience, four drain plugs are provided, one at
each corner of the oil pan. retain an oil sample for oil
analysis. lnstallthe drain plugs when the oil has drained.

NOTE: lnstallation of a customer-supplied ball valve
and pump facilitates draining of the oil pan.

2. Ot Cooler: remove the drain plug at the bottom of the
oil cooler shell midway between the inlet and rear
bonnets. lnstallthe drain plug when the oil has drained.
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- 3-FL¡lFFIow Lnbe Oil Filter: remove-the upperdrain plug-- Ol
from the oilfilter housing to drain sludge and difi oilfrom
the filter element chamber. Remove the lower plug to drain

oilfom the clean oil chamber (see Figure4.30-11)' lnstall

the drain plugs when the oil has drained.

4. Lube Oil Strainer: remove the drain plug (3/8 inch) at
the bottom of the strainer element housing
(see Figure 4.30-3). lnstall the drain plug when the oil

has drained.

5. When the oil has drained, insure allthe drain plugs

are reinstalled.

6. Refer lo Oil Pan Maintenance, and clean the oil pan.

A CNUflON Filter must be fllled wlth
lubricating oil before first

start and after each element change. Disregardlng
thls lnformation could result in product damage'

7. Refer toOil Filter Maintenance, and replace the oil
filter elements and fill the oil filter assembly with oil
(see Table 4.30-1 ànd Table 4.30-2).

8. Referto tnitial Fill Procedures,andfill the enginewith
oil (see Table 4.30-1 and Table 4.30-2).

9. Refer to Lube Oil System Air Bleed, and bleed
trapped air from the lube oil system.

Table 4.30-2. Oil Recommendations By Model And Fuel

NOTE: Since it is necessary to drain the oil pan and
tube oil system accessories, schedule the cleaning
during a regular oil change interval.

NOTE: Drain oilwhen warm.

1. Drain the oil pan, oil cooler, full-flow oilfilter and lube
oil strainer (see Oll Change for more information).

2. Loosen the oil pan door clamp capscrews
(see Figure 4.30-4 and Figure 4.30-5). Rotate the
assembly about 45 degrees to remove the door from the
access hole.

CLAMP

ROLL
PIN

CAPSCREW

\ /

\
WASHER

NUT

SEAL

Flgure 4,304. Oil Pan Door - Previous Productlon

NOTE: 1 See Table 4.30-11 and Table 4.30-12 for change interyals.
2 See Table 4.30-8 for condemníng limits.
t-O-¡i*iiñ-Ole1¿Á-aãn orøàs màv be"used in naturaltyasp¡rated andcatatystequipped naturatlyasp¡rated orturbocharged engineswiththe
understanding that vatve recéssion may occur, thus shonening the iormally expected value and seat life.
Z lià qiaiiiLl õii i¡liial¡on *u directty affect engine componént tife. waukesfia's basic filtration re.oulr.9mgnt ls 907" effic_ient at 15

micronis foíatt fuil liöw äleménti, aiaba¿1" cffiC¡int at zs microns for cleanable metal mesh etements. waukesha's comPletc oil lilter
peñormance specification is shown in Waukesha specification sheets 508486 and 508486-1.

NATURAL GAS - Oil wilh anominal l% sulfated ash by weight. This gas engine oil must
use ñ¡ontv refined mineral oil base w¡th a minimum of O:9"/" añd a maxlmum o'l 1 .77" sulfated
ash Oy"wÉ¡ignt with both metallic and ashless additive systems. A maximum of 0.10% zinc is
recommended.

vHP 3521, 5115,7042,9390 GL
and Lean Bum (Lambda 1.5 -

Gas/HD-ò Propane t

Turbocharged
2\lNalural

NATURAL GAS - 0.35% ash minimum, oil specifically formulated for gas engines, us.ing 
.

hiqhlv refined mineral oil base stocks, with a'minlmurñ of 0.35% sulfated ash by weight with
bo:tn ínetallic and ashless additive systems. A maximum of 0.10% zinc is recommended.

VHP 2895, 51 08, 5790 GL Turbocharged
and Lean Burn (Lambda 1.5 -^2)/Natural

Gas/HD-5 Propane 1 2 34

NATURAL GAS - 0.35% ash minimum, oil specifically formulated for gas engines, us.ing . .

hiqhlv refined mineral oil base stocks, with a'minimurñ of 0.35% sulfated ash by weight with
bo:th inetallic and ashless additive systems. A maximum of 0.10% zinc is recommended'

vHP 2895, 3521, 5108, 57æ,7042,9390 G,
GSl, (Rich Bum or Lambda 1)

Naturallv Asoirated and Turbocharoed/
Naturá Gäs/HD-S Propan¿ 1 2 st

OIL REQUIREMENTSMODEUFUEL
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Figure 4.30-5. Oil Pan Door Assembly - Current Production

accumulate on each end of the oil pan where the casting
is recessed. Only a thin film will cover the other internal
surfaces. Using absorbant cloths, wipe the oil pan clean.
Thoroughly clean the channel that connects the two
recessed areas.

4. Clean the oil pickup screen (see O/ Pickup Screen
Maintenance).

5. lnstall the oil pan doors. Hold each door so that the
rear clamp is 45 degrees from the vertical position,
lnsert the clamp into the oil pan access hole. Holding the
door against the face of the access hole, rotate the door
until the clamp is in the horizontal position. Tighten the
door clamp capscrew.

6. Refer to Oil Change and refill the engine with the
proper quantity and grade of lubrication oil
(see Table 4.30-1 and Täble 4.30-2).

OIL PICKUP SCREEN MAINTENANCE

Oil Pickup Screen Removal - 6 Gylinder

1. Remove the four capscrews and lock washers to
detach the pickup screen assembly from the oil elbow
and cover bracket (see Figure 4.30-6).

2. Remove the pickup screen assembly from the oil
pan.

3. Remove the baffle and oil tubes from the pickup
screen.

4. Scrape the old gasket material from the oil tube
flanges and baffle box, Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oil tubes.

5. Remove two capscrews, lock washers, gasket and
oil elbow from the crankcase.

6, Remove two capscrews, lock washers and cover
bracket from the crankcase.

Flgure 4.30-6. Oil Pickup Screen Assembly -
6 Gylinder

FORM 6277 First Edition 4.30 - 5



LUBRICATION SYSTEM MAINTENANCE

Oll Plckup Screen Gleaning And
lnspection - 6 Cyllnder

1. Glean all parts of the assembly in a non-volatile
cleaning solution or solvent. Flush the screen from the
inside out for best results

A WARNING
Gompressed air can pierce the skin and cause
severe inlury. Never use your hand to check for leaks
orto determine alr flow rates. Wear safety glasses to
shleld your eyes from flying dirt and debrls. Disre'
garding this information could result in scvere
personal lniury or death.

2. Thoroughly dry all parts with low pressure com-
pressed air,

3. lnspectthe pickup screen fortears or holes. Replace
the screen if damaged.

4. lnspect the baffle box for broken welds, split seams
or cracks around the oil tube holes. Replace the baffle if
damaged.

Oit Plckup Screen Installation - 6 Cylinder

1. Loosely install the cover bracket in the crankcase
with two capscrews and lock washers.

2. Loosely install the oil elbow in the crankcase with
gasket two capscrews and lock washers.

3. Apply a fast setting gasket adhesive, such as 3M
Scotch-Grip ' Rubber And Gasket Adhesive, on the oil

tube flanges. Position new gaskets on the flanges.

4. Scrape the old gasket material from the oil tube
flanges and baffle box. Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oiltubes.

5. lnstall the oiltubes in the screening element. Place
the baffle over the screen aligning the holes with those in
the flange gaskets.

6. Obtain a new gasket for the elbow and apply gasket
adhesiveto one side. Press the sticky side of the gasket
onto the baffle aligning the holes with those in the box.

7. To ensure proper alignment, install the four caps-
crews and lock washers to hold the pickup screen
assembly together. After the unit is positioned in the oil
pan, remove one capscrew. Slide the capscrewthrough
the elbow or cover bracket and thread it back into the
pickup screen assembly. Followthis procedure with the
remainingthree capscrews. Wrench tighten only afterall
capscrews are in place.

8. Tighten the four capscrews t'o secure the oil elbow
and cover bracket to the crankcase.

Oll Pickup Screen Removal - 12 Cyllnder

NOTE: 51l5GL procedures are listed separately.

1. Remove the four capscrews and lock washers to
detach the pickup screen assembly from the two oil
elbows (see Figure 4.30-7).

g
g

otL
ELBOW

GASKET

BAFFLE

le>
I

GASKET

orL
TUBE

SCREEN

Flgure 4.30-7. Oil Plckup Scrccn Asscmbly -
12 Cylinder

2, Remove the pickup screen assembly from the oil
pan.

3. Remove the baffle and oil tubes from the pickup
screen.

¡Ì':,i:1¡,
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4. Scrape the old gasket material from the oil tube
flanges and baffle box. Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oiltubes.

Oil Pickup Screen Cleaning And
lnspection - 12 Gylinder

1. Clean all parts of the assembly in a non-volatile
cleaning solution or solvent. Flush the screen from the
inside out for best results.

A WARNING
Gomprcssed alr can plerce the skin and cause
severe injury. Never use your hand to check for leaks
or to determine air flow rates. Wear safety glasses to
shield your eyes from flying dirt and debris. Disre-
garding this information could result in severe
personal injury or death.

2. Thoroughly dry all parts with low pressure com-
pressed air.

3. lnspect the pickup screen for tears or holes. Replace
the screen if damaged.

4. lnspect the baffle box for broken welds, split seams
or cracks around the oiltube holes. Replace the baffle if
damaged.

Oil Pickup Screen Insta¡lation - 12 Cylinder

1. Apply a fast setting gasket adhesive, such as 3M
Scotch-Grip'" Rubber And Gasket Adhesive, on the oil
tube flanges. Position new gaskets on the flanges.

2. Scrape the old gasket material from the oil tube
flanges and baffle box. Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oil tubes.

3. lnstall the oiltubes in the screening element. Place
the baffle over the screen aligning ihe holes with those in
the flange gaskets.

4. Obtain two new gaskets for the elbows and apply
gasket adhesive to one side. Press the sticky side of the
gasket onto the baffle aligning holes wíth those in box.

5. Verify that the two elbow flanges are clean. Old
gasket material or adhesive left on the mating surfaces
may cause air or unfiltered oil to leak into the elbows.

6, To ensure proper alignment, install the four capscrews
and lock washers to hold the pickup screen assembly
together. After the unit is positioned in the oil pan, remove
one capscrew. Slide the capscrew through the elbow and
thread it back into the pickup screen assembly. Follow this
procedure with the remaining three capscrews. Wrench
tighten only after all capscrews are in place.

Oil Pickup Screen Removal - 5115

1- Remove the two nylok capserews and washers to
detach the pickup screen assembly from oil pan floor
(see Figure 4.30-8).

2. Moving the pickup screen slightly from side to side
while pulling back on the pickup screen assembly, pull
the oil outlet tube and the pickup screen assembly. This
should allow the pickup screen assembly to be removed
from the oil pump suction manifold on the front of the oil
pan.

3. With the pickup screen assembly still loose in the oil
pan, remove four nylok capscrews, washers and the
outlet tube from the pickup screen assembly.

4. Remove the pickup screen assembly and the oil
outlet tube from the oil pan.

5. Remove the tube assembly from inside the pickup
screen assembly.

6. Remove the screen from the baffle.

7. Scrape the old gasket material from the oil tube
flanges and baffle box. Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oiltubes.

8. Remove and discard the O-ring from the oil outlet
tube.

FORM 6277 First Edition 4.30 - 7



LUBRICATION SYSTEM MA¡NTENANCE

Nylok Capscrew3 9Lube System Gasket6 Flat Washer

2 5Oil Screen Baffle O-ringITube Asm.

1 4Oil Screen Asm 10Outlet Tube Asm.7Flat Washer Nylok Capscrew

ITEM NUMBER AND DESCRIPTION
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Figure 4.30€. Oll Plckup Screen Assembly - 5115

Oil Plckup Screen Cleaning And
lnspection - 5115

1. Clean all parts of the assembly in a non-volatile
cleaning solution or solvent. Flush the screen from the
inside out for best results.

A wnRNlNc
Gompressed air can pierce the skin and cause
severe inlury. Never use your hand to check for leaks
or to determine air flow rates. Wear safety glasses to
shleld your eyes from flying dirt and debris' Disre'
garding this information could result ln severe
personal inlury or death.

2. Thoroughly dry all parts with low pressure com-
pressed air.

3. lnspectthe pickup screen fortears or holes. Replace
the screen if damaged.

4. lnspect the baffle box for broken welds, split seams
or cracks around the oil tube holes. Replace the baffle if
damaged,
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LUBRICATION SYSTEM MAINTENANCE

A cauiloN lnsure the oil outlet tube
is completely seated in

the oil pump suction manifold or damage to equip-
ment could result.

Oll Pickup Screen lnstallation - 5115

1. Apply a fast setting gasket adhesive, such as 3M
Scotch-Grip'" Rubber And Gasket Adhesive, on the oil
tube flanges. Position new gaskets on the flanges.

2. Scrape the old gasket material from the oil tube
flanges and baffle box. Old gasket material left on the
mating surfaces may cause air or unfiltered oil to leak
into the oil tubes.

3. Obtain two new gaskets and apply gasket adhesive
to one side. Press the sticky side of the gaskets on the
inside and outside of the baffle, aligning the holes with
those in the box.

4. lnstall a new O-ring on the oil outlet tube,

5. lnstallthe oiltube in the screening element. Place the
baffle over the screen aligning the holes with ihose in the
flange gaskets.

6. Position the screen assembly in the oil pan.

7. lnstall the the oil outlet tube on the screen assembly
with four nylok capscrews and washers.

8, Moving the pickup screen slightly from side to side
while pushing forward on the pickup screen assembly,
install the oil pickup assembly in the oil pump suction
manifold on the front of the oil pan.

9. Secure the pickup screen assembly to the oil pan
with two nylok capscrews and washers. lf the holes will
not line up, it is an indication that the oil outlet tube is not
completely seated in the oil pump suction manifold on
the front of the oil pan.

Oll Plckup Screen Removal - 16 Gylinder

1. Remove two capscrews and washers to detach the

(see Figure 4.30-9).

2. Remove the two ferry head capscrews and lock-
washers from the elbow outlet flange.

3. Clip and remove the lockwire from the two ferry
head capscrews on the elbow inlet flange
(see Figure4.30-10). Loosen the capscrews and
remove the pickup screen assembly from the oil pan.

4. Remove the elbow, tube and and baffle from the
pickup screen. remove and discard allgaskets. Scrape
off any old gasket material left on the mating surfaces, if
necessary.

BAFFLE HEXHEADe
)

CAPSCREW

GASKET

FERRYHEAD
CAPSCREW

GASKET r@dI

otL
TUBE

ortrt"o*/ o
7 d

FERRYHEAD
CAPSCREW

LOCKWIRE SCREEN
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Figure 4.30-9. Oil Pickup Screen Assembly - 16 Cylinder
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OflPickup€creenGlEaningAnd-- 
- 

OILG9OEERil}A - -lnspection - 16 Cylinder Drain the oilfrom the oil cooler at each oil change.

1. Glean all parts of the assembly in a non-volatile
cleaning solution or solvent. Flush the screen from the
inside out for best results.

A WNRNING
Compressed air can pierce the skln and cause
severe injury. Never use your hand to check for leaks
or to determine alr flow rates. Wear safety glasses to
shield your eyes from flying dirt and debris. Disre'
garding this information could result in severe
personal inlury or death.

2. Thoroughly dry all parts with low pressure com-
pressed air.

3. lnspectthe pickup screen fortears or holes. Replace
the screen if damaged.

4. lnspect the baffle box for broken welds, split seams
or cracks around the oil tube holes. Replace the baffle if
damaged,

Oil Pickup Screen Installatlon - 16 Cylinder

1. lnstall a new gasket on the inlet side of the oil tube
flange. Position the baffle over the screen and insert the
tube.

2. Position a new gasket on the elbow inlet flange.
I nstall the two ferry head capscrews and washers to hold
all parts of the assembly together. Use the two screws
with the head holes (see Figure 4.30-9) anel finger
tighten only.

3. Position the assembly in the oil pan. Position a new
gasket on the elbow outlet flange and install the oil outlet
flange on the side of the oil pan with with two ferry head
capscrews and lockwashers.

4. lnstallthe pickup screen to the oil pan floor with two
capscrews and lock washers.

5. Wrench tighten the elbow inlet flange capscrews.
Slide a new lockwire through the hole in the heads of the
capscrews (see Figure 4.30-10). Twist the ends of the
wire together until taut.

LOCKWIRE
HOLE

-(j

Figure 4.30-10. Ferry Head Capscrew - 16 Cylinder

Clean and inspect the oil cooler annually. lnspect the oil

cooler sooner if an increase in oiltemperature cannot be
traced to a malfunctioning auxiliary water pump, loose
belts, a faulty thermostat or excessive engine load.
Plugged tubes or scale deposits inhibit the flow of
coolant which reduces oil cooling effectiveness.

NOTE: Schedule the oil cooler cleaning during a
regular oilchange interual, since it is necessary to drain
the oil pan and lube oilsystem accessories.

LUBE OIL SYSTEM AIR BLEED

Air bleed the lube oil system at least once each day.
Proceed as follows:

NOTE: The petcock on the full-flow oilfilter cover is the
only air bleed through which the lube oilsystem may be
purged of air pockets.

1. lnitial Bleed: start the prelube pump and open the
filter cover petcock.

2. Close the petcock when oil begins to flow out in a
steady stream.

3. Check Bleed: start the engine and reopen the filter
cover petcock.

4. Close the petcock when oil begins to flow out in a
steady stream.

5. Final Bleed: once the engine is running at normal
¡n¡¡a+in¡ 4amna¡a{r r¡a rô^ñôñ t}ra liltar anrrar nainn¡l¡v}/grqrrr rv r9r rrlJer qrvr er I vvPv¡ ¡

6. Close the petcock when oil begins to flow out in a
steady stream.
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LUBE OIL FILTER MAINTENANCE

Lube Oll Fllter Element Replacement

Full-flow lube oil filter elements should be replaced
whenever the lube oil is changed and may often require
more frequent replacement.

When the filter is new the drop in oil pressure through the
filter is around 2 - 3 psi (14 - 21 kPa) under normal
operating temperatures. ïb determine the pressure differ-
ential, subfact the reading of the oil filter ouüet pressure
gauge from the reading of the inlet pressure gauge. \lVhen
the pressure differential rises to 12 - 15 psi (83 - 103 kPa),
the filter elements are clogged and must be replaced.

Table 4.30€. Oll Filter Pattern

3. Leaving the longest bolts in place, remove the short
bolts working in a clockwise direction.

18"16 Cylinder
120"J9

16"12 Cylinder

180"2612',6 Cylinder

Dlstance
Between

Long Bolts

Number
Of Long

Bolts

Number
Of Short

Bolts

oll
Filter
Shell

ID

Engine

A WARNING
NOTE: lf oilfilter inlet and outlet pressure gauges are not
provided, they may be ordered from this manufacturer.

1. Drain both chambers of the full-flow oil filter. Two
drain plugs are provided in the oil filter housing
(see Figure 4.30-11). Remove the upper plug to drain
sludge and dirty oil from the filter element chamber.
Remove the lower plug to drain oil from the clean oil
chamber.

A WNRNING
The cover compresses powerful sprlngs on the
fllter element posts. Use special care to remove the
oll filter cover, to avoid severe personal iniury or
death.

NOTE: Based on environmentaland engine operating
conditions, the lubrication oil may require changes that
are much more frequent than those recommended by
this manufacturer. Many variables are involved in
determining the proper time between oil changes, some
of which may not even be known until after a problem
develops. The oil type, the severity of the environment
and the internal condition of the engine are only a few of
many variables that have a direct effect on the frequency
at which the oil must be changed.

2. To remove the oil filter cover safely, locate the
longest bolts, The long bolts extend about 1-114
inches below the flange at the top of the oil filter
housing. The short bolts are flush with the bottom of
the flange (see Table 4.30-3).

Alternately loosen the long bolts of the filter cover
an equal amount of turn. Failure to follow this
procedure could case the filter cover to spring up,
causing severe personal injury or death.

4. Loosen the long bolts giving each an equal amount of
turn. Alternately loosen each of the long bolts to slowly
ease the filter cover up. See Figure 4.30-11.

OIL
INLET

,/

BYPASS
RELIEF
VALVE

DRAINS

\
olL

OUTLET

,/
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Figure 4.30-11. Lube Oil Fllter
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LUBRICATION SYSTEM MA¡NTENANCE

5. Rernove the lube oil filter elements
(see Figure 4.30-12).lnspect the bypass relief valve for
wear. The oilfilter has one relief valve. Referto Lube Oil
Filter Relief Valve lnspection Íor more information.

SPRINGS
AIR BLEED
PETCOCK

"v*&
RELIEF
VALVE

ASSEMBLY

@

ffi
g
@
@g

\
ELEMENT

\ O-RING

\
FILTER

HOUSING

I

FIgure 4.30-12. Full-Flow Lube Oll Fllter

6. lnstall the new lube oil filter elements
(see Table 4.30-4). Slide one 32 inch element over each
filter element post (see Figure 4.30-13, Figure 4.30-14,
and Figure 4.30-15).

Table 4.304. lne Fllter Elements

6 CYLINDER

= ELEMENT @ = RELIEF VALVE

Figure 4.30-1 3. Fllter Element/Rellef
Valve Gonfiguratlon - 6 Cyllnder

12 CYLINDER

= ELEMENT @ = RELIEF VALVE

Figure 4.30-14. Filter ElemenVRelief
Valve Conflguratlon - 12 Cyllnder

16 CYLINDER

= ELEMENT @ = RELIEF VALVE

Figure 4.30-1 5. Filter ElemenVRelief
Valve Gonfiguration - 16 Cylinder

A CNUTION Those filter elements that
are stamped wlth an ar-

row must be installed wlth the arrow polnting down.
Elements that have a band around the center may be
installed with elther end polnting down. Dlsregard-
ing this information could result ln product damage

7. Replace the drain plugs in the oil filter housing.

8. Fill the filter assembly with clean lubricating oil,
see Table 4.30-1 for capacities.

9. Allow air to escape by depressing the bypass relief
valve piston(s).

201010',l6 Cylinder

147712 Cylinder

I446 Cylinder

16 |NCH
ELEMENTS
REOUIRED

32 |NCH
ELEMENTS
REQUIRED

FILTER
ELEMENT

POSTS
ENGINE
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WASHER

RETAINING
RING

SPRING

R ING

VALVE
BODY

10. Reinstall the lube oil filter cover. The filter cover
O-ring should be replaced every 1500 hours, anytime it
has taken a permanent set or if it appears damaged,
whichever comes first. Torque the filter cover capscrews
to 35 - 37 ft-lb (47 - 50 N.m) in a crlsscross pattërn.

11 . To release the remaining air, start the prelube pump
and open the filter cover petcock. Glose the petcock
when oilflows out in a steady stream.

NOTE: Air bleed the lube oil circuit at least once each
day. The petcock on the full-flow oil filter cover is the
only location through which the lube oilsystem may be
purged of air pockets (see Lube Oil Filter Air Bleed in this

NOTE: Waukesha highly recommends adding a bypass
filtration system to the standard full-flow lube oil frlter,
especially for those engines operating in harsh environ-
ments. ln operation, a small portion of the lube oil is
routed from the pump through specialbypass filters and
then back to the oil sump. Particles as small as one
micron are effectively removed as the oilflows through
the bypass filter elements. An orifice in the filter housing
inlet controls the flow to approximately 10 percent of the
rated flowto the engine. ln an hour, this operation filters
a quantity of oilequalto roughly five times the system
capacity. Use of the bypass filtration unit does not alter
the recommended oil change interval, since the filter is
designed to reduce engine wear, not prolong lube oil life.

LUBE OIL FILTER RELIEF VALVE INSPECTION

The full-flow lube oil filter housing contains a bypass
relief valve.

When the elements are neq the drop in oil pressure
through the filter is minimal, around 2 - 3 psi (14 - 21kPa)
under normal operating temperafures. lf the pressure
differentialreaches 28 - 32 psi (193 - 221kPa), the relief
valve begins to open and oil bypasses the filter elements
enroute to the lube oil stainer. The relief valve is fully open
at approximately 40 psi (276kPa).

lnspect the relief valve(s) for wear at least once each
year or after every 8,000 hours of operation, whichever
comes first.

1. Remove the relief valve assembly from the bypass
tube (see Figure 4.30-12).

2. Remove the reducing bushing from the relief valve
body, if provided,

3. Remove the retaining ring, washer, spring and piston
from the relief valve body (see Figure 4,30-16).

Figure 4.30-16. Lube Oi! Filter Relief Valve Assembly

4. Remove the O-ring from the relief valve piston.
lnspect the area above the O-ring for excessive wear,
Replace if gouged or deeply scratched.

5. lnstall a new O-ring on the relief valve piston

6. lnstallthe piston, spring, washer and retaining ring in
the relief valve body.

7, lnstall reducing bushing on the relief valve body.

8. lnstall the relief valve assembly on the bypass tube

FORM 6277 First Edition 4.30 - 13



LUBRICATION SYSTEM MAINTENANCE

LUBE OIL STRAINER MAINTENANCE

Glean the lube oil strainer element at each oil change.

1. Remove the plug (3/8 inch) at the bottom of the
element housing to drain the strainer assembly of oil
(see Figure 4.30-17).

g

.-r

STRAINER
HEAD O

O-RING BAND
RETAINER

-'CLEANABLE
ELEMENT

MAGNETIC ROD

SEAL
,r'

ELEMENT
HOUSING

DRAIN PLUG

Flgure 4.30-17. Lube Oll Strainer Assembly

2. Remove the four capscrews and washers from the
strainer head to detach the element housing.

3. Remove the rubber seal from the inside groove at the
top of the element housing.

4. Pull down on the stainless steelwire mesh elementto
detach it from the head.

5. Remove the two band retainers and the two magnet-
ic rods externally mounted on the element.

6. Clean the element in solvent. Flushing the element
from the inside out produces the best results.

A CAUÏON High pressure com-
pressed air may damage

the stralner element.

7. Drip dry the element or air blow dry from the inside
out using low pressure compressed air.

8. lnspect the element for tears or holes. Replace the
element if damaged.

9. lnspectthsstrainer element O-ring for cuts, tears or
loss of elasticity. Replace if necessary. Place the O-ring
in the inside groove atthe top of the wire mesh element.
Using a small paintbrush, lubricate the O-ring with clean
engine oil.

10. Place the two magnetic rods in the element grooves

and install the two band retainers.

11 . Slide the element up onto the inside flange of the
strainer head,

12. lnspect the element housing seal for cuts, tears or
loss of elasticity. Replace if necessary. Place the seal
inside the groove at the top of the element housing.
Lubricate the O-ring with clean engine oil.

13. lnstall the drain plug (3/8 inch) in the bottom of the
element housing.

14. lnstall the four capscrews and washers to secure
the element housing to the strainer head.

A CNUTION Special paper elements
are requlred for lnitial

startup of new and rebuilt engines. Disregarding thls
information could result in product damage.

NOTE: See Purging The Lube Oil System Piping for
instructions.

i¡r+ti*
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LUBRICATION SYSTEM MAINTENANCE

MAGNETIC PLUG MAINTENANCE

lnspect and clean the magnetic plugs at each oil
change. Proceed as follows:

1. Remove the magnetic plugs (see Figure4.30-18).
The number of magnetic plugs and their locations are as
follows (see Täble 4.30-5).

Flgure 4.30-18. Magnetlc Plugs

Table 4.30-5. Magnetic Locatlons

2. Clean the magnetic plugs in solvent, if necessary.
Wipe the plugs clean to ensure that all ferrous metal
debris is removed.

3. Apply Perma Lok@ Heavy Duty Pipe Sealant with
Teflon@ to the threads, and install the magnetic plugs
into their locations and wrench tighten.

IN-LINE LUBR¡CATOR
Refer to Section 4.45, ln-line Lubricator for information
on this component.

LUBE OIL PRESSURE ADJUSTMENT

1. Run the engine until the lube oil reaches normal
stabilized operating temperature. Take note of the oil
header pressure as indicated by the panel mounted oil
pressure gauge.

2. Locate the pressure regulating valve at the oil cooler
outlet (see Flgure 4.30-1 9). Loosen and back off the jam
nut (112 inch) on the adjusting screw.

3. Adjust the pressure regulating valve to maintain an
oil header pressure of 55 psi (380 kPa) for 6 and 12
cylinder engines, and 50 psi (345 kPa) for 16 cylinder
engines, with the lube oil re stabilized at normal

re
fully loaded. Turn the adjusting screw in to increase the
oil pressure. To decrease the oil pressure, turn the
adjusting screw out.

4. Tighten the jam nut (1/2 inch) to lockthe setting of the
adjusting screw.

Figure 4.30-19. Lube Oil Temperature Gontrol Valve
1
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MALE ELBOW
TUBE FITTING

Y-STRAINER

REDUCING
BUSHING

OIL PAN PIPE
TEE

PRELUBE Y.STRAINER MAINTENANCE

Clean the Y-strainer screen at each oil change
(see Figure 4.30-20). Proceed as follows:

A WNRNING
Compressed alr can plerce the skin and cause
severe personal lnlury or death. Never use your hand
to checkfor leaks orto determine airflow rates. Wear
safety glasses to shleld your eyes from flylng dirt
and debris. Dlsregardlng thls information could
result ln severe personal iniury or death.

A CNUilON High pressure com-
pressed alr may damage

the screenlng element. Disregarding this lnforma'
tlon could result ln product damage and/or personal
iniury.

6. Drip dry the screen or use low pressure compressed
air.

7. lnspect the screen for tears or holes. Replace if
damaged.

8. Slide the screen back into the Y-strainer,

9. Apply Perma Loc@ heavy duty pipe sealant or the
equivalent onto the male threads of the plug and the
female threads of the Y-strainer body.

10. Thread the plug into the Y-strainer and wrench
tighten.

Figure 4.30-20. Y-Strainer - 12 Gyllnder

1. Drain the oil pan and all lube oil system accessories,
oil cooler, full-flow oilfilter and lube oil strainer.

2. Locate the Y-strainer in the oil pan to prelube pump

oil line.

3. Remove the plug from the Y-strainer
(see Figure 4.30-21).

TO PRELUBE
PUMP

PLUG

/

M
SCREEN STRAINER

BODY O¡L PAN

Figure 4.30-21. Prelube Y-Strainer

4. Pull out the cylindrical steel mesh screen.

5. Flush the screening element in a non-volatile
cleaning solution or solvent.
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MICROSPIN'" MAINTENANCE

lnitial centrifuge servicing should be about four weeks
after startup, sooner if the oil is heavily contaminated. A
maximum buildup of 0.75 in. (19.05 mm) is allowed on
the centrifuge paper insert. Noting the buildup, will help
in establishing a cleaning interval.

Centrifuge

A WNRNING
Solvents may be flammable and give off dangerous
fumes. Read and follow the manufacture's recom-

to ayoìd sevc{e p.eqgorra! jnjqry:or
death.

Under normal operating conditions, the centrifuge
should be cleaned and its paper insert removed, at
every scheduled oil change, or as experience dictates.
The centrifuge can be cleaned while the engine remains
running provided the oil supply valve is shut off (see
Disassembly for proper procedures).

Cleanable Filter Elements

The cleanable oil elements (see Figure 4.30-22),
should be removed from the oilfiltration canister, and
cleaned in a solvent tank at every other regularly
scheduled oil change, or when the oil pressure
differential between the canister inlet and outlet,
exceeds 15 psi (103 kPa). lf an oil pressure differential
of 2 - 15 psi (14 - 103 kPa), cannot be obtained after
normal cleaning, the cleanable filter elements may
be ultrasonically cleaned. lt is recommended that an
oil pressure gauge be installed, to monitorthe oil "ÀP"
pressure. The engine must be shutdown to service
the cleanable oil filters.

VHP 32 in.

VHP 16 in.

Figure 4.30-22. Cleanable Oil Filter Elements - All
VHB Atr, F817G, F1197G, And VGF (Vee) Engines

Disassembly of MICROSPIN* P/N 489189 Centrifuge

A WARNING
The oil supply valve must be shut off before
servicing the MICROSPIN* centrifuge. Allow two
minutes before proceeding w¡th seru¡c¡ng the Ml-
CROSPIN'" centrifuge to allow the rotor to stop
spinning and the oil pressure to drop to zero. Failure
to shut off the oil supply valve can cause severe oil
burns.

1 . Shut off the oil supply valve and wait two minutes for the
oil pressure to drqLtoeero aìd the rolor to stroB sprnning.

A WNRNING
Oil and parts may be extremely hot. Always use
caution when selvicing the unit to avoid severe
personal injury or death.

2. Loosen and remove the side bell clamp
(see Figure 4.30-23).

3. Turn the bell knob counterclockwise until it is free.

4. Grasp the top bell knob and remove the bell housing
from the base (this will expose the rotor assembly).

5. lnsert a screwdriver under the rotor assembly and
raise the rotor assembly up 1 - 2in. (25.4 - 50.8 mm) to
allow oil to drain from the rotor into the body base. When
the oil is drained from ihe rotor assembly, lift it straight up
until it clears the base shaft.

6. Posiiion the unit on a clean work table, and remove
the knurled can nut from the rotor assembly.

A CNUflON Use caution during dis-
assembly to avoid dam-

age to the brass bushings.

7. lnvertthe rotor assembly and place it on a clean work
iable.

8. Holding the rotor can with both hands, press down
until the can separates from the rotor.

9. Clean the baffle screen assembly, rotor and jets
Replace the O-ring if necessary.
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MICROSPIN* Oentrifugc Glcanlng - P/N 489189

1 . Remove the paper insert from the rotor e,an by inserting
a narow flat tool between the paper insert and the rotor
can. Run the tool around the inside of the can and remove
the paper insert. Clean the contaminant build up in the
rotor can, and insert a new paper insert.

A WNRNING
Solvents may be flammable and give off dangerous
fumes. Read and follow the manufacture's recom-
mendations to avoid severe personal iniury or death.

A CNUTION Remove rubber O-rings
prior to placing parts in

the solvent tank, to prevent damage to equipment.

2. Clean the baffle screen assembly, rotorturbine, rotor
can, covers and jets, in a suitable solvent tank.

MICROSPIN* Centrlfuge Assembly - P/N 489189

1. lnstall the baffle screen and new O-ring on the
turbine rotor.

A CNUilON The knurled can nut must
be tlghtened hand tlght

only, or damage to equipment could result.

2, Position the rotor can with a new paper insert in
place, (see Figure 4.30-23) on the turbine rotor. lnsuring
that the side of the knurled can nut marked "TOP" or
"UP" is on top, (see Figure 4.30-24) tighten the knurled
can nui, hanti tight oniy, to secure ihe assembiy.

TOP MARKED
"TOP" OR "rt\

Flgure 4.30-23. Se¡vice And Cleaning Of MICROSPIN"
P/N 489189 Centrifuge

Figure 4.30-24. Gan Nut - Side View

3. Position the turbine rotor assembly to the base, (over

the base shaft). Check to insure that he rotor spins freely.

4. lnstall the bell housing to the base, using a new
O-ring (if necessary) and hand tighten the bell nut.

5. lnstall and hand tighten the bell housing clamp finger
tight.

6. Retighten the bell nut, hand tight.

7. Open the oil supply valve to start the centrifuge.
Check for oil leaks.
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OIL RECOMMENDATIONS

Waukesha recommends the use of oil formulated
specifically for gas engines and meeting minimum ash
requirements based on engine makes and models. The
ash forming constituents in oil formulations provide
detergency, corrosion protection and anti-wear protec-
tion. ln addition, the ash produced during combustion of
these additives will provide protection against valve face
and seat recession. lf you are experiencing excessive
0,002 in. (0.05 mm), or greater, per thousand hours,
valve recession, a switch to a higher ash gas engine oil
should be considered. Consult your oil supplier for
appropriate recommendations.

OILADDITIVES

Quality oils formulated specifically for natural gas
engines have sufficient additives to meet requirements.
Waukesha does not recommend the addition of oil
additives to these quality oils.

CATALYST CONTAMINANTS

The following contaminants are known catalyst deacti-
vators and should be avoided when selecting lubricating
oils for installations with catalysts since they contribute
to shortened catalyst life: heavy and base metals such
as lead, mercury, arsenic, antimony, zinc, copper, tin,
iron, nickel, chrome, sulfur and phosphorus. These

nes
operating experience on these oils may continue with
Waukesha's previous oil recommendations.

Waukesha provides these current lubricating oil recom-
mendations as a guideline.

LUBRICATING OIL PERFORMANCE

There are hundreds of commercial crankcase oils
marketed today. Obviously, engine manufacturers or
users cannot completely evaluate the numerous com-
mercial oils. The current edition of the EMA Lubricating
Oil Data Book, is available for purchase from Engine
Manufacturers' Association, 401 North Michigan Ave,
Chicago, lL 60611-4267, Phone (312) 644-6610,
Fax (312) 321-5111. This document, provides atabula-
tion of lubricant producers and marketers, together with
the performance classification for which the producers
have indicated their products are qualified.

The performance of a lubricant, like that of any
manufactured product, is the responsibility of the refiner
and supplier.

The Waukesha Engine Warranty is limited to the repair
or replacement of parts that fail due to defective material
or workmanship during ihe warranty period. The Wau-
kesha Warranty does not include responsibility for
satisfactory performance of the lubricating oil.

With the exception of cogeneration and special or
prototype installations, Waukesha Engine Division has
made it a practice not to recommend oil by brand name.

OIL DESIGNATIONS

Oil is designated in severalways:American Petroleum
lnstitute (APl), Society of Automotive Engineers (SAE),
American Society for Testing and Materials (ASTM),
performance classifications, and Military Designation.
Since no gas engine industry oil performance designa-
tions exist, it is the responsibility of the engine operator
to verify with their oil supplier, that the oil they select has
proven field performance in their specific engine make
and modelengine. This oil mustalso meetthe minimum
requirements specified by Waukesha as listed in
Table 4.30-2.

collectively exceed 5 ppm at the catalyst inlet. Specific
exceptions: phosphorus or silicon compounds in the
exhaust are not to exceed 1 ppm and sulfur compounds
in the exhaust are not to exceed 100 ppm,

Do not confuse the concentration of these elements Af
THE CATALYST INLET with the concentration of these
elements in the lube oil itself.

OIL FILTRATION REQUIREMENT

The quality of oil filtration will directly affect engine
component life,

Waukesha's basic filtration requirement is 90% efficient
at 15 microns for all full flow elements, and 98% efficient
at 25 microns for cleanable metal mesh elements.

Waukesha's complete oil filter performance specifica-
tion is shown in Waukesha specification sheets 508486
and 508486-1.
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WAI'KESTA COGENERATION'TNSTATIfrTIOfiS -
OIL RECOMMENDATIONS

Waukesha Engine Division does not ordinarily rec-
ommend lube oils by brand name. However, based on
actualfield experience, the oils listed in Table 4.30-6
are specified for cogeneration installations with
forced hot water cooling systems 212" F - 265' F
(100" C - 129'C) or ebullient cooling 250' F (121" C).

Tablc 4.30€. Recommended Lube Oils For
Gogeneratlon Applicatlons - Using Plpellne Quallty Gas

0.90SAE 40Shell
SIPC

Mysella MA
(Outside USA only)

0.73SAE 40Petro Canada, CG40

0.38SAE 40Mobil Pegasus 485

1.65SAE 40Mobilgard 450

0.99SAE 40Mobil Pegasus 89

0.48SAE 40Mobil Pegasus 80

0.48SAE 15
w40

Mobil Pegasus 1

(Synthetic)

0.95SAE 40
Estor Select 40
Esso lmperial Oil
Exxon Co. USA

0.45SAE 20
w40

Estor Elite (Synthetic)
Esso lmperial Oil,
Exxon Co. USA

0.45SAE 40
Estor Super
Exxon Co. USA,
Exxon Co. lnternat¡onal

0.45SAE 40Chevron HDAX Low Ash

PERCENT OF
SULFATED ASHTYPEBRAND

It is especially important that the lube oils used in
cogeneration appi¡cat¡ons utiiize base stocks with gooci

thermal stability. With a minimum of 4000+ hours of
experience, the lube oils listed in Table 4.30-6 are
known to give satisfactory performance in hightempera-
ture cooling systems' applications.

Additions to the list of approved oils may be made if
substantiating data is provided for an oil meeting the
following criteria:

. Used in similar applications 212" F (100'C) to 265" F
(129' C) jacket water temperatures.

. Minimum of 12 months operation. Documented with
engine inspection data.

. No signs of oil degradation or lacquering problems
(based on normal oil change interval, the engine
should be clean).
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SOUR GAS, ALTERNATE FUEL GAS, AND LANDFILL
GAS RECOMMENDATIONS

A WARNING
\lVaukesha Englne Division assumes no liability or
responslbility for damage to the environment, or
severe personal injury or death caused by uslng
landfill gases or sour gases. lt ls the customer's sole
responslbility to carefully analyze any gases they
chose to use. Use of these gases ls at the custom-
er's own risk.

fuel gas sampling techniques, fuel gas analysis,
handling of abrasive fuel constituents, and limitations
on total organic halide as chloride, to achieve reason-
able engine life. Lubricating oil requirements change
as the TOH/Cl increases.

RECOMMENDED LUBE OILS FOR LANDFILL GAS
APPLICATIONS

Waukesha recommends lubricating oils specifically formu-
lated for landfill gas (see Table 4.30-7). However, care
must be taken that oils formulated for a particular fuel type
not be used beyond their recommendations. Some landfill
gas formulated lube oils, can cause excessive build-up of

Alternate fuel sources are attracting in interest

concerns. Waukesha, being the leader in developing
engine systems to accommodate these alternate fuels,
is aware of problems due to sulfur compounds (H2S,
etc.), siloxanes and halide constituents in these fuels.
Hydrogen sulfide (HzS), siloxanes and total organic
halide as chloride (TOH/C|) bring with them totaily
different problems to the engine and lubricating oils.

Waukesha has limited fuel trace gases to the following:
. Sulfur bearing compounds (H2S, etc.) content in fuel

gas to 0.1 %, (1000 ppm) byvolume. However, it is not
unusual to encounter biomass gas, or field gas, with
much higher percentages of sulfur bearing com-'pounds (H2S, etc,). Gas exceeding 0.1% sulfur
bearing compounds must be treated.

. Maximum organic halide content, expressed as
chloride, (TOH/C|) in landfill gas is timited to
150 micrograms per liter (pg/l).

. Maximum liquid fuel hydrocarbons at the coldest
expected engine mounted regulator fuel ouflet tem-
perature are limited to 2"/" total by gaseous volume.

. Maximum permissible free hydrogen content is 12o/o

by volume.
. Maximum total siloxanes for engine models with a

prechamberfuel system is 25 pg/l. lf greaterthan 25
pg/l total siloxanes are present at the inlet to the
engine mounted fuel regulator, clean commercial
quality natural gas must be supplied to the pre-
chamberfuel system. Waukesha currenflydoes not
limittotal siloxane content in the fuel gas to engines
which do not have a prechamber fuel system.

When dealing with halogens or halogen compounds in
landfill gas, the subject becomes far too complicated
to address here as it relates to the selection of a
lubricating oil, used oil analysis, and drain interval. lt
follows that those customers operating on landfill gas
review Waukesha Engine's Fuel Specification
57884-6 to fully understand the ramifications of
operating an engine on landfill gas. This document, as
well as Service Bulletin 16-2701, prescribes specific

used outside of their recommendations. Landfill gas
engine oils should only be used for engines applied to
landfill gas operation, not digester gas operation.

Table 4.30-7. Recommsnded Lube OIls For Landfill Gas
Applications

o.71SAE 40Chevron HDAX LGF

0.95SAE 40Mobil Pegasus 446

PERCENT OF
SULFATED ASH

TYPEBRAND

The best approach would be to filter or absorb corrosives
in the fuel gas before they reach the engine. There are
increasing claims for filfation and absorption by various
companies manufacturing and promoting these types of
product. Waukesha makes no endorsement of these
products or service. Their performance is solely the
responsibility of their manufacturers.
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RECOMIIENT'ATIONS FOR FUEL GAS
FILTRATION OF SOLIDS AND LIQUIDS

Solld PaÊiculate Removal:

Coalescer shall have an absolute rating of 5 microns
(0.3 microns for landfill applications) for solid particulate

removal.

Liquld and Aerosol Removal From Fuel Gas:

Coalescer shall remove entrained liquid and aerosol

contaminants of 0.3 micron or larger.

. Fuel gas compressor lubricating oil carryover must
be removed from the fuel stream. A coalescing filter
with a 0.3 micron rating is adequate in most cases.
Even though this oil is hydrocarbon based and

combustible, it contains an additive package with

calcium and other undesirable elements and com-
pounds. Failure to remove this carryover oil can lead

to fuel regulator problems, excessive spark plug and

combustion chamber deposits, cylinder varnish, ring

sticking, and other problems.

. Liquid water is not allowed in the fuel because it

frequently results in fouling and corrosion. Particular

attention must be paid to landfill and digester gasses

since these gases are commonly received saturated
with water. Due to extremely small clearances in the

admission and check valves, absolutely no water can
be tolerated in a prechamber fuel system. To insure

that no liquid water forms in the fuel system,
Waukesha specifies thatthe dew point of the fuel gas

should be at least 20' F (11" C) below the measured
temperature of the gas at the engine mounted
regulator inlet. On engines without prechamber fuel

systems, saturated, (100% relative humidity) fuelgas
at the carburetor inlet is acceptable. A 0'3 micron

coalescing filter will remove any liquid water droplets

being carried along with the fuel stream. the water
content of the gas can then be reduced to an

acceptable level by several methods'

F. Condensation of excess moisture by refrigerat-
ing the fuel gas to no higher than 40" F (4' C)

followed by reheating of the gas to 85" - 95' F
(29' - 35" C). This process will also remove
significant amounts of halogenated and heavy
hydrocarbons and volatile siloxanes'

G. Selective stripping with a chemical process.

H. By heating: lf the gas is 30' F (17" C) or more
abovethe ambienttemperature, itcan be cooled
by passing it through a heat exchanger or
refrigeration system, then reheated, in manner
similar to Step A. lf the gas is 20' F (11' C) or
more below the ambient temperature, it can be

heated. ln both cases, ihe fuel system after the
heating operation should be insulated. Heating of

the+uel gas islimite++ethe macimurn allewabl€
temperature of 140'F (60'C).

. Glycol is not permitted in fuel gas because it can
affect the engine in adverse ways. The lubricating
qualities of the oil may be reduced, resulting in

bearing failure, piston ring sticking, excessive wear,

and other problems. A 0.3 micron rated coalescing
filter will remove liquid glycolfrom the fuel stream'

Design Crlteria:

Coalescer Filter Housing to be of the cylindrical type,
vertically mounted. The housing shall contain two sump
chambers, such that the lower sump collects heavier
liquid dropouts immediately downstream of the gas

inlet, while the upper sump collects liquids draining off

the coalescer cartridge(s).

The coalescer design shall utilize an inside to outside
gas flow path through the coalescer cartridge'

Recommended Coalescing Fllter:

Pall Process Filtration ComPanY
ModelCCSLGTA

The following recommendations will minimize corrosion
problems normally encountered with fuel gas containing
H2S and TOH/CI:

. Recommendation #1

Select a gas engine lubricating oil with a high alkalinity
reserve, 7 to 13 TBN (l'otal Base Number). Alkalinity
reserve in the lube oil is measured in TBN. The higher

the TBN, the more reserve.

Contact your oi! suppller or eonsr-rltthe EMA Lubricating

Oils Data Book for an appropriate choice. Also follow the

appropriate ash content percent by weight for the
specific engine model.

. Recommendat¡on #2

Used oil analysis is mandatory for alternate fuel

applications. Lube oil change periods are determined by
TBN, TAN (TotalAcid Number), oxidation and nitration
level in the used oil samples. The user must change the
oil when the TBN level falls to 30% of the new oil value or
TAN increases by 2.0 above the new oil value' The
method of measuring TBN in used oil must be

ASTM-D2896.

DEXSIL@ Corporatlon, has developed the Q2000 field

test kit, as a test for chlorine contamination of engine oil

exposed to chlorine containing fuels, as in landfill gas.

This field test kit is highly accurate, and allows the

operator to obtain timely test results in the field. The oil

must be sampled every 50 hours, in order to establish a
"trend". Waukesha has experienced good results with

this kit. Order information may be obtained from
DEXSIL@ Corporation, One Hamden Park Drive, Ham-

den, CT 06517.
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A caunoN TOH/CI does not affect
TBN levels the same as

sulfur compounds. Therefore, the 30% of new oil
TBN value, as an indicator of a change interual only
applies to the applications where fuel gas does not
contain halides. Disregarding this information
could result in product damage.

. Recommendation #3

lncrease the jacket water temperature to 210' - 235" F
(99" - 113' C) and lube oil temperatures to 185' - 200" F
(85' - 93' C), lncreased temperatures will reduce
condensation, which will reduce the concentration of
acids within the crankcase. High temperature thermo-
stats are available for most models.

lf you have any question on lubricants to be used with
alternate fuel gases, contact the Product Support
Department or Application Engineering Department
prior to selecting a lubricating oil.

LUBE OIL CONDEMNING LIMITS

A WARNING
Engine oil is extremely hot and is under pressure.
Use caution when sampling engine oilfor analysis.
Failure to follow proper procedures could cause
severe personal injury or death.

Lubricating oil condemning limits are established by the
engine manufacturer's experience and/or used oil
testing.

Laboratory testing will determine the used oil's suitability
for continued use. Used oil testing should cover the data
shown in Table 4.30-8.

Table 4.30€. Used Oil Testing And Gondemnation

A cnunoN Actual oil change inter-
vals to be determined by

engine inspection and oil analysis in conjunction
with the condemning limits. Disregarding this infor-
mation could result in product damage.
ln the interest of developing a reasonable life expectan-
cy for Waukesha engines operating on fuel gas laden
with some level of halogens, our experience dictates the
following:

. To achieve the life expectancy of an engine operating
on pipeline quality natural gas, remove all halogen
compounds (as well as abrasives) from the fuelgas.

. Reasonable lífe can be expected if Total Organic
Halide as Chloride Concentration (TOH/Cl) of thefuel
does not exceed 150 micrograms per liter (p¿g/l). Total
Organic Halide as Chloride (TOH/Cl) equals the sum
of all halogenated compounds expressed as chloride
in micrograms/litre as chloride (¡rCl/L) at STP (Stan-
dard Temperature and Pressure). Reasonable life
can also be expected with increased maintenance
and operating adjustments to the engine.

. Typicalchanges in maintenance and operation atthis
level are:

.. Decreased oil change interval (150 hours to start)

o. Condemn oil when 900 ppm chlorine level in used
oil is reached. This will aid in establishing an oil
change interval.

.r Lubricating oilanalysis each 50 hours maximum

.. Elevated jacket water temperature 212" F - 235' F
(100'c - 113'c)

.. Elevated lube oiltemperature to 185" F - 200" F
(85"C-93"F)

.. Use of high TBN oil (7.0 - 13.0)

.. Bypass lubrication oil filtration. Waukesha En-
gine has announced the introduction of the
MICROSPIN@ cleanable lube oil filtering system.
The MICROSPIN@ system utilizes the cleaning
capabilities of a centrifuge, coupled with clean-
able filter elements. The MICROSPIN@ system
utilizes Waukesha's current lube oil filtration
canister for the cleanable elements. The centri-
fuge is installed as a bypass system, working in
conjunction with the cleanable filter elements.

. TOH/CI above 150 micrograms chloride/litre require
pre-treatment of the fuel in order to make it suitable
for use in a reciprocating engine.

DEXSIL@ Corporation, has developed the Q20OO field
test kit, as a test for chlorine contamination of engine oil

900 ppmChlorine

ïrend AnalysisWear Metals

Any Detectable AmountGlycol

Above 0.10% WtWater Content

25Nitration (Abs/Cm)

25Oxidation (Abs/Cm)

2.0 R¡se Above New Oil ValueTotal Acid Number (IAN)

30% of New Oil Value
(Not applicable to TOH/CI)

Total Base Number (fBN)
(ASïM-D2896)

Below 356o r ltAO' C¡Flash Point

-2Ol+30% ChangeViscosity

CONDEMNING LIMITTEST
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exposed to chlorine contairting fuels, as in landfill gas.
This field test kit is highly accurate, and allows the
operator to obtain timely test results in the field. The oil
must be sampled every 50 hours, in order to establish a
"trend". Waukesha has experienced good results with
this kit. Order information may be obtained from
DEXSIL@ Corporation, One Hamden Park Drive, Ham-
den, CT 06517.

OIL VISCOSITY SELECTION

The operating temperature of the oil in the sump or
header is the best guide for selecting the proper SAE
grade of oil. When the oil temperature is unknown, add
120" F (67' C) to the ambient temperatl¡re to ohtain the
estimated sump oiltemperature (see Table 4.30-9).

Table 4.30-9. Sump And Header Temperatures And
SAE Number

30Below 160" F (71" C)Below 160" F (71' C)

40160" - 210" F
(71" - ee" c)

160'- 230' F
(71" - 110" C)

SAE
Number

Header
Temperature

Sump
Temperatures

1000 cu. lN. (16.4 L) DlsPl-AcEMENT AND LARGER

NOTE: Engines of 1000 cu. in. (16.4 L) displacement
and above, should not be operated with header oil
temperature below 140" F (60" C). Engines of this type
which exceed 195' F (91' C) header temperature or
21 5" F (102" C) sump temperature should have reduced
oilchange interuals.

MULTI.VISCOSITY OILS
I l¡a m¡ rlti-rria¡nai*rr nilo anh¡ far anninac in nnlr{ ctartinn9ù9 r r turrt vlgvvslrt vrts v¡.tt ¡v. er rvrr

applications. Multi-viscosity oil may deteriorate in

continuous operation, allowing the oil to lose viscosity
through shearing. ln this state, the oil may not supply
sufficient lubricating films and/or pressure. Therefore,
utilize an oil analysis program to determine the oil

change intervals.

SYNTHETIC OILS

Based on developments by En<on Corporation and
Mobil Oil Corporation and the release of their synthetic
lubricating oils, Waukesha Engine Division now recog-
nizes these products as being suitable for allWaukesha
stoichiometric and lean burn gas engines. Table 4.30-6
lists the synthetic oils available.

When synthetic lubricating oils are selected, it is

suggested that you contact Waukesha Engine Division
for change interval recommendations, Typically, syn-
thetic oil change intervals are 3 to 5 times longer than
those of mineral oils. Oilfilter change intervals remain at
1000 to 1500 hours of operation.

Synthetic oils are not recommended for alternate fuel
gas applications without prior approval by Waukesha
Engine Division.

LOW AMBIENT TEMPERATURE OPERAtrION

At low ambient temperatures, use an oil which will
provide proper lubrication when the engine is hot and
working. For engines of 1000 cu. in. (16.4 L) and above,
operating at ambients below 50" F (10'C) lube oil and
jacket water heaters are required to warm oil and water
for fast starting and loading of engines. Waukesha
Engine Division will supply information on these starting
devices upon request.

LUBE OIL CONSUMPTION RATES

Typical lube oil consumption rates have been updated
for all Waukesha engines (see Table 4.30-10).

Table 4.30-10. Oil Consumption

NOTE: Lube oil consumptìon rates given above are a general guide
and not meant to be used for Condemning Limits or determining
overhaul requirements.

FORMULAS FOR DETERMINING OIL
CONSUMPTION RATES

The following formulas may be useful in determining
whetherthe oil consumption rate of the engine is normal.

LBS
FF=FF

LBS
trF=FF

Grams _
HP-HR

Grams _
KW_HR

7.3 x Number of Gallons of Oil Used

1.82 x Number of Quarts of Oil Used
HP x Hours of Operation

875 x Number of Litres of Oil Used

HP X Hours of Operation

875 x Number of Litres of Oil Used
x Hours of

0.121 - 1.220.091 - 0.9100.0002 - 0.002Ail

GRAMS/
KW.HR

GRAMS/
HP-HR

LBS/
HP.HRMODEL
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RECOMMENDED OIL CHANGE INTERVALS

A CNUTION The use of some types of
oil, as well as dusty envi-

ronment, marginal installation, internal engine con-
dition andlor operating the engine with
malfunctioning carburetion or injectlon equipment
may require more frequent oil changes. Waukesha
Engine recommends the lubricating oil be moni-
tored with a professional oil analysis program.
Extended oil change interuals may cause varnish
deposits, oil oxidation, or sludge conditions to
appear in the engine, which an oll analysis cannot
detect Contact your local Waukesha Distributor for
periodic engine maintenance. Disregarding this
information could result in product damage.

Table 4.30-11. Recommended Oil Change lntervals For Engines Receiving Normal Maintenance

NOTE: Change lube oil filter elements when lube oil is changed* 511sGL rated at 220" F (104" C).

Table 4.30-12. Recommended Oil Changc lntcrvals For Engines Receiving Normal Ma¡ntenance And Using Gaseous
FuelContaining H2S ln Excess Of Published Limits.

NOTE: Change lube oil and fuel filter elements when lube oil is changed.

Table 4.30-13. Duty Cycle Definitions

250 hours or
annually

500
511sGL = 1500 hours "

1500 hours500 hours1500 hours

* Natural Gas
HD-5 Pro-

pane

For Engines Operating W¡th O¡l Header Temperatures 195" F (91" C) Or Below

STANDBY
DUTY

EBULLIENT COOLED OR HOT
WATER SYSTEM WITH ENGINE

WATER TEMPERATURE
200" F (93' C) OR ABOVE *

LIGHT LOAD
OPERATION

ENGINES
OPERATED IN

EXCESS OF
tso sTD.
POWER

ISO STANDARD
OR CONTINUOUS
POWER RATING

ENGINE
MODEL

250 hours or
annually360 hours360 hours250 hours360 hoursVHP Series

For Engines Operating With Elevated Oil Sump Temperature

STANDBY
DUTY

EBULLIENT COOLED OR HOT
WATER SYSTEM W¡TH ENGINE

WATER TEMPERATURE
2oo" F (93'C) OR ABOVE *

LIGHT LOAD
OPERATION

ENGINES
OPERATED IN

EXCESS OF
ISO STÐ.
POWER

ISO STANDARD
OR PRIME

POWER RATING

ENG¡NE
MODEL

25% or less of the continuous duty ratingLight Load Operation:

Peak shaving is operation of an engine for a limited time to meet short term peak power requirements.
Speed, loading, and hours per year of operation will affect the recommended oil change interval.Generator Peak Shaving :

This rating is the highest load and speed that can be applied in variable speed
application only. Operation at this rating is limited to a maximum of 3500 hours

mechanical system
per year.

lntermittent Power Rat-
ing:

ln a system used as a backup or secondary source of electrical power, this rating is the output the engine
will produce continuously (no overload), 24 hours per day, for the duration of the prime power source
outage.

Generator Standby Power
Rating:

The highest load and speed which can be applied 24 hours a day,7 days a week, 365 days per year,
except for normal maintenance. lt is permissible to operate the engine àt up to ten percent overload or
maximum load indicated by the intermittent rating, whichever is lower, for two hours in each 24 hour
period.

ISO Standard Or
Continuous Power
Rating:
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EXHAUST SYSTEM MAINTENANCE

EXHAUST SYSTEM BACKPRESSURE
MEASUREMENT

Monitor the exhaust system backpressure daily. The
maximum backpressure must not exceed specification.

Refer to Table 4.35-1 for exhaust system backpressure
values.

1. Drill and tap a hole (1/4 inch NPT) in the customer
supplied exhaust piping. Place the hole 12 in. (305 mm)
downstream from the mating flange of the Waukesha
supplied flexible exhaust connection. The measure-
ment must be taken before the silencer or catalytic
converter, if provided, and should be away from any
bend or elbow in the exhaust piping.

2, lnstall a tubing connector in the hole. Use only
non-corroding stainless steel fittings.

3. Connect one end of a water manometer to the
connector and vent the free end to the atmosphere. The
manometer line fitting must not protrude beyond the
inner surface of the exhaust pipe or an inaccurate
reading may result.

4, Measure the exhaust backpressure at rated speed
and load. Corrective action must be taken if the
backpressure exceeds the specified limit.

5. Excessive exhaust backpressure may be due to one
or more of the following conditions:

A. Undersized piping

B. Elbows, bends or sudden enlargements in the
piping

C. Plugged catalytic converter

D. Pipe obstructions

E. Exit losses

Exhaust temperatures can be an important diagnostic
tool. A very hi gh exhaust temperature mi ght i ndicate that
the airlfuel ratio is too rich. A very low temperature may
mean that a cylinder is not firing.

The maximum exhaust temperature variation (on an
engine running at rated speed and load on natural gas
fuel) between cylinders on the same bank is approxi-
mately 100" F (47" C). The maximum exhausttempera-
ture variation between respective cylinders on different
banks (1R versus 1L, 2R versus 2L, etc.) is approxi-
mately 50' F (23.5' C),

Normal exhaust temperatures are 650' to 670" F
(343" to 354' C). Higher exhaust temperatures might
indicate that the airlfuel ratio is too rich. Lower
temperatures may mean that a cylinder is not firing.

NOTE : Since ai r/fuel ratio, ambient ai r temperatu re and
many other factors may affect exhaust gas tempera-
tures, callthe Waukesha Engine Division, Field Service
Department, if additional information is required.

Check engine exhaust temperatures for each cylinder
daily. Monitor the exhaust temperatures when the
engine is running at rated speed and load.

EXHAUST SYSTEM INSPECTION

1. lnspect the exhaust manifolds and exhaust piping for
leaks.

2. Record the exhaust manifold temperatures for
reference.
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Täble 4.35-1. Maxlmum Allowable Exhaust Backpressure And Reductlons For Speed And Load

The maximum allowable exhaust backpressure for a VHP 511sGL model is 13.5 in. (342.9 mm) of water column
pressure (3.a kPa) at 165 BMEP at 1500 rpm. This pressure must be reduced by 1.0 in. (25.4 mm) of water column
(0.25 kPa) for every 100 rpm that the maximum rated speed is below 1500 rpm and reduced by 1.0 in. (25.4 mm) of
water column (0.25 kPa) for every 10 BMEP that the maximum rated load is below 165 BMEP. Allowable backpres-
sure is not reduced below 4.0 in. (101.6 mm) of water column pressure (1 kPa). At reduced load and/or speed the
backpressure on the engine will decrease by the operating characteristic of the exhaust system.

Max Exhaust Backpressure = 13.5 - f(1500 - rpm)/1001 - f(165 - BMEPylol in. H2O

VHP 5115GL MODELS

The maximum allowable exhaust backpressure for a VHP GL model (except 511sGL) is 13.5 in. (342.9 mm) of
water column pressure (3.4 kPa) at 160 BMEP at 1200 rpm. This pressure must be reduced by 1.0 in. (25.4 mm) of
water column (0.25 kPa) for every 1 00 rpm that the maximum rated speed is below 1200 rpm and reduced by 1 .0
in. (25.4 mm) of water column (0.25 kPa) for every 10 BMEP that the maximum rated load is below 160 BMEP.
Allowable backpressure is not reduced below 4.0 in. (101.6 mm) of water column pressure (1 kPa). At reduced load
and/or speed the backpressure on the engine will decrease by the operating characteristic of the exhaust system.

Max Exhaust Backpressure = 13.5 - t(l200 - rpm)/1001 - [(160 - BMEPylo] ln. H2O

LEAN BURN, TURBOCHARGED AND ¡NTERCOOLED, VHP GL MODELS (EXCEPT 511sGL)

The maximum allowable exhaust backpressure for a VHP GSI* model is 1 I in. (457.2 mm) of water column
pressure (4.5 kPa) at 180 BMEP at 1200 rpm. This pressure must be reduced by 1.5 in. (38 mm) of water column
(0.37 kPa) for every 100 rpm that the maximum rated speed is below 1200 rpm and reduced by 1.5 in. (38 mm) of
water column (0.37 kPa) for every 10 BMEP that the maximum rated load is below 180 BMEP. Allowable backpres-
sure is not reduced below 4.0 in. (101.6 mm) of water column pressure (1 kPa). At reduced load and/or speed the
backpressure on the engine will decrease by the operating characteristic of the exhaust system.

MaxExhaustBackpressure=18.0-1.5x1(1200-rpm)n001-1.5x1(180-BMEPylolin.H2O
* This applies only to VHP GSI engines with the ejector style breather system. For other models, contact the
Waukesha Applications Engineering Departmcnt.

STOICHIOMETRIC, TURBOCHARGED AND INTERCOOLED, VHP GSI* MODELS

The maximum allowable exhaust backpressure for a VHP G model is 18 in. (457.2 mm) of water column pressure
(4.5 kPa) at the highest load at the highest speed that the engine will experience during operation. At reduced load
and/or speed, the backpressure on the engine will decrease by the operating characteristic of the exhaust system.

NATURALLYASPIRATED VHP G MODELS

4.3s - 2 FORM 6277 First Edition



sEcTloN 4.40

CRANKCASE BREATHER SYSTEM MAINTENANCE

MAINTENANCE

NOTE: After cleaning, seruicing or replacing any compo-
nent of the crankcase breather system, recheck he
crankcase pressure to verify that it is within specifrcation
and that all system components are functioning properll¡

SEPARATOR SCREEN MAINTENANCE

6 and 12 cylinder engines have a crankcase separator
screen, On six cylinder engines, the separator screen is
located in the firing deck of the crankcase at the rear of
the engine (see Figure 4.4O-1) On 12 cylinder engines,
the separator screen is located in the rear right side of
the engine on the cylinder firing deck. 16 cylinder
engines do not have separator screens.

1. Disconnect the separator screen tubing from the
oil separator (see Figure 4.40-1, Figure 4.40-2,
Figure 4.40-3 and Figure 4.40-4).

2. Remove the capscrews, lock washers, and gaskets
and the separator screen assembly from the top of the
cylinder block.

/
ELBOW

HOSE
CLAMP

BREATHER
TUBE

HOS
HOSE

CLAMP

e

\
\ 

"o"/ ctp,t,
E
PS

FLANGE

GASKETS

SCREEN

Figure 4.40-2. Grankcase Separator Screen -
6 Cylinder

iá¡

?
þ

ft

Figure 4.40-1. Grankcase Separator Screen -
6 Cylinder
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CRANKCASE BREATHER SYSTEM MAINTENANCE

Crankcase Separator Screen Cleanlng And
Inspection

A WNRNING
Always use approved cleaning solvents in a well
ventllated area. Avoid contact wlth skin. Disregard-
ing thls informatlon could result in severe personal
inlury or death.

1. Wash the screen in a non-volatile cleaning solution
or solvent, if necessary.

2. Remove the separator screen and breather transi-
tion assembly.

A WNRNING
Compressed alr can pierce the skin and cause
severe injury. Never use your hand to check for
leaks or to determlne air flow rates. Wear safety
glasses to shield your eyes from flying dirt and
debris. Dlsregarding this lnformation could result in
severe personal injury or death.

3. Dry the screening element from the inside out using
low pressure compressed air.

Crankcase Separator Screen Assembly

1. Position a new gasket over the rectangular hole on
the top of the cylinder block (rear right corner)
(see Figure 4.40-1, Figure 4.40-2, Figure 4.40-3 and
Figure 4.40-4). Verify that the gasket surfaces are clean
and completely free of grease and oil.

2. lnstallthe separator screen in the cylinder block.

3. lnstall a new gasket on top of the separator screen.

4. Fasten the separator screen and breather transition
assembly to the top of the cylinder block lock washers
and capscrews.

5. lnstall the oil separator tubing,

#6R CYLINDER
HEAD

12 CYLINDER ENGINE SEPARATOR
SCREEN LOCATION . SEPARATOR

SHOWN REMOVED

Figure 4.40-3. Crankcase - Rear Rlght

Figure 4.404. Crankcase Separator ScrEen Assembly
- 12 Cyllnder GL Shown

Æ'r+

,/
HOSE.

CLAMP

/
BREATHER

TUBE

@

GASKET ------l

SEPARATOR SCREEN -""'ù

GASKET---\
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CRANKCASE BREATHER SYSTEM MAINTENANCE

O-RING

BODY
SE

/
DRAIN ELEMENT

MESH

CRANKCASE VAPOR
AND OIL INLET

OIL SEPARATOR

\
\

/RETAlNING
CLIP CELLULAR

FOAM

CRANKCASE
VAPOR OUTLET

SEPARATOR
LID

orl SEPARATOR(S) MATNTENANCE

6 cylinder and 12 cylinder G engines, have one oil
separator located at the rear of the engine
(see Figure 4.40-5).

Flgure 4.40-5. Oll Separator 6 And 12 Cyllnder Englne

The 5115GL engine and 12 cylinder GSI and GL
engines have two oil separators. One oil separator is
connected by an elbow to the vent in the gear housing
cover on the front left side of the engine. The second oil
separator is mounted above the crankcase at the rear
right side of the engine (see Figure 4.40-6). This oil
separator is connected by a breather tube to the
crankcase separator screen in the top ofthe crankcase.

16 cylinder engines have one oil separator located on
the rear of the engine directly above the flywheel.

Oil Separator Clean¡ng And lnspection -
6 And 12 Gylinder

Clean the oil separator at each oil change.

NOTE: Current production separators have elongated
indentations along the circumference of the cover. This
indicates that the upper foam filter is removable.

1. Disconnect the breather plumbing from the separa-
tor as required and remove the oil separator from the
engine. Release the two latches on the separator and
remove the cover (see Figure4.40-5 and
Figure 4.40-6).

Figure 4.40€. Oil Separator Assembly -
5115GL Engine Rear Right

2. Remove the O-ring from the cover.

3. Pry the screen out of the cover and remove the foam
(see Figure 4.40-7). Remove the upper screen from the
inside of the cover.

FORM 6277 First Edition

Figure 4.40-7. Pry Screen From Gover
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GRANKCASE BREATHER SYSTEM MAINTENANCE

4. Wash thè foam in â detergent solutlon and wring dry
by hand (see Figure 4.40-8). Do not use a mineral based
solvent

8. Press tlre retaining-screen and foam into thecover
(see Figure 4.40-10).

Figure 4.40-10. Press Screen Into Cover

9. lnstallthe O-ring on the cover.

10. Clean the lower separator body in a solvent tank.
Allow the separator to dry (see Figure 4.40-11').

Flgure 4.40€. Wring Foam Dry

5. Wipe the inside of the cover clean.

6. lnstall the upper screen to the inside of the cover.

7. Place the foam into place in the retaining screen
(see Figure 4.40-9).

Figure 4.40-11. Wash Separator Wlth Solvent

't1. lnstall the separator on the engine. Connect the
drain tube to the separator (if equipped).

12. lnstall the cover on the separator. lnstall the
breather plumbing as required.

4.40 - 4

Flgure 4.40-9. lnstall Foam ln Screen
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CRANKCASE BREATHER SYSTEM MAINTENANCE

OII Separator Cleaning And lnspection -
16 Cylinder

1. Remove the oil separator from the engine.

2. Loosen the retaining clamp and remove the lid from
the body of the oil separator (see Figure 4.40-12 and
Figure 4.40-13).

A WNRNING
Gompressed air can pierce the skin and cause
severe lnlury. Never use your hand to check for leaks
or to determine air flow rates. Wear safety glasses to
shield your eyes from flying dirt and debris. Disre-
garding this information could result in severe
personal injury or death.

NUT

WING NUT

SEPARATOR
BODY

O.RING
FILTER

O-RINGFILTER

WING NUT

Figure 4.40-12. Oil Separator - 16 Cylinder Engine

A CNUTION High pressure com-
pressed air can easily

damage the light metal fllter mesh element causlng
b
sive crankcase pressure condition.

6. Dry the lid, body, and filter element with low pressure
compressed air.

7. lnstall the filter element in the separator body with the
handle on the filter facing up, and hand tighten the wing
nut.

8. Place the rubber O-ring seal on the inside rim of the lid.

9. Position the lid and clamp on the separator body and
secure by tightening the nut on the clamp.

CRANKCASE PRESSURE CHECK

A negative crankcase pressure of 0 - 1 in. (25.4 mm)
H2O must be maintained.

NOTE: Measure the crankcase pressure at least once
every 3 months (2160 hours).

Proceed as follows:

1 . Remove the pipe plug from the oil level gauge support
and install a tube connector in the hole
(1/8 inch NPT) (see Figure 4.40-14).

. OIL LEVEL GAUGEr* (DtPsTtcK)

INSTALL WATER
MANOMETER TUBE

Figure 4.40-14. lnstall Water Manometer Tube
Gonnector

Figure 4.40-13. Oil Separator - 16 Cylinder Engine

3, Remove the rubber O-ring sealfrom the inside rim of
the lid. lnspect the seal for cuts, tears or loss of elasticity.
Replace when necessary.

4. Remove wing nut and lift the filter assembly from the
separator body.

5. Thoroughly wash the body and filter element in a
non-volatile cleaning solution or solvent.

FORM 6277 First Edition 4.40 - 5



CRANKCASE BREATHER SYSTEM MAINTENANCE

2. Connect one end of a water manorneter [o llle
connector and vent the free end to the atmosphere; the
manometer line must not protrude beyond the inner
surface of the gauge support or an inaccurate reading
may result (see Figure 4.40-15).

VENT

SHUTOFF
VALVES TO

CRANKCASE

MANOMETER

Figure 4.40-15. Water Manometer

3. Measure the crankcase pressure and perform all

pressure adjustnenb while the engine is operating at rated

speed and load (see Crankcase Pressure Adiusffient)

4. Remove the manometer line and tube connector.
lnstall the pipe plug.

CRANKCASE PRESSU RE ADJUSTMENT
CONTROLS

All engines are provided with manual crankcase pres-
sure adjustment. The adjustment is accomplished by
admitting more or less outside air into the breather
system. All manual adjustment devices are externally
controlled and easily accessible.

6 Gylinder Engine Grankcase Pressure
A J!¡.-l-¡¡¡ f¡a¡+¡¡I¡,tt¡ll¡ÐlrlrE ¡ ¡t v9¡ lß! 9lÐ

On 6 cylinder models, crankcase pressure is adjusted
with either a venturi/adjusting screw assembly
(see Figure 4.40-16), an ejector breather/adiusting
valve assembly (see Figure 4.40-17') or vacuum valve
(see Figure 4.40-18).

VENTURVADJUSTING
SCREW ASSEMBLY

Figure 4.40-16. Venturi/Adiusting Screw Assembly -
6 Gylinder GSlShown

ADJUSTING VALVE

- 

:"i:t:

EJECTOR
BREATHER

F i g u re 4.40-17 . Ejector Breath erlAdi ustin g Valve
Assembly - 6 Gylinder Shown

12 Cylinder Engine Crankcase Pressure
Adiustment Controls

On 12 cylinder models that are not equipped with venturi

exlractor, the crankcase pressure is adjusted wih a
vacuum valve assembly of which üere are different

configurations. (see Figure 4.40-18 and Figure4.40-19).
On 12 cylinder models equipped Ûth a venturi exbactor, a
choke valve is located on the end of the venturi exÍactor
(see Figure 4.4O-2O).

/
BUTTERFLYVALVE

HEX NUT

SCREW

BREATHER TUBE

Figure 4.40-18. Vacuum Valve Assembly

BUTTERFLY VALVE

HEX NUT

SCREW

BREATHER TUBE

Figure 4.40-19. Vacuum Valve Assembly
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CRANKCASE BREATHER SYSTEM MAINTENANCE

,l

i

FI g u re 4.4O-2O, Ventu ri Extractor/Choke Valve
Assembly - 12 Cylinder GL Shown

16 Gylinder Englne Crankcase Pressure
Adiustment Controls

On 16 cylinder engines, the crankcase pressure is
adjusted with a vacuum valve that is similar in appear-
ance to the valve shown in Figure 4.40-16, or a venturi
extractor/choke valve assembly similar to the one
shown in Figure 4.40-20.

CRANKCASE PRESSURE ADJUSTMENT

1. Run the engine at rated speed and load.

NOTE: A negative pressure of 0 - 1 in. (25.a m@ HpO
is desirable at all speeds and loads.

2. Refer lo Crankcase Pressure Check and install a
water manometer to monitor crankcase pressure.

3. Loosen the hex nut and turn the adjusting screw
while monitoring the water manometer, until the recom-
mended negative crankcase pressure is obtained.

4. Remove the engine load.

5. Measure the crankcase pressure again. Readjust if it is
not within specification.

6. Retest at rated speed and load. lf the crankcase
pressure is within specification, tighten the hex nut to
hold the setting.

7. lf adjustment of manual control devices fails to
properly regulate crankcase pressure:

A, Clean the crankcase separator screen.

B. Clean the crankcase oil separators.

C. Clean all breather tubes.

D. Clean and inspectthe crankcase breather regula-
tor assembly.

E. Clean and inspect the venturi extractor assembly.

F. lnspect the air cleaner prefilter pads and main
filter elements. Clean or replace as necessary.

G. Measure the exhaust backpressure. Excessive
backpressure reduces breather system effec-
tiveness.

NOTE: After cleaning, seruicing or replacing any compo-
nent of the crankcase breather system, recheck the
crankcase pressure to verify that it is within specifrcation
and that all system components are functioning properl¡¡

MAINTENANCE

The crankcase breather regulator assembly is above
the water manifold and connected to the venturi
extractor through a tee and pipe nipple arrangement
(see Figure 4.40-21).

NOTE: Location varies with
engine model

BREATHER
REGULATOR

nl

Figure 4.40-21. Breather Regulator

While there is no manual adjustment of the crankcase
breather regulator, it should be inspected annually for an
accumulation of dirt or grit. Harsh environments may
dictate more frequent attention.

CHOKE VALVE
VENTURI

EXTRACTOR
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CRANKCASE BREATHER SYSTEM MAINTENANCE

CRANKCASE BREATI{ER REGULATOR .
CLEANING AND INSPECTION

A WNRNING A CAUTION

5. lnspect the valve plate for nicks, cracks or damage.

lf replacement of the
breather regulator hous-

ing or valve assembly is necessary be sure to order
the correct part numbers. Slnce air flow require'
ments vary between englne models and applica-
tions, the housings and valves are sized or
weighted differently and are not interchangeable.
Disregarding this lnformatlon could result ln prod-
uct damage.

6. Replace any parts of the assembly that are damaged
or worn.

CRANKCASE PRESSURE RELIEF VALVES
MAINTENANCE

To ensure that they are in proper working condition, the
crankcase pressure relief valves should be exercised
and inspected annually (see Figure 4.40-23). 11 re'
moved, replace crankcase pressure relief valves in the
same positions as received from the factory.

Figure 4.40-23. Crankcase Pressure Relief Valve

1 . Shut down the engine and allow it to cool.

2. Lift the valve off its seatto verify that the plate is free
to move.

A WNRNING
The number of pressure relief valves used on the
engine depends on the volume of the crankcase.
Never operate the engine wlthout all valves on the
englne. The ablllty of the system to funct¡on ¡s
dependent upon the proper number of relief valves.
Operation wlthout the proper typc and number of
rellef valvesn or lf the relief valves are not properly
maintained, can result in severe personal iniury or
death.

Gompressed air can pierce the skin and cause
severe lniury. Never use your hand to check for
leaks or to determlne air flow rates. Wear safety
glasses to shield your eyes from flying dirt and
debris. Disregarding this lnformatlon could result in
severe personal iniury or death.

1. Thoroughly wash all parts in a non-volatile cleaning
solution or solvent to remove accumulations of dust, dirt,
grease and grit (see Figure 4.40-22). Dry with low
pressure compressed air.

Figure 4.40-22. BreathEr Regulator Assembly

2. lnspect the regulator housing for cracks.

3. lnspect the regulator rod for scratches or burrs.

4. lnspect the O-ring for cuts, tears or loss of elasticity

,/
HOUSING

ROD

E-CLIP
,/æ% VALVE

PLATE
./

ogv
VALVE

HUB
3'

O.RING
,/

SCREEN
./

@'/
LOCK NUT

il
il

ll
I

i

I

I

I

fl
il
il

4.40 - I FORM 6277 First Edition



sEcTloN 4.45

PRELUBE AND STARTING SYSTEM MAINTENANCE

MAINTENANCE

A WNRNING
From the bulkhead, all gas vented from the system
must be piped to a safe area in conformancewith all
applicable codes. Failure to comply could result in
severe personal iniury or death.

ELECTRIC STARTER SYSTEM MAINTENANCE

A WARNING
Always disconnect electrical power durlng inspec-
tlon of electrical components. Failure to comply
could result in severe personal inlury or death.

lnspect the starter motor and wiring for loose connec-
tions or frayed insulation (see Figure 4.45-11.

Figure 4.45-1. Electric Starter

MAINTENANCE

1. Prior to each start check the airþas starter reservoir
for lubricant (see Figure 4.45-2 and Figure 4.45-3).

T'
RESERVOIR

AIH/GAS STARTER l . ,,,., ,
¡, EF

Figure 4.45-2. Air/Gas Starter

2. Remove the plug and fill the reservoir. DO NOT
OVERFILL. Use the proper grade of oil. Add SAE 10W
oil at 32" F (0' C) and above, Use No. 2 Diesel Oil when
ambient temperatures fall below 32' F (0" C).

3. Replace the plug.

ELECTRIC STARTER

ryt
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PRELUBE AND STARTING SYSTEM MAINTENANCE

PLUG

RESERVOIR

Figure 4.454.|n-line Lubricator And Prelube
Motor/Pump Assembly

A CNUflON The lubricator is in-
tended for systems using

dry clean natural gas. Any appreciable amount of
hydrogen sulfide (HzS), particularly when combined
with moisture, will cause corrosion and adversely
effect the lubrlcator and its operation. Dlsregarding
this information could result in product damage
and/or personal injury.

A CAUilON From the point of use,
some oil mist may escape

into the surrounding atmosphere. Users are referred
to OSHA saÍety and health standards for limiting oil
mlst contamination and use of protecting equipment.
Disregarding this information could result in prod-
uci ciamage ancil'or personai iniury.

A CAUflON The maximum operating
terhperature of the lubri-

cator is 175'F (79" C). Disregarding thls information
could result in product damage and/or personal
injury.

Figure 4.45€. Air/Gas Starter Reservoir

IN.LINE LUBRICATOR

A WNRNING
lf high prcssurê gas is used to dñve the airlgas prelube
pump motor, vent the motor e*raust to a saÍe area in
confomance with all applicable codes. lmproper
venting may result in severc personal injury or death.

NOTE: The air/gas starting system also has a lubrica-
tion reservoir. See Starting Systems for information.

The in-line lubricator injects oil into a stream of
compressed airlgas to provide the internal lubrication of
the airlgas operated prelube pump motor
(see Figure 4.45-4).

TO OIL PUMP+--

PRELUBE MOTOR

IN.LINE
LUBRICATOR

PRELUBE PUMP AIRiGAS INLET
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PRELUBE AND STARTING SYSTEM MAINTENANCE

o¡t Fitl

Check the level of the in-line lubricator daily. The oil level
must always be visible in the sight glass. Refill as follows:

1. With the inlet pressure shut off, slowly loosen the oil fill
plug in the lubricator housing cover (see Figure 4.45-5).
Loosening the plug exposes a bleed orifice that reduces
pressure in the oil reservoir.

/
OILER ADJUSTING

SCREW

AIR/GAS
SIGHT FEED DOME

. FILL PLUG

AIR/GAS
INLET

8oz.
RESERVOIR

RESERVOIR LEVEL
SIGHT GLASS

DRAIN PLUG

Figure 4.45-5. ln-line Lubricator

A CAUilON lnsure that oil level of the
in-line lubdcator is always

visible in the sight glass. DO NOT OVERFILL the
reservoir. Failu¡e to follow proper procedures could
rcsult in product damage and/or personal iniury.

2. Remove the plug and fill the reservoir to the proper
level. DO NOT OVERFILL. The oil level must always be
visible in the sight glass. Use the proper grade of oil. Add
SAE 10W oil at32" F (0' C) and above. Use No. 2 Diesel
Oil when ambient temperatures fall below 32" F (0' C).

3. lnspectthe O-ring on the neck of the oilfill plug fortears,
cuts or general deterioration. Replace as necessary.

4. lnstallthe plug in the lubricator housing cover.

Adjustments

Periodically check the lubricator drip rate. lf the prelube
pump motor exhaust is oil-free or contains an excessive
amount of oil, manual adjustment is necessary.

1 . Locate the oiler adjusting screw at the top of the sight
feed dome on the lubricator housing cover.

2. Pull the lock ring on the adjusting screw upward to
release the drip rate setting.

3. Adjustthe drip rate only when there is a constant rate
of airlgas flow through the lubricator. Oil drops are

atomized by the airlgas flowing through the lubricator
throat. Monitorthe drip rate through the sightfeed dome.
All of the drops visible in the dome are delivered to the
prelube pump motor.

4. Adjust the lubricator to provide a light oil vapor at the
prelube motor exhaust (about 4 to 5 drops per minute).
Turn the adjusting screw clockwise to decrease the drip
rate, turn the screw counterclockwise to increase it.

5. Push the lock ring on the adjusting screw downward
to lock the drip rate setting.

6. Monitor the prelube pump motor for a few days following
the adjustnent. Readjust the drip rate if necessary.

Cleaning
Clean the in-line lubricator monthly.

1. With the inlet pressure shut off, slowly loosen the oil
fill plug in the lubricator housing cover. Loosening the
plug exposes a bleed orifice that reduces pressure in the
oil reservoir. Remove the oil fill plug.

2. Remove the drain plug atthe bottom of the reservoir.
Drain the oil.

3. Unthread the reservoir from the lubricator housing
cover.

4. lnspect the O-ring on the upper lip of the reservoir for
tears, cuts or general deterioration. Replace as necessary.

A WNRNING
Compressed air can pierce the skin and cause
severe injury. Never use your hand to check for leaks
or to determine air flow rates. Wear safety glasses to
shield your eyes from flying dirt and debris. Disre-
garding this information could result in severe
personal injury or death.

5. Clean the reservoir using soap and water. Dry parts
and blow out internal body passages using clean, dry
compressed air.

6. lnspect all parts carefully. Replace any parts that
appear damaged.

7. lnstallthe reservoir onto the lubricator housing cover
and fully tighten the reservoir until it stops (approximate-
ly 5 turns). Unscrew the reservoir no more than one full
turn to position the sight glass for best visibility.

L lnspect the O-ring on the neck of the oil fill plug for
tears, cuts or general deterioration. Replace as neces-
sary. lnstall the plug in the lubricator housing cover.

9, lnstall the drain plug at the bottom of the lubricator
reservoir.

10. Fill the lubricator reservoir with the proper grade
and amount of oil (see Table 4.30-1 and Table 4.30-2).

11 . Periodically check the drip rate. Readjust if neces-
sary (see ln-line Lubricator, Adjustments).
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sEcTtoN 4.50

ENGINE PROTECTION SYSTEM MAINTENANCE

¡

I
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SYSTEM MAINTENANCE
Maintenance of the engine protection shutdown system
is generally limited to visual inspection of components.

A WNRNING
Switches for alarms and automatic engine shutdown
must be supplied by the customer. The sensors
provided are for measurlng and monitoring tempera-
tures and WILL NOT shut the engine down lf
potentially harmful temperatures are reached. Wau-
kesha wlll not be responslble for any pÌoperty
damage, severe personal iniury or death, due to the
failure to follow these instructions.

K.WPE THERMOCOUPLES INSPECTION

A CNUTION Thermocouples can be
extremely hot. Allow en-

gineto cool priorto handling thermocouple. Failure
to follow these procedures could result in severe
personal injury.

1. lnspect the thermocouples (see Figure4.50-1) to
insure they are securely seated.

A WARNING
Always insure that the fuel gas valve(s) are closed
after englne shutdown. Failure to close fuel gas
valve(s) could cause severe personal injury or
death.

1. lnspect the manual shutdown lever for proper
operation (see Figure 4.50-2). With the engine running
under no load, move the lever to the CLOSED position,
the engine should return to idle speed.

MANUAL
SHUTDOWN

LEVER

Figure 4.50-2. Manual Shutdown Lever -
12 Cylinder VHP GL Shown

PRESSURE AND TEMPERATURE SWITCHES
CALIBRATION

Calibrating and testing pressure and temperature
switches, should be performed by qualified service
technicians every 90 days.

OPTIONAL INSTRUMENT PANEL

lnspect the instrument panel to insure the gauges are
operating,

THERMOCOUPLE

Figure 4.50-1. Jacket Water Temperature Sensor -
511sGL Engine Shown

2. lnspect connecting cables and wires for loose
connections, broken wires or insulation,
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sEcTloN 4.60

MAINTENANCE SCHEDULE

ii
] Table 4.60-1. Routine Malntenance Chart

Continued

aLubricateElectric Starter Bearings

aReplaceAdmission Valve O-Ring

aClean or ReplaceAdmission Valve Assembly

IReplaceValve Cover Gasket

oAdjustValve Clearance

aïestSafety Controls

aTestOil Pressure Safety

aCheckCrankcase Pressure

TestWater Temperature Gauge

olnspect
lgnition Cables, Primary and
Secondary Connect.

aCheckBelt Tension

oCheck/FillCooling Water Analysis

aCheck/FillBattery Electrolyte

oCheck/FillPrelube Motor Reservoir

aCheck/Clean or ReplacePrecleaner Element

oRelease Trapped AirOil Filter

aCheck/FillGovernor Oil Level

aCheck/FillCrankcase Oil Level

aCheck/Fill
Cooling Systems Fluid Level
(Jacket and Auxiliary)

aClean/LubricateControl Rod Ends and Linkage

aCheck/FillAir Starter Lubricator

oCheck/Clean or ReplaceAir Cleaner Filter Element
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MAINTENANCE SCHEDULE

ReplaceSpark Plugs (2500 - 4000 hours or
as required)

a

Water Pump ldler Pulley Bearings Lubricate a

Oil Separators Clean a

CleanCrankcase Breather a

ReplaceOil Filter Elements a

Oil Cooler (Oil Side) Drain a

Magnetic Plugs Clean a

CleanLube Oil Strainer Element a

lgnition Timing Check a

Governor Rod Ends Lubricate a

Change
Engine Oil (Continuous Duty, See
Tatile 4.30-11, Table 4.30-12, and
Table 4.30-13)*

a

Enoine Oil & Filter
(Stándby Service, See Table 4.30-11,
Table 4.30-12, and Table 4.30-13)*

Change a

Engine Protection Devices lnspect

Clean and RegapSpark Plugs (or as required) a

Auxiliary Water Pump lnspect/Lubricate a

Fan Hub And idler Pulley Bearings Lubr¡cate a

Engine Oil IAnalysis

Clean.and LubricateControl Linkage a

Engine Oil (Excess of Continuous
Dutv, See Table 4.30-11,
Tabie 4.30-12, and Table 4.30-13)*

Change a

CleanOil Pan o

ReplaceJacket Water Hoses a

MotorSynchronizer
Gears

Governor-
Reduction

aLubr¡cate

I gnition Primary Terminals,
Harness Plug

alnspect

ReplaceHigh Tension Wires a

Full Flow Filter Relief Valve lnspect a

Exhaust Back Pressure aCheck

CleanCrankcase Oil Pickup Screen a

Cooling System
(Jacket and Auxiliary) Clean and Flush o

Turbocharger aClean and lnspect

Governor-Synchronizer Motor
Bearings

aLubricate
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MAINTENANCE SCHEDULE

alnspectAir/Fuel Module

alnspectDetonation Sensing Module

alnspectCEC lgnition

alnspect
lgnition Primary Terminals, Connec-
tions, Harness Plug, and Wires

alnspectlgnit¡on Coils

oReplaceBelts

aClean and lnspectlntercooler

aChanoe/^- ^^ -^-..:-^r\
Hydraulic Governor Oil

aCheckCooling Water Analysis

aReplacePrecleaner Element

aReplaceOil Filter Seal
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NOTE: * See Section 4.3O Lubrication System Ma¡nten ance, Table 4.30-11, Tabte 4.30-12forebuttientcooled enoines, or hotwater svstemwìth

engine,water.temperature200" F (93'C) orabove (5115GLratedat220" C (104" C). Table 4.30-12details-intervatsforenginei receiving
normal maintenance and using gaseous fuel containing H2S in excess oi published timits.

A WNRNING
Failure to observe the above ma¡ntenance schedule
could result in severe personal iniury or death.

I
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TROUBLESHOOTING

Contact your Waukesha Engine Distributor for
assistance.

Governor drive gear dampers are worn out.

Contact your Waukesha Engine Distributor for
assistance.

Fuel pressure unstable and "hunting"

Contact your Waukesha Engine Distributor for
assistance.

Governor compensation set too low.

Contact your Waukesha Engine Distributor for
assistance.

lncorrect angle on governor terminal shafi

Contact your Waukesha Engine Distributor for
assistance.

Governor rod length incorrect.

Contact your Waukesha Engine Distributor for
assistance.

Governor linkage loose or sloPPY.

Contact your Waukesha Engine Distributor for
assistance.

Governor linkage binding or sticking.

Clean fuel supply line and filters.Restricted fuel supply.GOVERNOR: UG-8 Engine will not
pick up rated load

Reduce load.

Low oil level.

Engine overloadedGOVERNOR: UG-8
respond to speed or

E.ngrne rs slow to
load changes

Add oil to correct level on gauge glass. Check
for leaks, especially at drive shaft.

GOVERNOR: UG-8 Engine hunts or
surges.

Drain oil and refill.Foamy oil in governor

Drain oil, clean governor and refillDirty oil in governor

Contact your Waukesha Engine Distributor for
assistance.

Low lube oil pressure. lmproper bearing
lubrication. Load engine before warm oil is
supplied to the turbocharger.

TURBOCHARGER: Excessive noise
or vibration.

Determine and correct cause.Engine overloaded

Excessive fuel consumption

Set timing to specilicationsRetarded ¡gn¡tion timing.

Contact your Waukesha Engine Distributor for
assistance.

Leaks in fuel system.

REMEDYPROBABLE CAUSESYMPTOM

{

\¿
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APPENDIX A

ALPHABETICAL INDEX

A
Air lntake System Description

AirCleaner(s)...
Garburetor(s) And lntake Manifold(s)
lntercooler(s).....
Turbocharger(s) . .

Air lntake System Maintenance . . . . . .

Air Filter Maintenance . . . .

2:t5 - 1

2j5 - 1

2.15 - 1

2.15 - 2
2.15 - 2
4.15 - 1

4.15 - 1

Cooling System Specifications And
Recommendations

Cooling Water Circuits - Drain And
Flush .

Cooling Water System - Air Bleed.
Grease Recommendations
ldler Pulley Bearing Lubrication
Jacket Cooling Water Circuit - lnitial Fill
Jacket Water Pump Belts Replacement
Jacket Water Pump Belts Tension

AdJustment

4.25 - 2

4.25 - 5
4.25 - 4
4.25 - I
4.25 - I
4.25 - 3
4.25 - I

4.25 - 11

Basic Engine Description, . ..

c
Component Descriptions

Camshafts
Carburetor(s) .. ..
CEC Detonation Sensing Module . . . .

CEC lgnition Module
Connecting Rods .

Grankcase
Crankshaft
Cylinder Head And Valves
Cylinder Liners
Exhaust Manifold(s)
lnstrument Panel ,

lntake Manifold(s)
lntercooler(s).....
Pistons
Serial Numbers And Engine Nameplate
Turbocharger(s) ..

Cooling System Description
Auxiliary Remote Heat Transfer Device
Auxiliary Water Pump
Cluster Thermostat Housing
Exhaust Manifold
lntercooler(s).....
Jacket Water Header/Jacket Water . . .

Jacket Water Pump
OilCooler
Remote Heat Transfer Device
Water Manifold

Cooling System Maintenance . . . . . . . . .

Auxiliary Cooling Water Circuit -
lnitialFill

Auxiliary Water Pump Bearings
Lubrication

Auxiliary Water Pump Drive Belt
Replacement ... . .

Auxiliary Water Pump Drive Belt
Tension Adjustment

Cooling System Additives

Crankcase Breather System Description . . . .

Breather Regulator
Choke Valvely'acuum Valve

Maintenance ....
OilSeparator(s) . .

Pressure Relief Valves
Separator Screen
Venturi Extractor

Crankcase Breather System Maintenance . .

Oil Separator(s) Maintenance .

Pressure Adjustment
Pressure Adjustment Controls
Pressure Check
Pressure Relief Valves Maintenance . . ., . .

Regulator Cleaning And lnspection .,, . . . .

Regulator Maintenance . . . .

Separator Screen Maintenance . . . .

E
Engine During Operation Checks

Engine ldentification Views
511sGL
Six Cylinder GL. . .

Sixteen Cylinder GL . . .

Twelve Cylinder GL . .

Engine Performance Record

Engine Protection Shutdown System
Description Options

K-Type Thermocouples .

Gustomer Supplied Control Switches
Detonation Module And Sensors . . . . .

Manual Shutdown Lever And Governor
Speed Control Lever.

Manual Shutdown Switch/Switches . , ,

Optional lnstrument Panel
Pressure And Temperature Switch

Calibration
Thermocouple Junction Box . .

Engine Protection Shutdown System
Maintenance .. . .

K-Type Thermocouples .

1.15 - 1

..1.15-2

..1.'15-2

.. 1.15 - 3

.. 1.15 - 3

..1.15-2

..1.15-2

..1.15-2

..1.15-2

.. 1.15 - 2

..1.15-2

., 1,15 - 2

..1.15-3

..1.'t5-2

..1.15-3

.. 1.15 - 2

.. 1.15 - 3

..1.15-2

..2.25-1

..2.25-5

..2.25-4

..2.25-3

..2.25-1

.. 2.25 - 4

.. 2.25 - 1

..2.25-3

..2.25-5

..2.25-4

..2.25-3

..4.25-1

4.25 - 4

4.25 - 8

4.25 - 13

4.25 - 14
4.25 - 1

2.40 - 4
2.40 - 2
2.40 - 5
2.40 - 1

2.40 - 5
4.40 - 1

4,40 - 3
4.40 - 7
4.40 - 6
4.40 - 5
4.40 - I
4.40 - 8
4.40 - 7
4.40 - 1

,.3.00-6
..1.15-6
.. 1.15 - I
.. 1.15 - 6
. 1.15 - 16
. 1.15 - 13

. 3.00 - 11

2.40 - 1

2.40 - 5

2.50 - 1

2.50 - 1

2.50 - 4
2.50 - 5

2.50 - 3
2.50 - 4
2.50 - 4

2.50 - 4
2.50 - 3

4.50 - 1

4.50 - 1
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APPENDIX A

Detonation Module And Sensors . . . .

ManualShutdown Lever .

Optional lnstrument Panel .

Pressure And Temperature Switches
Calibration

Engine Rigging And Lifting
Correct Method
Location Of The Lifting Eyes .

Engine Shutdown Procedures
Emergency Shutdown
Routine Shutdown

Engine Specifications .. .

Engine Startup Procedures

Engine Storage
Preservation Equipment And Material

Engine Storage - New
Non-Operational .

Operational
External Component Protection , . .

lnternal Component Protection . . . .

Engine Storage - Used
Non-Operational .

Operational

Engine Timing Data .

Engines Returned To Service After
Storage

Exhaust System Description
Exhaust Manifold
Turbochargers . .

Wastegates

Exhaust System Maintenance . . . . . . . .

Backpressure Measurement .

lnspection
Temperature Monitoring

F
Fuel System Description

Admission Valve Assemblies .

Carburetor(s)
CEC Air/Fuel Module System
Draw-thru Engines
Main Fuel Gas Pressure Regulators . .

Prechamber Gas Safety Shutdown
Valve .

Prechamber Gas Valve
Prechamber Regulator
Prechambers And Spark Plug Carriers

Fuel System Maintenance ....
Admission Valve Maintenance

General lnformation . . .

Features And Benefits

4.50 - 2
4.50 - 1

4.50 - 1

.4.50-1

.1.10-1

.1.10-1

.1.10-1

.3.00-8

.3.00-8

.3.00-8
1.15 - 19

.3.00-3

.4.65-1

.4.65-1

.4.65-3

.4.65-3

.4.65-3

.4.65-3

.4.65-3

.4.65-4

.4.65-4

.4.65-4
1.15 - 24

.4.65-4

.2.35-1

.2.35-1

.2.35-2

.2.35-2

.4.35-1

.4.35-1

.4.35-1

.4.35-1

2.05 - 1

2.05 - 3
2.O5 - 2
2.O5 - 4
2.05 - 5
2.05 - 1

2.05 - 3
2.O5 - 2
2.O5 - 2
2.05 - 4
4.05 - 1

4.05 - 1

.. 2.30 - 6

., 2.30 - 5

..2.30-4

.. 2.30 - 4

..2.30-5

.,2.30-7

..2.30-7

.. 2.30 - 1

..2.30-7

.. 4.30 - 1

. 4.30 - 19

.. 4.30 - 3

. 4.30 - 15

. 4.30 - 24

. 4.30 - 23
, 4.30 - 24
. 4.30 - 11

G

H

1.15 - 1

1.15 - 1

4.30 - 13
4.30 - 15
4.30 - 14
4.30 - 10

I

How To Use This Manual

lgnition Maintenance .... ..... 4.10 - 1

CEC lgnition Module Timing Adjustment -
Dynamic .4.10-10

lgnition System General Maintenance And
lnspection 4.10 - 11

lgnition Timing Adjustment - Dynamic
(Magneto System) 4.10 - I

SparkPlugMaintenance - CSA .... 4.10 - 5
Spark Plug Maintenance - Non-CSA .. . . . 4.10 - 1

lgnition System Description . 2.10 - 1,2.1O - 2
CEC Detonation Sensing Module . . 2.10 - 5
CEC lgnition Module . 2.1O - 2
CSA lgnition System , 2.1O - 4
MagnetolgnitionSystem .... 2.1O-4
Spark Plug, Spark Plug Carriers, And

Connectors 2.1O - 1

L
Lubrication System Description 2.30 - 1

ln-lineLubricator ....2.30-8
lnternalOilControl . .. 2.30 - 1

MICROSPIN'" Cleanable Lube Oil Filtering
System

oitcooter ..:.:::..:..:.::.
Oil Pan And Pickup Screen
Oil Pump
Oil Strainer
Prelube Pump/Motor
Prelube Pushbutton Valve .

Prelube System Components . . . . . . .

Prelube Valve .

Lubrication System Maintenance ... . .

CatalystContaminants . . .

Crankcase Oil Level Checking
ln-line Lubricator
Low Ambient Temperature Operation
Lube Oil Condemning Limits
Lube Oil Consumption Rates
Lube Oil Filter Maintenance
Lube Oil Fifter Relief Valve

Maintenance....
Lube Oil Pressure Adjustment
Lube Oil Strainer Maintenance . . . . . .

Lube Oil System Air Bleed

vil

¡'
I
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Lubricating Oil Performance . .

Magnetic Plug Maintenance
MICROSPIN'" Maintenance . .

Multi-Viscosity Oils
OilAdditives
OilChange
Oil Consumption Rate Formulas
Oil Cooler And Lube Oil Filter lnstallation

Requirements . . .

Oil Cooler Maintenance . . . .

OilDesignations . .

Oil Fill -lnitial Procedure
OilFiltration Requirement .. . . .

OilPan Maintenance . .. .

S
Safety lntroduction . .

Acids ...........:
Batteries
BodyProtection...
Chemicals

Cleaning Solvents
General
Liquid Nitrogen/Dry lce

Components , ...
HeatedOrFrozen....
lnterference Fit . ... . .

4.30 - 19
4.30 - 15
4.30 - 17
4.30 - 24
4.30 - 19
4.30 - 3

4.30 - 24

4.30 - 2
4.30 - 10
4.30 - 19
4.30 - 1

4.30 - 19
4.30 - 4

1.05 - 1

1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2
1.05 - 2

OilRecommendations .....4.30-19
OilSystemPipingPurge ....4.30-2
OilViscositySelection .....4.30-24
PrelubeY-StrainerMaintenance ., . . . .. . 4.30 - 16
Recommendations For Fuel Gas Filtration

Of Solids And Liquids . . 4.gO - 22
Recommended Lube Oils For Landfill Gàs

Applications ....4.30-21
Recommended Oil Change lntervals .. . . 4.30 - 25
Sour Gas, Alternate Fuel Gas, And

Landfill Gas Recommendations . . .. . 4.3O - 21
SyntheticOils., ...... ....4.3O-24
Waukesha Cogeneration lnstallations -

Oil Recommendations . 4.30 - 20

M
Maintenance Of Standby Units

Maintenance Schedule

3.00 - 11

4.60 - 1

P
Prelube And Starting System Description . . .

ln-line Lubricator
Prelube Pump And Motor .

Prelube Pushbutton Valve .

Start Pushbutton Valve
Starter Motor - Air/Gas
Starter Motor - Electric Start .

Prelube And Starting System Maintenance . .

Air/Gas Starter - Lubrication Reservoir . . .

Electric Starter System
ln-line Lubricator

Prestart lnspection

2.45 - 1

2.45 - 2
2.45 - 1

2.45 - 1

2.45 - 2
2.45 - 2
2.45 - 2
4.45 - 1

4.45 - 1

4.45 - 1

4.45 - 2
3.00 - 1

Electrical

General
lgnition

Equipment Repair And Service
Exhaust
Fire Protection . .

Fuels .

Gaseous
General
Liquid

lntoxicants And Narcotics . . .

Pressurized Fluids/Gas/Air . .. .

ProtectiveGuards ..:...
Safety Tags And Decals
Springs
Tools.

Electrical
Hydraulic
Pneumatic

Weight
Welding

General
On Engine

Service Tools List

Speed Governing System Description . . . .

ControlPanel .

Governor Linkage
Magnetic Pickup
Overspeed Governor
Woodward EG-3P Electronic Governor .

Woodward UG-8 Dial Governor .. .. . . .

Woodward UG-8 Governor
Woodward UG-Actuator Governor . . . . .

Speed Governing System Maintenance . . .

Governor Maintenance . . . .

Governor Rod Maintenance .

.1.05-3

.1.05-3

. 1.05 - 3

. 1.05 - 1

.1.05-3

.1.05-3

. 1.05 - 3

.1.05-4

. 1.05 - 3

.1.05-4

.1.05-4

.1.05-4

. 1.05 - 4

. 1.05 - 1

.1.05-4

.1.05-4

.1.05-4

.1.05-5

. 1.05 - 5

.1.05-5

. 1.05 - 5

.1.05-5

.1.05-5
1.15 - 24

.2.00-1

.2.OO-4

.2.00-3

.2.00-3

.2.OO-2

.2.OO-2

.2.00-1

.2.0O-1

.2.00-1

.4.00-1

.4.00-1

.4.00-2
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T-
Torque Values

Troubleshooting . . .

Turbocharger System Description .

Turbochargers . .

Turbocharger System Maintenance
lnspection
Lubrication Check

V
Valve Adjustment .

lntake/Exhaust Valves - 5115GL Only
lntake/Exhaust Valves - 6, 12, And 16

Cylinder Gas - Excluding 511sGL

W
Warning Tags And Decal Locations

VHP 12 Cylinder
VHP 16 Cylinder
VHP 6 Cylinder

Waukesha Engine Preservative Oil . .

Preservative Oil Usage
Use Of Other Preservative Oils And

Materials

.. 1.15 - 22

...5.00-1

...2.20-1

... 2.20 - 1

... 4.20 - 1

... 4.20 - 1

... 4.20 - 2

4.55 - 1

4.55 - 1

4.55 - 5

1.00 - 1

1.00 - 4
1.00 - 7
1.00 - 2
4.65 - 2
4.65 - 2

4,65 - 2
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WAUKESHA ENctNE DtVtStON, DRESSER EQU|PMENT GROUB tNC.
EXPRESS LIMITED WARRANTY FOR PRODUCTS USED IN CONTINUOUS DUTYAPPLICATIONS

INTRODUCTION

CONTINIJOI,S DL,TY DEFINITION: The highest load and spe€d wh¡ch can be appli6d, Eubject to Waukcsha's approved ratings in effect ot time of sale.

I. TERMS OF EXPRESS LIMITED WARRANTY

Waukesha Engìne D¡vision warrants that it will repair or replace, AT ITS ELECTION AND EXPENSE, any part of an engine, or Eng¡nator@, or product (here¡nafter
referred to as "Products") manufactured by Waukesha, which proves to have had a defect in material ór workmanshiþ.

II. TERM LIMITATIONS OF EXPRESS LIMITED WARRANTY

A. This coverage shall commence upon initial new Products start-up date and shall expire upon the earlier of the following:

1 . 1 2 months after the initial new Products slart-up date; or

2. 24 monlhs after the original shipment date of the covered products by Waukesha Engine Division.

B Notwithstanding the foregoing, Waukesha further warrants lhat the cylinder block casting, cylinder head castings, connecting rod forgings, and crankshaft
forging will be free from defects in material or workmanship. This additional waranty only õovers failures of the spècific items nóted withln ih¡s subparagraph.

This coverage shall expire upon the earlier of the following:

1 , 60 months after the initial new Proch¡cls start-up clate; or

2. 25,OOO hours of operation of the covered Products; or

I

I

I

i

i

1

l

I

\

I

NOTE: No damage from other sources, such as damage from the loss of a crankshaft bear¡ng, shalt be considered as a forging defect.

¡II, WAUKESHA'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Waukesha shall be responsible for:
A The repair or replacement, at Waukesha's elect¡on, of covered defect¡ve parts and all reasonable labor required regarding a warranted failure dur¡ng the

express limited warranty term. All such labor shall be provided by Waukesha's authorized contractor or dislributor.
B. Reasonable and necessary lravel and expenses incuned by Waukesha's author¡zed contractor or distributor.

C. Replacement of lubricating oil, coolant, filter elements, or other normal maintenance items that are contaminated and/or damaged as a direcl result of a
warranted failure.

NOTWITHSTANDING THE FOREGOING, WAUKESHA SHALL NOT BE RESPONSIBLE FOR LABOR COSTS ASSOCIATED WITH WARRANW CLAIMS
BROUGHT PURSUANT TO SUBPARAGRAPH II(B).

IV, OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Owner shall be responsible for:

A. The operation ánd maintenance of the Products within the guidelines established by Waukesha.

B. Making the Products ava¡lable to Waukesha or Waukesha's authorized contraclors or distributors for any warranty repair, during normal business hours.
C. All additional costs incurred for premium or overtime labor, should owner request that repairs be made on a premium or overtime schedule.
D. All costs incurred as the result of removal or reinstallation of the Products as may be required to effect any warranted repair.
E. All administrative costs and expenses resulting from a warranted fa¡luro.

F. Any costs of transportalion, towing, repair facilit¡es, or associated costs.

G. Alllabor,travel,mileage,andotherrelaledcostsandexpensesassociatedw¡thaclaimmadepursuanttosubparagraphll(B)above.

H. Loss of revenue and loss ofþr damage io real and/or personal property.

V. LIMITATION OF WAUKESHA'S OBLIGATIONS

The obligations of Waukesha under this express limited warranty shall be waived and voided, and Waukesha shall not, thereafter, be responsible for:
A. Any failure resulting from owner or operator abuse or neglect, including but not by way of lim¡tation, any operation, installation, application, or maintenance

practice nol in accordance with guidelines or specifications establ¡shed by Waukèsha; or
. B. Any failure resull¡ng from unauthorized modifications or repairs of lhe products; or

C. Any failure resulting from overload, overspeed, overheat, accident, improper storage; or
D. Failure of owner to promptly provide notice of a claimed defect; or
E. Failure of Products for which W€ukesha did not receive properly completed start-up reports; or
F. Repairs of a covered failure performed w¡th non-genuine Waukesha parts; or
G. Repairs of covered failure performed by non-authorized contractors or distr¡butors; or
H. Failure to make Products available to Waukesha or ¡ts authorized representalives; or
l. Failure to supply documents such as drawings and specifications relating to the specific application of lhe Product.

VI. APPLICATION AND EXPIRATION

The warranties set out above are extended to all owners in the original chain of distr¡bution. The warranties and obligations of Waukesha shall expire and be of no
further effect upon the dates of expiration of the applicable warranty periods.

THE FOREGOING SETS FORTH WAUKESHA'S ONLYOBLTGATTONSAND OWNERS',EXCLUSTVE REMEDYFOR BREACH OFWARRANry WHETHER SUCH
CLAIMS ARE BASED oN BBE_4qF!_oF-coNTRACT, ToBT (IICIUDING NEGLIGENCE AND sTRtcT LtABtLtTy), oR oTHER THEôR|Eè, ÁND THE
FoREGoING lS EXPFESSLY lN LIEU OF oTHER WABRANTIES WHATSoEVER EXPRESSED, tMpLtED, AND'STATUToRY tNCLUDtNd WTTHOUT
LIM¡TATION, THE ¡MPLIED WARRANTIES OF MERCHANTABILIW AND FITNESS.

Notw¡thstanding the_preced¡ng, in no event shâll Waukesha be liable for any direct, special, incidental or consequent¡al damages (whether denom¡nated in
contract, tort, strict l¡ability, negl¡gence or other theor¡es) arlslng out of thiè Agrêêmènt or the use of any prodücts provided úndèr this Agreement.
Any actlon arising hereunder or relating herêto, whether bâsed on breach of contract, tort (¡ncluding negligence and str¡ct liability), or other theories must be
commenced wlth¡n two (2) years aftêr the cause of âction accrues or it shall be barred.

All disputes and cla¡ms between_the parties which may arise out of or in connection w¡th this Contract shall be settled by good falth negotiation between an
execut¡ve level representåt¡ve of each party. lf the.part¡es-are nonetheless unable to reach agreement, such dispute shali È'e resolved bi blndlng arbitration.
The arbltration shall be administered by the Ameriôan Arbitration Association according tolts rules of Commeicial Arb¡trât¡on then ¡n íorce. Th-e arbltration
shall take Place in M¡lwaukee, Wiscondin, Þefore one arbitrator. The lângua,ge to be usei ¡n the arbitratlon shall be Engllsh. The law of Texas stralt govern.
Judgment upon the award of the arbitrators may be entered in any couñ ofiompetent ¡ur¡sdicüon.
M-760 Effective November 1,1994
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WAUKESHA ENGINE DMSION, DRESSER EQUIPMENT GROUB INC.

EXPRESS UM¡TED WARRANTY FOR PRODUCTS OPERATED IN EXCESS OF CONTINUOUS DUTY RATINGS

- INTRODUETþN-
This warranty only applies to engines which Waukesha Engine Division has approved to operate in excess of the continuous duty raT¡ng.

APPLICATIONS COVERED BY THIS WARRANTY
standby Servlce Applicalions: This rating applies to those systems used as a.secondary or backup source of eleclrical power. This rating is the output the system w¡ll

produce contlnuousiy (no overload), 24 hours per day for the duration of the prime power source outage.

öñó;, ;ñpã;iòii, eið.i. öóerãt¡ón äi tn¡i raitng ¡s tim"ired ro a maximJm of 3s0o hours/yèàr. For continuous operation for any lèngth of time between the continuous

änd intermittênt ratings see the Peak Shaving Application rating procedure.
peak Shaving Appticarions forVHP Naturalcas Engines: The Rating fora Peak Shavllg Application is based onthenuLnelot[9¡sgqgyqll'9!l'99Y?llble_P_"jI_?_"j
at site specific'coh'ditions. All applications using a Peañshaving Ratinglequire a signed Special Application Approval (SAA) from Waukesha's Appl¡cation Englneenng

Department.

I. TERMS OF EXPRESS LIMITED WARRANTY
Waukesha Eng¡ne D¡vis¡on warrants thal il will repair or replace, AT ITS ELECTION AND EXPENSE, any.part.of an engine,.or engine powered Enginator@

iñðniiñátter reËiióO ìo ãs iÞroðuòts;'¡ manufaduréd by Waúkeshâ, which proves to have had a defect in mâterial or workmansh¡p.

II. TERM LIMITATIONS OF EXPRESS LIMITED WARRANTY
A. This coverage shall commence upon inilial new Products start-up datq and shall expire upon the earlier of the following:

1 . 60 monlhs or 35OO hours, whichever occurs first, after the inilial new Products start-up date: or

2. 7? months aft€r the original shipment date ôf the covered nrnducls hy Watrkesha Engine Division.

B. Notwithstanding lhe foregoing, Waukesha further warranls that the cylinder block cast¡ng, cylinder head castings,. connecling rod forgings, and crankshaft

forging will be fiee from d-efec-ts in material or workmanship. This addiiional warranly only covers failure of the specific items noted wilhin this subparagraph.

This coverage shall expire upon the earlier of the following:

1 . 60 months after the initial new Products start-up date; or

2. 25,ooo hours of operation of the covered Products; or

3. 72 months after the original shipment date of the covered Products by Waukesha Engine Division.

NOTE: No damage from other sources, such as damage from the toss of a crankshaft bearing, shall be considered as a forging defecL

III. WAUKESHA'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Waukesha shall be responsible for:
A. The repair or replacement, at Waukesha's eleclion, of covered defective parts and all reasonable labor required regarding a warranted failure during the

express limited wananly term. All such labor shall be provided by Waukesha's authorized contraclor or distributor.

B. Reasonable and necessary travel and expenses incurred by Waukesha's authorized contractors or distributor.

NOTWITHSTANDING THE FOREGOING, WAUKESHA SHALL NOT BE RESPONSIBLE FOR LABOR COSTS ASSOCIATED WITH WARRANTY CLAIMS

BROUGHT PURSUANT TO SUBPARAGRAPH II (B),

IV. OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Owner shall be responsible for,
A. The operation of the product within the allowable HP-HR/YR raling granted by the specific Spec¡al Application Approval for the Product.

B. The operation and ma¡ntenance of the Products w¡thin the guidelines established by Waukesha.

C. Making the products available to Waukesha or Waukesha's aulhorized conlractors or distributors Tor any warranty repair, during normal business hours.

D. All additional costs incurred for premium or overtime labor, should owner requesl that repairs be made on a premium or overt¡me schedule.

E. All costs incurred as the resull of removal or reinstallation of the Products as may be required to effect any warranted repair

F. A!! a.clminist!'alive costs ând êxpênses resultino from a warranted failure.

G. Any costs of lransportation, towing, repair facililies, or associated costs.

H. Alllabor,travel,mileage,andotherrelatedcostsandexpensesassociatedwithaclaimmadepursuanttosubparagraphll(B)above.
l. Loss of revenue and loss oflor damage to real and/or personal property.

V. LIM]TATION OF WAUKESHA'S OBLIGATIONS
The obligatlons of Waukesha under this express linritecl warlanty Shall be waived and voided, and Waukesha shall not, thereafter, be responsible for:

A. Any iailure resulting from owner or operator abuse or neglect, including but not by way of limitation, any operal¡on, installation, application, or maintenance

prâctice not ìn accórdance with gu¡delines or specifications established by Waukesha; or

B. Any failure resulling from unauthorized mod¡fications or repairs of the Products: or

C. Any failure resulting from overload, overspeed, overhêat, accident, improper storage; or

D. Failure of owner 10 promptly provide notice of a claimed defect; or

E. Failure of Products for which Waukesha did not receive properly completed start-up reports; or

F. Repairs of a covered fa¡lure perlormed with non-genuine Waukesha parts; or

G. Repairs of a covered failure performed by non-authorized contraclors or distribulors; or

H. Failure to make Products available to Waukesha or its authorized representátives; or

L Failure to supply documents such as drawings and specifications relating to the specific application of the Products.

VI. APPLICABILIW AND EXPIRATION
The warranties set out above are extended to all owners in the original chain of distribution. The warranties and obligations of Waukesha shall expire and be oI no

further effect upon the dates of expiration of the applicable warranty periods.

THE FOREGOING SETS FORTH WAUKESHA'S ONLY OBLIGATIONS AND OWNERS' EXCLUSIVE REMEDY FOR BREAC! 9F qAqEAlllf,-ryHEJHER SUCH

cuiruê Ãnr sÀseo oH rjÁeÁ'Cx õF óoHraact roRr (INcLUDTNG NEGLtcENcE AND srRlcr LlABlLrn, 9t ol11EF ME_oEl_F.sr AND rHE
Èoi'eðoiña r5 Èipnesslv tN LIEU oF orHER ûanntñnes wHATSoEVER ExPRESSED, IMPLIED, AND srAruronY lNcLuDlNG wlrHour
LIMITATION, THE IMPLIED WARBANTIES OF MERCHANTABILITY AND FITNESS.

Notw¡thstanding the preceding, ¡n no event shall Wauk€sha be- liableJor any dirêct, special, ¡ncidental or consêqu.enlia] q1ry99"-{Y¡Sl¡er denominated ln
ðõnilâõi,ìórt, étrtct tiãbiltty, nélltgence or other theoriês) arls¡ng out of thi3 Agreemènt or thê usê ol rny Produsts provided under this Agrcomont.

Anv actlon ar¡sing hereunder or relaling hereto, whêther based on breach of contract, tort (includlng negl¡gence and str¡ct liabillty), or othertheories musl be

coú¡menced wlth'ín two (2) years afterihe cause of action accrues or it shall be barred.

All d¡sputes and claims between the parties which may arlse out of or ln connect¡on wlth this Contract shall be settled by good faith negotiat¡on between an
;i.gl;ìil;Gté¡;epiàseniative óf each party. tf the partÍes are nonetheless uneble to reach ag.reement,-fl¡ch d¡spute shall be.resolved by binding arbitration'
ttre árb¡trat¡on shäll ue aamin¡steréa U'y tné emerl'can Arbitration Assoclatlon according to Tts rules-of Commercial Arbltration then ln force' The arbitration
Ärrál iãré piace in M¡twaukeé,-vtiióðoii¡n, before one arbitrator. The language to be useî in the arbltration shall be English. The law of Texas shall govern.
¡u¿ément'upon the award ofihe arbitratórs may be entered ¡n any couñ of competent ¡urisd¡ction.
M-761 Effective November 1,1994
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WAUKESHA ENctNE DtVtStON, DRESSER EQUIPMENT GROUB tNC.
EXPRESS LIMITED WARRANTY FOR GENUINE WAUKESHA SERV¡CE PARTS

!NTRODUCTION

This wananty only apfrlies to GenLl¡ne Waukesha Service Parts (lo include assemblies and ohort blocks) cold by Waukesha Engine Division and used for repair,
maintenance, or overhaul of Waukesha Products.

I. TERMS OF EXPRESS LIMITED WARRANTY

Waukesha Engine Divisionwarrantsthat itwillropair_orreplace, AT ITS ELECTION AND EXPENSE, anyGenuineWaukeshaService Partinstalled onarì etìgine, or
Enginator- or prôduct (hereinafter referred to as "Products") manufactured by Waukesha, which próves to have had a defect in material or workmansh'íp. 

'

II. TERM LIMITATIONS OF EXPRESS LIMITED WARRANTY

This coverage wlll beg¡n on the purchase dale from an authorized Waukesha Distr¡butor and w¡ll expire twelve (12) months after the purchase dafe,

III, WAUKESHAS RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Waukesha shall be responsible for:
A. The repair or replacement, at Waukesha's election, of covered defective Service Parts.

B .Labor time 10 repair or.replace the defective part as established by the Waukesha Labor Guide Manual. All reimbursable labor costs shall be provided by
Waukesha's authorlzed distributor.

C The reimbursêment of documented Distributor expenses covering Freighl, Customs, Brokers Fees, and lmport Duties to obtain the replacement Service part
from Waukesha.

IV. OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANTY

Owner shall be responsible for:

A. The operation and maintenance of the Products/Service Parts within the guidelines established by Waukesha.
B. Making the Products/Service Parts available to Waukesha or Waukesha's authorized distributors for any warranty repair, during normal business hours.
C. All additional costs incurred for premium or overtime labor, should owner request thal repairs be made on a premium or overtime schedule.
D All costs incurred as the result of removal or reinstallation of the Products as may be requ¡red to effect any warranted repair.
E. All administrat¡ve costs and expenses resulting from a warranted failure.

F Any costs of transportation, towing, repair facililies, or associated costs.

G All travel, mileage, and other related Distributor costs and expenses associated with repair under the terms of this Service parts Warranty
H. All additional labor time in excess of Waukesha's Labor Guide for the warrantable repair.

l. Loss of revenue and loss oþr damage to real and/or personal property.

V LIMITATION OF WAUKESHA'S OBLIGATIONS

The obligations of Waukesha under th¡s express limited warranty shall be waived and voided, and Waukesha shall nol, thereafter, be responsible for:
A Any failure resulting from owner or operator abuse or neglect, including but not by way of lim¡tation, any operation, installat¡on, application, maintenance, or

assembly practice not in accordance wilh guidelines or specifications éstablished by Waukesha; or
B. Any failure resulting from unauthorized modifications or repairs of the Products or Service Parts; or
C. Any failure result¡ng from overload, overspeed, overheat, accident; or
D. Failure of owner to promptly provide notice of a claimed defect; or
E. Failure of Service Parts for which Waukesha did not receive proper documentation concerning the Service Parts purchase date from an Authorlzed Waukesha

Engine Division Distributor; or

F. Repairs of a covered failure performed with non-genuine Waukesha parts; or
G. Repairs of a covered failure performed by non-authorized Contractors or Distributors; or
H. Failure 10 make Products and Service Parts available to Waukesha or its authorized representalives; or
l. Fa¡lure to supply documents such as drawings and spec¡fications relating to the specific application of the Products; or
J. Any failure of Service Parts resulting from misapplication or improper repair procedures; or
K. Any failure or damage resulting from the improper or extended storage of a Service Part; or
L. Freight, Customs, Brokers Fees, and lmport Dut¡es if appropriate documentation is not provided.

VI. APPLICABILITY AND EXP]RATION

The warrantysel out above is extended to the original purchaser ofthe Genuine Waukesha Service Parts. The warranty and obligations of Waukesha shall expire
and be of no further effect upon the dates of expirat¡on of the applicable warranty period.

VII. WARRANTY ADMIN ISTRATION

This warranty is administered exclusively by an Authorized Waukesha Distributor. The invoice for the failed Service Parts must be provided to the Distribulor to
determine whether the warranty is applicable.

Contact the nearest Authorized Waukesha Distribulor for assistance with warranty matters or questions. The localion of the nearest Authorized Distr¡butor is
available by contacting Waukesha Engine Division at (414) 547-391 1.

THE FOREGOING SETS FORTH WAUKESHA'S ONLYOBLTGATTONSAND OWNERS'EXCLUSTVE REMEDYFOR BREACH OFWABRANryWHETHER SUCHcLAlMs ARE BASED oN BREAcH_oF_c_ol¡IRAcr, rqEI (!!!g!uDlNc NEcLtcENcE AND srRtcr LtABtLtTy), oR oinÈC iiebäils, Ã¡¡o rneFoREGOING ls EXPRESSLY lN LIEU oF orHER wARRAtì¡TrEs wHATSoEVER ExpREssED, tMpLtED, ¡ño'éreiuüinv, tñCl-uöiñd i,vrnour
LIMITATION, THE IMPLIED WARRANTIES OF MEBCHANTABILITYAND FITNESS,

Notwithstgnding the prê_ceding,.¡n no event shall Waukesha be liable for any dlrect, spec¡al, incidental, or consequential damages (whether denominated in
contract, tort strict liability' negllgence, or other theor¡es) ar¡sing out of this Agreeirent or the use of any Prod'ucts prov¡deð'unàer this Agreement.
Anyact¡on arislng hereunder orrelat¡ng hereto,whether based on brêach of contract,tort (lncluding negl¡gence and strlct l¡âb¡l¡ty), orothertheor¡es must be
commenced within two (2) years after the cause of action accrues or it shall be barred.

All d¡sputes and cla¡ms between the part¡es which may arise out of or in connect¡on with this Contract shall be setiled by good falth negot¡ation between ân
executivê level repr-esentâtiveof each. party. lf the parties are nonetheless unableto rêach agreement, such dispute shaÍ Ëe resolved O! Èina¡nããiÈitration.
The arbitrat¡on shall bê administ_ered by the Amer¡can Arb¡tration Association according tolts rules óf Commeicial Arbltrat¡on then ln ioftllfffeãbitration
shall take place in Mi¡wãukee' Wisconsin, before one arb¡trator. The language to be useî in the arbitration shalt be Engti-h. itreiãvüoì-iãi;;;iãil got rn:
Judgment uPon the award of the arb¡trators may be enter€d ¡n any court ol competent ¡urlsd¡ct¡on.
M-762 Effect¡ve November 1, 1994
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WAUKESHA ENGINE DIVISION, DRESSER EOUIPMENT GROUB INC.
EXPRESS LIMITED WARRANiY FOR CUSTOM ENGINE CONTROL@

INTRODUETþN
Custom Enqine Control@ (CEC) are sold as standard, or as options Õn new Engines or as GenuineWaukesha Service Parts, and include the.Detonation Sensing Module

I. TERMS OF EXPRESS LIMITED WARRANTY
Waukêsha Engine Dlvlslon warrants that it will repair or replace, AT ITS ELECTION AND EXPENSE, any CEC installed on an engine, or Enginator@'

(hereinafter reiened to as "products") mant¡factuied by Wäukesha, or purchased as a Genuine Service Part, which proves to have had a defect in
or product
material Õr

workmanship.

II. TERM L¡MITATIONS OF EXPRESS LIMITED WARRANTY
A. Thiscoverageshallcommenceuponinil¡alnewProductsstart-updateorthepurchasedate,inthecaseofservicepartssales,andshallexpireupontheearlier

of the following:

1, New Products
A. 12 months afterlhe initial new Products slart-up date; or
B. 24 months after the orlglnal shlpment datë of the r:overetl Products by Waukesha Engine Div¡sion.

2. Genuine Service Parts
A. 12 months from the date lhe CEC is put into service; or
B. 18 months from the purchase date

B. Notwithstanrling ihe foregoing, Waukesha further warrants that it will repair or replace, AT ITS ELECTION AND EXPENSE, any component of lhg\@kggba
Product damagèd as the direct result of a warrantable defect in a CEC product.

III, WAUKESHA'S RESPONSIBILIT¡ES UNDER THE EXPRESS LIMITED WARRANTY
Waukesha shall be responsible for:
A. Therepairorreplacement,atWaukesha'selection,ofcovereddefectivepartsandallresonablelaborrequiredregardingawarrantedfailureduringtheexpress

limited wananty term. All such labor shall be provided by Waukesha's authorized contractor or distributor.

B. For the repair of CEC's installed on producls shipped from Waukesha, resonable and necessary travel and expenses ¡ncurred by Waukesha's authorized

contractor or distributor.

C. Replacement of lubricating oil, coolanl, fitter elements, Waukesha supplied engine components, or other normal maintenance ìtems that are contaminalêd

and/or damaged as a direct result of a warranted failure.

IV. OWNER'S RESPONSIBILITIES UNDER THE EXPRESS LIMITED WARRANW
Owner shall be responsible for:
A. The operation and maintenance of the Products within the guidelines established by waukesha.

B. Making the products available to Waukesha or Waukesha's authorized contractors or distributors for any warranly repai¡ during normal business hours.

C. All additional costs incurred for premium or overtime labor, should owner request that repairs be made on a premium or overtime schedule.

D- All costs incurred as the resull of removal or reinstallation of the Products as may be required to effect any warranled repair.

E. All administrative costs and expenses resulting from a warranted failure.

F. Any costs of transportalion, towing, repair fac¡lities, or associated costs.

G. All travel, mileage, and other related Dislributor costs and expenses associaled with repair under the terms of the Service Parts Warranty.

H. All additional labor time in excess of Waukesha's Labor Gu¡de for the warrantable repair.

l. Loss of revenue and loss oflor damage to real and/or personal property.

V, LIMITATION OF WAUKESHA'S OBLIGATIONS
The obl¡gations of Waukesha under this express lim¡ted warranty shall be waived and voided, and Waukesha shall not, therêafter, be responsible for:

A. Any failure resulting from owner or operator abuse or neglect, including but not by way of l¡mitation, any operation, inslallation, application, or maintenance

práctice not in accõrdance with guidelines or specifications established by Waukesha; or

B. Any failure resulting from unauthorized modificalions or repairs of the Ploducts; or

C. Arry tailute result¡ng flom overloâd, ovêrspoed, overheat, accident, ¡mprop€r storago; or

IJ. l-arlure oi owner 10 prompliy provicie noiice oi a ciaimeci cieíeci; or

E. Failure of Products for which Waukesha d¡d not rece¡ve properly completed start-up reports; or

F Repairs of a covered failure performed with non-genuine Waukesha parts; or

G. Repairs of a covered failure performed by non-authorized contraclors or distributors; or

H. Failure lo make Products available to Waukesha or ils aulhorized represental¡ves; or

l. Failurê Ìo supply documents such as clrawings and specifications relating to the specific application of the Products; or

J. lmproper diagnosis of a Product problem for which a CEC product is replaces.

K. FailureofservicepartsforwhichWaukeshad¡dnolreceiveproperdocumenlationconcerningtheServicePartspurchasedaiefromanAuthorizedWaukesha
Engine Division Distributor; or

L. Any failure of a Service Part resulting from misapplication or improper repair procedures; or

M. Any failure or damagc rcsult¡ng from the improper or eitended storage of a Service Part; or

N. Fre¡ght, Customs, Brokers Fees, and lmport Duties if appropriate documentation is not prov¡ded.

VI. APPLICABILITY AND EXPIRATION
The warranties set out above are extended to all owners in the original chain of distribulion. The warranties and obligations of Waukesha shall expire and be of no

further effect upon the dates of expiration of the applicable warranty periods.

VII. W\RRANTY ADM¡NISTRATION
This warranly is administered exclusively by an Authorized Waukesha Distr¡butor. The ¡nvoice for the failed Service Part must be provided to the Dislributor lo
determine wliether thewarranty is appticãOte. Contactthe nearestAulhorizedWaukesha Distribulorfor assistancewith warranty matters orqueslions. The location

of the nearest Authorized D¡stiibutor is available by contacting Waukesha Engine Division at (414) 547-3311 .

THE FOREGOING SETS FORTH WAUKESHAS ONLYOBLIGATIONSAND OWNERS'EXCLUSIVE REMEDYFOR BREACH OFWARRANTY, WHETHER SUCH

cLAtMS ARE BASED oN BBEÀCH oF coNrBAcr, roRr (INCLUDING NEGLIGENCE AND srRlcr LIABILITÐ._qB gIEF!.L1Fg!!Esr AND rHE
ÈõNECOITIC IS EXPRESSIÍ îii IíEU OF OTHER í¡VERNAÑNES WHATSOEVER EXPRESSED, IMPLIED, AND STATUTORY, INCLUDING WITHOUT

LIMITATION, THE IMPLIED WARRANTIES OF MERCHANTABILIW AND FITNESS.

Notwithstand¡ng the preceding, ¡n no event shall Waukesha be l¡able tor any dlrect, special, incidental,-or consequential damages (whether denominated ln

contract, tort stict liäb¡lity, nã¡itigence, or other theorles) arising out of tlils Agreement or the use of any Products provided under this Agreement'

Any action arising hereunder orrelating hereto,whother based on breach of contract,tort (includlng negl¡gence and strlct liabilny), or othertheor¡es must be

coÉrmenced with'in two (Z) years after-the cause of act¡on accrues or it shall be barred.

Alld¡sputes and cla¡ms between the parties whlch måy arlse out of or ¡n connectlon with th¡s Contract shall be settled bygood faith negotiation between en

ãieèùfivelevéi iepràséntat¡véôi ãàcfi party. tt ine paft¡es arè nonethetess unableto reach agreement,_sr¡ch dispu-te shâll be resolved by blndlrlg arbltratlon.
The arbltration shall be adm¡n¡stered dy thä American Arbitration Associat¡on according toits rulesof Commercial Arbitratlon then ln forcê. The arbltration
éiãu iäLã iiiãcJin ritiiwàufeé, w¡sconé¡n, ¡etore one arbitrator. Thê language to be used in the arbitration shall be Engl¡sh. The law of Texas shallgovern'
Judgment upon the award of the arbltrators may be ènterêd ln any court of competent ¡urlsdlction'

M-763 Eflect¡ve March 1, 1995
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t Waukesha
Waukesha Engine Division
Welcomes Your Comments

ln order to continue bringing you the BEST in Waukesha product information, we
ask that you take a moment to let us know about any errors or omissions in this
publication. Comments and suggestions are also welcome. Please use one of the
self-addressed, postage paid cards attached below.

Thank you for your comments!

M-991 1/99 Marketing services Department
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sECTloN 1.00

SAFETY

I

i

Ä

SAFEW INTRODUCTION

The following safety precautions ap- eubi{ted for your

iilr#iåffi .ivãixti"it"Ënõin"oiu¡t¡ol'-?1"t""'lndus-
üies, lnc., ¿oes nof uv- tn" publication of these

orecautions, imply o, ¡n uíV way rèprese_ntthatthey are

ffiffii;äüäó*" æsänt near industrial ensines or

tuel rating test units' liV"' 1".¡pt1!11-s:-op"t"üng' 
or

servicing a Waukesna píãå'ct' it is your responsibility to

ensure tull complian;ffth "li 
àpplicablg safety codes

and requirements' ;{t'äñ"Å;T" 9f^,the 
Federal

occupational Safety Jni ¡rì'ãut Ac! lust be met when

Waukesha productsire operated I 3i:* that are

under the iurisdictio" äi-ttt"-United States of America'

Waukesha p'oOu"tt'oîeìaieO in other countries must

be installed, operated-ã;;serviceo in comPliance with

any and all æpr¡cJ¡Ë';ftty requlrements of that

county.

For details on satety rules and regulations in the United

states, contact v"i;i;ä ;ffitti {:lt:^ occupational

ä;ty' 
""d 

Heaúr ¡dministration (OSHA)'

The words "danger,' "warlìing"'-"caul¡?1 
" 

and "note" are

used througnout thi;ïånütr to nisrrfont important

information' e"'"tä'; ü"în" t""niñgs of these alerts

are known to al¡ *iäîätîãn ot n"ut the equipment'

NOTE: This symbol identifres- inlormation which is

NEcEssAB Y ro7H¿';äöpeq oPERer¡eN' MAIN-

TENANCE OA AéPNA OF THE EQUIPMENr"

SAFETY TAGS AND DECALS

To avold severe Personal lnlury or death, all

wamingtags and decals must bevlslble and leglble

to the oPerator whlle the equlPment ls operatlng

equiPment.

EOUIPIJIENT REPAIR AND SERVICE

Prooer maintenance' service' and repair.are important

to tlre safe, reliabl" ö;äàt tnå unit and related

rHåH"åaf w:""¿:.:"Ë"i;îHå:'llJff'--i;

GAUTION

SONALINJURY.

DEATH.

Place all conüols in the OFF eositigl and disconnect or

lock out starters t" ptä*i 
"*¡O"ntal.restarting' 

lf

oossible, lock all 
"ontiåläin 

itte oFF ?o{tfn and take

irre rey. Put a sign on tñãåänttot panet waming thatthe

unit is being serviced'

Close all manual control valves' disconnect and lock out

all energy rou'ce" to tiä Jnii lncuoing all tuel' elecüic'

ü;;"Ë ánd Pneumatic connections'

Disconnect or lock outdriven eOuinlelllo preventthe

possibility ot Ûre Or¡våi;ùôt*tdrotating the disabled

engine'

l-lDANGA

A wARN ING
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A WARNING
Allow the englne to cool to room temperature

before cleanlng, servlcltng, or repalrlng the unlt. Hot

Gomponents or llulds l;r€ln cause severe personal

To avold severe personal lnfury or death' ensule

iftat afi tools and other oblects are removed from the

ünìi âno any drlven equlpment before restartlng the

unlt.

lnlury or death.

Some engine components and fluids are e:<lremely hot

ãuen attãr the engine has been shut down' Allow

sufficient time for ai engine components and fluids to

cãotto room temperature before attempting anyservice
procedure.

labels. lmproper handllng or mlsusc
severe Personal lnlury or death'

CLEANING SOLVENTS

A WARNING

SAFETY
r_ _¡

A WARNING
CHEMICALS

GENERAL

A WARNING
Always read and comPlY wlth safety labels on all

contalners. Do not remove or deface the contalner
could reeutt ln

or cooled to extreme
lnstallatlon or removal.

parts could cause severe

-A WARNING

Comply with the solvent manufacturer's rêcom-

rãnä"iron" for proper use and handllng of ¡9h

"åïtt. 
rtptoper Ëanbtlng or mlsuge could result ln

severe pèrsónat lnlury or death' Do 
-n9t 

u$ê 9tso'
line, palnt thlnners or ôther hlghly volatile f,ulds for

cleanlng.

LIOUID NITROGEN/DRY ICEACIDS

A WARNING
Gomplywllhthe
tlons for Proper
er handllng or

acld manufacturer's recommenda'
use and handllng of aclds. lmProP-
mlsuse could result ln severe

A WARNING
GomplYwlththellquld nltrogen/dry lcemanufactur'

er's recommendatlons for proPer use and handllng

of llquld nltrogen/dry lce.lmproPer handllng oruse
could result ln severe persona! lnlury or death.

COL[PONENTS

HEATED OR FROZEN

A WARNING
Aways wear protectlve equlpment when lnstalllng

or removlng heated or frozen components. Some

C
perconal lnfurY or death.

BATTER!ES

A WARNING
Gomply wlth the battery manufacturer's lecommen'
Oat¡onå for procedures concernlng proper battery

use and malntenance. lmproper mainlenance or
mlsuse could result ln severe personal lnlury or
death.

BODY PROTECTION

components are heated
temperatures for ProPer
Direct contact wlth these
personat lnlury or death.

INTERFERENCE FIT

A WARNING
Always wear OSHA approved bod¡ slght, hearlng

and resPlratory sYstem protectlon. Never wear Aways wear protectlve equlPment whcn lnstalllng

toose clothlng, lewelry or long halr around an or removlng components wlth an lnterferencè ñt-

cnglne, The u¡e of lmpioper attlre or fallurc to use lnstallatlon or rcmoval of lnterlercnc€ componenlg

protectlve equlPment
lnlury or death.

ln severe Personal may cause flylng debrls. Fallure to use protectlve

equlpment maY personal lnlury or "-

f.q)-2

may result

death.
result ln severe
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A wARN ING

A WARN NGor death.

COOLING SYSTEM
IGNITION

SAFETY

thatelectrlcal component

Operatlonal

system.AlwaYs
ventlng,

or coolant vapor Gan cause Severe personal lnlury180 - 250" F (82 - 121'G). Contact wlth hot coolantcoolant temPeratures can range fromllushlng or blowlng down the coollng
wear Protectlve clothlng when

or death.

I

iJ

A WA GRN IN

has the
Do not se¡vlce the coollng system whlle the englne connectlng or sewlclng that comPonent. Electrlcal

ls operatlng olwhen the coolant ls hot. Operatlonal shock can cause severe personal lnlury or death.

coolant temPeratures Gan rangê from I90" 2500 F

(82" I21 o c) Contact wlth hot coolant orvapor can

cause severê personal inlury or death. EXHAUST

ELECTRICAL

GENERAL

Do not lnstall, set up, malntaln or operate anY

electrlcal components unless You are a technlcallY

quallfred lndlvldual who ls lamillar wlth the electrl'

cal elements involved. Electrlcal shock can cause

severe Personal lnlury or death.

Disconnect all electrlcal Power supplles

maklnganY connectionsor serviclng anY part of the

electrlcal system' Electrical shock can cause se-

vere Personal lnlury or death.

exhaust gases. Exhaust gases

could cãuse severe Personal

lntury or death.

Ensure exhaust systems are leak free and that all

exhaust gases are properly vented'

Do not lnhale englne
are hlghlY toxlc and

Do not touch or servlce anY heated exhaust

comPonents. Allow sufflctent tlme for exhaust

comPonents to cool to room temPerature before

attemPtlng anY servlce Procedure' Contactwlth hot

before exhaust sYstem components can Gause severe

personal lniury or death.

FIRE PROTECTION

Refer to local and federal
guldellnes for pfoPer slte fire

flre regulatlons for
protectlon. Fires can
or death.

cause severe personal inlury

rf
t

A wARNING

A GwAR lN N

A wARN lNG

FORM 6272 First Edition
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98"

Ensure that there are no leaks ln the tue! supply' lndustrial englnes. Workers under the lnf,uence of

Englne tuds are hlghlY combustlble and can lgnlte tntoxloants and/or narcotlcs are a hazard both to
or explode causlng severe personal lnlury or death. themselves and other emPloYees and can Gausa

severê Personal lnlury or death to themselves or

GASEOUS othens.

FUELS

GENERAL

A WARNING

INTOXICANTS AND NARCOTICS

A WARN¡NG
Do not allow anyone under the lnfluence of lntoxl'
cants and/or narcotlcs to work on or around

PRESSURIZED FLU IDS/GAS/AIR

A WARNING
Never use Pressurlzed f,ulds/gas/alr to clean clolh'
lng orbodYParfs. Neveruse body parts to check for

leaks or f,ow rates. Pressurlzed flu¡ds/gas/alr ln'

lected lnto the body can cause severe

lnlury or death.

Observe all applicable local and federal regulations

relating to pressurized fluid/gas/air'

PROTECTIVE GUARDS

A WARNING
--,---rr- -..--Jl-¡ a¡ ¡ralaal
rfovlqg guaf u¡llg fv l'rvrte¡

ñâtcfttts all strueturcs

from rotatlng or heated Parls' Contactwlth rotatlng

or heated parts can result ln severe personal lnlury

or death.

Itls the responslblllty of theenglneownerto speclfy

and provtde guardlng.

A WARNING
Use apProPrlate equlpment and protective gear

when servlclng or using Products that contalns

- sprlngs' SPrlngs' under tenslon or compresslon,

can efect lf lmproper equlpment or procedures are

used. Fallure to takc adequate precautlons Gan

result ln serlous personal lnlury or death.

A WARNING
Do not lnhale gaseous luels. Some comPonents of
fuel gas are odorless' tastetess, and hlghlY toxlc.
lnhalatton of gaseous
personal lnlury or death.

A WARNING
Shut off the fi¡el suPPlY lf a gaseous englne has

been cranked excesslvelY wlthout starllng. Grank

the englne to Purge the cyllnders and exhaust

system of accumulated unburned fuel. Fallure to
purge accumulated unburned fuel ln the englne and

exhaust sYstem can result ln an exploslon resultlng

tn severe Perconal lnlury or death.

fuels can Gause severe

body resultlng ln severe personal

perconal

!-
"tu-*

; UOUID

A WARNiNG
Do not lngest llquld fuels or breathe ln thelrvapors'
Uq"td nrás may be hlghly toxlc and can result ln

severe personal lnlury or death.

A WARNING
Use protectlve equlpmentwhen worklngwlth llquid SPRINGS
fuels and related
absorbed lntothe
tnlury or death.

components. Llqutd fi¡el can be

,,,t

{ñn-¿.
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SAFETY

TOOLS

ELECTRICAL

WEIGH.

AlwaYs conslder the welght of the ltem belng llfted

and use onlY properlY rated llftlng equlPmcnt and

Do not lnstall, set uP' malntaln, or operate anY approved llftlng methods. Fallure to take adequate

electrlcal tools unless You are a technlcallY qualþ precautlons can result ln serlous personal lnluryor

ñed lndlvldual who ls famlllar wlth them. Electrlcal death.

tools use electrlcltY and lf used lmProPerlY could

cause severe personal lnlury or death. A WARNING

A WAR NN G

A wARN ING

A WARN ING
whlle It ls suspen ded. Fallure to adhereto

result ln severe personal lnlury or death.

WELDING

GENERAL

A WARNING
wlththewelder manufacturcrþ recomnrcn'

AlwaYs follow recom' GomPlY
mended Procedures datlons for procedures concemlng Proper use of

lmProPer thewelder. lmproPerwelder use can resultln severe

lnlury or death.

A CAUTION

englne damage.

PNEUMAtrIC

death.

se severe personal lnlury

ON ENGINE

CAUTION properlY grounded be'
Ensure that the welder ls

fore attemPtlng to weld on ornearan englne. Fallure

to proPerlY ground theweldercould result ln severe

englne damage.

or death.

CAUTION

damage.

Dlsconnect the lgnltion
harness before weldlng

charglng of an
dFconnectthe
sevêre englne

A N GwAR lN
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sECTloN 1'05

GENERAL INFORMATION

È

l-
I

Table

FORMUI.A

Table 1.05'2. lletrlc To Engllsh Formula Conversion Table

,)

to Degrees degreas
Fahrenheit minus 32 bydivided .8 212"F-32+1.8=100"CGallons to Utres Gallons muttiPlied 3.by 7853 equals litres, 148 =.148 x 3.7853 = 5d) LFluid Ounces to Cub¡c Centimeters

Fluid ounces multiPlied bY

cubic centimeters.
29.57 equals 8 oz. = 8 X29.57 =237 cc

Square lnch toPounds Per
Kilopascals

inch bymultiplied 6.8947 45 psi = 45 x 6.8947 = 310 kPa

45 Psi = 45 x 0.0703 = 3'2 kg/cm2
Pounds Per Square lnch to Bars

Pounds Per square multiPlied bY 0.0690

equals bars.
inch 9933 Psi = 9933 x 0'0690 = 685 Bar

Foot Pounds to Newton-meters
Foot Pounds mult¡Plied
Newtön-meters.

by 1 .3558 equals 145 ftlb = 145 x 1.3558 = 197 N'm
lnch Pounds to Newton-meters

360 inJb = 360 x 0.113 = 40'7 N'mto KilogramsPounds
Pounds multiPlied 0.4536

Ounces to Grams
Ounces

gfams.28.35 equals = 21 x 28.35 = 595 I21 oz.Cubic lnches to Utres Cubic inches bymultiPlied 0.01 639 equals litres.
lnches to Millimeters

2-518 in. =2.625x25.4o 66'7 mmCONVERSION

Deorees Centigrade
Fañrenheit

to Degrees
by 1.8 Plus 32 i00o C = 100 x 1.8 + 32 = 2\2" FLitres to Gallons

Litres multiPtied gallons.0.264 equals L560 x560 0.264 48Gubic Centimeters to Fluid Ounces
by 0.0338 equats

fluid ounces.
multiPliedCubic centimeters 236 cc = 236 x 0.0338 =7'98 oz'

KiloPascals
(ps¡)

nchto Pounds Per Square I

Per square inch.
Kilopascals multiPlied 0.by 45 equats pounds 310 kPa = 310 x 0.145 = 45'0 Psl

Kilograms
to Pounds per lnch (psi)

per Square
Square

Cenl¡meter per squafe inch.
cent¡meter multiPt¡ed by 3.2 kg/cm2 =3.2x14'22 = 46 Psi

Bars to Pounds Per Square lnch
Bars multiPlied
square inch.

4.5-eqvaqpounds Perbyl 685 Baf = 685 x 14.5 = 9933 Psi
Newton-meters to Foot Pounds

by 0.7375 equalsmultiPlledNewton-meters
ioot Pounds.

197 N'm = 197 x 0.7375 - 145 ftJb
Newton-meters to lnch Pounds

Newton-meters multiPtied by 8.85 equals

inch pounds.
40.7 N.m = 40'7 x 8.85 = 360 in'lbto Pounds

pounds.by2.2O5multiPlied
10,228 x'l 0,228 2.205 22,553 lbGrams to Ounces

Grams by ounces.0.03527 equals x595 s95 oz.0.03527 .o21to Cublc lnchesLitres
cubic inches.

Utres mullipl¡ed 61by .02 1 xL53.8 I 6153.8 .02 cu,9385 tn.M¡llimeters to lnches Millimeters
inches0.03937 equals mm67 x67 0.03937 2.6 in.CONVERSION

FORMUI.A
EXAilPI.E
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GENERAL INFORMATION

wlRING
All etectrical equlpment and wiring shall comply with
applicable local codes. This Waukesha standard de'
fines additional requirements for Waukesha engines.

A WNRNING
Do not lnstall, set up, malntaln, or operate any
electrlcal components unless you alo a technleally
quallfred lndlvldual who is famlllarwlth the electrl-
cal elements lnvolved. Electrlcalshock can cause
severe personat lnlury or dcath.

A WNRNING
Dlsconnect all electrlcal power supplles before
makln g any connectlons or servlcing any part of the
electrlcal system. Electrlcal shock can cause se'
vere personal lnlury or death.

1. Whenever two or more wires run together' they
should be fastened togefüer at no more than four (4) to
six (6) inch intervals, closer where necessary with
"cable ties." Power wires (24 volts or greater) should
never be run together with any other instrurnent or
control wires. Spacing for these types of wires should be
six (6) inches minimum to eliminate elecÙical "noise"
problems in the instument or control wires.

2. All wires should be mounted off hot areas of the
engine with insulated clips, at intervals of no more than
twelve (12) inches, closer where necessary. Wres must
never be run closer than six (6) inches to exhaust
manifolds, turbochargers, or exhaust pipes.

3. ln cases where wires do not run over the engine, they
should be fastened to rigid, non-moving bodies with
insulated clips when possible or "cable-ties." Fasteners
should be spaced at no more than twelve (12) inch
intervals.

4. When wires run through holes, rubber grommets
should be installed in holes to protect the wires' Wires
should never be run over rough surfaces or sharp edges
without protection (see ltem 11).

CAUTION Do not use non-electrl'
cal grade RTVs. Non-

electrlcal RTVs can emit corroslve gases that can
damage electrlcal connectors.

5. An elecfical grade RTV should be applied around

the wires entering all electrical devices such as Murphy

Junction Boxes and gas valves, Syncro Start speed

switches, microswitch boxes used in coniunction with

safety equipment, solenoids, etc. An electical grade

RTVis to be applied immediately after wire installation

and prior to the engine entering he test room.

6. A small "drip loop" should be formed in all wires

before entering the electrical devices. This drip loop

will reduce the amount of moisture entering electrical
device via the wires if an electrical grade RTV does not
sealcompletelY.

7. The following procedures should be followed for
wires entering engine iunction boxes:

. Bottom enüance best and side enüance second

best.

. lnsert gromrnet in opening to protect wires.

. Wres to contain "drip loop' before entering box,

except where using bottom entrance.

. When installing flexible conduit, use straight connec-

tor for side entrance. lf top entrance is required, use

elbow connector.

8. lf wire hamess has a covering, clamp hamess so

openings of covering are downward.

9. The routing of wires should be determined for
reliabili! and appearance and not by shortest distance.

10. lnstallation connection wire must be coiled and

secured to provide protection during shipment.

11. Each end of flexible metal conduitmust have an

insulating sleeve to protect wires from chafing.

)

toto

A WNRNING
Always label "HIGH VOUIAGE" on englne mounted
equlpment over 24 volts. Fallure to adhere to thls
warnlng could result ln personal lnlury or death.

12. All engine mounted electrical equipment over
24 volts shall have'H¡GH VOUIAGE" warning decal.

Decal to be attached to all the equipment and iunctÌon
boxes on visible surface (vertical surface whenever
possible).

13. Wiring that is routed in rigid or flexible conduit shall

have all wire splices made only in iunction boxes, ouüet É
boxes or equipment boxes. Wire splices shall not be

located in the run of anY conduit.

1.05 - 2
FORM 6272 First Edition



GENERAL INFORIIíATION

POWER REQUIREMENT'þ¡ FOR-CUSTOM

Lñöñe coNrRoL@ PnoDucrs

Li'lîj;13"î:"JËffi"Hîä1lyåHffi 
ä'",SËi,qt.?å:

ucts. An osciltoscopá tu"i be used to.verify ripple

l¡.it"t¡ont. All power connections must be in accor'

äffi; *iül the äppücable electricalcodes'

NOTE: To power the CEC tgnition^Module' a nominal
'"íiltv 

"iäioc 
*¡n æ" ínan a 2 vott peak-to-peak

-r:,íítJ 
¡i n*^^endeaio' compatibitity with other CEC

energy from the power supply qs gur$tY as possible'

resulting in a high cunentnow $/pically 3q ampsor mo@

ñ'#';ä;; sõpprv wlrins for âshort period of tirne'

The average lgnition system currenttemains low (1 or

t "tlt 
o"äen-ding on in" number of cylinders' engine

;Ë;ã, ;Jsuppli voltáge) since the hish current onlv

flowsforthe short periodof time and virtually no current

il;; tlt" ¿st of the time' However' üe wiring mustbe

sü; õ; tttã n¡gn instantaneous cunents' ln addition'

tË;ro-u"ãing' óarücuhrty where the ground is'refer-

enced,' becomes moiectücal when electonic controls

areusedonengines_havingthistypeofGDignition

.-.f/

CAPACITIVE DISCHARGE AND

GROUNDING
A Capacitive Discharge (GD) ignifioi^tfft' such as

ü"-äölgnition Moðule, requlres an external power

ñ;; ani special wiring requirements'

This ignition system contains several larç energy storage

;ääiä. t^Äenn¡ng àspark p!99'L" gnerev stored in

one of these capac'iot" it rapidly.discharged into--.an

,g"iü"ti *¡¡ *t¡tri converts it td nå high tension ignition

uiit"ãå.-¡r"uing been discharged, the energy storage

ö;.,#rnusiüen.ne recnargú to be readv to fire again'

The storage capacnor is typ¡ãary recharged by drawing

.i

Table 1.05€. Power ForWaukesha Gustom Englne Control@ Products

NOTE: *For compatibitity wìth other CEC Products, a nominat auPPlY of 24 VDC with less than a 2 volt Pea\-to- Peak rippteis recommended

þ powerthe lM.

i

1

Module
Control 24 +25"/", -1Oo/" 21.6 - 30.0 less than 2

't.5

Air/Fuel Module (AFM) System 24 +25"/", -l$"h 21.6 - 30.0 þss than 2 2.5
(atl rich burn aPplications)

18.0
(|?îäfåätåtf [i{3þ'"ïàil!56

flean bum
a¡ìo vHP tz

24 +25o/o, -10o/o 21.6 - 30.0 less than 2 1.5
Module (lM)lgnition 24 +33o/o, -58% 10.0 - 32.0* less than 2* 2

CEC PRODUCT
NOìIINAL
VOUTAGE
(volts DG)

TOLERANCE
OPERATING

RANGE
(volts DC)

PEAK-TO.
PEAK

RIPPLE
(volts AG)

OPERATING CURRENT
(amPs)
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SECTION 1.TO

DESCRIPTION OF OPERATION

.

i!

:i
!.
3

WAUKESHA CUSTOM ENGINE CONTROL@

IGNITION MODULE

SYSTEM DESCRIPTION

TheCustomEngineControl@(GEC).lgnitionModule
(lM) is a microcircu¡t-UaseO' digital ignition system (see

ËiäËi:öi1)' il; ir'rr-is'o"Ë¡gnel ¡o enhance the

oerformance uno 
"o"i-àttãctivenãss 

of your Waukesha

äüilå:'ïä lü' 
-pã"1 

0"" accu rate and reli abl e isniti on

timing resulting ln optimum stationary engine operation'

The lM system nas nõ wearing partrs a¡d uses the

åäp..ito. Oischarge principle elovi.dfng^ligh energy'

orecision timeo spañi toi max¡mum.engine qerfgr;

äã"Jå. înä ì'r,l;" i""nnoùsv also nro.vi{e¡ tull ouþut at

ä;ils tp"ão" iot ü"ttãiä"siné startup' wiür the lM

installed, yor, 
"ngtn" 

will pèrform better and more

oowerful, emit ¡oweilm¡ssions' decrease downtime'

änd ¡n"t"""e sPark Plug life'

Flgure 1.1 0-2.lgnltlon Module t6 Posltlon

Timing Swltches

:

With the engine running' an elecl¡o¡ic-Hall-effect

;:-1ffi;Jsäagnet¡ã teiét"ntt marks mounted on a

oear or timing disc to determine tne exact position of the

il-*înåülin" H.rr-"trãct pickug t9l9: ?n 
electrical

riã^äiï" îrte ¡M' Heðiiãnidarrv the.lM interprets the

;ì:iläd;J;,"i.up'" t¡á"ttical s'þnalbased on an index

Flgure 1.f O-1- CEC lgnltlon Modul¡-- -

For example: On dual fuel applications' you can set

timing switch "A'for oriå ruãi 
"tid 

tn" timingon switoh "8"

ä;'üi" ;tËr tuel. This allows vou to 
"Tph 

from one

timing setting to the àin"i*n"î you.switch tuels and

;ääïõ;oþer isnit¡on timins for both tuels'

Switch position 1 5 gives the most advanced tirning on the

active timing switch, ãút"it*¡t"rt T'ot "B'' Switch "A'

has a more aOvanceJtiming range than switch "B"'The

timing retards/advaricË" io aägree between each

il¡,."h pã"ition aru'touén meç are-1v¡S'ng switches

on the lM, only one is 
"-Aiu" 

at any one time' The switch

that is active is dete^¡n"i UV t'e Átattls of the "D" lead in

the Power Pickup näi^ãtt iz pin connector)' lf th9 "D'

lead is grounOe¿, sw¡iän n' ù 
"a¡u"; 

if the "D" lead is not

grounOé¿, switch "B" is active'l_")

1

TIMING swlTCH 'A" TIMING SWTCH '8"

FOBM 6272 First Edition
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HALL.EFFECT
PICKUP

TIÙIING
Drsc

FLYWHEEL

FUSED
DCVOUTAGE

SOURCE

lCtÀllTlON
colLs

SPARK
PLUGS

DETONATION
SENSING
MODULE

(oPTloNAL)

m
=:= l!
#¡¡ ffi

o
ç¡!l

DESCRIPT¡ON OF OPERATION

IGNÍTION MODULE

SELECTOR
sw¡TcH

TIMING SWTCHES

PIN CONNECTOR

PRIMARY COIL HARNESS
(to 10 oR 19 PtN coNNECTOR)

POWER PICKUP
HARNESS

FO7 PIN CoNNECTOF)

.D" LEAD HALL.EFFECT
PICKUP

' AT27 G L EA'G'A'ES O N LV'

I

I

I

I

I

I

I
J

)*, .('."

L--
¡

E¡-.¡,â r rî-¡ lrtnlllan Module HafneSS
l.!'Y¡e '-'-'-----

Connectlons

The lM has three extemal cable connectors

lsee figure 1.10-3). The Power Pickup Hamess con'

iã"t" tõ the 7 pin connector and includes leads for

óõú; ü'te Hall-effect pickug, and üne. "D" lead which

ã"ìJ*¡n"turttichtiming smcn is used' The PrimaryCoil

ffã*à"t connects to ñe lM and includes leads to the

ü;iffi;iÈ. The third connector (la pin) is used to

iñiå*ã"" with the CEC Detonation Sensing Module (see

nå*t t*t¡on, "lnterface W¡th CEC Detonation Sensing

Module").

NOTE: The 14 pin connector on the tM is not used

,n-1"*theDetonationSensingModuteisinoperation
on the engine.

The lM also feah¡res a three position Selector Switch for

;;tdg the engine model (see Figure 1'10-0)' The

óãi""îot Switch programs the lM for a specific engine

model--O versus I cylinder, AT versus VHP' lf the

magnet pattern senseá by the ftatf 
-e.ttect picku-p is not

corieot ior the applicatión selected on the Selector

óùt"rt ttu"n as an'8 cylinder application.seleoted on a

ã óvù"dìtt engine), an Leo will light on the lM and the

ignition will not fire.

INTERFACE W¡TH CEC DETONATION SENSING

MODULE

The lM interfaces with the GEC Detonation Sensing

UfoOuf" PSM) tytt"t (see Figure 1'10'4)' fn9 D.S-M.

$tem ¡s oesígnåo to prbtectwauresha spark-iglq*

éä, 
"ngine" 

frõm damäge due todetonation' The DSM

ËVttãttit n"tions with tt'" fur and connects to the lM's

iä p¡n connector. The two CEC systems' when con'

nurt"O together, provide defense against engine deto'

nát¡on *ni"h can lead to severe engine damage'

With the DSM system connected' the timing switcheson

the lM become non-functional and timing varies

individually among the cylinders from arange of preset

--"dñ:ih'is indivÚuat cytinder timing allows ma¡<imum

åOuãnt" for cylinders thåtare not experiencing detona'

tion to a Predetermined setting'

Detonation is the autoignition of end gas during

combustion in an engine'sîombustion chamber' Avoid'

¡ng O"ton.tion 
"onOitions 

is critical since detonation is

dãtr¡mental to engine cornponents'
.. - ,,i

<a^-a
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DESCRIPTION OF OPERATION

ñs/
NITE:RefertotñeGustomEngineGontrol@Detona-

ä"î' 5åtlts ruião un nït"riàt¡ on lo perati on' an d M ain -

tenance Manual Fo;;;;ù for information on DSM

îiJ"^ n"ttltation and programming'

OPERATOR INTERFACE

The lM is equlpped with three diagnostic LEDs on front

of the lM housing: "po*"tl pçr<üq;' and-Application"

iJiïriäl,lãìlió:sl. iË; uEos iive op-erators visuar

confirmation on (1)'¡nããting P9*91 (2) Hall-effect

ö¿ö;'ö;' ;;d 1's¡ proper áppücation settings' '
. The green "Power" LED is lit 91v time power is- 

åäãr¡ãåî'tn"lnn"rn" power.LED co¡firms to the

ooerator that connecäoñ rt"t been made to the lM

trLm the VDC Power suPPlY'

Flgure 1-104. CEC Detonatlon Senslng Module

Table 1.10'1. lgnltlon Module

AT 16

a The red "PickuP" LED is
b

t¡t when
detected

there
by the

is no
IM

due to a failed pickuP, an ¡¡

and/or incorrect (bad) wiring. The pickuP LED will

also be l¡t when the engine is at rest

Flgure 1.1O-5. ¡M giagnqstic LEDs

. The red "Application' I.ED is lit wtrenever the lM

detects a magnet ôåtttrn that does not rnatcfi the

äiii'åãoã" iãi*r'¡ãñu'à ¡M selector switch is set

16 versus e cyfinoei¡ or wnentne incon^ect lM model

lJ t""ËrËi õ,[^"-ii/l-todel versus-vee engine lM

ilä' Adàitionattv, tni1.!eo *!^l'glt when one

iìãn---Jri"tt p¡cttup i3 iost ldisconnected or failed) on a

two pickup svstemiÀiìÀ gines)' or if a magnet is lost

;Y,J,"^iïå¡ü,lt;ll,n*:i1j,"",ï'i:ìff""?#
when the Selecto
aPPlication).

COMPONENTS

The lM system consists of an electronic.'module (lM)'

wirino harnesses, tir¡nõ o"" or gear, ignition coils, high

;:i:,ilf.];, ft;hi;i-ått"ct õi'rup (two ror Ar27GL

engines).

e ãiagrarn of the lM system's inputs and ouþuts is

shown in Figure 1'10-3'

ENGINES SERVED

The lM is designed to function with Waukesha's

äeä; t*lãã ni vHP, and VGF ensines' The lM can

åËîËï¡itï;ilá;t "'ittt"nt 
on engines in the field'

Retrofit kits include ãlr in" required lM components'

tãinti" g hardware, and i nstallation instuctions'

AllWaukeshaEnginemodelsarecorreredLrythreelM
control boxes. raure ì 'ì o-ìli"t" tn" lM models and their

engine aPPlications'

l

I

)
t-

F

DßGNOST¡C
LEDS

AT8 AT 12 CYlinder

EnginesCylinder
VGF 6 and I VGF 12 CYlinder

Engines
VGF 16 CYlinder

Engines

VHP 6 CYlinder
Engines

VHP 12 CYtinder
Engines

VHP 16 CYlinder
Engines

Model 811 Model 1211 Model 1611
¡GNTTION MODULE MODELS

FOBM 6272 First Edition
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DESCRIPTIoN fìr r!ERATIoN

THEORY OF OPERATION

IGNITION MODULE OPERATION

The lM operates as a high energy capacitor discharge

,oüO 
"t 

tå ¡gnition systeri. The lM first steps up the input

;;¡td; frñ 'to'szvolts to approximately 160 volts'

inì. iãn"g" is then used to charge up energy storage

capacitors.

A gear or aluminurn disc rotates al1l2 engine "ptjd'
Seieral magnets are imbedded in this gear or disc'

ilä ññets si¡¡'nal the position of the engine

åiåïx"r,ått tä tre tog¡o circuit in ihe lM through the use of

a Hall-effect PickuP.

When the lM and its internal microcircuits receive the

sionalfromtheHall-effeotpickup,thelMüiggersSGRs
¡;i¡ñ óãntrolled rectifiers) to release the enersv

àltår"îin n" capacitors. The voltage isthen stepped u-p

ü'ñ; ¡ú,ltion-tã¡r" to fire the Jpark plugs' The lM

,á""s"" tn¡s energy in a programmed' timed sequence

thatvaries with the aPPlication'

NOTE: For AT27GL engines, the two.Hat!'effect pick''ii 
i4"t ^ operates simítar to the single pickup system'

ïriápi one piciup is signalled by magnets I the
-lntíå.iàidh'" on., bvl single magnet in a disc on

the camshaft

Timing is changeu ',vith two re poq'iJi91(0.- 15) timing

"*ïåiti* 
ù.àt"î on the side of tile lM' Each switch can

Ëät";parate ignìtion timing sgttlnq for different

är;iäd;'-ê*¡tø- pót¡tion 15 sives the most ad'

vanced timing on the ãctive timing éwttch'.eiürer switch

"Ã'ãi"g" st"it"h "A" has a more advanced.timing range

ú;;vt'i"ñ'Blth" titing advances/r-etar.ds 1 '0 degree

ËöãäñË".n switch poti'tion' Groundinglead'D" in the

Power Pickup ttameJs f-pin connector) activates the

iññõ 
""attäo 

uv s,,J¡icùi"Ä'" ungrounded lead'D" will

ärt¡uãt" the timing selected by switch'B'"

On dual fuel applications, it is possible to set the timing

Ir"¡i"iiÄ"îöñt Gl ãnd me timi ng on switch " B" f or the

ãüiåitr"ì. rhis atlows you to switch frorn one conüolto

the other when you 
"*tt"ft 

fuels and- have the proper

¡g"¡ti."it¡ttg initace automatically for each fuel'

HALL.EFFECT PICKUP VERSES MAGNEnC HCKUP

The Hall-effect pickup is a three wire solid state

åiåãüñi" dev¡ce inat iäquires the sensing of a magnet

il''gä Urã p¡cr<up (see Figure 1'10:6)' A magnetic

ww"*î,'ui;m**;1ffJ"eå"iå'.ï"iff :"';
n rãg"ãt¡" pickup ã"n rcoi identical to a Hall-effect
'piórrp 

ort ¡j .sç-powered and only has two connec-

[ont't""" Figure-t'ro-7)' Magnetic pickup devices

do not work with the lM' Y*
-t,.,,:

::

I

1.10€. Slnklng Hall-effect

:.,1|

TACHOMETER
(LOAD)MAGNETIC

PICKUP

A

B

CONVENTIONAL CURRENT FLOW

)

CONVENTIONAL CURRENT FLOW

+- SIGNAL
HALL-EFFÉCÏ

PICKUP

+

.''JAUKESHA ENGINE'S
CEC IGNITION MODULE

(LOAD)

+

MAGNETS

)

+
24 VDC SUPPLY

Figure 1.10-?. ilagnetlc PlckuP
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DESCRIPTION OF OPERATION

E#
DEFINITIONS
Gommerclal Quallty Natural Gas: Natural gas that

ñà'J'iläã. piocesseð to remove heavy hydrocarbon

üi 1;1ïåi ¡i|",'$" a"ny"c,ålåi i' iîäË ir'.
Holland's pipeline gu" hãt a Èãat value of 820 Btu/fF

SLHV (go.S.¡/cms).

Landflll Gas: Af¡' gas formed by the decornposition

"iiå"Jìin 
refuse. lt iJcomposedprimarily of methane

(CHo) anO carbon dioxid'e' (CO2-|,-The. heat value

àãlifrhrv t*gã" t'ãm ¿so' - Eso Btu/rp sLHV

Ãa.zz - zo.sé J/cm3¡. Ghlorine and fluorine bearing

àompounOs are typical trace components'

LED: Ught Emitting Diode' A semiconductorthat emits

;öht6;ä[éniu,,iul and is used as Power and alarm

iniiòàtott, ]oãated on the front of the lM'

Low Btu Fuel: Fuel having less than 7OO BtufÉ

(26.08 J/cm3), such as landfillgas'

Detonation: Detonation occurs when part of the airfuel

charge cannotwait for the normal flame-front, which was

started by the spark plug' to pass completelY through the

combustion chamber. The advancing flame-front heats
until it on ¡ts

or "knock."

Dlgester Gas: A fuel gas formed.by the decomposi-

t-¡o-n Jãtganic matter-in a digester' lt.is comp-osed

Ër¡'irãi¡¡v.it tethane (CH¿) and c-arbondioxide (Goz)'

The heat vatre nortàly tãng"t ftot 500 - 600 Btuft3

ðlnv tiô.oa - zz.sø¡/óml' t-tvorosen sulfide (H2s) is

a typical trace comPonent'

Fleld Gas: Raw or partially processed natural gas as

iãf,"n t o, an extractin g wãti. f ne neat val ue normally

;õ;- from soo 
- - lsoo Btu/ft3 SLHV

(33.'54 - 55.898 J/cm3¡.

Hall-effect Plckup: A three wire solid state electronic

O*¡"å tn"ttequire!the sensing of amagnetto triggerit'

HD-S: Acommercial quali$ propane wit!.the following

t¡n¡trt reguiremenis: gó percent by liquid volume

propane.

with the lM.

Natural Gas: A naturally occurring mixture of hydro'

cäñ and other gaseê found bánea1h the earth's

"ü*ã", 
often in cãnnection with liquid Oetrgl^e.u.1'

iñé-princ¡ple component is usually methane (CH¿)'

Mñoî components are heavier hydrocarbons and

;ih;; gasei sucn as nitrogen (N2)' carbon dioxide

iöõrlltãi¡um (He). arson- 1Ari, õxvsen (o2)' and

ìrñrãö;;urtoè tÉ rs) . 
-seldom ut11,i 

1 
it" raw state

and normalty procesêed to commercial quality natural

gas.

Propane: Atuel gäs made of carbon (C$ and hydrogen

66j. Otten used as a backuP fuel'

Sinklng Output ln a sinking outputgguig"'the ouþut

;''gä fcrrndt) flows from the controltothe pickup'

Sourcing Output: ln a sourcing ouþut device' the

ãrtpui 
"ig"d 

(current) flows from the pickup to the

control.

WKI: Waukesha Knock tndex' Waukesha Engine's

"råtLo"ã 
for reading the knock resistance or detona-

hon resistance of gaseous fuels'

produces a voltage and current flow as steel teeth move

by the pickup. Magnetic pickup devices do not work

FORM 6272 First Edition
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sEcTloN 2.00

IGNITIoNMoDULEoPERATIoNoNvHPENGINES

IGNITION MODULE OPERATION ON

VHP ENGINES

The purpose of this section is to describe lM operation

ån-üHË 
"ngines, 

location of the Hall-etfect pickup'

titing disc ãignment, and air gap setting'

VHP 6 AND 12 CYA|NDER NMNG DISC AUGNMENT

The lM uses a Hall-effect pickup' a magnetic switching

àÑ;: to read magnetic reference marks on a disc

attached to the governor dr¡ve gear hub- This method of

;ds-d"i;*inäs me e*act põsllon of {re 
crankshaft'

The microcircuit-basåd' olgital tfvl inter¡re! tre pickup's

ñJË;õ set optirnumìgnition timing' The lM then

;i;ã"t, ã precisety timed 
-vottage to the appropriate

ignition co;il.

Location Of Halt-effect PickuP

The Hall-effect pickup is located ol!h" governor drive

;;;;t it"å Fiiure2'oo-1, Fisur,e2'oo'2' and

Ëigìt"-ä.oo'à). rn" Ë¡"rtup senses.each,magnet as it

;;Ë;t *¡ iáps üre'togic circuit of the lM to fire'

Fioure 2.OO'2. Hall -effect- Governor Drive
Pickup lnstalled On
Gear Hub

Figure 2.OO-1. Governor Drive Houslng

GOVERNOR DRIVE
GEAR HOUSING

HALL.EFFECT
PICKUP

GOVERNOR
DRIVEGEAR

G

ffi,{
i

FORM 6272 First Edition
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2.00 - 1



ïmlng Dlsc Allgnment And Alr Gap Settlng

1. Locate the first cylinder in the firing order sequence'

R;f* tothe enginã's nameplate for firing order se-

quence.

2. Gheck the engine's nameplate to determine the

exact timing for the Primary fuel'

3. Bar the engine over in a counterclocltwise direction

iil¡ú ir,ã nÑr.""|) until the valves of the first cvlinder

il th;il"ó o?0"r, wi't¡cn is the #1R cylinder (12 cylinder

;öËt;h cyin¿er (6 cvlinder 9nsiry.s) 
are a!t9.e

dead center lcompressìon itrotte¡ (see Flgure 2'00-5)'

To determine when this condition exists' watch the

iõ"t"i "rts 
and valves on its mating cylinder (see

Ëöiå äóôli Ãt the exhaust valves on the mating

óiù;";" cíosing, the intake valves begin to open' At

ãi¡ä po¡"t, tt e matiñg Jvfinder is ¡n Ylu.1gY"rlap 
(allfour

iål"ãlpañãry opeñ). rhis means that allfour valves on

Ë;h-"yliñudr tíz cvlinder e1s.!lesl' #1 cvlinder

ié .ul¡no"tänginesj are tully closed' The.cylinder is now

;t t"p dead cãntericornpression stroke)'

NOTE: Timing marks on the ftywheel timing tape
'iioutd 

be vislble throigh the timing lPelting located.in

ne nwtneet housing nñ"n app'otching top dead center
'ff:;é;';í ürinoihrn,g cvnhaer on the compression

èt orâ þee Figure 2.004)'

IGNITION MODULE OPERATIO

Flgure 2'004. FlYYvheel lming Opening

N ON VHP ENGINES

ff.
!

t:

¡

Fioure 2.OO'5. Engine Flring Order - 6- VHP Engines
And 12 CYllnder

o
o
o
o
o
@ @@

FIRING OBDER: FIRING ORDER:

NEAN
FLYWHEEL StDq

Jt",i$åhBlfff,¡'1,Î$f(Ffåilåi''få¡'?if [t?l)

@ = MATTNG 
"I-.+ilåF,S,t-¿T"Ëffit 

.YLTNDER

1, 5, 3,
6,2,4

(GEAB SíDE) 
12

çù

CYLINDEB CYLINDER
6

FBONT

centetNOTE:
theñrst

LEFT
SIDE

N'GHT
SIDE

1R.6L,5R,
2L 3R,4L,
6R. lL 2R,
5L,4R, 3L

HOUSINGFLYWHEEL

TIMING
OPENING

Ihg\
TIMINGTAPE '

trú1-t
FOAM 6272 First Edition



IGNITION MODULE OPERATION

CAUTION

ON VHP ENGINES

DO NOT tum on the fuel

C. Using the reference mark on the pickup as qe
- 

"t 
tfng point, rotaie the Hall-efiect pickup 3/a oj a

["n tJr?re of a hrm) counterclochrvise to setthe

pickuP to timing disc clearance'

D. After the clearance is set; snug the locking nut'

!tî/

4'Bartheengineoverinaplockwisedirection(facing
il";fuËeD, io a point at least 30 degrees prior to the

point of desired timing'

5. Slowly bar the engine over in a counterclockwise

ãir""t¡ol tt"cins the nþnee¡, 9"t"qlY-observing 
the

flvwheel tming tape anO pôintet' Stop rotating the

äñ';;;i .*.trv atihe conect timing desired'

Bv rotating the crank-
straft Past the desired
up to the deslred tlmlng,

A CAUTION
timlng, and then backlng NO-FUEL state.

6. Thread the timing disc alignment

¡nto tt" governor drive housing (see

slde of the gearteeth'Tne tlming could therefore be

lncorrect bY several degrees'

tool (P/N 4740221

Figure 2.00-6).

Flgure 2.OO€. lgnlt¡on Timing Disc

10. Apply a fast setting contact-type 91:ktt 
shellac'

such as 3M Weather'éirip-c"reni, peimatexo H¡gh-

Tac or equivalent, on irt" gasket surfaces of the

governor drive cover ptut"' tnJt"tl a new governor drive

cover gasket.

NOTE: Ðuring Step 11, the governor.drive cover must

first be instatted on th't iall bearing retainen four
';;;t;;";;:'ãü ø"xinhers to prevent the gaskets

îJ^- J¡a¡ig during instattation oi tne governor drive
';;;"^ai.-ntowttlegüxetshettactocuretollowlngthe

m anufacturer's recomme ndatio ns'

1 I . W¡th the WED part number facing outside' install

ih; Ñ;*or drivecover to the ballbearing retainer

i;"ä;;;;;i .gls-i 3/4 inch' with lockwashers)'

lnstall the remarnrng fasieners (1 0 capscrews, 3/8 x 1

iläïñ ñär*à.n-"t") (see Fisure 2'oo-z4'

12. Referto Section 2"lO' VHP tgnîtion Module Timing

ÀJiu"nàrt",to set engine ignition timing'

7. Loosen the self-locking allen head screws' and

äñ th; timing disc so tnãtiming disc reference point

;''g* 
"titttL" 

þointof the alignmenttool'

8. Once aligned, torque the self-loc{<ing allen head

;;;,*;" ftätim¡ng o¡lc to 4Íl - 45 in'lb (4'86 - 5'08 N'm)

oiled.

9. Remore the alignment tool and installthe Hall-effect

ãi"ùùo. n"t"r to ürL fo[owing step:. to set the the gap

["t*å"n the pid<up and the timing disc'

A.ThreadtheHall-effectpickupintothegovernor
drive housing untilthe pickup comes in contact

with the timing disc'

B. Scribe a reference mark on theHall-effect pickup

and at tne same point mark the governor drive

housing.

È

,|\

TIMING DISCWASHERS
HEAD

TIMING DISC
AUGNMENTTOOL

FORM 6272 First Edition

Flgurc 2.OO.7 -Govemor Drlvc Houslng

2.00 - 3



nNmoN MODULE OPERATION ON VHP ENGINES

REAR
(FLYtIVHEEL SíDE)

¿å",fi HêhBlF8¡Jff $"(Ffål-ä='få¡'9ffiIt"'t)

ãtltx
ffi = MATTNG cyuNDER oF Tllli-nRsr cYLINDER

W -iNÍxe FlRlNc oRDEB

NOTE: When the mat¡ng ,cyt¡nder is in valve overlap' ,thef¡tst"-'-' ';;rnàiài in tne-fií¡is oraer is at top dead center

(comPression stroke)'

VHP 5115GL AND 16 CYLINDER TI]UIING DISC

ALIGNMENT

Location Of Halt-effect PlckuP

The Hall-effect pickup is located on the governor drive

oear. The oickup senses each magnet as it passes and

iips tre logic oircuit of the lM to fire'

Tlmlng Dlsc AllgnnrentAnd Alr Gap Settlng

l. Locate the first cylinder to fire in the firing order

r"q""nã". Refer to the engine's narneplate and

Fi i¡re 2.00-9 for firing order sequence'

2. Check the engine's nameplate to determine the

ã*""t t¡t¡ng (or móst advanced) for the primary tuel'

3. Bar the engine crankshaft over in a counterclock-

*i"ã tàti"g tfrã nywneel) direction until.the valves of the

irst 
"ylñdt 

in ürá firing order' which is the.#1R cylinder'

ár" 
"í 

top dead center (compression stroke)'

To determine when this condition exists' watch the

iocter arms and valves on its mating cylinder

itãã-r¡grr.2.0o'5). As the exhaust valves on the

ñáùng ãylinder are closing, the intake valves begin to

ãæ".-ni this point, the mating cV!in!.e¡ is in valve

Ñ;;i"p (all foui valves partially op.9!)' This means that

állt*i uàu"s on the #t iì c$inðer (12 cylinder engines)'

lìn cyl¡nder (for 16 cylind-er engines) are fully closed'

ir,á 
"yrinO"r 

¡s now at top dead center (compression

süoke).
?-!-ã 

-^r-^ 
aa rha flt¡uhaÂ,l tìmíno tane

NU t E: I II l'Irg 
' 
ttar, ^.t 

vt t " 'v'iio:itd 
be vislbta through the timing opening located in.

irã n4*n"tt guard on7ø cytinder engines' or flywheel
'ir'or":¡rg 

on ítrcat engines (see!!qur? 2'00'8) when

iW--ã"n¡rg top dead-center (TDÇ) of the tirst firing

cytinder on the compression stroke'

LEFT
S'DE

FNONT
(GEAB SDq

NrcHT
S'DE

16
CYLINDER

FIRING OBDER:

And

511sGL
12 CYLINDER

FIRING ORDER:

1R'
2L'
6R'
5L,

6L,5R,
3R,4L,
1l- 2F,
4R,3L

lR. lL. 3R,3l-
7\:7_1" lE'lþ
Ell. öl- olfr ob
2R, 2L,4R,4L

Figure 2.00'9. Englne Fi;lngÚrder - 12

16 GYlinderVHP Engines

@@

@@

FLYWHEEL HOUSING

TIMING
OPENING

POINTER

Tà'ì.t:1&s

\

TIMING TAPE

,^lr-Á

Figurc 2.OO€. Flyrvheel lming Openlng

ÊORM 6272 First Edition



IGNITION I/IODULE OPERATION ON VHP ENGINES

I.*r'
4. Bar the engine over in a clockwise direction (facing

t"îî;t;"iiîo a po¡nt at least 30 degrees prior to the

point of desired timing'

5. Slowly bar the engine over in a counterclockwise

ä;td'ff*iné tn" f¡nrvneeq' carefully observing the

flvwheel timing tape inO pôintet' Stop, rotating the

äid;i *""tli at the correct timins desired'

CAUTION
By rotatlng the crankshaft
past the deslred tlmlng,

I

¡:

,l

È

lnlury.

6. Remove the Hall-effect pickup from the magneto

housing (see Figure 2'00-10)'

7. Thread the timing disc alignment tool (P/N 474022)

into the magneto housing'

I. Loosen the self-locking allen head screws' and

iåt"tã n" u*ing disc so tnãtiming disc reference point

;'d; *itn ü," ioint of the alignment tool'

9. Once aligned, torque ttre ¡e]l-lgckin9 
allen head

;;r;;i"4í- ¿s ¡n'id(¿'eo - s'og N'm) to secure disc

in place.

10. Remore the alignment tool and install the Hall-effect

åùrp. C"er to the following step9. to set the the gap

[ãt"å"n the pickup and the timing disc'

A'ThreadtheHall-effectpickupintothegovernor
drive housinluntif the pickup comes in contact

with the timing disc'

B. Scribe a reference mark on theHall-effect pickup

and at tne sãrne point mark the governor drive

housing'

C. Using the reference mark on the pickup T T"
starling pornt,ioàte ne Hall-effect pickup 3/a.oj a

tr-rm (t 1/16 ;iât'tl counterclocloruise to set the

PickuP to timiing disc clearance'

D. After t¡e clearånóe iJ set, snug the locking nut.

11" Replace the magneto drive cover'

12. Referto Section Z"\O'VHP tgnitioy ModuleTiming

là¡usnnents, to set engine ignition timing'

and then backlng uP to the deslred ümlng' the disc
the

gear teeth. The üming could therefore be

several degrees. DI regarding this nformatlon

could result ln Product damage and/or personal

Figure 2.00-10. Magneto Drive GearAndlmlng Disc

REFERENCE
TIMING

"åE"ÞÎ"Sli,B1"t5üJå'S"

F
TIMING

Drsc

TIMING DISC
ALIGNMENT TOOL
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ON VHP ENGINES
IGNITION MODULE OPERAflON
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sECTloN 2-O5

VHPIGNITIoN]'JloDuLEELEcTRlcALcoNNEcTloNS

r¡

MOUNTING THE IGNITION MO englne unless the lgn

Mount the IM using the vibration isolators supplied with tlon Module has been unplugged. Fallure to do so

the M (see Figure 2.05- 1 ). Note the following: may damage the lgnltlon Module.

. The outside ternperaUre of lM casing should not

eiceed 150" F (65'C) in oPeration'

Flgure 2.05-1. Mounting The lgnition ilodule - VHP Engines

å

j

I

:':
a

r-lll
Cæ

üPotfÆ'¡T
5Hæ
Éût4F

@æq't
úEEa-lB
@ÉÑdac

A9çLþ¡úoll PrcN.¡P 9ditEn@ @ @

o

BwI

HEX

VIBRATION

EMI

:
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vHP lcNlTlolr."'- - luLE ELECTRICAL CONNECT¡ONS

ELECTRICAL CONNECTIONS

IGNITION MODULE POWER REQUIREMENTS

The power connections made for the lM must be in

å."olaãnã" wiür the applicable local electrical codes'

il nni" ;;itable for inåtallation in Ganadian standards

Ëätñ lðsO class l, Group D' Division 2loca'

iü;. A¡ño*"t ii¿ng must be'in accordanoe with

Ëi¡ürL'ä.0ã:C, "w"uroha cEG Products Power wirins

Requirements."

See Table 2.05-l for lM power requirements'

a

'' ln addition, the gromding, parlicularly where lhe grounp is'

"referenced," ¡s cruä.'ñ'¡! necessárvto reference all of

the grounds to ure same po¡$ Il" qOi1g-crankcase has

been chosen a" rúË'dnouruo reÞrence to minimize

NGrer"n* with sensor signals. Byfollowing the recom'

äã"JåJùt¡ng and groundìng procedures' the concems

associated wlt¡ treióñition fower.supply wiring voltaç

äJõJ*tt uå greaüvieduced or etiminated'

NOTÊ: For additional information on capacltìve dis-

;li:x"i:::"M"*'itrKL9i'"iiäi"
WIRING HARNESS CONNECTIONS

The lM has three externalwiring harness connectors

ö;; Ëg*" z..os-z'l' The Power Pickup-Hamess con'

nects to the 7 pin connector on the lll.and includes

teads for Dc power, tnå nal-"tt"ct pickup' and th9

"D' Iead which Aeterm¡nes which timing switch is used'

ñ; Ptitåt coil Hårness connects t9 the lM and

't;iude; Ëäs to the itnition coils' Tfre. 1 4 pin connector

is used to interface uüit¡ tt" GEG Detonation Sensing

ffi;; þsrtrl The la pin connector is only used when

tne OSfti is installed on the engine'

ftt-'8

¡

!t

,t

'j:
iì l.

ùj,

NOTE:AnACloDCpowersupptyisnotpreÍerred
unless care is taren io etìninaie ihe possibility of a

;;;;;rW iãsi o¡ Ac power.whtth-yllresutt in an
';;;;;i-;ñ"i¿onr. e oc vottase frtter ,(battery) 

is
'råiÃrári"d 

to eliminate voltage fluctuations'

NOTE: For compatibitity wlth othel CEC products' 
1.';;;tr"; lriptv'ot livoc with less than a 2 vott

' ö åíi -t" --l[íx' rippte ís recommended to powe r the lÀ/l'

NOTE: Refer to Section l'O5' General.lnformation'

"Power n"qr¡r"t"ni"ît'õ;t"t Engine control@

Products," for the power requirements of atl Waukesha

Engine CEC Products'

POVI'ER SOURCE wlRING SIZING AND GROUNDING

The lM, a capacitive discharge (CD) ignition system'

i"qu¡r"" .n är.t"."t power-sourc?...*tt¡"h presenb
's-pffi ;ti"g requiremänts' The lM will tunction properly

wiih a powcr -oun--á= defined in T'able 2'05-1' Howev'

"i, 
iril" 

""pply 
is capable of providing a pulse 

"Y19nl
ihi ö;ä¿ñtievel iðr a snortär period of time such th at

ì¡Jåu"tug" cunent is tre samei' the lMwill utilize that

ilËõ""b¡l¡ty' ¡n this case' thevoltageîuch¡ations on

[," .upöry wiring, in"t'oing the ground reh'¡m to the

power source, may interferã *iÛt the operation of other

ãl""ti""r devices.-Fãi ft¡t t""ton' it is recommended

that he lM power 
"ou'"" 

wiring' specifically the er.o9...............Jtd

iåtr*-b" sized for at least 30 arnps even though the

;;;;F;r;t""twillbe less than 2 arnps (tvpical)'

(*
t."

F Figure 2.05.2. þnltlon Module- Connections

Wirlng Harness

o

H
*ffi,
frÉtrO-¡É- -@ærÉ

^ttE 
l0l

@

å

nlPloHf l¡f

@
,Éfll

ãg

@
POfl4

POWER PICKUP
CONNECTION

PR¡MARY COIL
CONNECTION

DSI¡
CONNECTION

o^a-,
FORM 6272 Flrst Edition



.il

VHP IGNITION MODULE ELECTR¡CAL CONNECTIONS

Table 2.05-1. Power ForThe lgnltlon Module
PEAK- io-pelr

RIPPLE
(volts AC)

NOTE: *For compatibility with other CEC Products, a nominal suPPtY of 24 VDC with 
'ess

than a 2 vott Peak-to-Peak ripple ie recommended

to powerthe lM.

\€/

Module 24 +337", -58% - 32.0*10.0 less than 2* 2
CEC PRODUCT Dc)(volts

NOIIINAL
VOLTAGE TOLERANCE Dc)

OPERAflNG
RANGE

OPERATING CURRENT
(amPs)

SENSORO}$GEN
LEAN BURN

POWER (lM)
iIODULE

cEC
lGNMON

TUBBOCHARGER
CONTROL

MODULE (f0t't)

DETONATION
SENSING
MODULE

(DSit)

J-BOX

DSùl
FILTER

POWER
AIR/FUEL
MODULE

(AFM)

F

DC POWER LEADS

ä i.#e?täiäiiAwc' 
50' MA)G o AwG' 75' MN(

å1 åiî)åÎ#t,,llfft to* B'RN.NLY)

'#!F,6PE\ ç:*E;;#Fiti{*xn

A

40 CIIRRENT

Figure 2.05-3. Waukesha CEG Products Power Wring Requlrements

)

lj:

FORM 6272 First Edition
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ITION MODULE ELECTRICAL CONNECTIONSVHPIGN

COMT"LETING ICNITION MODULE wlRING

Complete tM elecfical connections by following the

stepé below. Refer to Figure 2.05'5 through

Figure 2.05-11 for lM wiring diagrams' Table 2.05-2lists

the page numbers of the wiring diagrams for each VHP

wiring diagrarn.

NOTE: The wírÍng diagrams included in this manual are

to be used as a reference only. Refer to the wiring

diagrams received with the tM when making electrical

4. Gon,¡eri the Power Pickup Hamess to the

Hall-effect pickuP.

5. Gonnect the Power Pickup Hamess from the

Hall-effect pickup to the lM's 7 pin connector.

a WARNING
Dlsconnect all electrlcal power supplles bcforc
maklng any Power connectlons to the lgnltlon
Module. Electrlcal shock can cause sêvere person'
al lnlury or death.

connections.

Tatllu 2.05-2. Locations Of VHP Wirlng

a WARNING
Do not lnsiall, set up, malntaln, or operate any

electrlcal components unless you are a technlcally
quallfled lndlvldual who ls famlliar wlth the electrl'
cal etements lnvolved. Electrical shock can cause

aovere personal lnlury or death.

1 . Gonnect a ground lead from the engine crankcase to

the ground stud on the lM.

2. Connect the Primary Coil Hamess to the lM connector.

3. Route the specified leads of the Primary Coil

Harness to the ignition coils and cut to length (see

applicable wiring diagram). Proper installation requires

that the two end coils on 6 cylinder engines or the four

corner coils on 12 and 16 cylinder engines are gloJllge-d- 
-

to the engine. lnstallflashover protectors and new spark
plugs to achieve optimum lM performance.

valves for emergency fuel shutdowns must use an

addltlonal capacltor ln parallel wlth the exlstlng
adapter. The addltlonal capacltor ls requlred to
supb¡y sufflclent voltage to close both Murphy fuel
shttdowns durlng emergency shutdowns.

A ceuiloN Englnes that use TWO
Murphy fuel shutoff

A CNUilON Do not bundle the lgnl-
tion Module wlring and
together. Malntaln a mlnl'Hall-effect PlckuP wlring

mum separation of at least slx lnches.

NOTE: Att wiring and lM setup must be completed \

BEFORE the power supply is turned on-

6. Connect the power lead from the Power Pickup

Harness to the DG power supply (see applicable wiring

ciiagram anci Figure 2.Û5'4).

7. Continue with Section 2'1O' VHP lgnîtion Module

Tîming Adiustments, to adjust engine timing.

Before applying power to the lM and startlng thc
englne, 

-iomptlte the "Prestart Gheckllst" ln

Sect¡on 2.1O, VHP tgnltlon Module Tlmlng
Adlustments.

NOTE: Refer to Custom Engine Gontrol@ Detonation

Sensing Module (DSM) lnstallation, Operation, And

Mainteñance Manual (Form 6268) for information on

compteting wiring connections between the DSM sys'
tem and the lM.

Cvlinder fWithout
\diring DiàgramIMValves)

1. VHP T6Fioure 2.05-1
Mürphy Gas

2.05-',12

Fioure 2.05-10. VHP 16 Cvlinder (With
tvtürphy Gas Valves) lM Wlring Diagram

2.0s-11

Fiqure 2.05-9. VHP 5115GL 12 Cylinder
Eñgine lM Wiring Diagram

2.05-10

2.05-9

Fioure 2.05-7. VHP 12 Cvlindet (With
¡¡ürpny Gas Valves) lM Wiring Diagram 2.05-8

Fioure 2.05-6. VHP 6 Cvlinder (Without
Mürphy Gas Valves) lM-Wiring D¡agram

2.O5-7

Fiqure 2.05-5. VHP 6 Cylinder (With Murphy
Gãs Valves) lM \Mrlng Öíagram

2.05-6

WIRING DIAGRAM
PAGE

NUMBER

2.05 - 4
FORM 6272 First Edition



VHP IGNITION MO DULE ELECTRICAL CONNECT¡ONS

POWER
SUPPLY

2 AMP @24 vDc
(fYPICAL)

FUSE-10AMP =RATING
ICUSTOIIER.SUPPLIED)

F-BATTERY
CHARGEB

@

o

1ì

# DC POWEB SOUNCES

BATTERY

OFEHANNG VOLTAGE REQUIREMENTS

STARTING lOVDC MINIMUM-- nut¡H¡nc to - 32 voc

10 AMP
MIN¡MU!'

FUSE. lOAMP
BATING

(CUSTOMER.SUPPLIED)

E+
u'ïånf 

l$n$lfu'u'nltf'l*'u#n'

Figure 2.054. CEC lgnition Module Power SuPPIY

;

CECENGINE
DRIVEN GENERATOR
SYSTEM (VGF ONLT

{

FORM 6272 First Edition
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VHP IGNITION MODULE ELECTRICAL CONNECTIONS

A

B

c

D

HALL.EFFECT
PIGKUP

DISC WTH
MAGNETS

sw¡TcH - 10
(cusToMER

- Til i8 tEîB 3n8$3F8ff I'Jâlãìe'SåT,f,TJâi "'
FUSE - 10 Ai,lP RAilNG

SUPPLIEO)

F

AMP MIN.*
SUPPLIED)

lr +
24VDC NOMINAL
POWER SOURCE

MIN. WIRE SIZE 16 AWG

E

swlrcH'A'
SwlTCH"B"

NOTE:|. CEC FIRING ORDER

A.B.C-D.E.F
2. ENGINE FIRING ORDER

1 -5-9-6-2-4

RELAY . NOBMALLY CLOSED
(cusToMER SUPPLIED)

AJ c D

#1CYL #zCYL #3CYL #4CYL #sCYL #6CYL

IGNITION
ADAPTER

MUBPHY GAS VALVE

G

:'

':

ù

T

ï

A CAUTION
l. All wires including "gtound" wires must be
connected to the spec¡tlc coils as shown.
2. lgnltion wlres must not be bundled together w¡th
product protectlon system wirlng.
ã. The ground wlres should be connected between

the negative t€rmlnal ol the coll and one ol the coll
bracket rnountlng caPscrews.

* IF SWITCH IS LEFT CLOSED WITH lHE-
eñarnÈ snumowN, THE lcNlrloN uNlr
wlt-L onetx ¡gouT 0.1 AMP FROM
POWERSOUFCE.

ìMrlng Dlagram

ooooo
3I

o

ALT

GND

SW

+ +

CUSTOM ENqINE
CONTROLG'

IGNMON MODULE

,)

2.05 - 6

Ftgure 2.05.5. VHP 6 Gyllndcr (with Murphy Gas valves) lgnition Module

FORM 6272 First Editlon



VHP IGNITION MODULE ELECTRICAL CONNECTIONS

d
A

B

c

D

HALL-EFFECT
P¡CKUP

DlsCWITH
MAGNETS

,/ Til3 tEîB 3n8H8tsFBtrl'J+Ñ'ã?ås{['9f, Ëâ1 
""

FUSE 10

Flgure 2.05€.VHP 6 Glllnder

E

)

CUSTOM ENGJNE
CONTROL"'

¡GNITION MODULE

o"'

F

îåf i""i5È8'f""åüXÍ
SWTCH"A"
swtTCH'8"

+

RED

\
/ IGNITIOI{ SWTGH

ffit*ffffitö*"

NOTE:'. CEC FIRING ORDER

A.B.C.D.E.F
2. ENGINEFIRING ORDER

l-5-3-6-2-4 #1CYL #2CYL #3CYL #4CYL #scYL #6CYL

N
""1,s"'ô^"Ë?Èåi''å#ü$3,'*

bracket mountlng caPscrêws'

RELAY

FORM 6272 First Edition

(Wthout llurPhY Gas Valves) lgnition'Module Wirlng Diagram
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VHP IGNITION MODULE ELECTRICAL CONNECTIONS

A

B

c

D

HALL-EFFECT
PICKUP

DtscwlTH
MAGNETS

- THIS LEAD GROUNDED ACTVATES SwlT,C-H "A''
// iu;ra leaó uñênouNDED AcrlvATEs swlrcH "8"

E

.lOAMP RATNG
SUPPLIED) REI-AY - NORMALLY CLOSED

suPPuED)

AJM E P C K

#1CYL

+
SWITCH.lOAMP MNN
(cusroMER SUPPLIEO)

2.I VDC NOiIINAL
P.')WER SOUBCE

MIN. WRESIZE16AWG

RIGHT BANK
G

LEFT BANK

F

swtrcH
swrrcH

_]

)
-\.rs:'

¡

NOTE:|. CEC FiRING ORDER
A.B.C-D.E.F.K.L.M -N. P. R

2. ENGINE FIR'NG ORDER
íR, 6L, 5R, 2L, 3R, 4L, 6R, IL,
2R,5L,4R,3L

A CNUTION
1. All wlres includlng "ground" wires must be

connected to the sPèc¡f¡c colls as shown.
2. lgnltion wires must not be bundlêd together w¡lh
product protectlon system wiring.
3. Tho ground wlre¡ should be connected beîween
the nêgratlve lermlnal ol the coil and one of the coil
bracket mountlng caPscrews.

* IF SWITCH IS LEFT CLOSED WITH
THE ENGINE SHUÍDOWN, THE
IGNITION UNITW¡LL DRAIN ABOUT
O.f AMP FROM POWER SOURCE. LDRFNB

I

Flgure 2.05-7.VHP 12 Cylinder (With Murphy Gas Valves) lgnition Module Wirlng Diagram

oooooo

sw
GND

ALT

IGNITION
ADAPTERS

--
THIS WIRE MUST BE ATTACIt!:D
BETWEEN THE NEGATIVE TER.
MINALS OF THE #1 CO¡LS ON
I'U I II E¡\.I¡INE E'AII^J

THE LEFT BANK IGNMON WIRING MUST
Èeãoúreo ¡RouND THE FRoNT oF THE
eñcrHe. BUT THE wtRlNc Musr Nor BE
eúñoLÉo TocETHER wlrH THE GAs
VALVE WIRING.

JUNCTION BOX

COILS

#6CYL#2CYL #3CYL #4CYL #sCYL

CUSTOiI ENGINE
CONTROUO

IGNIT|ON I¡|ODULE

2.05 - 8
FORM 6272 Firsl Edition



VHP IGNITION I'IODULE ELECTRICAL CONNECTIONS

24 vDc 1{OlllNAL
POWER SOURCE

:itrt

l

A

B

c

D

HALL.EFFECT
PICKUP

DtscwlTH
MAGNETS

/+i,i?tEâB3n8HäBFBtrl',"v+trÊ3$ff,T"åi'"

FUSE o

RED -

SwlTCH'A''
swlTcH

F

FED

A ME Pc K

#1CYL

îåF.""È'5Ë3Po"åüXí
+

\
IGN¡TIONSwlTCùI

RIGHTBANK
G

LEFT BANK

OVERSPEED SHUTOFF

årFt-TTii#Jir$ssws

åËfo.#.f,fu åilird,f'="ffiiffi Ë
BANKS

NOTE:I. CEC FtRtNC; ORDER

A-B -C -D'E - F' t: "t -'M' N' P -n

2. ENGINE FIRING ORDER

lR;6L,5R,2L,3R' 4l' 6R' 1L

2R,5L,4R' 3L

CAUTION

NB
bracket mount¡ng capscrêws'

Flgttri.' 2.05€. VHP 12 GYlinder

LDRF

ää'çffft ,åiËä+iËff*#'fi äi¡å';Èiffs#'üFå

,7cot1-"

#5CYL#6CYL#4CYL#2CYL#3CYL

"nö='$ô^PrEu'Èån'g#T,35r'*

cusToM ENq!NE
CONTBOLg'

IGNITION MODULE

RELAY

FORM 6272 First Edition

(Wthout MurPhY Gas Valves) lgnltion Module Wrlng Diagram

2.O5 - I
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rn6-lo

Figure 2.05-9. VHP 51lsGL lgnilion ModuleWlring Diagram

FORM 6272 First Edition

VHP IGNITION MODULE

SWTCH'A'
swlTcH

ELECTRI

_]

DCPOWER
JUNCTION BOX

..ground" wlres must be

CAL CONNECTIONS

LEFT BANK

FR DL

MJA

DlsCWTff
MAGNETS

"8sE$måi53,h'BN

\ t 
wrnE ilusr BE

arrÁcxso EiEt-lvEEN_ 
1I{E NETìAl1VE

reÈu¡n*s oÍTHE
#r colLs oN BOT}I

ENGINE BANKS

KC PE
RIGHT BANK

FUSES -
rOAMP RATING
oNE (+1. oNE (-)

fcu-sÎoMER'suPPLlED)

A CAUTION

-- i""JUTSil;; 
gô$F'lË$í

o \---ot
I 2¡VDC NOMINALI Þirwen souncE
I urÑ.w¡neslzE16AwG
I

r

L
_-1

I

F
-o-

HALL-EFFECT
PICKUP

1. All w¡res
connected to the
2. The ground wlres
the negatlve tennlnal

includtng
speclllc coils as shown.

should þe connected between
of the co¡l and one of the coil

NOTE:" G=Shutdown-J= Ground
brackel mountlng capscrews'
ã. lsi¡tió"w¡*gi¡usi not be bundled together.wlth
l'^ä,r.t orotectlon system wirlng' The left b-ank

i'g;iiñJ¡tdg mu* ¡ó routed around the lront olths

englne.

B
,

5D

BED (+) E

2
2

1

CUSTOM EN-qJNE
CONTROLg

IGNITION IIODULE

/
colLs

#6CYL f2CYLfsCYL#sCYL#4CYL

DSM

3
L

4
B

5
L

2
R

I
L

6
R

4
L

3
R

2
L

5
R

6
L

1
R

CYLINDERS

RPNMLKFEDcBAPIN CONNECTORS*

I
f-

Å,,,
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VHP IGNITION MODU LE ELECTRICAL CONNECTIONS

Figure 2.05-10. Vt'i'r: tt Gylinder)

oooooo

GND

GND

JUNCTION BOX

#7CYL #8CYL#sCYL #6CYL#4CYL#2CYL #3CYL

ffiffid$H*E#stil*gi
WIR¡NG.

tffiËf-trffiËtËÏi

IGNITION
ADAPTERS

cusToll EN-q-lNE
CONTROL''

IGNTNON MODULE

F

swfrcH "A"

swlrcH

.-] UK PEM
RIGHT BANK

G
AJ S G

#1

li{'ffifiñtr#iÑä'*

NOTE:I. CEC FtRtNG ORDER
- - - - - 

A-B-C'D-E-F-K'L-M-N-P-R-S -T'U-V

2. ENGINE FIBING ORDER

1R, lL, 38,3L,7R,7L, 5R, 5L'

8R, 81.6R,6l- 2R,2L,4R' 4L

A CAUTION

BTDVL RFN LEFT BANK

E 24

/
D

A

B

c

10FUSE

NOMINAL
SOURCE

HALL-EFFECT
PrcKUP

Drsc wlTH
MAGNETS

T[i3 IEâB 8ffi HËBF"otrIUfi,ã?åSå'N$'TËå': ""

I

i:

...

L'

FOFIM 6272 First Edition

(With MurPhY Gas Valves) lgn¡tion Module Wirlng Dlagram

2.05 - 11



VHP IGNITION MODULE ELECTRICAL CONNECTIONS

THIS LEAD
THIS LEAD

RED

#1

A

B

c

D

HALL.EFFECT
PICKUP

DISCWTH
MAGNETS

FUSE - l0

F

swrTcH'A',
SWTCH

E

8[8HäBFBÉb'TH[ãiåSSU9'TËâi""

\

CUK PEÙI

24 VDC NOM¡NAL
POWER SOURCE
MIN. WRESIZE

16AWG

îåi"""*'iËg'fouåüNf

t?
t:,

I r,

l-l ,'
it

¡

OVERSPEED SHUTOFF

ÊrF,'"'"Yi?iÏffi,,,glvg

AJ S

BTDVL RFN

+

IGNIT¡ONSW¡TCH

ßIGHTBANK
G

LËFT BANK

colLs\

NOTE:I. CEC FÌRING ORDER

A-B.C.D.E.F-K-L.M.N.P.R - S -T'U -V

2. ENG'NE FIRING ORDER

1F, 1L, 3R, 3L,7R,7L,5R' 5L'

8R, 8L, 6R, 6L, 2R, 2L, 4R, 4L

A CAUTION
1. All w¡res lncludlng "gfôund' wlres must be

connectêd to the spec¡llc colls as shown.

2. lgnlt¡on w¡rce must not be bundled together wlth

product prot.ctlon systsm wlrlng.
3. The ground w¡res should be connectêd between

ths negat¡voterm¡nal ofthe coll and one ol the coil

bracket mount¡ng capscrews'

Valves) lgnitlon llodule Wlring Dlagram

colLs

\\

#6CYL #7CYL #8CYL#4CYL #sCYL#2CYL #3CYL

#+i",ìË'St"=S"?t* tBE

+rslil"E;'ts'Ì¿äibi?[
ENGINE BANKS

.G'LEAD MUST
REMAIN OPEN

TISOLATE FROM' GROUND)

cusTolt ENqINE
CONTFOL.!,

IGNMON MODULE

o

M1

M2

REI.AY

2.O5 - 12

Flgure 2.05'11. VHP 16 GYlinder (Without MurPhY Gas

FORM 6272 First Edition
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sECTloN 2.10

vHPIGNITIoNMoDuLETIMINGADJUSTMENTS

PRESTART CHECKLIST

Before applying power to the lM (engine not running):

A Msually inspect the installation to be sure that all

widng "onto'tt-to 
the requirements of this

mäüar,local codes' and regulatory bodies'

'i#*iå:îiijsrür*îii:'Ë,F,ilå"ä

i
::
t:

iì

$

diagrams.

C. Leave the lM unpowered' VerifV !t1t the power
"' -"õ;iy-i" *ttti" specification' Refer to sec'

tiãlïoo, VHP tgnilion Modute Etec-ttical Connec-

ü;;;, ;eøcmõa Gonnections'" lor Power

sPecifications'

VHP IGNITION TIMING SET

ïming is changed with two 16 position (9 - 15) timing

**låfi ffi =,'ftd-'t'ff*""r**lH
either switch'X'or "a'" ðñtch "Æ has a more advanced

;ffiäö ffi 
"*ii'tñ;ó'; 

s*¡ttrt position 0 (zero) is

tull retard. The timinî aávances/rêtards 1'0degree

between each switclr óä.it¡on. Grounding lead "D" in the

Power Pickup r'rttn"5t d iì1.*"^:1"-tìactivatas 
füe

timing selected ¡V swnicÈ "À'" Ungrounde-d lead ''D" will

ääïãtã tt" timinþ selected by switch "B'"

For 6 and 12 cylinder engines, ? 9 -1:pt9"--9y"ll"q
Ëi;";'ütiÃgË*it"h '\'änd t¡T¡ry lwttch 

"8" sives

ffiïNüñbinedtiming range of 25 degrees'

For 16 cylinder engines' a 7 degree- oyerlap between

iiiì¡öttiit"ñ;x' "ili 
titi'ting swi[ch "8" gives the lM a

äämË¡neo timing range of 24 degrees'

Table 2.10-1 lists the lM firing order-for 6 cylinder VHP

öË. 
-Table 

z'rõ'ä ûttt-the lM-firins order for

12 cvlinderVne enlines' Table 2'10-3liststhe lM firing

oøt? tot 16 cYlinder VHP engines' r

Figure 2.10-1. lgnltlon Module Timlng Swltches

Table 2.10'1. Flrlng Order For VHP 6

Table 2.10'2. Flrlng Order FoTVHP 12

NOTE:" G=Shutdown' J=Ground

Table 2.10'3- FlrlnE Order FoTVHP 16

TIMING SWTCHES.A'' AND*8"

CYLINDERS 1 5 3 6 2 4

PIN
CONNECTORS'

A B c D E F

1

RCYLINDERS
6
L

2
L

5
R

4
L

3
R

o
R

2
R

1

L
4
R

5
L

3
L

APIN
CONNECTORS'

cB D Fts LK M PN R

CYLINDERS 8R 8L 6R 6L 2R 4R2L 4L

1L

PIN
CONNECTORS'

M N ? SR T U V

R 3R 3L 7R 7L 5L

PIN
CONNECTORS'

A B Dc E F K L

FORM 6272 First Edition

NOTE:* G=Shutdown - J=Ground

2.10 - 1



VHP IGNIÎI,..: i,loDuLE TlMlNG ADJUSTNíENTS

STEPS REQUIRED TO ADJUST IGNITION

MODULE TIMING

1. Complete the Prestart Checklist before running

engine and adjusting timing'

2. Remove the cap from the Selector Switch access

hole.

3. Set the appropriate timing applig{gn by adiusting the

Selector Sw{tch t "" 
iJrc ã'ì'òi)'-rn".selector Switch

Ëäïä" p"sit¡on s*lt"tt 1À' a' und c¡' Use your fi nger or

;;"äiãñçri tó swltcrr to Üt" proper applicalion'

4. Replace the cover on the Selector Switch access

5'Removethewhitecapsfromthetirningswitches",q,

"ni 
ìöö;-de s¡de ot ttã ¡rvt (see Fisure 2'10-21'

!¡"'åäfl å.ii',:îilîï;:î"i*i#Ïs;:i:H'i:Ï5'
äñ.*¡t r,, notthe screwdriver slot'

NITE:lfthetúbeingadþstedisreplacinganotherlM,
setthe tíming switcnàllótne same Positions asthe lM

being rePlaced'

holé.

Table 2.104. trlodule Selector Swltch Settlngs

!q

i::

'!.

l:
ìÌ'

'i;

Flgure z.1Û'z-Tlmlng Swltches "A" And'B'

lf a gas englne has been cranked excesslvelY

without startlng, shut ofl the gas fuel suPPlY and

lgnition, and then crank the englne to purge the

cyllnders and exhaust system of accumulated

unburncd gas. lf thls ls not done a spark could

lgnlte the gas and cauag an exhaust elçloslon'

Fallure to comPlY could cause sgvere personal

Inlury or death.

9. Start englne. Run engine at idle speed and with

7. Gheck ine engine's nameplate to determine the

exact timing (or moi-a¿vanãäo) ot the primary and

sãtonOurY [f equiPPed) tuels'

8. Apply power to lM' Refer to Section 2'05' WP

lonition Module Aect¡¡cat Coinections' "Etectrlcal Con'

i"oiønt," tor power specifi cations'

m
ABC

s

rl

SELECTOR
SWTCH

c
ATGWGF
I Cylinder
Engines

ATGL 12
Cylinder
Engines

ATGL 16
Cylinder
Engines

B
No APPlica-

tion
No APPlica-

tion
No APPlica-

tion

A
VHPA/GF
6 CYlinder
Engines

VHPA/GF
12 Cylinder

Engines
1 6

Grrllnder
Eñglnes

ilodd811
for6&8

Model 1211
for All 12

Gvllnder
Eñglnes

Model 1611
for All 16SELECTOR

swlTcH
SETTING

IGNITION MODULE MODELS

q'I'ry"
mrlær.tû.þw!r 'tñ

sw¡TCHES
AND "E'

TIüIINGrA"

by the dot on the swilch'
NOTE: Ttming setect¡on is made

not tie screwdriver slot'

A WARN ING

õa^-,

NO load.
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VHP IGNITION MODULE TIMING ADJUSTMENTS

i

ql
10. Run the engine on primary t':l YS the "D" lead

ff;;;ñ the 7 pin connettor frõm the lM) grounded to

ülã'"né¡n" blóck and fre CEc Detonation Sensing

üãorrã iósrtr) deactivated (14 pin DSM harness

disconnected from lM)'

11. Check engine timing at the flywheel using a timing

light (see Figure 2.10-3)'

[ã-c,,ffi-u-llååïiJüliå'rii,Tfl
îil" t"pn"" ttre wtrtte caps over the tlmlng

"îít"rtãã 
onco the deslreá settlng has been

selected. Dlsregardlng thls lnformatlon could re'

ãiiil"l-oud ãamasã and/or personal lnlury'

16. When timing adiustments are complete' replaoe

iñ" *tit" 
""ps 

oã tné timing switches "A' and "B'"

FLYWHEEL HOUSING

TIMING
OPENING

fla
s\.. TIMINGTAPE

T

al (Form 6268) for Programming

A CAUTION
|t ls the sole resPonslbll-
Ity ol the customer to

CAUTION
Do not swltch from Posl'
tlon 15 to 0, 0 to 15 or

Flgure 2.10€. FlYuvheel Tlmlng Openlng

ensure that all Product protectlon devlces effectlve-

ly shut off both the lgnltion and gas slmultaneouslY

ln the event of anY malfunctlons. Dlsregarding thls

lnformatlon could result ln product damage and/or

personal lnlury.

ls.Verifyshutdownswitchesandloadcarryingabil¡ty.

DISCHARGING THE STORAGE CAPACITOR

lf thelgnltionswltch ls left ln the ON Posltion when a

lgnltlon illodule ls dlsconnected, then the spark

plugs maYflre when the ¡gntt¡on sYstem hamess ls

reconnected' and could causs aêvsre personal

A WARNING

make other large timlng changes quicklY whlle the

englne ls runnlng. The large tlmlng change maY

cause englne damage or shutdown.

NOTE: lncreasíng the timing switch position by one yill
'àdr*,r" 

the timiig one deiree' Decreasing the timing

si¡t"i posnøn Wne w¡n renrA tne fiming one degree'

12. Adjustthe'A' timing switch ?:'$u¡l"d to achieve

åã"å"iut¡ng ("". F¡g;re 2'10-2)' Single tuel ignition

adiusünents are now cämflete' l!yorl,have a singlefuel

aoolication, continue *it' St"p tã' tt you have a dual

ñiel appl¡cation, continue with Step 13'

13. Runthe engine on secondaryfuel withthe "D" lead

it*nJ¡n the z pin connector fróm lM) open and the

Ëäöbäüftl'i ê"*¡ns Module (DsM) deactivated

iù p¡" DSM harness disóonnected from lM)'

14. Gheck engine timing atthe flywheel using a timing

light (see Figure 2.10-3)'

NOTE: lncreasing the timing swîtch positíon by one will

advance the timing ine ae[ree' Decya3inø the -timing
si¡tclposnøn byTne wltt retard the timing one degree'

15. Adiustthe'8" tirning switch as. required to achieve

correct timing (see'È¡gire 2'10'2)' Dual tuel ignition -

adiustments are now comPlete'

lnlury or death.

Before connecting the ignition hamess..(to the coils) to

inËï,-ãi".ñ.tgã tnã itorage capacitors to ground'

Ätt""n'on" end õf a wire lead to the crankcase and then

iåùtn ü,. ãner end to the harness connector pins on the

iut ä;;t. ütã. R 
"nup 

tay be heard when a capacitor

iiischarges.

A WARNING

FORM 6272 First Edition
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SECT¡ON 3,OO

IGNITIoNMoDULEoPERATIoNoNATGLENGINES

second Hall-effect PickuP

ATGL ENGINES
The purpose of this section is to describe lM operation

on ATGL engines *ä to O""cribe the location of

Hall - eff ect PickuP(s)'

8L-AT27GL ENGINES

Locatlon Of Hall-eifect PlckuPs

The lM system consists of the fo-lowing components:

ääË, i¡"iing aisc,'-two Hall -effect pickups' 
- 
pickup

äË;ä"ä61-v, ãño 
" 

mãgnet- embedded fl vwheel'

The 8L-AT27GL has a two PjgfuP' crankshaft-ffred

¡dåio"-ti ivlËt. rn" el-Arz?ou has an index disc

mounted on the reaiãnO of the .camshaft and a

ä;;i,rãft ùár-érect pickup mounted oq the rear plate

äitË'äi.¡ïil'rî é; F¡'sur; b.oo-r¡' rhe index disc has

õne magñet-ùre index magnet'

The 8L-AT27GL has a

MAGNET

HALL.EFFECT
PICKUP

HALL-EFFECT
PICKUP CABLE

o

0
0

o

@

o

I

Figure 3.00'1. AT27GL

HALL-EFFECT
PICKUP

HALL.EFFECT
PICKUP CABLE

FORM 6272 First Edition

Hall-eflect PickuP Figure 3.OO'2. AT27GL Hall-effect P¡ckup
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Settlng The Alr GaP

To set the air gap specificalion' complete the following

rGNlTloN [JloDu],'E

steps.

OPERATION ON ATGL ENGINES

1. Thread the Hall-effect pickup into the engine rear

flate until the pickup äãt"t ¡n ðontact with the timing

disc.

2. Scribe a reference mark on the Hall-effect pickup

and at,n" ="äã'iài* 
márr tne mounting brackef

3. Using the reference mark on the prickup as the starling

point rotate ffiîi;'ll;ff"* oi*io one (l) tull tt¡m

(+0, -1116 ot 
"îtl:øuiiotroã"msä 

to set the pickup to

timing disc clearance'

4. Atter the clearance is set' snug the locking nul

12V-AT27GL ENGINES

Locatlon Of Hall-eflect PlckuPs

The 12V-AT27GL lM system consists of the following

components']*oãurà' áuminum disc mounted on the

camsrratt gåar,'tniã ¡rárl -"ffect, pickuos' pickup cable

assemblv, fräË; ¡mËeoãeo flþheet' and flvwheel

Hall-effect PickuP'

I rne1zV-AT27GL has a two pickup' 
"1""I"h?I:11"^1:' igniuon systãmïdìãn ¡no"* dlsc mounted on the rear

- end "t u''å-'tig;i'*;l tlry¡aft and a camshaft

Hall-effect ;;k"up mouqe^qo¡ the rioht bank side of the

. rear prut" ËãäË¡suie 
g'oo's.and Èjgure 3'00"4)' The

Å index disc it"t onã tugnet-the index magnet'

The 12V-AT27GL engine also has a second Haii-efieot

pickup toïitJã'tie flywrreel (see Fisure 3'00'5)'

Thi, nv*nJåiîäÈLtr""t prgkllp ""nt"" 
the passins of

sit magneiJ';;î;;tt'of thà flvwheel and sends a

. sisnal to d; îú *ñi"ñi'"' F' uipl9p'i1e cvlife¡l'
(Since ut"tã ¡ä on" ãamshaft revolution for every two

flywheel tl"åi't¡ô"t' the six flvwheel magnets are

sensed twice to¡every one revolútion of the camshaft)

rne camsriJtt'ú"lr - ãn".t pickup, in coniunction with,the

,no"* t"ä;;i':ü*l;ì{" tur inat anotlrer camshart

revolution is about to begin'

The advantage of the two-pickup "y"-t?T-.::^.T"
: ,.- 12V-AT2;äli" tnåt ¡t allows for incieased accuracy in

timing bv;îil;"î"t in9 effects of camshatt sear lash

= fromînfórmation relayed to the lM'

Figure 3.00-3. Camshaft Hall-effect PickuP 
I

?
7h:-r

Figure 3'OO'4. Hall-effect Pickup lnstalled

.i

:jl,

I

P¡CKUP

HALL-EFFECT
PICKUP

oo0

REAR ENGINE COVER

PICKUP

3.oo - 2
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IGNITION MODULE OPERATION ON ATGL ENGINES

-r-¡

d
FLYWHEEL RING GEAR

HALL-EFFECT
PICKUP

Figure 3.OO'5. A127GL FlYuYheel Hall-effect PlckuP

12V-AT25GL ENGINES

Locatlon Ot Hall-effect PlckuP

The 12V-AT25GL lM system consists of the following

ååãpon"ntt: module, ãluminum disc mounted on the

äffift õar, one Hall-effeot pickup' and pickup cable

Settlng The Alr GaP

To set the air gap specification, complete the following

steps.

1. Thread the Hall-effect pickup into the engine rear

;¡"t" ;;t¡ithe pickup comes in contact with the timing

disc.

2. Scribe a reference mark on the Hall-effect pickup

;d .tül" same point mark the mounting bracket'

3. Using üte reference mark on the pickup as lhe starting

ô¡it, rõatã the Hall-effest pic'ltup one. (1) tul h'I
[ö, :rliã"t a hrm) counterclockwise to set the pic*up to

liming disc clearance.

4. After the clearance is set, snug the locking nut'

assemblY.

The 1 2v.AT25GL has a one pickup, camshaft-ffred

ignition system. A timing disc ts mounted on the rear end

of the r¡ght bank carnshaft (see Figure 3.00-6). The

timing disc has thirteen magnets Twelve of the magnets

are for firing the approprlate cylinder Trailing 1 5 de-

after the last magnet ts an index magnet that

to begin The camshaft Hall-effect pickup, mounted on

the right bank side of the rear plate, senses the passing

of these magnets and sends a signal to the IM which

fires the approPriate cylinders (see Figure 3.00-3)

Figure 3.006. 12V-AT25GL Tlming Disc

1100

- 1250 
-

6
o o

o o

Io
a o

o Ø
)

o

o aoe

a

I
,

25"

¡---
,
I

I

NDEX¡TIAGNETFIBST FIRING
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IGNITION MODULE OPERATION ON ATGL ENGINES

Settlng The Alr GaP

To set the air gap specification' complete the following

steps.

1. Thread the Hall-effect pickup into fhg.enSine 
rear

;i"ü';;t¡ithe picrup tottt in contact with the timing

disc.

2. Scribe a reference mark on the Hall-effect pickup

;;ü th;;ame point mark the mounting bracket'

3. Using the reference mark on the pickup as the

Ët ããäË"¡"t rotatethe Hall-effeic'lpickup 3/4 of aturn

Ëi/iã åi; trm¡ counterclockwi re to set the pickup to

timing disc clearance'

4. After the clearance is set, snug the locking nut'

i

ìÌ

3

3.00 - 4

FORM 6272 First Edit¡on



lft

sEcTloN 3.05

ATGL IGNTT¡ON MODULE ELECTRICAL CONNECTIONS

!

MountthelMusingthevibrationisolatorssuppliedwith
i;;j'tü it* r¡guti3.os'1)' Note the followins:

. When the lM is being mounted on an earlier rear plate

¡n ãieront situationlthe lM is mounted in the manner

rttã*" in Figure 3'05-1 (see asterisked compo'

nents).

MOUNT|NG THE exceed 150" F (65'C) in

A CAUTION

operation.

Do notweld on oraround
englne unless the lgnl-

t_

tlon Module has been unplugged. Fallure to do so

maY damage the lgnltlon Module.

Figure 3.05-1. Mounting The lgnition Module - AI Engines

' li

o

ffi
@
'il¡5l

^tfr.Eâ¡lo¡
?FN.'P FSÛEN

@ @ o
å

øærrFOtr ¡,lf
ËÈ
Buæ
Æo4m
úEta-aE
uËædlc

o

WASHERSCREWHEX

STUT

I
MW

NOTE: * The lM is mounted in this manner only if a new CEC mounted in the fietd on the ead¡er rcat plate'
lM is being

WASHERT

VIBRATION
tsol-AfoR*

VIBRATION
¡sol-AToR

NUT* \

\u\

FORM 6272 First Edition
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ATGL IGNITION MODULE ELECTR¡ CAL CONNECTIONS

ELECTRICAL CONNECTIONS

IGNIT¡ON MODULE POWER BEOUIREMENTS

The power connections made for the lM must be in

å""oid.n"" with the applicable local elecÙical codes'

ñ d;;¡tabte ror inËidlation in c3n1{i1 standards

Ë;;ffi; (csA) ciass l, Group D' Division 2loca'

;;;;.'Añor""t i¡¿nJ must be.in accordance with

Ëîålît i. oã-ã, 
;w"ur"ãha cEG Products P ower wi dn s

Requirements."

See Table 3.05'1 for lM power requirements'

NOTE: An AC to DC power suppty is not prefened

unless care is taxei tä etiminate the po-ssioility af a

;;;;rltv toss ot AC power.whi'h-Y!!resutt in an

engineshutdown.e_ocvoltagefrtter(battery)is'råä 

^ ̂  
à, ¿rd to e t i mì n ate voltag e fl u ctu alio n s'

NOTE: For compatibítity wittt other CEC produc-ts' 
7.'Ão^n"l 

iuppty'ot livoc øn less than a 2 volt
'iîå,ä-n--l[¿t'rrppËis recommended to power the tM'

NOTE: Refer to Section l'05' General lnformation'

"Power nequiremeüs-iåt õù"tot Engine Gonfol@

Products," tor tne power requirements of all Waukesha

Engine CEC Products'

FOWER SOURCE WIRING SEING AND GROUNDING

The lM, a capacitive discharge (cD) ignition system'

,.qu¡t"é an àxtemal power-source-. which presents

õä;ñg requ¡remJnts' The lM will tunction properly

with a power source as defined in Table 3'05-1' Howev'

.ï, itdt"upply is capable of providing a pulse ry".'"nl
ihiü;ätËñti"u"idtt shodär period ol time such that

the average cunent ¡s tre samei' üre tM will utilize that

;;G ..pãbility. ln this case' the voltage fuctuations on

[lãtrpóry wiring,ìnãruoing the ground retum to the

power source, may interferã with the operation of other

elecüical devices' for ttls reason' it is recommended

that the lM power .o"t"" wiring' specifically üte gr.oT$

tåtr^-U" s¡zed for at least e0 amps even though the

;üF;*"ntwillbe less than 2 amps (typical)'

ln addilion, the grounding, particularly where the ground is

"referenced," is crilical' ñ'¡I necessãrv to reference all of

drï.:::r$"*l""Ell;lB"åH::#trf üJä
lni"*on"" wtth sensor signals. By following the re¿om'

rã"ãåJ*ting and grounding procedures' the concems

ää;ãt"d -#, meîsnition foivelsyneJv wirins voltage

drops can be greaüy reduced or elim¡nateo'

NOTE: For additional informatîon on capacÌtìue dis'.
'åí"'ãå' üa-grounai'i, see section tt05' General

üiãtü.ton, "óapacitivË Discharge And Grounding'"

AT ENGINE WIRING HARNES9 CONNECT¡ONS

The lM has three external wiring harness connectors

Ë;Ëbuãg.óõ¿l' irtå po*"t Éict<upHarness which

ñtude"t ú;t tot óc po*"r, the Hall-effect pickup' and

tfie "Dn teaO connectJio the Main J-box and the 7 pin

äî.,"aãiãn ttte rrl' iñe Primary coil Hamess which

ì".rirããt r*Os to the ignition c-oils connects to the

ü;iõ;1 -Ñ *¿ trã rrtn-' rne 1 4 pin connector is used

to interface w¡tr tre CEG Detonation Sensing Module

ióö'ùl Th" 14 pin connector is only used when the

òSu i" installed on the engine'

?-
I

_.\:.i¡

Figure 3.05'2- lgnitlon llodule- Connections

Wiring Hamess
!

I

C

ffi
R\gå-----'..._5¡æÉÊ¡*É

ru
^tÄPrft{

NEñ@ o @
T

mPoFrrr¡r
SGEa-aÉ
IÛñÉlÊ

c

PRIMARY COIL DSM'iöüüËcrlon coNNEcrronPOWER PICKUP
CONNECTION

3.O5'2
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ATGL IGNITION MODULE ELECTRICAL CONNECTIONS

Table 3.05-t. PorYer Requirements For The lgnltion ilodule
PEAK-ÎO-PEAK

RIPPLE
(volls AG)

NOTE: *Fotcompatibilíty with other CEC products, a nomlnat suPPlY of 24 VDC w¡th less than a 2 vott Peak-to-peak rippte ß rccommended

/ppowerthe lM.

lêss than 2*10.0 - 32.0*+337o, -58%24Modulelgnlt¡on

2

OPERATING
RANGE

(volts
TOLERANCE

NOMINAL
CEG PRODUCÎ

OPERATING
CURRENT

(amPs)

F

DC POWER LEADS

å: îêHfè:3oFffizawc' 
50' MA)Ç o AwG' 75' MAx

õ. ri. È: tdlwo,20'MÐ(

å1 åXî)å:äf',,1[fir=o* B,RN .NLY)

A

NOTE: Wres sizedfor"ltem A'are based onthe pußed

i" j¡[1näill,t;;¿uwusrltiwåY,,i,íS
'iíiiiîiärr;;"rt; o' the cEc Produa"'

LEAN BURN
O)ryGEN SENSOR
POWER CONTROL

MODULE
(lM)

cEc
IGNITION

TURBOCHARGER
CONTROL

rrroDuLE (fcu)

DETONATION
SENSING
MODULE

(DsM)

J.BOX
DSM

FILTER

POWER
(AFM)

AIR/FUEL
MODULE

^,."n#rfi 
ff i$fffeå.ïn'ix?'fr",,-,

Figure 3.05€. Waukesha CEG Products Power Wiring Bequirements

.,1
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ATGL lciìrt?loN MODULE ELECTRICAL

--.:et'

Table 3.É15'2. tocaüons Ot AT

Do not install, set uþ, malntaln or operate anY

electrlcal comPonents unless You ale a technicallY

quallfied lndlvldual who ls familiar wlth the electrl-

cal elements hvolved. Electrical shock can cause

severe Personal lnlury or death.

CONNEC'TIONS

awARNING
Dlsconnect all clectrlcal Power supPlles before

maklng any power connectlons to the lgnltlon

Module. Electrlcal shoclt can cause Severe PersOn'

al lnlury or death.

!Ì.

COMPLETING IGNITION I'ODULE WIRING

Gomplete lM elecfical connections by- following the

=:tä5 
- o"ià*. Refer to Figure 3'05-8 throush

ÈËi;" gäå:iô d; lM wirins diásrams' rable 3'05-2

lists the page numbers oitfrãw¡r¡ng diagrams for each

AT wtring diagram.

NOTE: The wirìng diagrams included in this manual are
'io-øî'uiäa 

"i ã r"iå'*ce ontv' Refer .t9 the wiring
'ã;;";; *1"¡rø *¡a'n" tM when makins etectrical

connections.
valves for emergencY luel shutdowns must use an

addltlonal capacltor ln parallel wfth the exlstlng

rdaPter' The addltlonal capacltor ls requlred to

supPlY sufflclent voltageto close both ÙluryhYÍuel

shutdowns durlng emelgency shutdowns. Dlstt'

gardlng this lnformatlon could result ln Product

damage and/or Personal lnlury'

A CAUTION

A CAUTION

Englnes that use TWO

Murphy fuel shutoff

Do not bundle the lgnÞ

tlon Module wlrlng and

Hall-effect PlckuP wlrlng together. Malntaln a mlnþ

mum seParatlon of at leastslx lnches. Disregardlng

this informatlon coutd result ln product damage

T

1. Connect a ground |ead from the engine crankcase to

the ground stud on the lM'

2. Connectthe Primary Coil Hamess to the lM connector'

3.RoutethespecifiedleadsofthePrimaryCoil
Harness into the lgnition J-box'

4. Attach the leads of the Primary Coil Harness to the

ãtooät-ìàttinals insiãe the lgnitión J;!ox' lnstall new

#ñ drg;"tã ãcÌrieve optimum ignition system per-

formance.

5. Complete wiring connections to ignition coils from

the lgnition J-box,

6. Route the harness(es) from the Hall-effect pickup(s)

to the Main J-box þee'figure 9'05:5' Figure-3'05-6'

;"i Fiö* 3¡5'7)' Àrzzet"ngines have two Hall-ef'

fect PickuPs and harnesses'

and/or Personal inlury'

NOTE: Att wíring and lM setup myst be completed

BEFORE the power suppty is turned on'

7. \Mre the lM power suppry-tgj!: MT J-box' All

*"i.g t"Ji¡ã 
"ómpåì"ãËËÉone 

m" power supplv is

turned on.

8. Connect the Power Pickup Harne-se f''om hc Main

i-eotio th" 7 pin connector on the lM'

g.GontinuewithSectionS.lo,ATGL.tgTitionModule
î¡øiiÀi¡istrnents, to adiust engine tirning'

Before applylng power to the lM and.starting the

enqlne, complete itt" :'pt'"tart--Checkllst" in

;::iË; ä.iäf 
-irrci lgnttlon ãtodute rtmtns

Adlustments.

NOTE: Refer to Custom Engine.Gontrol@ Detonation

ä;*i'rn,'n¡ãoul" toën¡l tn"ätt"tion' operation' And

Maintenance Manuai ¡Form 6268)' for information on
'iliil"irg 

wiring cãnnections between the DSM svs'

tem and the lM'

(
r
,( ,;

;i

10. 12V-AT25GL lM3.05-
3.05-'11

Figure 3.05-9. 1 2V-AT27GL IM Witing 3.05-10

DiagramFigure 3.05-8, IM8L-ATz7GL
3.05-9

WIRING DIAGRAM
PAGE

NUI'BER

A NGwAR IN

3.05 - 4
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ATGL IGNITION MOD ULE ELECTRICAL CONNECTIONS

POWER
SUPPLY

2 AMP @ 24 VDC
(rYPICAL)

(CUSTOft|ER
SUPPLIED)

FUSE-1OAMP =BATING

F-BA.TTERY
CHARGER

@

@
t
iiJ
l-
t

í-r
-

DC POWEN SOUBCES

BATTERY

O P ER Æ I ¡* Ê VO LTAG E R EQU IB EiT ENTS

STARTING 10 VDC MINIMUM
RUNNING 10.32 VDC

IO AMP
MINIMUM

FUSE - IO AMP
RATING

(cusloMEF
SUPPLIED}

E+
MINIMUM wlRE SIZE 16 AWG.- -àsn 

MÆ<lMuM LENGTH

Flgure 3.054. CEG lgnition Module Power SupplY

I

CEC ENGINE
DRIVEN GENERATOR
SYSTEM (VGF ONLY)

FORM 6272 First Edition
3.05 - 5



. AIGL IGNITION [I,IODULE ELECTRICAL CONNECTIONS

IGNMON ilIODULE

HALL-EFFECT PICKUP
FOR

rcNMON JUNCÎON BOX

MAIN JUNCT¡ON BOX

:!{

:

'rjíj

PICKUP HARNESS

HALL-EFFECT PICKUP
FOR FLYWHEEL

'F-\ 
^-

3.05 - 6

Flgure 3.05'5' 8L-AT27GL Hall-effect PickuPs And Harness Gonnectlons

FOBM 6272 First Edition



ATGL rcNlTlON MODULE ELECTRICAL CONNECTIONS

,"r,r,î'::::î\
/

Flgure 3.056. 12V-AT27GL Hall-effect PickuPs And Hamess Connections

a

a
a

PICKUP HARNESS

HALL-EFFECT PICKUP
FOR CAMSHAFT

IGNTÍION MODULE

NMNGDISC

HALL-EFFECT PICKUP
FOR FLYWHEEL

/cI cco
c

s

!
$
s
s

o
o
o

FORM 6272 F¡rst Edition
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ATGL IGNITION MODULE ELECTRICAL CONNECTIONS

I

Figure 3.05'7. 12V-AT25GL Hall-effect PickuP And Harness Gonnectlons

I

l

/eI cco
c

t

s

s
!
$
o

$
s
s

I/IAIN JUNCTION BOX

IGNITION JUNCTION BOX

PIGKUP HARNESS

TIMING DISC

rcN]trloN MODULE

HALL.EFFECT PICKUP
FOR EAMSHAFT

3.0s - I
FORM 6272 First Edition



AÍGL IGNITION MODULE ELECTRICAL CONNECTIONS

A
B
c
A
B
c

E

I

GEAF/DISC WIT}I
MAGNET(S)

FLYWHEEL

SWITCH - 1O AMP MIN.
(cusToMER SUPPLIED)

24VDC NOMINAL
POWER SOURCE
IfiN. WIRE SIZE

16AWG

+

NOTE¡ 1. AEC FIRINGORDEB
A-B-C-D-E-F+í-l
2. ENGINE FIRING ORDER
1-4-7-6-8-5-2-3

CAUTION

rHrs LEAD GROUN DED ACTlvArqg -sqt-r-9l.i4"
rriiö-uËÃôi¡ÑëñõiiÑóeo Ãcnv¡res swrrcu "8"

HALL-EFFECT
PICKUPS

D

MAIN J.BOX

A BC

.A"

EF

swtTcH

swlTcH

1. All wlres Includlng *ground" w¡res must be

connected lo the specific coils as shown'
2. lonltion wires must not bs bundled together
wltñ product protec{¡on system wlrlng'
3. The ground wlres should be connecteq

Oetween-tne negat¡ve term¡nat of the co¡l and

one of the co¡l bracket mounting caPscrews'

.-]

1i

I TB724 70 71 72

FUSE . IO AMP RATING
(cusroMEF SUPPUED)

GJ/N8765432f

TBl - IGNITION J-BOX

HAFBIGJECD

CUSTOM ENGINE
CONTROLI!'

IGNITION MODULE

FORM 6272 First Edition

tigrrre 3.05€.8L-AT27GL lM Wlring Diagram

3.05 - 9



ATGL IGNITION MODU

GEAB/DISC WITH
MAGNET(S)

FLYWHEEL

["uuT'ôlno.ât'uFÊIiä8

rBiS"J'Ëå'SiEB$$r

?åTFs,tHi$åÞ
MIN. WIRE SIZE

16AWG

NOTE: 1. CEC FtBtNG,ORDER' 
Ã -d -c - o - e -r -x-t-M - N'P - R

? : iî : yE';i,' ! 8, ? l,2l{,',
zrí, zt, ¿a, ¿t

LE ELECTRI CAL CONNECTIONS

CAUTION

}IALL-EFFECT
PICKUPS

MA|N J.BOX

E FD AB c

swtTCH "4"
SWTCH

A
B
c
A
B
c

E

E

+

I 2 4 T87 70 71 72

G6L5L4L3L2LtLl{ 6R 5R 4R gR 2R lR

TB1 - IGNITION J-BOX

A
GL DRF NBJ KCP EM

cusTOM ENqINE
coNltluL"

¡cNmo¡¡ llloDuLE

3.0s - 10

Figure 3.05'9. 12V-AT2?GL lM Wiring Dlagram

FORM 6272 First Edition



IGNITION MODULE ELECTRICAL CONNECTIONSATGL

HALL.EFFECT
PICKUP

/

A

B

cDtscw¡TH
MAGNETS

rHrs LEAD GROUNDED ACTIVATEq -SWl-tgI.:+'
niiö-¡-ËÃä-u ñë ñõ ii ñ oeo AcrlvArEs swlrct{ " B"

MAIN J-BOX

/

G 6L 5L 4L 3L 2L lL N 6R 5R 4R 3R 2R lR

TBl - ¡GNITION J.BOX

GLDRF NBJKCP EMA

CUSTOM ENGINE
CONTROL(!,

IGNITION MODULE

T87 50 sl 52

SWTCH.lOAMP MIN.
(CUSTOMER SUPPLIED)

24VDC NOMINAL
POWER SOURCE
MIN. wlRESIZE

16AWG

E FD A

+ SwlTCH'A''
swlTcH

.-]

NOTE: 1. CEC FIRING ORDER
A -8. C -D.E.F.K. L-M.I{.P - R
2. ENGINE FIRING ORDER
1R, 1L,5R,5L,3R, 3L,6R, 6L,
2R,2L,4R,4L

CAUTION
1. A¡l w¡rês lncludlng "ground' w¡res must be

connected to the speclfic colls as shown.
2. lgnltlon wlres musl not be bundled together
wlth produa protect¡on syst€m wlrlng'
g. The grouñd wlres should b€ connectêd
b€twêon the negatlve termlnal of the coll and

one ol th€ coll bracket mountlng capscrews'

FUSE - IOAMP RATING
(cusToMER SUPPLIED)

FORM 6272 First Edition

Flgure 3.05-1C, 12V-AT2SGL lM Wrlng Dlagram

3.0s - 1l



'

]UIODULE ELECTRICAL CONNECTIONS
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ATGL TGNITION
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U
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sEcTloN 3.10

ATGL IGNITION MODULE TIMING ADJUSTMENTS

RESTART CHECKLIST
Before applying power to the lM (engine not running):

A. Visually inspect the installation to be sure that all

wiring confottns to the requirements of this

manùd, local codes, and regulatory bodies'

B. Verify all grounding requirernents' Refer to Sec-

t¡on'g.OO, ¿fe L þnition Module Electrical Con'

nections, "Hectricat Connections," for wiring

diagrams.

C. Leave the lM unpowered. Verifr that the power

supply is within specification' Refer to Seclion
g.òó,-nrel þnltion Module ElecÙícal Connec'

fnns, "Hectical Connections," for power specifi ca-

lions.

ATGL IGNITION TIMING SET

Timing is changed with two 16 position (0 - 15) timing

switch.-es located on the lM (see Figure 3'10'1)' Each

switch can be set to separate ignition timing settings for

different applications. Timing switch position 15 gives

the most äciVanceO timing on the active timing switch'

ãiürei swftctr "A' or "B." Smcn "A' has a rnore advanced

tir¡ng range han switch "B." Switch position 0 (zero) is

full r-etard. The timing advances/retards 1'0 degree

Oát*""n each switch põsition. Grounding lead "D" inthe

Power Pickup Harneós (7 pin connector) activates the

timing selected by switch "A." Ungrounded lead "D" will

activãte üre timing selected by switch "B'"

For I and 12 cylinder AIGL engines, a 6 degree overlap

between timing switch "A' and timing switch "8" gives

the lM a combined timing range of 25 degrees'

For 16 cylinder ATGL engines, an I degree-olefap
between iiming switch "A" and timing switch "8" gives

the lM a combined timing range of 23 degrees'

Table 3.10'1 lists the lM firing order for 8L-ATGL

"ng[n"t. 
Table3.10-2 lists the lM firing order for

izü-nfeL engines. Table 3.10-3 lists the lM firing

order for l6V-ATGL engines'

Figure 3.10-1. lgnltion Module lmlng Switches

Tabls 3.10-1. Firlng Order For 8L-ATGLGlllnder Englner

Table 3.10-2. Flrlng OderFor 12V-ATGL GYllnder Englne¡

NOTE: t G=Shutdown - J=Ground

lable 3.10€. Flrlng Order For VGF 16 Cyllnder Engincs

.TIMING SWITCHES.A" AND'8"

1CYLINDERS 74 I6 25 3

APIN
CONNECTORS.

cB FED IH

4
L

4
R

2
L

2
R

6
L

6
R

3
L

3
R

5
L

5
R

1

L
1

RCYLINDERS

RPNMLKFEDcBAPIN
CONNECTORS-

CYLINDERS 5R8L8R 2R5L 3L3R2L

MPIN
CONNECTORS.

PN TSR VU

CYUNDERS 4R1L 7R4L 6R7L 6L

APIN
CONNECTORS.

cB ED LKF

FORM 6272 First Edition

NOTE:' G=Shutdown - J=Ground

3.10 - |



. -ATGL IGNITION MODULE TIÍIIIING ADJUSTMENTS

5. Remove the white caPs from thétirning switches"Æ

dreps REouIRED To ADJUST lGNlTloN and "B' on the side of the lM (see Figure 3.10-2)'

MODULE TIMING
6. Using a screwdriver' set bothtiming switches on the

1. GomPlete the Prestart Checklist before running
side of the lM to 10. Timing selection is rnade bythe dot

engine and adiusting timing. on the switch, not the screwdriver slot.

2. Remove the cap from the Selector Switch access 
NOT,' tf thetMbeing adiustedis replacing anotherlM,

positions asthe lM

j

t;i

;i:

hole.

3 ser the apo'"p*,11iìis:å8ffi: 3:å'å:?'å*¡i;
Selector Switch (see 1

i" J #;;;=''ton *¡ttn O' B' anú c¡ ' use v-our finser or

;;t;;il;t to swttch tò tre proper applicettion'

4. Replace the cover on the Selector Switch access

hole.

setthe timing switchestothe same

being rePlaced'

Figure 3.10'2. Tlmlng Swltches "A" And "8"

g. Start engine' Run engine at idle speed and with

Table 3.104. ilodule Selector Swltch SetÌlngs

7. Gheck the engine's nameplate -!. defrmine the

exact timing 1o, to"i"tåän"ãJl o the primary and

I".ãnã"w [t àqu¡PPeo) tr'iels'

i;"ffi ît#ffi 'åå"Y;"ïï-ll,:ffi :::åå?f;î[iÍ'
' 
íåioi,ini,; tor power specifi cations'

:

a

B
a

A

the dot on the switch'
setection is made bY

screwdriver slot'NOTE: Tining
notthe

um
ABC

SELECTOR
SwlTCH

c
ATG|JVGF

CYlinder
Engines

I ATGL 12
Cylinder
Engines

ATGL 16
Cvlinder
Eñgines

B
No APPlica'

t¡on
No APPlica-

üon
No APPlica-

tion

A
VHPNGF
6 Cylinder
Engines

VHP¡úGF
12 CYlinder

Engines

VHPNGF
l6 CYlinder

Engines

Gvllnder
Ei¡glnes

llodel 811
lor6 & 8

Model 1211
for All 12
Gvllnder
Eñglnes

All 16for
llodel 1611

SELECTOR
swlTcH
SETTING

lGNMON ilODULE iloDEl-s

A WAR INN G

3.10 - 2

NO load.

FORM 6272 First Edition
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ATGL IGNITION MODULE TIMING ADJUSTMENTS

It ls the sole resPonslbll'

rz. lf aoolici' :., reconnect the DSM harness to the

i¿ oin .bnn"",ú on the lM' Activate the DSM' Refer to

Cuilo^ Engine Contro9 Detonation Sensing Module

(OStø tnstãtailon, Operatìon, And Maintenance Manu'

ä (fott 6268) for programming information'

10. Run the engine on primary fuelwith the "D" lead

ffáundin the 7 pln connectorfrom the lM) grounded to

trã engine bËck and the CEC Detonation Sensing

MoOuli (DSM) deactivated (14 pin DSM harness

disconnected from lM).

NOTE: The actual ignition timíng witl depend on the

iãrtiuta, engine tna tne tM is instatled' Actual timing
'miv ø,e of íøw degrees; therefore, timing should be

rasef as required.

11. Gheck engine timing at the flywheel using a timing

light.

A CAUTION Ity of the customcr to

NOTE: lncreasing the timing switch posîtion by one will

advance the timiig one degree' Decreasing the timing

äncn posmonbyânewílt retard thetiming one degree'

12. Adiustthe "rr- timing switch as required to achieve

"ãtt"tt 
tit¡ng (see FigureS.lO-2)' Single fuel ignition

adiustnents àre now cãmplete' lf you havea single fuel

ãp'pil"át¡on, continue wittr Step 16' lf you have a dual

tuétapptication, continue with Step 13'

13. Run the engine on secondary fuelwith the "D" lead

ffóund in the z-pin connector from lM) open and the

òeC D"tonation Sensing Module deactivated'

14. Check engine timing atthe flywheel using atiming

light.

NOTE: lncreasing the timìng switch position by one will

aclvance the timiig one degree' Decreasing the timing

iwitch position bybnewitt retard thetiming onedegree'

15. Adiustthe "B" timing switch as required to achieve

"orre"f 
üming (see FigureS.lO'2)' Dual tuel ignition

adiusünents are now comPlete'

inlury or death.

Before connecting the ignition harness (to the coils) to

th; lM, dischargã the étorage capacitors to ground'

Attach one end õf a wire lead to the crankcase and then

ioùãñ tn" ott er end to the harness connector pins on the

irvr, ãne at a t¡me. A snap may be heard when a capacitor

discharges.

Do not swltch from
tlon 15 to 0, 0 to 15 or

make other large tlmlng changes quicklY whlle the

englne ls runnlng. The large tlmlng change may

cause englne damage or shutdown.

ensure that all Product protectlon devlces effectlve'

ly shut off both the
ln the event of anY
lnformatlon could
personal lnf'try.

lgnitlon and gas slmultaneouslY
malfunctlons. Dlsregardlng thls
result ln product damage and/or

18. Verify stiutdown switches and load carrylng

DISCHARGING THE STORAGE CAPACITOR

A WARNING
lf thelgnltlon swltch ls left ln the ON Posltlon when a

lgnltlon Module ls dlsconnected, then the sPark

plugs maY flre when the lgnltlon sYstem harness ls

reconnected, and could cause severe personat

A WARNING
As a safetY measure, ground all the plns. Some

breakerless lgnltlon systems have more than one

storage caPacitor. Severe personal lnlury or death

could result.

A CAUTION To prevent the tlmlng
from belng altered, al'

ways rePlace the wh
swltches once the d
selected. Dlsregardlng
sult ln Product damage

16. When timing adiustments are complete, replace

the white caps o-n tne timing switches uA'and "8.''

Ite caps over the tlmlng
eslred settlng has begn
thls lnformatlon could re-
and/or Personal lnlury.

rl

CAUTION

FORM 6272 First Edition
3.10 - 3



:.r

AfrGl-:lGNlTlON MODULE TIMING ADJUST]I¡IENTS

I
I,J

3.10 - 4

FOFM 6272 First Ëdition



CHAPTER 4 - VGF IGNIT¡ON MODU LE INSTALLAT¡ON AND OPERATION

rl

CONTENTS

sEcTloN4.0o.lGNlTloN]ÚIoDULEoPERATIoNoN
VGF ENGINES

SECT¡ON 4.05 - VGF IGNITION MODULE
ELECTRICAL CONNECTIONS

SECTION 4.10 - VGF IGNIT¡ON MODULE TIMING ADJUSTMENTS

.))

FORM 6272 First Edition



(r

!

FORM 6272 First Edit¡on



sEcTloN 4.00

IGNITION MODULE OPERATION ON VGF ENGINES

ENGINES
The purpose of this section is to describe lM operation

on úeÈ engines and describe the location of the

Hall-effect PickuP.

VGF 6 AND 8 CYLINDER ENGINES

The lM uses a Hall-effect pickup, a magnelic switching

device, to read magnetic reference marks on a disc

ãttu"f,éo to the fionl of the cam gear' This method of

[t¡ng d"t"-ines the exact position of the crankshafl

The ñricrocircuit-based, digital lM interprets the pickup's

¡tpuftésto setthe optimum ignition lirning' The lM then

Oitã"t á precisely timed voltage to the appropriate coil'

Locatlon Of Hall-effect PlckuP

The Hatl-effectpickup is located on thefrontgearcover'

The pickup senses each magnet as itpasses and tips
f,e ¡åg¡c circuit of the lM to fire (see Figure 4'00-1)'

Flgure 4.00.1. Hall-effect Pickup Locat¡on

To set the air gap specification, complete the following

steps.

1. lnstallthe Hall-effect pickup into the ftont gear ootter'

2. Thread lhe Hall-effect pict<up dod<wise until the

pickup touches the timing disc.

3. Scribe a reference rnark on the Hall-effect pickup

and at the same point mark the front gear cover'

4. Using the reference mark on the pickup as the

startingþoint, rotate the Hall-effect pickup 3/4 of a turn

ir rlrðöt a tum) counterclockwise to setthe pickup to

timing disc clearance.

5. After the clearance is set' snug the locking nut'

VGF 12 AND 16 CYUNDER ENGINES

The lM uses a Hall-effect pickup, a magnetic switching

o"ùcå, to read reference magnets installed in the left

ü"k ä; gear. This method of timing determines the

ã*""t pot¡ion of the crankshaft' The microcircuit-

uå"ãd,'oigit l lM interprets the pickup's impulses to set

tnà o¡i*irt ignition timing. The lM then directs a

frecisety timedloftage to the appropriate coil'

HALL-EFFECT PICKUP

r.çÞs#$sry'-

FORM 6272 Fkst Edition
4.(xr - |



IGNITION MODULE OPERAflON

Figutu 4.Oo'2. Hall-efÍect Pickup

Figure 4.OO€. CEG lgnition Tlming Magnets

sett.ng,Îhe Air Gap

To set the air gap specification' complete the following

stePs.

l.lnstalltheHall.effectpickupintothereargearhousing.

2. Thread the Hall-effect pickup dochndse unlil the'

picf<uP touctres the timing disc'

3. Scribe a reference mark on the Hall-efieot pickup

;üül";ame poinimark the rear gear housing'

4. Using the reference mark on the. pickup as the

r*,töiJ"t iotut" irtã ¡rall-effect pickup.3/4 of a t¡m

(È 1il6 of a turn) 
"ouni"itiãtkwise 

io set the pickup to

timing disc clearance'

5.Aftertheclearanceisset'snugthelockingnut

ON VGF ENGINES

Locatlon Of Hall-efÍect PlckuP

The Hall-effect pickup is looated o1 the.front surface of

ü;;;;;; s;ai häusini, ãoou" h"-bi'a'oieuce (see

Figure 4.oo'2). rrre pitfup senses each-magnet as it

;;Ë;. å;d t¡ps ttre-loôic circuit of the lM to fire (see

Figure 4.00'3).

'

ri

\*
,\. 

'

HALL.EFFECT
PICKUP

LOCATION

,#s'.'{

1t

TIMING üAGNET

4.00 - 2
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sEcÏoN 4.05

VGF IGNITION MODULE ELECTRICAL CONNECTIONS

englne unless the lgnl'
Mount the lM using the vibration isolators supplied with

the lM (see Figura4.05-1). Note the following:

. The outside temperature of lM casing should not

exceed 150" F (65" C) in oPeration'

tlon Module has been unplugged. Fallure to do so

may damage the lgnltlon Module.

Figure 4.05-1. Mounting The lgnition llodule - VGF Engines

a

EMI

@
HEX

VIBBATION

FORM 6272 F¡rst Ed¡tion
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VGF IGNITION ]ÚIODULE ELECTRICAL CONNECTIONS

ELECTRICAL CONNECTIONS

IGNITION ì'ODULE POWER REQUIREMENTS

The power connections made for the.lM. must be in

accordance with the åpplicaUle local electical codes'

ffi ttffi ;¡taure tor ¡n5tãlàtion ¡n canldian standards

Ëocffi; ICðnl ciass l, Group D' Division 2 loca'

îJi;.'Aìüoì"i l¡t¡nî must be'in accordance with

ffi"'a-.0ã-g, 
;w"rk;t á òec Products Power wring

Requirements."

See Table 4.05-1 for lM power requirements'

NOTE: An AC to DC power.*Pplt:-lot preÎerred

unless care is taxei tã-em¡naià ine possibility of a

;;;;;;",v iosl ot Ac power.whi'h-Y!t! resutt in an

:!iä;*t:ir: in :z ::i*;:,x::i;"t:i::* 
.

NOTE: For compalibility wltlt onel CEf products' a

nominat suppty or"li-'VoC wilh less than a 2 volt

' ;; ;:;; ä :;;;i',¡ iø J ¡' i" 
" 

o m n e' ¿ e d to powe r th e t M'

NOTE: Refer to Section l'05' General lnformation'

'Power nequiremeäË-iå'-õ"tot Engine-control@

Products," for ne |aier iequirements of atl Waukesha

Engine CEC Products'

POWER SOURCE I'VIRING SETNG AND GROUNDING

ThelM'acapacitivedischarge(GD)ignitionsyster.n'
requires an extemal power source -which 

presents

specialwiring r"quttJtJnt* The lM willtunction properly

with a power.out"" å" O9fin9d in T?99 
4'0s-1' Howev-

er, if the supply ¡t äpãOA of providing a pulse eunent

(higher cunent teveiär a snortär period ottime such that

the average.r""ni'Ëuã ""t"i' 
q." lM will utilize that

ñËõ-"bi¡¡ù. n n¡" case' thevoltage fluctrrations on

the supply wiring' lnáuO¡ng the ground return to the

power source' t.v int"*"tã y]1f"-:peration of other

elecfical devices' For this reason' it is recommended

thatthe lM power 
"o-ut"" 

*¡ting' specificalty tre Sr91f
rehtrn, be sized for at least 30 amps even though the

average current *ilf ¡" less than 2 amps (typical)'

ln addition, the grotr"ding, particulady wtreretre ç¡rolnd is

"referenced," is crilical' ñ"'! n""esdry to reþrence) all of

gi:'r*::r*"f.1u"¿j3l;¡1",,:mg*m'R=
ititãi"t*"" with sensor signals' By folloradng the recom-

iäãJ*tng and grounõing procedures' lhe concems

äåäñ "ñ, 
tre îgniuon päwer suppty wirins voltage

lJõJ'äué lreauv iøuced or eliminated'

NOTE: For additional informatlon on capaciline dís'

:n:x"a::"i;:^,ft;'.3;;ï:KLÍí'"iiäi"

W|RINO HARNI': 88 CONNEGTIONS

in" ," has three extemal wiring hamel connectors

Ë:"ï;g*"¿oá¿l irt" Po*"t Pickup Hamess con'

nects to the 7 pin ton""ltot on 19 tlt.anO includes

leads for oc powerlt'ã nã1-"tt"l-li:l'p' and the

"D" lead which O"t"^ino*nich timingswitch is used'

The Primary Co¡f rrääess ãonnectrtg the lM and

inctudes lead" to r," ig;it¡on coils. The 1 4 pin connector

is used to interfaceñüt üt" CEG Detonation Sensing

Module (DSM). rne ì¿ï¡n connector is only used when

iñ; ósìì is installed on the engine'

!r
t'

.:

ìi
.ii

Figure 4.05'2- lgnition Module
- Connections

Wiring Harness

i

_.E

H
@

^¡c

æppñ.E^nü ?ofa@ @ @T

ItPtoflf NT s#
ÉEññg
úÈÉ¡--6- -
úrÉÉfF

o

POWER PICKUP
CONNECTION

PRIMARY COIL
CONNECTION

DSM
CONNECTION

4.A5 - 2
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VGF IGNITION MODULE ELECTRICAL CONNECTIONS

-
Table4."'".-'!. Power For The lgn¡t¡on Module

NOTE: *Forcompat¡b¡l¡tyw¡th other CEC products, a nominalsupplyof 24 VDC wlthlessthan a 2vott pedk4o-peak ripple is recommended

to powerthe lM.

I

2 (typical)less than 2t10.0 - 32.0*+33%, -58%24lgnit¡on Module

OPERATING
CURRENT (amPs)

PEAK.TO.PEAK
RIPPLE

(volts AG)

OPERATING
RANGE

(volts DG)
TOLERANCE

NOMINAL
VOLTAOE
(volts DG)

CEC PRODUCT

F

DC POWER LEADS

A: 4 AWG, 3O' MA)(; 2 AWG, 50' ilÐ(; 0 AWG' 75' lllAx
B: 16 AWG,20'MÐ(
C- D. E: 18AWG.20'ÛlÐ(
Fí úAwG,5{r't'ilÐ(
G: 8AWG.2S'UEX (LEAN BURN ONLÐ

A

NOTE: Wres sÍzd for'ltem A" are based on the pulsed

loading of capacitive discharge ign¡tions l¡ke the.CEC
lonition Module and the 2 volt peak-to-peaK mÐilmum
rípple requirements oî the CEC products.

LEAN BURN
OXYGEN SENSOR
POWER CONTROL

cEc
IGNITION
MODULE

(tM)

TURBOCHARGER
CONlROL

MODULEFCM)

DETONATION
SENSING
i¡IODULE

(DSM)

DSM
FILTERJ.BOX

POWER
AIR/FUEL
MODULE

(AFlrl)

WAUKESHACEC PRODUCTS
POWERWIRING REOUIREMENTS _- -ASSUME 40 AMP AVERAGE TOTAL CURRENT

Figure 4.05€. waukesha GEC PrOdusts Power lìliring Requ¡rements

ri

FORM 6272 First Edit¡on
4.05 - 3



VGF IGNITION MOD

connect¡ons.

Table 4.05'2.

ULE ELECTRICAL CONNECTIONS

4. Connect the Power piclr n Hamess to the

Hall-effect PickuP'COMPLETING IGNITION MODULE WRING

Complete lM electical connections by following the

=Y,ä5'" Ë"iä*.- 
-n&åT -Ió. -rigu," 

1.9?'5 throush

ilï" ¿]üîï roirrvr *¡'ing d¡ugrãms' Table 4'05-2lists

the page numbers 
"tütä'ttti"gliagramsfor 

each VGF

wiring diagrarn.

NOTE: The wiring diagrams include! i1 tni2 manual are

þ be used "" " 
,"îåiJ,"á oiv. Refer .to 

the wiring

diagrams received *¡;;';;; M ívhen making elect¡ical

S.ConnectthePowerPickupHarnessfromthe
t"n--Ëtiå.i piõrup to the lM's 7 pin connector'

Locations Of VGFWiilng Dlegrams

Do not lnstali, set up, maintain ^r anarate ãllV

"'å 
ii""r,t¡""nÍ

electrlcal comPonents unless You

quallfled indlvldual who ls famlllar wtth the electrl-

cal elements lnvolved. Electrical shock can cause

severe Personal lnlury or death'

Hall-effect plclruP wlrlng together' Malntaln a mlnþ

mum seParatlon of at least slx lnches. Dlsregardlng

thls lnformaüon could result ln prodgct damage

and/or Personal lnþry.

d tnlury or death'

CAUTtoN

CAUT roN

before
lgnltlon
person'

Do not bundle the lgnl-
tton Modüle wlrlng and

!,ì.:
' ì.1

.t .

..

¡ii

)t

¡-,1

-.

1 . Connect a ground lead from the engine crankcase to

the ground stud on the lM'

2. Connectüre Primary CoilHamesstothe lM connector'

3. Route the specified leads of th.e. Primary Goil

Harness to the ¡gn¡tioi cãits ano 
"u! lg.length 

(see

aoolicable wiring Oiag;;m)' eroper i nstall ation requires

trJiË¡l,o äná-coitJoi'o'ano ticvlindet ensines or the

four corner coils on 12 and 16 cylinder engines are

lläääî#;s'{rciá:f*i:ng;fl ffi-":"il:
new spafK plugs to aurrlrtYe vÈ'u¡rrÚ'¡''---r

NOTE: All wÍring and tM setup must be completed

-',^^lv ic 1urned Oll.
tsH'UHtr lítë Pvwct ev¡t¡t't '- --'

6. Connect the power lead from the Por¡rer Pickup

Harness to the DC pot"t *pply (see applicable wiring

Oiæram and Figure 4'05-4)'

Before applylng power to the lM and.startlng the

enoine, complete'iñL-"pt""tart--Checkllst" 
ln

;::il;î ;-iö 
- 

ùa'r-- pnnion lttodute rtmins

AdJustments'

NITE:RefertoOustomEnginecontrol@Detonation
Sensing Module toönni' ln"iáøt¡on' operation' And

Maintenanc" M"nu"f'þ i^ AZAÙ for information on

compteting wiring cinìectøns beiween the DSM sys'

tem and the lM'

A wAR IN NG

WA GRN IN

. VGF 16 CYlinder lM Widng 4.05-12

Figure 4.05-
Diagram

10. VGF 12 CYlinder lM Wiring 4.05-11

(Without MurPhY 4.05-'10
ffv:""l'å;?,Jil'

4.05-9

Figure
Valves

Gas 4.05-8

Figure
valves ofRelrofit

4.05€. VGF 4.05-7

Figure
Valves

Gas 4.05-6

WIRING DIAGRAM
PAGE

NUMBER

4.05 - 4
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VGF IGNITION MODULE ELECTRICAL CONNECTIONS

DC POWER SOUßCES

BATTERY

OP EH ATii NG VO LTAC E REQ U' R EM ENTS

STABTING lOVDC MINIMUM
RUNNING 10 - 32 VDC

10 AMP
MINIMUM

FUSE - 10 AftlP
RATING

(cusToMER
SUPPLIED)

E+
MINIMUM WIRE SIZE 16AWG.

25ft. MAXIMUM LENGTH

Flgure 4.054. GEG lgnition Modulc Power Supply

CEC ENGINE
DRIVEN GENERATOR
SYSTEM (VGF ONLY}

POWER
SUPPLY

NOTE: An AC to DC pwer supply is not prefefied unless cdre ¡s tdken to el¡m¡nate the possibility of a momentary loss of Ac power

which wilt resun in an engiiã-inítøo*nl e vonage tiß;; abatt¿ifi"-recommended to'etiminatè voltage lluctuat¡ons'

2 AilP @ 24 VDC
fivPlcAL)

FUSE - 10 AIltP
RAT¡NG

(cusroMER
SUPPLIED)

F-
BATTEBY
CHAROER

@

@

l.l

Àt
i;-¿li-t

FORM 6272 First Edition
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VGF IGNITION MODULE

FUSE - I0

swfTCH'ff
swlrcH

ELECTRICAL CONNECTIONS

HALL-EFFECT
PrcKUP

A

B

c

D

E

F

/ uscwlTH
MAGNETS

THIS
THIS

LEAD
LEAD

+

"'Ëü;,3S8$à',iJ'?h8ô'"

JffsrlHtêh*"

*ï#,riilT:ä[H"

G
c F B D

E

#1CYL #2CYL #3CYL #4CYL #sCYL #6CYL

ßNITION
ADAPTER

k
t':

ll

'.lt_3

colLs

NOTE:I. CEC FIR¡/NG ORDEF

A-B.C.D-E.F
2, ENGINE FIRINGOBDER

1'5-3-6-2-4

N

/ \

i[{i$iãtril-EF:+'Î'r3^,Hi&l1"'"
MUFPHY GAS VALVE

Flgure 4.05-5' VGF 6

îrlodule Wirlng Dlagram

I

ooooo
t 3

o

ALT

GND

SW

+

4.O5 - 6

Gylinder (Wth MurPhY Gas Valves-Retroftt OnlY) tgnltion

FORM 6272 First Eriition



VGF IGNITION MODULE ELECTRICAL CONNECTIONS

A

I

c

H,,.,. iEFFECT
P¡CKUP

\ Dlsc wlTH
MAGNETS

rH rs LEAD G ROU N DED ACTIVATEq!¡-W!T-C..! :å"
i¡¡¡5 iËÃõ üüõñõúñoeä¡cnv¡rss swlrcH "8"

FUSE . IO AMP RATING
(cusToMER SUPPLIED)

Flgure 4.056. VGF 6 Cylinder (Wthout Murphy Gas Valves-Retrofit Or Production) lgnttion Module Wirlng Dlagram

D

E

CUSTOM ENqINE
CONTROLG'

IGNITION MODULE

F
MOUNTED -

SUPPLIED)

swtTCH'4"

GAS SOLENOIDVALVE
(ENERGIZED TO RUN)

swlTcH

.-]

RELAY - NORMALLY OPEN
ícusromen SUPPLIED)

+
24VDC NOMINAL
POWER SOURCE

MIN. WIRE SIZE 16AWG

NO.TE:I. CEC FIRING ORDER

A-B-C.D-E-F
2. ENGINE FIRING ORDER

| -5-3-6-2-4
cotLs

* IF SWITCH IS LEFT CLOSED W]TH THE_-
eñclñÉ5ttw DowN, THE ¡cìllrloN uNlr
WIUU ONE¡N ABOUT 0.1 AMP FROM
POWER SOURCE.

#ICYL #2CYL #3CYL #4CYL #5CYL #6CYL

A CAUTION

IF'G" LEAD EXISTS' IT
MUSTRET'AIN OPEN

(¡sot-ATE FROiI GBOUND)

1. All wires lncludlng "ground'w¡res must be connected to the

speclflc co¡13 as shown.
ã] iónit¡on wtrea mu¡t not be bundled together wlth product

orotect¡on svstem wlring.
ã:ñ;roñã w¡res shãuld be connecled between the negative

tãrmlnaior ttre coll and one of the coll bracket mountlng capscrewa.

FORM 6272 First Edition
4.05 - 7



YTìF IGNITION MODULE ELECTRICAL CONNECTIONS

ModuleWrlng Diagram

ts:.:
,:'

.d¡i

A

B

c

DlsCWTH
MAGNTfS

HALL-EFFECT
PICKUP

tä88fi 8H8BFB¿b"XèYâ"ãÌåYS'Î#åTHIS rBt
THIS

D

"¡tf$$Ë$$.[#,e',
FUSE - l0 +

E

,,,Ísff¡i,Hi'âË-.
F

swlTCH 
*A"

swncH

colLs
#4CYL #5CYL #6CYL #7CYL #8CYL

#ICYL #2CYL #3CYL

NOTE:|. CEC F|R¡ING ORDER

A-B.C.D.E-F.H.I
2. ENGINE F'RING OBDER

1 -4-2'6'8'5-7-3

lr

IGNIT¡ON
ADAPTER

CAUTION
'"iH5if,fiËEh""\

mountlng capacrêws'

if$Hiãffi äËtr:+'Î'r""..Hr$'Ïr" MURPHY GAS VALVE

ALT

GND

sw

+ +

CUSTOTìI ENGJNE- CONTROL*'
rcni¡oH MoDULE

¿fi6-8

Flgure 4.05-7. VGF I Gylinder (With illurPhY Gas Valves-Retrollt OnlY) lgnition

FORM 6272 First Edition



VGFIGNITIoNMoDULEELECTRIGALcoNNEcTIoNS

A

B

c

HALL-EFFECT
PICKUP

\ Drsc wlTH
MAGNETS

TH|S LEAD GROUNDED ACTIVATES !i-W!r. 9-.! :^i
i¡i¡5 iËÂó ùñcnôúñpgD AcrlvArEs sw¡rcH "8"

FUSE . 10 AMP RATING
(CUSTOMER SUPPLIED)

Figure 4.05€. VGF I G'yllnder (Wthout Murphy Gas Valves- Retrofft or Productlon) lgnltion llodule Wiring Dlagram

D

E

cusToM ENQTNE
CONTROLI!'

IGNITION MODULE

F

rsroP swlTcH
IENGINE MOUNTED -

cusToMER SUPPLIED)

GAS SOLENOID VALVE
(ENEBGIZEDTO RUN)

swlTcH "A'
swlTcH REI-AY. NORMALLY OPEN

(cusToMER SUPPLIED)

+
24 VDC NOMINAL
POWER SOURCE

MIN. W¡RE SIZE 16 AWG

cotLs

#1CYL #2CYL #3CYL #4CYL #sCYL #6CYL #7CYL #8CYL

NOTE:I. CEC FIRING ORDER

A.B-C.D-E.F-H.I
2. ENGINE FIRING ORDER

1-4-2-6-8-5-7-3

tF "G" LEAD EXISTS, lr
MUST REMAIN OPEN

(rsor-ATE FROM GROUND)

* IF SwlTCH IS LEFT CLOSED WÍTH THE-
eÑAITIÈ sHUTDOWN, THE IGNITION UNIT
w¡ll- on¡ln ABour 0.1 AMP FRoM
POWER SOURCE.

A CAUTION
1. All wires lncluding "ground" w¡res must be connected to the

speclÍic colls as shown.
ãlién¡Uon wlres must not be þundled logether wlth product

protect¡on syst€m wlrlng.
ã. fn" gtouñd wlres shóuld be connêct d between the negatlve

ierminai of the col and one of thecoll bracket mountlng caPacrews.

FORM 6272 First Ed¡tion
4.05 - 9



VGF IGNITION MODULE ELECTRICAL CONNECTIONS

lgnition Module Wirlng Dlagram

\

t'

ìa

!,:
'll
¡¡¡

/
t!

A

B

c

HALL-EFFECT
PICKUP

CAM GEAR
wnH tt¡oHers

,Ii3îHôîfi 333üREEf i8T,iFÈ"9'1il'Î$ 
å;

D

Ëîî+aitlt'"Ffl"å"3

E

F

*sroP SWtTcH

J5$$i'1H3üËI''.h,r

SWTCH "A" îåì'i"åiÈSP""åú'iÎ

'FåüU'i'T'?ãtt'åJ"oJ6*
swlTcH

+

.,,,rçvf¡i,Hi$Ë-"

AD EP CK

NOTE:1. CECFtRtNG ORDEH COILS-
A-B.C.D.E.F.K.L.M-N-P-R >\
2. ENGINEFIRING ORDER

t a, at, sa, zt, gR, 4L, 6R' lL' 2R' 5L' 4R' 3L #1CYL #2CYL#3CYL #4CYL #sCYL #6CYL

¡{$$ilfffi$$fTiìl:##ffi 
to

LDBF N BJ

CAUTION

I#isË'ËE"tff¡?î
rentuittr4usorJl,F *t

et¡cl¡¡e BANKS.

R|GHT BANK

LEFT BANK

CUSTOM EN-q.INE
CONTROL"'

lcn¡r¡on MODULE

4.05 - 10

Flgure 4.05€. VGF 12 CYllnder (Withoui MurphY Gas Valves)

FORM 6272 First Ed¡tion



VGF IGNITION MODULE ELECTRICAL CONNECTIONS

IR

RIGHT BANK

LEFT BANK

IL

HALL-EFFECT PICKUP

2R

2L 3L

JUCTION BOX

rGNrTtoN COILS

"A* BLACK

GEAB
MAGNETS

r -J.---

l- -DC
PANEL I t--

t_ +DC

J
r J

r-- -ï J
10

FROM CEC
SAFETY WIR¡NG

(REF.213 GROUP)

NO'ÍE:I. ENGINE FIRING ORDER

I R, 6L, 5R, 2L, 3R, 4L, 6R, 1 L, 28, 5L, 4R, 3L

2. MODULE FIRING ORDEN

A, B, C, D, E, E K, L, M, N, E R

A

GBOUNDTO PANEL
MOUNTING SCREW

RED

6L

ABC DF E

o rtl-i

r
I

rJ L DRF NBJ KCPE M A

IGNITION MODULE

-l
D BLACK

FI F.
WHITE

E+

I
_/.__

/
AMP FUSE
OTY2

o

+ GROUNDTO
MOUNT¡NG BRACKET

;t

'ewHlTE BI-ACKc

FORM 6272 First Edition

Figure 4.05-1O.VGF 12 Gylinder lgnition Module Wring Diagram

4.05 - 1r



BLACKc

VGF IGNITION MODULE

1R 2R 3R

RIGHTBANK

CAL CONNEGTIONS

rcNffloNcolLs

5L 6L 7L

JUCTION BOX

o
.Æ BTACK A RED

LEFTBANK

1L 2L 3L

ELECTRI

PICKUP

I

-J---

l- -DC

7R

.

(

,Ä..:

-l
I

-Jr

J

B F V OF L lNJMSK PC U E A

r--
r D BI¡CK

FI F-
WHITE

FUSE

I
I

¡

I

r- ¡ +DcJ----

2. MODULE FIRING ORDER

A, B, C, D, E, E K, L, M, N' E R' S,T,U,V

ABC DF E

IGNITION MODULE

mouRl,luJ8nl%xer

NOÎE; 1. ENG,NE F'F'NG ORDER

1 R, lL, 4R, 4L, 2R, 2L, 6R, 6L' 8R' 8L' 5R' 5L' 7R' 7L' 3R' 3L

4.05 - 12

Figure 4.05'11. VGF 16 Gylinder lgn¡tion Module Wiring Diagram

FORM 6272 First Edition
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sEcTloN 4.10

VGF IGNITION MODULE TIMING ADJUSTMENTS

PRESTART ìHECKLIST
Before applying power to the lM (engine not running):

A. Msually inspect the installation to be sure that all
wÍring conforms to the requirements of this
manual, localcodes, and regulatory bodies.

B. Veriff all grounding requirernents. Refer to Sec-
tion 4.00, VGF lgnÍtion Module Electrical Connec-
tions, 'Electical Connections," for wiring
diagrams.

C. Leave the lM unpowered. Veriff that the power
supply is within specification. Refer to Sec-
tion 4.00, VGF lgnition Module ElectricalConnec'
tions, 'Electrical Connections," îor power
specifications.

VGF IGNITION TIMING SET

Tming is changed with two 16 position (0 - 15) timing
switches located on the lM (see Figure 4.10-1). Each
switch can be set to separate ignition timing settings for
different applications. Tming switch position 15 gives

the most advanced timing on the active timing switch,
either switch "rl'or "B." Switch "A'has a rnore advanced
timing range than switch "8." Switch position 0 (zero) is
full retard. The timing advances/retards 1.0 degree
between each switch position. Grounding lead "D" in the
Power Pickup Harness (7 pin connector) activates the
timing selected by switch "A." Ungrounded lead "D" will
activate the timing selected by switch "8."

For 6, 8, and 12 cylinder engines, a 6 degree overlap
between timing switch "a and timing switch "8" gives
the lM a combined tirning range of 25 degrees.

For 16 cylinder engines, a 7 degree overlap between
timing switch "A'and timing switch '8" gives the lM a
combined timing range of 24 degrees.

Table 4.10-1 lists the lM firing order for 6 cylinder VGF
engines, Table4.10-2 lists the lM firing order for
I cylinder VGF engines. Table 4.10-3 lists the lM firing
order for 1 2 cylinder VGF engines. Table 4.1 O-4 lists the
lM firing for 16 cylinder VGF engines.

Flgure 4.10-1. lgnltion llodule Tlmlng Swltches

Table4.'10-1. Firlng Order FoTVGF 6 Englnes

Table 4.10-2. Order For VGF I Gyllnder Englnes

NOTE: * G=Shutdown

Table 4.10€. Order For VGF 1? Gyllnder

NOTE:' G=Shutdown - J=Ground

Table 4.104. Flring Order For VGF 16

TIMINGSWITCHES

CYLINDERS 42o351

BAPIN
CONNECTORS.

FEDc

7586241CYLINDERS 3

CONNECTORS-
PIN IHFEDcBA

1

L
6
R

4
L

3
R

2
L

5
R

It
L

1

R
CYUNDERS

3
L

4
R

5
L

2
R

NMLEDcBAPIN
CONNECTORS.

RP
,

KF

3L3R7L

R s

'L
7R5R8L8RCYLINDERS

VUTPNMPIN
CONNECTORSI

6L6R2L2R4L4B1LfRCYLINDERS

LKFEDcBAPIN
CONNECTORS'

FORM 6272 First Edition

NOTE: * G=Shutdown - J=Ground

4.10 - I



VGF IGNITION MODULE TIMING ADJUSTMENTS

STEPS REOUIRED TO ADJUST IGN¡TION

MODULE TIMING

1. Complete the Prestart Ghecktist before running

engine and adiusting timing'

2. Remove üre cap from the Selector Switch access

hole.

3. Setthe appropdate timing appliggqon by adiustingthe

ää"; éffih isee rãur" ã'r'o'sl' rhe. selector switch

;; ; üt;;; úsit¡on sw¡tcn (A' B, and G)' use vour fi nser or

;-;r;;;i¡""ìio switoh to the proper application'

4. Replace üre cover on the Selector Switch access

hole.

Table 4.10'5. lgnltlon lûodule Selector Swltch Settlngs

5. Remove the white caps from the tÍrnin'¡.sEitches "n"

;il;ä';; the side ot mä lu (see Fisure 4'10-2)'

6. Using a screwdriver, set both timing switches on the

Iio" ãï iñ" ¡r'r tã r o. nni¡nl setection iJ made by the dot

ãitË swirch, notthe screwdriver slot'

NOTE: tf the tM being adiusted is reptacîn7-another lM'

setthe timing switches to tne sante positions asthe lM

being rePlaced.

rü

t
\.-i.:

7. Gheck the engine's nameplate to determine the

-r.,^-¡aâ\ af llre nrimarV and
exact timlng (or most a(¡varrees'

secondary (if equiPPed) fuels'

8. Apply power to lM' Refer to Sectîg1 2'O5' VGF

î;;;i;'M;ã 
"tÞ 

Hectric at con nection s 

"Electrical 

Con'

ãections," Íor power specifi cations'

Flgure 4.1Ù'2.Tlmlng Swltches
fA" And ßBt

ff a gas englne has been cranked excesslvelY

wlthout startlng, shut ofl the gas fuel suPPlY and

lgnitlon, and then crank the engine to purge the

cyllnders and exhaust system of accumulated

unburned gas. lf thls ls not done a spark could

lgnlte the gas and cause an exhaust exploslon.

Fallure to comPlY could cause severe personal

lnlury or death.

9. Start engine. Run engine at idle speed and with

a

i.

m
ABC

SELECTOR
swrTcH

c
IATGlJVGF

CYlinder
Engines

Af 12
Cylinder
Engines

AT 16
Gylinder
Engines

B
No APPlica'

tion
No ApPlica-

lion
No APPlica-

t¡on

A
VHPA/GF
6 Cylinder
Eng¡nes

VHP¡úGF
12 Cylinder

Engines

VHP¡úGF
16 Cylinder

Engines

Gyllnder
Englnes

llodel 81t
for6&8

Gyllnder
Englnes

Model1211
for All 12

ilodel 1611
for All 16SELECTOR

swrTcH
SETTING

IGNITION IIODULE frloDElls

NOTE:
sw¡tch,not the screwdriver sroL
T'iming setect¡on is onbymade dotthe the

A WARNING

4.10 - 2

NO load.

FORM 6272 FirsÌ Edition



VGF IGNITION MODULE TIMING ADJUSTMENTS

r)

t Flun the engine on primary fuelwith the "D" lead
(found in the 7 pin connectorfrom the lM) grounded to
the engine block and the CEG Detonation Sensing
Module (DSM) öeactivated (14 pin DSM harness
disconnested from lM).

11. Check engine timing at the flywheel using a timing
light.

A CEUTION Do not swltch from posÞ
tlon 15 to 0, O to 15 or

make other large tlmlng changes qulckly whlle the
e.nglno ls runnlng. The large tlmlng change may

NOTE: lncreasíng the timìng swîtch positíon by one will
advance the timing one degree. Decreasing the timing
swÌtch position by one will retard the timing one degree.

12. Adjustthe "Æ timing switch as required to achieve
correct timing (see Figure 4.10-21. Single fuel ignition
adjustrnents are now complete. lf you have a single fuel
application, continue with Step 16. lf you have a dual
fuelapplication, continue wih Step 13"

13. Run the engine on secondaryfuel with the'D" lead
(found in the 7 pin connector from lM) open and the
CEG Detonation Sensing Module deactivated (14 pin
DSM hamess disconnected from lM).

14. Gheck engine timing at the flywheel using a timing
light.

NOTE: lncreasíng the timing swÍtch position hy one will
advance the timing one degree. Decreasing the timing
switch position by one will retard the timing one degree.

15. Adjust the'B'timing switch as required to achieve
correct timing (see Figure 4.10-2). Dual fuel ignition
adjustrnents are now complete.

A CNUflON To prevent the tlmlng
from belng altered, al.

ways replace the whlte caps over the tlmlng
swltches once the deslred settlng has been
selected. Dlsregardlng thls lnformatlon could re-
sult ln product damage and/or personal lnlury.

16. When timingradjustments are complete, replace
the white caps on the timing switches'A'and "8."

17. lt applicable, reconnect the DSM harness to the
14 pin connector on the lM. Astivate the DSM. Refer to
Gustom Engine ControP Detonation Sensing Module
(DSM) lnstallation, Operation, And Maintenance Manu-
a/ (Form 6268) for programming information.

A CNUTION !t ls the sole responslbll-
Ity of the customer to

ensure that all product protectlon devlces effectlve-
ly shut off both the lgnitlon and gas slmultaneously
ln the event of any malfunctlons. Dlsregardlng thls
lnformatlon could result ln product damage and/or
personal lnlury

18. Verify shutdown switches and load carrying ab¡lity.

DISCHARGING THE STORAGE CAPACITOR

A WARNING
lf the lgnltlon swltch ls left in the ON posltlon when a
CEC lgnltion Module ls dlsconnected, then the
spark plugs may flre when the lgnltlon system
harness is reconnected, and could cause severe
personal lnlury or death.

Before connecting the ignition harness (to the coils) to
the lM, discharge the storage capacitors to ground.
Attach one end of a wire lead to the crankcase and then
touch the other end to the harness connector pins on the
lM, one atatime. Asnapmay be heardwhen acapacitor
discharges.

A WARNING
As a safety measure, ground all the plns. Some
breakerless lgnltlon systems have more than one
storage capacltoa Severe personal lnlury or death
could result.

FORM 6272 First Edition 4.10 - 3
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SECTION 5,OO

TROUBLESHOOTING

DIAGNOSTICS C}IART

The lM is equipped with three diagnostic LEDs on front

of the lM frouiiñg: "Power," "Pickup," and "Application]

(see Figure 5.Oo:1). These LEDs give operators visual

confirmãtion on (1) incoming power, (2) Hall-effect
pickup signal, and (3) proper application settings'

During normal operation with the engine running the
'Powãl'' LED is on, the "Pickup" LED ls off, and the
"Apptication" LED is off' When the engine is not running

anä power is applied to lM the "Power' LED is on, the
"Pickup' LED ¡s on, and the'Application" LED is off' lf a

different condition exists, refer to Table 5.00-1'

Table 5.00-1 describes what an inerrant LED indicates

and provides foubleshooting suggestions to remedy

the situation if required.

o o

rl-'lll.ñt

f-

ËË
ñtFo¡fr r¡f 

=ffiiffiffi flffi;;ffid'r!
@
?FT¡P

@

@
^ruffiT o

?úlCr

DIAGNOSTlC
LEDS

Table 5.00-2 is provided to assist the user in determin'

ing the possible causes of unsatisfactory lM operation'

aJwell'as point out the corrective action that may be

taken to remedY the Problem.

lf problems persist, contact your local WaukeSha

eniine Distributor or Waukesha Engine Product Sup-

port for assistance.

Troubleshooting the lM can involve some disassembly

of circuit board assemblies and other work of similar

nature. Only "qualified technicians' should undertake

these activiües. lmproper handling of circuit boards and

electronic components can cause damage that may

render them unusable.

NOTE: Tabte 5.O0-2 is only provided as a seruice to our

customeß. The table should not be viewed as a
reflection of Waukesha Engine's acfual experienæ wfÜr

this product

a wnRNlNG
Allow the englne to cool to room temperature
before cleanlng, servlclng, or repalrlng the unlt' Hot
components or flulds can causo severe personal

lnlury or death.

A WARNING

Flgure 5.00.1. lgnltlon Module Diagnostlc LEDs
A WNRNING

Always wear OSHA approved bod¡ slght, hearlng'
and lesplratory system protectlon. Never wear
toose clothlng, lewelry or long halr around an

englne. The use of lmproper attlre may result ln
severe personal lnlury or death.

Do not lnstall, set up, ma¡nta¡n, or oporate any
electricat components unless you are atechnlcally
quallfled lndlvldual who ls famlllar with the electrl'
cal elements tnvolved. Electrlcal shock can cause
sevêrê peraonal lnlury or dcath.

I

FORM 6272 First Edition
s.@-|



IGNITION MODULE ilAGNOSTICS AND TROUBLESHOOTING

Table 5.00't- ilorlule Chart

!.?

J¡

. Timing disc magnel is lost or is very weak'

"îff îi"%!iË,ïl,iïêf ËËolË.iåi#',tr:,8î:);::"?:i'o#["f*Eåtb"''o'"'
¡Läirõi¡oñò on reôetting the a¡r gaP'

'+gffi 
i".l,lfl Éiiåi¿hç jft ,å-[Hfi{iH,'Hfî-åqft ',li,å?îk

. Hall-effect pickup is lost (disconnected or failed) on a two pickup system

(AT engines)'

a.

b.

fifi ftåíåf Ëä"f*¡Ë"sir:ãåäÏåtrr

Hâll-ê-ffect oickuP' Refer to
öi r ri àiã--*¿-fabl e 5' oo- i q ior

Determine which timing disc is not being sensed

Check wiring
Section 2.05

for
Section 3.05

is on, the "PickuP"LED

Powet ¡n

isoff.When
lî a dilterent

"Appllcatlon" LED

oN*
GNGINE RUNNING)

NOTRUNNI¡G}(ENGINE

oN*

d

c.

b.

a.

No

. Engine is at rest'

. Nornal oPeration'

Perform diagnostic
in"lonition Module
reqùired and retest

â""ï,*JF:,1å$tr'å"Xlg"'[iit'Î1"
IM

¡nTesting' thisc. section.
test on IM circ1l¡t board

Section Section 3.05 ol
(Green)

LED

Eälååi:"tr";lË";;åÈif $"$'#il'"{if ix;3^F:
¡n"lM Powerto

a. oft¡o,
Refer to "IM Power

IM notdoes have power (1 0 32 vDc).
IF LED IS...

THEN

5.00 - 2

c.

the"PickuP" LED is on,

4.05
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

Before referrlng to the troubleshootlng procedures
ì ln Table 5.oo-2, check lM LEDs. During normal

operation with the engine running the "Powe/' LED is

on, the "Pickup" LED is off, and the "Application" LED is

off. Whenthe engine ls notrunning and power isapplied
to lM the "Powe/'LED is on, th6 "Pickup" LED is on, and
the "Application" LED is off.

. lf the LEDs a' splaying normal LED operation and
lM operation is ¡¡nsatisfaotory, use Table 5.00'2 to
troubleshoot the lM sYstem.

NOTE: tf you completed the díagnostÍcs ln
Tabte 5.00-1, some of thetroubleshooting checks lìsted

in Tabte 5.00-2 have already been completed.

a
diagnostics in Table 5.00'1.

Table 5.00-2. lgnltlon llodule Troubleshootlng Chart

4E. Replace lM's logic board assembly.

4D. Check
position.

timing disc reference posit¡on to #1 cylinder Go to 4E
Correct timing discmount to #1 cylinder

posmon.

4C. Check if "D' lead of 7 pin harness is grounded
("A" sw¡tch act¡ve) or open (8" sw¡tch active).

Go to 4D
Adiust corresponding tim¡ng switch
aciording to ionneclìon of 'D" lead'

48. Adiust engine timing with timing swilch "A" or "B' on
tM.

Goto 4C Adjust lim¡ng switch to desired timing.

Timing is Not
Correct

4A. Verify Selector Switch setling is correct for
applicatión (see Table 5.00-7).

Go to 48 Select correct application setting on
Selector Switch.

One Output
Fires

Continuously
3A. Replace lM's power board assembly.

lf problems pers¡st, contact your local'Waukesha Engine Distributor or
Waukesha Engiñe Producl SuPPott.

2D. Fleplace lM's power board assembly following the
procedüre in "lgniiion Module Repain"

lf problems persist, contact your local'Waukesha Engine Distributor or
Waukesha Engiñe Producl SuPPort.

2G. Check ignition coils. Go to 2D Replace faulty ignition coil(s)'

28. Check Primary Coil Harness from lM to ign¡t¡on
coils.

Go to 2C Repair connec'tion or replace harness.

One
Does

Outpt'lt
not F¡re

24. Check spark plug and sPark lead Go to 28 Replace faulty Part.

1H. Test lM to determine problem circuit board.
tésting procedures in'tgnifrbn Module Testing."

following Replace problem circuit board
assemblY.

lG. Verify ground wire ¡s securely attached to ground
stud on lM and engine crankcase.

GotofH Secure ground wire.

Go to lG Replace Hall-effect PickuP.

18. Msuallv check Power Pickup Hamess for damage
and check harness with ohmmeier fo¡ continuily.

Go to 1F Replace Power PickuP HarneEs'

1D. Verifv no short exists in w¡ring connected to
"G'lead.'Disconnect "G'lead from on/off sw¡tch' safety
switches, etc.

Go to 1E
Find and corec't short in wiring

connected to'G" lead.

1C. Ver¡fv that ¡M ¡nsla¡led on
engine aþpfication (see Table

engine is correct model for
s.00-3).

Go to 1D lnstall conect lM for application.

TEST OR CHECK DESCRIPTION

18. Verifv Hall-effect pickup gap is with¡n specification
lsee secíion "Hall-effèct Picktp Test¡ng" and
Table 5.00-14).

Reset air gap.

IF CHECK IS OK

Go to lC

SYMPTOiI

No Spark

IF C}IECK IS NOT OK

)

FORM 6272 Firsl Edition
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UBLESHOOTING
IGNITION FJIODULE DNGNOSTICS AND TRO

TESTING IGNITION MODULE
8L-4T27GL,12\/ -Þl27GL, and 16v 'AT2TGLuse

The
a slightly different sYstem of comPonents than the

$andard lM found on all other Waukesha Engine

engines usetwo Hall -effect PickuPs' a

a flywheel with magnets' The timing

one magnet' is moÛnted on the cam

lM that another firing oycle is

oroducts' These
hming disc, and

disc, containing
and signals the

and 1 6V-AT27GL) or six

magnets which accuratelY

shafttimingto the lM.

TIMING
swlTCH

SELECTOR
(D LEAD)

10-32
vDc

fon 12V-AT27GLÌ
ò¡gnal the engine's

Íigger
crank-

replaced.

NOTE:.The test bench raquired witlbe,u-eU sÍmilar to

"^å,M#r-i,#*iå:::;,#:;;,:f#1":;::zthe appropriate eqi:'õncht $est. bench) and prior
'iioif"1gà 

required to test magnetos'

The lM is an elec{ronic, digital-circuitignition system for

Waukesha sparr-ig;¡i;iengines (see Figure 5'00-2

;ï:ïffi ãIoó-s). ile sv"È'F 
-l:J"aring 

parts

and uses tne capacitor discharge principle providing

;üîäilv, piä"iüå" timed ãparks for ma¡<imurn

engine Performance'

. Table 5.OO-3 lists the Waukesha Engine part num'

b;;" f"t the various lM comPonents'

. Table 5'Oo-4 lists the Waukesha Engine part num'

bers for the wtr¡nó ft*n""t"t used in the lM system'

. Table 5'00'5 lists the intemal parts of the lM'

. Table 5.00'6lists lM specifications'

. Table 5.oo-T lists the Selector 9wi19h 
seitings used

ñet tne lM for the engine application'

. Table 5.00'8 andTable 5'00-glists the partnumbers

of the tri ggeringlm"õ""i- ã^o Hall -effect picku p (s)'

lnoperation,thelMstepsuptheDC.supplyvoltageto
charge tn 

"n"'gy 
îttit"S3. ""p-Ti9l 

SCR (silicon

controlled reaifier's) switãning devices release this

stored energytn tå"|'*"io signals from the lM's logic

circuitry which pããä;=-sig-nall from the rotating

;ïö;"ü"åt""s¡-, ãisht 
"nã 

t*"1u" cvlinder ensines

",ñótoyon".'uéièilË;;y""w-1'l:9-"J$d^i$"[iánöiné. Each firing occurs at a progran

degrees "tt"t 
ütË-áãgn"i 

"ign"ì. 
is received (see

iãËiá s.oo-6)' Uniis fortÉe 1e cylinder ensines use one

magnet for .u"w ùo i¡n! cytinaers.with the odd firing

angle electsoni""¡ivãvntttËJl"¿ b'¡¡ tre lM circuifi' All

tMs use on" 
"ooiääiåiinJ.t 

t"gñ-et that tails the last

nrinq masnet ¡v ä-àö'"ã" ot ti o"9l-"^"-".!i"ff1ÎL:

on application)' This indicates tnat anorf rË¡ I rr rr rv vt vrv ¡Y

beginning.

ÎIM¡NG SWITCHES

DSM
EXPANSION

PORT

I'IALL-EFFECT
Èlcrup Gwo
FOF AT27GL

ENGINES)

\

TTMING
DISC/GEAR

|GNITION COILS

ENG INE GROUND (-rv PlcÂLi

ll

tl

lt

Module SYstem

o

NT
æ-*

o

5.OO - 4

Flgure 5.00'2. lgnltlon
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

CAP . 14 PIN CONNECTOR
Ð

GROUND L. tJ9

GASKET - 10 PIN CONNECTOF
GASKET. 19 PIN CONNESTOR

CAP . 10 PIN CONNECTOF
CAP. 19 PIN CONNECTOR

GASKET

NUT 3t8" -32

CAP - TIMING SWTCH

GASKET - 14 PIN CONNECTOR

GASKET.\\^E
td

cP/
n

GASKET
7 PITTI CONNECTOF

CAP
7 PIN CONNECTOR

NUT
318" -32

HEX
SCREW

HOUSING .6.8 OUTPUT UN]T
HOUSING . 12-I6 OUTPUT UNIT

SCREW
6-32 X 3/8',

V¡BFATIONMOUNT

I¡BEL - TIII¡NG SW¡TCHES

GASKET. HOUSING
SCREW

6-32 X 3/8"
SELECTOR

swrTcH

(2) SEAL SCREW
6-32 X 3/4"

BACKPLATE

(4) SEALSCREW
a-szx1/4'

(10) SEAL SCREW
8-32X1t2',

t/

@
@

@ØØ

Ø Ø

o @ @

@@ Ø

ØØØ

@@

')
')'
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IGNITION MODULE D|AGNOSTICS AND TROUBLESHOOTING

Part Numbers

î

,ì

l:i

Table 5.00€. lgnltlon ilodule

Table 5.00'4- Wrlng Harnesses Part Numbers

ì

)

-l

16V-AT27GL
3M

VHP 16 305805N
2958444

VGF 16
and 295844

740610 A740,A21 4740818

12V-AT27GL wilh 305509
305805K and 280s1 3C 295844

(CIv.2)
12V-AT25GL

305805E 295S44
VHP 5115GL 3058059 2958444

VHP 12 30580sP
2958¿l4A

VGF 12

and 295844

740609 A740820 A740817

8L-ATz7GL
2958443C

305805R
2958444

VGF 8 3058054
2958444

VGF 6 305805
2958¿l4A

740608 A740819 A740816

ENGINE
MODEL

TtnlNG Dlsc
HALL-EFFECT

PICKUP
IGNITION
MODULE

16V-AT27GL
2958414

2954958 and
295495D

295497M12V-AT27GL
2958414

29549sA (o0
295495D

12V.AT25GL 295497
2958414 295495

2954978L-AT27GL
29584'lA

295495A (o4
29s4958

VHP 16 295497869796 295841N 2954958VHP 12 69692v697954 (or) 48507369796 485065 485056VHP 6 F69692J 29549769796 485065 485066 69792 (o0 c2954978 485041VGF 12 89796 2958418 295495
VGF 8

69794 (or) F305628
(R.H.)
lLH.)

v208497D
w208497D

69796 295841J 2954954VGF 6 69793 v30s628 c4208497D69796 295841J 2954954 69792 G3056284 H208497
ENGINE XNBiI,'JfffffiREBE

SHIEU}ED
INPUT

HARNESS

SHIELDED
PICKUP

HARNESS

uNSHIEHLj'J:J';SBtuABY
SHIELDED
PHUAFil
HARNESS r{

5.00 - 6
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¡GN¡TION MODULE DIAGNOST¡CS AND TROUBLESHOOTING

I

Table 5.00-5. lgnltlon Module lnternal ts Llst

t

Tablc 5.006. lgnltion Module Speolloatlone

1 Gasket, Plug

I Plug

2 Seal Screw 6-32xgl4'
12 Seal Screw 6-32x114"

4 Seal Screw 8-32x114'
10 Screw 8-32 x 1/2"

1 Gasket, 19 pin connector

1 Gasket, 10 pin connector

1 Gasket, 7 p¡n conneclor

1 Gasket, housing

1 Cap, 19 pin connector

verr rv rri! -v¡

4740815
(lgnition Module

Gasket/Hardware Kit)

1. Cap, 7 pin connector

2 lnsulators

I Cap, '14 pin connector

1 Gasket, 14 p¡n connector

Gasket, Potent¡ometer1

See Table 5.00-3 I
Power Board Assemblv (See Table 5'00'3)

(Each Board Assembly Also Contdns an lM GaskeVHardware Kir)

ISee Table 5.00-3
Looic Board Assemblv (see Table 5.00-3)

(Each Board Aðsembly Also Contái¡is an lM GaskevHardware Kit)

P/N DESCRIPTION

72-90-117 -135- 1 62- 1 80-207 -225 -252-270 -297 -315 -342o-27-45-104+1I6V-AT27GL

o-30-45-75-90-1 20- 1 35- 1 65 -1 80-21 0 -225-255-270-300-31 5-3451"8 +'lVHP 16

o-30-45-75-90- 1 20- I 3s- 1 65 -1 80 -210-225-255-270-300-31 5-345108+1VGF 16

o - 27 -60 - 87- 1 20 - 1 47 - 1 80 - 207 -240 -267 - 300 - 327106+1.I2V-AT27GL

o-27-60-87-120-147-180-207-240-267-300-3271"12+112V-AT25GL

o-30-60-90-1 20- 1 50-1 80-21 0-240 -270-300-3301"12+1VHP 51IsGL

0-30-60-90- 1 20- 1 50- 1 80-21 0-240-270-300-3301012+1VHP 12

0-30-60-90-1 20-1 50- 1 80-21 0 -240-270-300-3301"12+1VGF 12

0-45-90 - 1 35 - 1 80 -22s -27 0 -31 51"4+18L-AT27GL

0-60-1 20-'l 80-240-3001"6+1VHP 6

0-45-90- 1 35- 1 80 -225 -27 0 -31 51"8+1VGF 8

0-60-120-180-240-3001"6+1VGF 6

A-B-C-D-E-F (@ 6 CYL)
A-B-C-D-E-F-H-| (@ 8 CYL)

A-B-C-D-E-F-K-L-M-N-Þ-R (@ 12 CYL)
A-B-C-D-E-F-K-L-il-N-P-R-S-T-U-V (@ f 6 cYL)

flilrNG SWITCH
INCRET'ENÎ

ENGINE"
NUMBER OF

MAGNETS
ENGINE
ITIODEL

FIRING PATTERN. DISC DEGREES

FORM 6272 First Edition 5.(X, - 7
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IGNITION MODULE D|AGNOSTTCS AND

shipped lrom

the Selector Switch in the B (No ApPtication) setting'
Switch setfÍrngs'

Referto Table 5.00'7 for Selector

Table 5.00'7. ilodule Selector Swltch Settings

Table 5.00€.

IGNITION ìIODULE TESTING

IGNITION IJIODULETESTING - ON ENGINE

Testlng The lM Wlth The GEG lgnltlonTester

The GEC lgnition Tester (P/N 475032) is designed to

ouicklv troubleshoot if''ã uåtiout components of the lM

ly.t"rn (see Figure 5'00-4)'

:Èj,m*ilirr:Hî"üLi1iiîilî#';: . -F
;i"-öiti; *¡i"'tot the Primary circu

secondary circuit oä üiã ¡õn¡ton coils to the spark

5/8',-t8
THREAD

I
CONNECTION

Flgure 5.004. CEG lgnitlon Tester

Table 5.00'9' Hall-effect

SENSING
END

plugs.

Part Numbers

END

"c

Hü-'-tË'r

ffi

@
F

ÛC
o
-.li¡ñ

Otnoß
rEFErËr*¡to'ßo

ABC

SELECTOR
swlTcH

c
ATGl.¡/GF
I Cylinder
Eng¡nes

ATGL 12
Cylinder
Engines

ATGL16
Gylinder
Engines

B
No APPlica-

lion
No APPlica-

lion
No APPlica-

lion

A
VHP¡/GF
6 CYlinder
Engines

VHPNGF
12 CYlinder

Engines

VHP¡/GF
16 CYlinder

Eng¡nes

Gvllnder
Eñgines

llodel8ll
for6&8 All 12for

Modcl 1211

Gvllnder
Eñglnes

llodel 16ll
for All 16SELECTOR

swlrcH
SETTING

IGNITION UODULE MODELS

2958448
6.0 in.

2958444

295844
2.5 in.

4.5 in.
P/N LENGTH "U'

r

16V-AT27GL 305s09 4+O
12V-AT27GL 305509 6+O
8L-AT27GL 305509 4+0

VGF 16
âAREôO 8+1

VGF 12 305509 12+1
ENGINE MAGNET NUIIBER OF MAGNETS

N. POLE @
THBEADSENSETHIS SIDE M8

5.00 - 8
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IGN¡TION MODULE DIAGNOSTICS AND TROUBLESHOOTING

i A WARNING
Vertfy that the englne ls purged of all fuel gas prlor
to uslng thetest unlt. Fallureto do so may caus€the
englne to rotate or start which could cause severe
porsonal lnlury or englne damage.

RNING
Verlfy that the engine ls purged of all fuel gas prlor
to uslng the t¡st unlt. Fallure to do so may cause the
englne to rotate or start whlch could ceuse severe
personal lnlury or englne damagc.

WARN
Do not lnstall, set up, maintain or operate any
electrlcal components unless you are a technlcally
quallfted lndlvldual who ls famlllar wlth the electrl'

sovere ryof

fuel since the following steps will cause a functioning
unit to ouþut a spark to all engine cylinders.

10. Position the "OUTPUT/NPUÏ switch on the
lgnition Tester to the "OUTPUT" position.

Hall-effect pickup signals to the lM. lf errors are
detected during this test, the LEDs on the lM willlight
(seeTable 5.OO-1, "lgnition Module Diagnostics Charf)-
The lM should fire all outputs in sequence at a rate
equivalent to a magnet disc speed of 661 rpm. Use any
convenient method, such as a spark plug glow indicator'
to check that each ignition coil and spark plug are firing.

12. Position the "OUTPUT/INPUP switch on füe
lgnition Tester in the "INPUT'position atthe end of the
test.

NOTE: The CEC lgnitíon Tester can also be used to
complete a tesf of the Hall'effect pickup and Power
Pickup Harness. Refer to"Hall-effect Pickup Testing On
Engine With CEC lgnition Teste/'later in this section to
perform the test.

13. After testing is complete, disconnect the lgnition
Tester and reconnectthe Power Pickup Harness to the
tM.

lgnlton Module Tesüng lii{ür Ohmmdor - On Englne

a WARNTNG
Do not lnstall, set up, operate, or malntain any
olectrlcal components unless you are a technlcally
quatlfied lndlvldual who ls famlllar wlth electrlcal
elements lnvolved. Electrlcal shock can causs
personal lnfury or death.

CAUTION Dlsconnect the power
supply from the lgnltlon

Module before attemptlng the ohmmoter tests.
Electrlcal test equlpment may be damaged lf the
tests are not performed ProPerlY.

NOTE: lJse Simpson Model 260 or equívalent analog
t olt-ohmmeter to perform ff¡is fesf. Some ohmmeterc

')se reverse potarity, which will give incorrect results-

A cauiloN Dlsconnect pot ter sup-
ply to lgnltlon Module

belore complet¡ng test wlth CEG lgnltlon Tester.
Electrlcal test equlpment may be damaged lf the
tests are not performed ProPerlY.

1. Disconnect power fom lM.

2. Disconnectthe 7 pin Power Pickup Harnessfrornthe
tM.

3. Position the "OUTPUT/INPUT" switch on the lgnition
Tester to the "INPUT' Position.

4. Plug the female cable from the lgnitioñ Tester into the
lM 7 pin connector.

5. Plug the mde cable from the lgnition Tester into the
free end of the 7 pin Power Pickup Hamess.

6.Apply 10-32VDC power to the lM. The green
"POWER O.K." LED on the lgnition Tester will light
indicating power is applied to the lM. The LED does not
indicate that the power supply is within specification, but
that power is apPlied.

7. Rotate the "D¡SC CONF¡GURATION" selector
switch to the proper magnet arrangement for your

application. For example: lf you have a 12 cylinder
engine, the knob should be rotated so that the white
indicating line is opposite the'12+1" marking.

8. Verify that the Selector Switch on the lM is set for the
proper application. Refer to Table 5.00'7 for Selector
Switch settings. Use your finger or a screwdriver to
switch to the proPer setting.

FORM 6272 First Edition 5.00 - 9



D|AGNOSTICS AND TROUBLESHOOTING
IGNITION IIIODULE

Table 5'00'10-

2. Record each reading'

1. Gonnectthe ohmmeter positive 
"1g-l:gutiue 

t9a!1

ü Ë;;rã.ponoing pin locations listed in

;i'

3. lf the !'ss'¡!ts comply with Table 5'00-10' proceed to

the next test. lf th; 
'tät'rt" 

do not comply with

Table 5.00-10, reptacå-tnJM;; power board assembly

åä;"Ëî. R;ferio "'n;t"* uddute Repairto replace

power board assernblY'

lgnition Moduie
7 pin conrcctor

Rx10O Pin "E" Pin "F reading is

ohms.1'2't 000
bly and ifretest less than

lnfinite replace power âssem-boardPin "G" Ground Stud
P¡n"G' Pin "V'
Pin "G" Pin "U'
Pin "G' P¡N,T"
Pin "G" Pin "S"
Pin'G' Pin "R"
Pin "G' Pin "P"
Pin "G' Pin'N"
Pin "G" Pin "M"
Pin "G" Pin "L"
Pin "G' Pin "K'
Pin "G" Pin'J"
Pin "G' P¡n'1"
Pin "G" Pin "H"
Pin "G" Pin'F"
Pin'G' Pin'E"
Pin "G" Pin.D"
Pin "G" Pin "G"
Pin'G" P¡N.8"

lgnition Module
10 Pin or

19 pin connector

R x '10,000

Pin "G" Pin "A'

lnfinite - replace power board assern'
-bü"ttd 

reiest if reading is^tess thsn

250,000 ohms''É

TEST
OHilT'ETER

SCALE

pos¡TlvE
LEAD

NEGAtrIVE
LEAD

READING

E

o
D

O

c
o

Oa BO

3
H

o
A

o
F

I

o

J
o

19 PIN
CONNECTOR

10 PIN
CONNECTOR

1 Tl.À ^hmmâtttr needle will
z' äi¡i'¡' il' ;lsriti on M odule

and then move to
'rtOTE:

dellect
Repair"

5.00 - 10

to fep,ace Puwct

a final infinite reading
boarC assemblY.

within 5 seconds'

FORM 6272 First Edition



IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

A wnRNlN".lgnltlon Tlmlng Testlng - On Englne

NOTE: For the foltowing fests to be performed the

engine must be abte to operate at rated speed and no

load.

1. Verify proper power supply to lM (see

Figure 5.00'5). Corect if necessary.

Disconneot the power supply to the lgnltlon Module

when scrulclng the lgnltlon system. Fallurc to
dlsconnecttheþower supply can rcault ln electrlcal
shock, oauslng personal lnlury or death.

average cunent is the same), the ignition will utilìze that

the supply wiring, including the ground return to the

power source, may cause enatic operation of other

electrical devices. For tåis reason, It ,s recommended

3. Ground the "D" lead in the Power Pickup Hamess to
activate timing switch "A'on the lM. Connectthe power

supplytothe lM.

4. Rotate the "A' switch to the "0n position to place the
engine in its most retarded setting for this timing switch'

that the þnìtion power source wiring, speciñcally the
ground retum, besizedforatteasts? amps even though

the average cunentwill ôe less than 6 amps.

NOTE: The tM system witt function properly with a
power sourse as defrned in Figure 5.00'5- However, if the
'supply 

is capabte of providing a pulse current (higher

ciränt tevei for a shorter period of time such that the
CAUTION

to the lgnltlon Module. Failure to correctly
the power supply may damagethe 'gnltion

Observe correct PolarltY
when connectlng Power

connect
Module.

DC POWEH SOURCES

BATTERY

2 AMP@z4VDC
(rYPICAL)

OPEHAT//NG VOLTAGE REAU// REìi ENTS

STARTING lOVDC MINIMUM
RUNNING TO . 32 VDC

10 AMP
MINIMUM

FUSE - 10 AiIP
RATING

(cusroMER
SUPPLIED)

MINIMUM wlBESIZE 16AWG.
25 ft MÐOMUM LENGTH

FUSE. lOAMP :
RATING

(cusToMER
SUPPLIED)

E+

F-

iflIfiiä/jgijf,n""l':,î;:,:;!"iå:i"l'i;'i:,iå::lf,:;iÊ:i:;îi:i:3:i#!i;"!i;:f':i:;::{""J:,8;!îi:ir"!i:;"7fAC00wer
NOTE: The CEC tgnit¡on Modute wilt function properly with a po.w9r source as.defined above, However, if the supply is capable

of providing a putse current (highercurrentleveltorasn-oriär pãi¡oã o¡t¡nà èucnthatthe average current ¡sthesame), the¡gnition

wilt utilize that putse capab'ititi. ln this case, tne vottage nultüatøns on the supply wiring, including the ground retum to the power

source, may cause erratx äiòiåüüíãït'li"i epõü¡cäi aév¡ces. For this reasóit, ¡t ¡s reõommended that the ignition power sourca

wirins, speciricaily tne groTn:;;;t ;;;' ü';;;f í;rát øtèi so urp" even though the average current witt be tess than 6 amps'

NOTE: Although
(w¡th less than a '!?,:,ff"ffß:,y:iïl;i:ií:i:'::Ãi:*i:;ä'":;ifffi,i,i;íí "v,?:;êÊ3',"Åãi'f,:!"'1 

6'30vÙc

CEC ENGINE
DRIVEN GENERATOR
SYSTEM (VGF ONLY)

o

ffif
Ë

@

@

@

BATTERY
CHARGER

POWER
SUPPLY

FORM 6272 First Edition

Figure 5.OO-5. lgnltion Module Power Supply
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DlAGNOS.TICS TROUBLESHOOTI NGAND
IGNITION TI'IODULE

5. Start the engine' Run the 
"ngi'fi" 

at rated speed with

no load.

6. Use a timing light to check the ignition timing' Record

the ignition timing'

:i:[JiïL.ffi"åî i:;.ll;ll i#f 'l'iï:i:'fi::
ãüã"gã òtte timing switch'

NITf'Anoverlapexistsbelweent¡ningswítch1A,
and "B."

proceedto

B. Shut down engine

9. Disconnect the power supply to the lM'

10. Unground the "D- lead in the Porrer Pickup

to activate timing t*t"tt t"tft"d "B" on the lM'

t 
" Po*"t suPPlY to the lM'

11. Rotate the "B switch to the "O'-po3$o1to place the

engine in its most t"t"tääi-"Jtnõ tåt this timing switch'

12. Start the engine' Run the engine at rated speed

with no load.

13. Use a timing light to check the ignilion timing'

Record the ignition timing'

switches resPond correctlY

the nexttest' lf thetiming

manner, rePlace the logic board assemblY (see "lgnition

Module RePaif in this section).

2. Record each reading'

7 Pln And 3 Pln Gonnector Testlng - On Englne

NorE: The fottowins 7 pti ?:1-!^I':^tests 
(see

Figure 5.00'6) "'" 
p"ho''äd with the engin.e running at

no load and rated spä'irie ionpt"te-¡3s! can only be

oerformed on "ng¡i|r"àlrnp"ã 
wittt .iunction 

box

'terminations. eng¡';t-witËãíi iu1cay boxes will re'

ouirebencht"uneoi"übrüàtåãt""tnarnesstocheek
þns "Ai "8," and "C'"

1. Connectthe voltneter positive q1! pgative leads to

corresponding pin oi*¡'" f¡tt"O in Table 5'00-11'

rotate sritch"Ff uPwards

Hamess
Connect

Í
14. Use a søewdriver to slowly rotate timing switch "EI

ft],i;;il;;t p -isî'-Cäcoro tre isnition timing at

3. lf the results comply with Table 5'00-.11' proceed to

ii"'ä i".t. ronow'ïnä'ä1"*t¡"" 1to*r'ñI'.ü11.", -'h
î"'uläË.ôo'ri if the readings are out of spee ''- -r

Figure 5.006.The 7 Pin And 3 Pln Gonnectors

Table 5.00-1'l- Testlng The 7 Pln And 3 Pin Gonnectors

Gheck Power

Check Wire Terminations

"ÍJJT'EPË$''FËÎ{Ü'

F

E

D

A

B

c

OR

OR

OR

A

B

c

r 
"'n'Jåsn"r?s8Fcron

1O VDC Pin F OrWire Ground O VDC I
30 VDC Pin E OrWire Ground 1 0 32 VDC lnput

Pin D OrWire Ground 0

Pin C OrWire Ground
O VDC PlckuP

And/Or
Pin B OrWire Ground Approx. SVDG

7 Pin Or
3 Pin Connector

Pin A Or Wire Ground 1 320
4.4 VDC M Check Halt-effect PickuPTEST

VOLTMETEB
SCALE

POSITNE
LEAD

NEGAÍIVE
LEAD

READING CORBECTIVE ACTION

5.00 - t2

FoRM 6272 First Editlon



IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

OscllloscopeTestlng - On Englne

The oscilloscope test checks the voltage pattern at the
lgnltlon coll and the firing position of the cylinder. A
malfunct¡oning SCR or a defective coil will affect the
voltage pattern andlor its position.

NOTF' An oscilloscope (síngle channeQ and two 1O:1

fesfs.

"G" lead in the Primary
adaptors are available from Waukesha Engine for use
with oscitloscope testing (see Table 5.00'12). The
pigtail adaptor is installed between the Primary Coil
Harness and the tM. The wire that hangs out is the "G"
lead and can be connected to the oscilloscope.

Table 5.00-12. VGF Ënglne *G" Lead Test Plgtall
Adaptors

472062P48 - 16 Gylinder

472061llt6 - 12 Cylinder

472060H24 - I Cylinder

472059Fl8 - 6 Cyllnder

Test Pigtail P/NEngine Model

NOilE: For the followîng tests to be pertormed the
engÍne must be able to operate at tated speed and no
load.

1 . Connect the oscilloscope trigger input to the positive
(+) "A' (firstfiring) coilterminal.

2. Connect the reading probe to the positive (+) coil

terminal of each coil being checked and attach the
oscilloscope probe ground to an engine ground.

3. Start the engine. Run the engine at rated speed and
no load.

4. Mew the oscilloscope. Compare with the example
patterns shown in Figure 5.00'7.

NOTE: The waveform shape displayed on the oscillo'
scope should be similar in ouþut (140 - 160 VDC) but
may ditfer in the time base fucause of the timing disc
speed, oscilloscope time base setting, or lM model.

5. lf the waveforms are not consistent with
Figure 5.00-7, replace the lM's power board assembly
(see"lgnition Module Repaif in this section).

750 rpm - DIS(. iME BASE 1ül pSEC/D!V

150 V.

100 v.

50 v.

ov.

750 rpm - D¡SC - TIME EASE 10 mSEC/D!V

Figure 5.00-7. Oscllloscope Test Pattern
(6 Cyllnder Shown)

Storage Gapacltor Voltage Pattem Testlng - On
Engine

The storage capacitor voltage pattern test checks the
voltage pattern on the storage capacitor which is
affected by the SCRs.

NOTE: An oscilloscope (single channel) and two 10:l
oscitloscope probes are requhed to perform fl¡ese fesls.

The signals being monitored are 150 - 200 VDC,

positive potarity. The oscilloscope tests are written for a
single channel oscilloscope. The use of a dual channel
oscilloscope is permitted.

NOTE: Refer to Figure 5.00'8 for the scope pattem
pertaining to the particularlM being tested.

NOTE: For the foltowing iesfs to be pertormed the
engine must be able to operate at rated speed and no
load.

I

$ll {+}ifli+{1+
4À

i+Ht{++il| H{+Hl+++t+

_E_

+
+

150 V.

100 v.

50 v.

ov.

The signats being monîtored are 150 - 200 VDC,
positive polarity. The oscil loscope tests are written for a
single channel oscilloscope. The use of dual channel
oscílloscop is permitted.

does not include theof

--{-

-+
+

¿*
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D|AGNOSTICS AND

the triggerrÌnput of the oscilloscope

"A'primary coilleacl'

Flrlng Pattern Testlng - On Englne

NOTE: Refer to fal}le S'O}A lor the frring, pattem and

;;;;;' møài n" 11i, äW ¡l;ll"Y^##:,
teitea. Ensurethatthe

,,\
to the

1. Gonnect
positive (+)

2. Connect the oscilloscoPe reading Probe to the

"G" lead of the Primary Goil Harness and the oscillo-

scope Probe ground to an engine ground.
of the engine.

comPlete this test on engine, the

unit.

NOTE: Wth the "G' lead connected DTRECTLY to the

scope, the o""nøilpã-'ii neter . should read

140 - 1æv\c' tf ';o;;; 
is-iow' che-ck Power suppty

(inctuding po*"'""'lþt"; ¡gnition wiring and grounds)'

NorE:meuar19n¡;';:f 'fr:;:S:T;*i:i';,;i;,"G" lead in the Prim

adaptors 
"r" ","it"øi"'trim 

wauxesha Engine for use

wftn oscittoscoPe testing'

3. Operate the engine at rated spe¡¡d and no load'

observe tre oscinoåäãpä pãü"rr'. The.patterns dis'

played should .o""]ãããá õitn tno"" in Fisure 5'00-8'

NOTE: The pattems disptayed - lt oscllloscope

' ;;";d ø" 
"¡ 

ån n' 
:fy!:::*;^:i,Yß"1,:"":ÅH,differ inthelimabas";;;h.;;;p; ime øisà serins' or tM modet'

4. lf the patterns are not consistent with Figure 5'00-8'

reolace the lM's p;;;;;ã assembly (see þnition
'uil"tt 

RePaif inthis section)'

cylinders.

NOTE: The engine must be able to operate at rated

'il*i .ra no toad for this test'

l.Starttheengineandsettoratedspeedandnoload.

2. Using a timing light' set the ignition timing to zero

deorees before 
"p 

Jääo *nt"i tÉrocl or to the most

i"tätãáã þnition timing possible'

3. Using the timing light on each cylinder' ensure that

H:*rÏJ[H;1.","rrulîtå",il|1f 
'õüri"*ïl

with a tullv desreedii;h;;l'iniiøu cheok the lM's

timing Pattern'

4. lf the timing pattern does not ryl$ the lM and

enqine comuinat¡oÏ]'ä1";; tne r!r{¡ losic board

asãemblv (""" "lgnirt 'lñ"üt" 
Repaif inth:rs secüon)'

NOTE: ln order to for all

i-Ê

5.00 - 14
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

SCOPE PATTERN'8"
P/N 740608 (MODEL 611)' 

7so rDñi - Dlsc
SELECTOR SW|TCH POSITION C

SCOPE PATTËRN "4"
P/N 740608 (MODEL 611)

750 rom - DISC
SELECTOF SIVITCH POSITION A

ts{tv. 150v.

Flgure 5.00€. Oscllloscops Pattêrns

0204060
mSEC.

80 100 o 20 40 60
mSEC.

80 100

SCOPE PATTERN "C"
P/N 7406æ (MODEL 1211)

600 rpm - DISC
SELECTOR S|VITCH POSITION A

SCOPE PATTERN "D"
P/N 740609 (MODEL 1211)

600 rom - DISC
SELECTOR SúVITGH POS]TION C

150 v.

100 v.

50 v.

ov.

150V.

100 v.

50v.

0v.

o 2040@
mSEG.

8{l 100 o2040 60
mSEC.

8{¡ tm

SCOPE PATTEBN'E"
P/N 740610 (MODEL 1611)

6(X) rpm - DISC
SELECTOR STVITCH POS]TION A

SCOPE PATTERN'F"
P/N 740610 (MoDEL 1611)

6{X) rpm - D¡SC
SELECTOR SiVITCH POSTNON C

150 V.

100 v.

50 v.

0v.

150 v.

100 v.

50 v.

0v,

0 20 40 60
mSEC.

80 l(n 020 40 60
msEc.

80 100

A

'*lt
t-l **llilt"ll" l*ll,-

ED NItKIF RPA

l*ll"-ll[Jl*ll"+-lt[J

RPNMt(1FE

A

ll**[Jll"IJ

vTURSPilnL:Fl,(DEcA A

l**tlll,l il,fll,- ll"[,Jl

1 R
FKEct

TR

PL:

fi
v

ïr
U

R
s

100 v.

50 v.

0v.

t{xtv.
50 v.

ov.

i
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LESHOOTING
tGN!'rlsN MODULE DIAG NOSTICS AND TROUB

Sixteen ignition coils connected to srlitablg' adiust'

ää#i'ö#. Ãoo¡i¡á""rlv' o1" coil 
-corrnected 

to

the indicating degree *n"ef'ånO an arrangement to

connect its positive'iä-ità¡ individually to the

öääitität"it¡nals of all other coils'

A wiring hamess connecting the lM to the ignition

a

a

a

following is alist of required

construct a test stand:

A variable sPeed motor of 0.25 HP or greater'
. A wiring hamess to connectthe Hall-effect pickup to

the lM.

r I DC power source capable of supplying

10 - 32 VDC, 6 amps'

. A means to elevate and maintain lfre lM to a

controlled temperature of 150' F (65'G)'

,/

capable of rotating 1 00O rPm.

. ',Fl spark degree wheelgradurted in 360 incrernents

with the indicator attached to he driving shaft.

An attachment for the tirning discs to be mounted to
a

. A Hall-effect Pickup (PN

""ntá 
the rotating magnetic

HARNESS

"u"Jååt*"ott"f=$i

the motor driving shaft.

18S-1S x¿-14s

295844A) mounted to

disc.

/'güLiäËtiiüÈ'
1o - 32 vDc

+ B1 +

PICKUP

TIMING
swlTcH

i. )É

H
E
c
A
J
B
D
F
I

A5 A6 A7 + colL

Bs+ 86+ Bz+
\

GROUND
(4 PI-ACES)

T

A1
B1

--T colL
+ DEGBEE

WHEEL

A ,t

INDEX

I
-+-

I

a aaao
aaaaa

B2+ 83+ 94+

ioo-16

Figure 5.OO-9. lEnltlon SYstcm Wlring Dlagram For Test Stand

FORM 6272 First Edit¡on



IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

lgnltlon Timlng Testlng - Bench Test
PerÍormance Testlng - Bench Test i , ì

NOTE: lt is required that att bench fests öe pedormed

with the IM heated to a temperature of 150" F (65' C)' A WARNING

2. Ground the "D" lead in the ignition wiring hamess to

actlvate timing switch marked "A' on the lM' Connect
thd tM.

Ì1

I

3. Check all the spark gaps to ensure the lM is firing

each gap.

4. Repeat this procedure for each disc rpm (see

Table 5.00-13).

5. lf the lM fi res the gap at all indicated speeds, proceed

to the nexttest. Replace the lM's power board assembly

if it does not rneet the specifications (see "lgnltlon

Module RePaif in this section).

Flrlng Pattern Testlng - Bench Test

NOTE: Refer to Tabte 5.OOô (tM Specifrcation Table)

for the frring pattern pertaining to the particular IM being

tested.

1 . Set the degree wheel at "0" degrees for ouþut "n- of
the primary harness.

2. Run the test bench. Record the lTring pattern disc

degrees for ouþut "Ft''which should be zero'

3. Record the firing pattern disc degrees for all other

ouþuts used by thé particular lM being tested' (Exam-

plei lM rnodel P/N 740608 uses firing patterq

Â-e-c-o-e-F-H-t = 0-45-90-1 35-1 80-225-270-31 5

firing pattern disc degrees)' Use a timing switch to

alternate between the remaining ouþuts'

4. Compare the recorded data with the firing pattems

listed in Table 5.00'6. lf the timing pattern does not

match the table, replace the lM's logic board assembly

(see "lgnition Modute Repaif in this section)'

3. Operate the test bench.

4. Rotate the "A'switch to the "0" position to place the

i gnition in its most retarded setting for this ti ming switch'

5. Record the firing pattern disc degrees for ouþut "A'

of the Primary Goil Harness.

6. Use a screwdriver to slowly rotate switch "a"'

upwards on the dial (0 - 15). Record the.ignition timing

ai each point. The ignition timing should increase one

half (0.5i disc degrees for each upward position change

of the timing switch.

7. Turn off the test bench.

8. Disconnectthe power supply to the lM'

9. Unground the "D" lead in the Power Pickup Hamess

to actiiatetiming switch marked"B" onthe lM' Gonnect

the power suPPlY to the lM.

10. Rotate the "B" switch to the'0" position to place the

module in its most retarded setting for this timing switch'

11. Operate the test bench.

1 2. Record the firing pattem disc degrees for ouþut "Æ

of the Primary CoilHarness.

13. Use a screwdriver to slowly rotate switch "8"

upwardsbn the dial (O - 15). Recor! the.ignition timing

ai each point. The ignition timing should increase one

half (0.5j disc degrees for each upward position change

of the timing switch.

NOTE: An overlap exsts between lim@ snilitch A'
and "8.'

lf the lM's timing switches respond correcüy, proceed to

the nexttest. lf the lM's tirning switches do not respond in

this manner, replace the logic board assembly and retest

(see"lgnition Modute Repair" in this section)')

900 24 VDC All outputs fire at l5 mm gqp
400 fire at 15 'nm gaPAll outputs24 VDC

25 10 VDC All outputs fire at 15 ;ìm gaP
rpm
Drsc INPUT

VOUTAGE
TEST

FORM 6272 F¡rst Ed¡tion
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IGNITION MODULE DlAGNOSTICS AND TROUBLESHOOTING

t
:i

:

jt

1 . Gonnect the oscilloscope trigger inputto the positive

(+) "A" coilterminal

2.Gonnectthereadingprobetothepositive(+)coil
terminal of each 

""ü'ËÃé-;hecked-and 
attach the

oscilloscope probe g;ounã io an engine ground'

3. OPerate the test bench'

4. Mew the oscilloscope'-G^ompare with the example

;;d;" shown in Fisure s'oo-7'

NOTE: The waveforms displayed on-tlt1'oscilloscope
';;"|;;iåtntry,;!ly:::Si;i,'i,Jif l,!!!i"!'
dîffer inthetime bas

ä o"iitø"*Pe time base setting'

5. Turn off the test bench'

6. lf the waveforms are not consistent with

Fiqure 5.00'7',"p¡"'äï"JM't po*"t b9.10 assembly

[J:ä i;'iå;' ¡ntïd't' n"p"ir' in this section)'

NOTE: With the "G' Iead connected D.IRECTLY to the

saope, the scope *;;;*-;;;iai"ad 14o - l6ovDc' k
NorE: rhe vGF s1'":;';:f i,:::#: T#i#t;,i:r' 

¿

"G" lead in the Pñmi

:t;;;;"'äre' àvanaoË't'^ waukesha Ensine ror use

inn osc¡tøscoPe testing'

NOTf, The patterns disptayed on the oseilloscope

shoutd be simirar ¡n oiirt o¿o - 169 YDC) 
but may

differ in the time ø^"Jüiàì""át tn" ti^ing disc speed

ï'l""itøu*Pe time base sefüng'

3. Operate the test bench' Observe the.oscilloscope

natterns. tre patterü'ãitpr"vã¿ should correspond

Littt tttot. in Figure 5'oo-8'

4. Turn off the test bench'

5. lf the patterns are not consistent with Figure 5'00-8'

reolace the lM's p;;;;;tã assemblv (see þnition
'tÃ:l;t" 

RePaif in this section)'

ìl

5.OO - 18
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

lJ
CAUTION Dlsconnect Power sup-

ply to lgnltlon Module
before completlng test wlth CEC lgnltlon Tester.
Electrlcal test equlpment may be damaged lf the
tests are not performed ProPerlY.

1. Disconnect power from lM.

-_''_--1ta|F"effectPlckupTesdng€n.En9lne{'ylthcEe-_"?.-Plæetñð-oUTPUTflN@ion
lgnltion Tester Tester to the "INPUT" position.

The CEC lgnition Tester (P/N 475032) is designed to
quickly ùou-bleshoot the various compónents oi ttr" ¡tvt 3. Disconnectthe 7 pin Power Pickup Hamess from the

systern (see Figure 5.00'10). lM'

HALL-EFFECT PICKUP TES .ì
NOTE: Llse the CEC lgnition Tester (P/N 475032) to

fasf fâe Halt-effect pickup. lîthe tool is unavailable, use
an ohmmeter and a source of I ' 12 VDC- The DC
source may be a small battery ot a commercial power
supply.

timing disc/gear magnets, Hall-effect pickup, and the
wiring up to the lM.

ffi nünüt¡

ffi

@ü
ÚE

oõ
ffi

Orilo¡.
Qruærrceror

Flgure 5.00-10. CEG lgnltion Tester

A WARNING
Verlfy thattñe englne ls purged of all fuel gas prlor
to using the test unlt. Fallure to do so may cause the
englne to rotate or start whlch could cause severe
personal lnlury or englne damage.

A WNRNING
Do not lnstall, set up, malntaln, or operate any
electrlcal components unless you are a technlcally
quatlfled lndlvldual who ls famlllar wlth the electrl-
cal elements lnvolved. Electrlcal shock can cause
severê personal lnlury or death.

lM 7 pin connector.

5. Plug the male cable fiom the lgnition Tester into the
free end of the 7 pin Power Pickup Hamess.

6. Apply 10 - 32 VDG power to the lM' The green

"POWER O.K.' LED on the lgnition Tester will light
indicating power is applied to the tM. The LED does not
indicate that the power supply is within specification, but
that power is aPPlied.

7. Rotate the engine so that one of the timing rnagnets
is opposite the Hall-effect pickup. The "HALL EFFECT
PICK-UP O.K." LED should light indicating proper

operation of the Hall-effect pickup. lf the LED does not
light, this indicates that a problem exists with the
ftã¡l-etfeA piokup, the Power Pickup Hamess, or the
pickup air gap is exceeding gap tolerance.

NOTE: The CEC tgnition Tester can also be used to

comptete a test of the tM. Befer to "Tesling The lM \Mth
The CEG lgnition Teste/' earlier in this section to
perform the test.

8. After testing is complete, disconnect thê lgn¡t¡on

Tester and reconnect the Power Pickup Harness to the
tM.

:.)
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IGNITION iJIODU LE DIAGNOSTICS

Hall-effect Plckup Testlng Off Englne Wth

Ohmmeter

NOTE: Use Simpson Model26O or equivalent analog
'iin-ãn^^"ter 

to Pertorm this tesr

r tìnnnect the ohmmeter to the pins "4" and ground

H+ll-effect Plckup Testlng On Englne llìllth

Ohmmeter

AND TROUBLES HOOTING

F

\

"ê"-("; Figure 5'00'11)' Set the ohmmeter scare ru

R x 10,000.

Flgure 5.00'1 1. Hall-effect Plckup TestWith Ohmmeter

1 . Reset Hall-effect p;ickup gap prior to test by complet-

r. ing the following stePs:

A Thread the Hall-e'ff9ct qigku¡-'{"^I: pickup

mounting nore unÍinã iitr'¡i comes in contact

with the timing disc/gear'

B. Scribe a reference mark on the Hall-effect pickup

andatthesamepoinimarrthehousingorpickup

C. Using the reference mark on Ûre--pigfun as the

starting point, tr'rri óut U'" Hall-effect pickup

counterclockwi"" 
'io--Ut" 

amount ..listed 
in

Table5'O0'1¿ o såi the pickup to timing disc

bracket.

clearance.

D. After the clearance ls set' snug the locking nut'

Table 5.O0-14. Hall-effect Alr

NOTE: Use Simpso n Model 260 or equivalent analog
'uln 

-on^r"ter to perform fñis test'

2. Gonnect an ohmmeter to the pins "A" and ground "C"

i;;-Ëi;r-':; óó-iri'Ëåi irre orrmmeter seare to

R x 10,000.

3. Gonnect the positive lead of al I .-. 
i2-volt powe' ) i

:dpi;'ffiits"..Jtù ;esatlve lead to pin "G'" : '

2. Connect the positive lead of an 8 - 1.2 volt power

;;oo,ri" *;Ú' þin unJütãn"gative lead to the "c" pin'

3. Observe the ohmmeter while moving a m19n9t

îËñãäËiõq-qr-eli^'".::,y9,T:fl Hå:iJiil¡;l
front of the Hall-effect picKup' .rrrtt 

uì¡rrrrt

r""O lo* ohms with the magnet in place'

4. lf the meter reacis infinite ohms (no deflec$on) with

the magnet tn ptace, ráflace the Hall-effect pickup'

A WARN lNG

+

BH

c A

OHiJlIIETER

ffi*,ä.-$dþäH:

8-12VDC
+

Al27

Gear and
12

1 Full Turn Out
(+0, -1116 ol aturn)

ñ27
I Cvlinder
an<Í FlYwheel(Cam Gear PickuP)

1 Fult Turn Out
(+0, -1116 of a turn)

AT25
12 CYlinder

3/4 Turn Out
i/t6ofaturn)(r

12, and 16 CYlinder6,
VHP 3/4 Turn Out .

1/16 of a turn)(r

VGF
12 And 16 CYlinder

3/4 Turn Out .

i/16 of atutn¡(r

VGF
6 And I CYlinder

314
(r 1/1

Turn Out
6 of a turn)

ENGINE
ilODEL

5.00 - 20
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

5. Record the ohmmeter reading and compare results

with those in Table 5.00-15.

NOTE: Secondary resistance wilt vary somewhatwith
temperature

4. Observe the ohmmeter while cranking the engine

over with the starter (NO fuel or ignition). The ohmmeter

should read low ohms every time a magnet passes by

the piokup.

5. lf the meter reads infinite ohms (no deflection) with a

magnet in place, replace the Hall-effect pickup' acceptable, connect the Primary
to the coil. RePlace the ignition

6. lf the readings are
and secondary wiring

The following test is to check the resistance of the
primary and secondary wiring in the þnition coils'
ife¡aóe any coils not measured to be within the stated

ranges.

use an
following test.

A WARNING
Dlsconnectthe power supply to the lgnltlon Module
when serviclng the lgnltlon system. Fallure to
disconnect theþower supply can result ln electrlcal
shock causlng personal lnlury or death.

1. Disconnect the power supply to the lM.

2. Disconnect the prirnary electrical wiring from the

coil(s) to be tested.

3. Disconnect the secondary wiring (spark plug wire)

from the coil(s) to be tested.

4. Connect the ohmmeter probes to the locations listed

in lìable 5.00'15.

Table 5.(Xl-15. Coll Beslstance

NOTE: To retain Canadian Standards Association

iCSn approval for a Custom Engine ControP lM, the
mo¿úte'UUSf øe returned to the manufacturer for any
modifrcatíons required to the cìrcuit board (disassembly,

board reptacement). A circuit board modifred by anyole
other than the manufacturer will no longer be CSA

approved. Thts ts a CSA requlrement!

This section contains reptacernent procedures for the

circuit board assemblies located inside the lM' The two

circuit boards located inside the lM are the Power board

assembly and logic board assembly (see

Figure SbO-r z). Oncqa failed board is diagnosed, this

sict¡on is to be used to remove and replace the
defective board(s) and gaskets.

connectthe primary and secondary wiring to the coil.

7. Repeat this procedure for all ignition coils tested'

8. Connect Power suPPlY to the lM.

T

aI
i t:

Èi;

a;

POWER BOARD
ASSEMBLY

LOGIC BOARD
ASSEUBLY

s Flgure 5.OO-12. View Of Circult Board Assemblles
Inslde lgnltlon llodule

7200 - 10,200 Ohms
(Flange To H.V. CgP)

0.3 - 0.5 Ohms
(Pin A To Pin B)69694G

7500 - 10,200 Ohms
(Flange To H.V. CuP)

O.3 - 0.5 Ohms
(Pin A To Pin B)69694F

7500 - 10,200 Ohms
(Flange To H.V. QuP)

0.3 - 0.5 Ohms
(Pin A To Pin B)69694E

5500 - 6900 Ohms
(Negative To H.V. CuP)

0.1 - 0.2 Ohms
(Pin + To Pin -)69694

8000 - 9600 Ohms
(Output To Case)

0.2 - 0.4 Ohms
(Pin A To Pin B)60615F

SECONDARYPR¡MAHYCOILP/N

FORM 6272 Fkst Edition
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DßGNOSTICS AND UBLESHOOTINGTRO
IGNITION MODULE

found in this kit'

cAUTION
Use a statlc mat and an

ãlectrtcal wrlst straP

Requlred EqulPment

. Static Mat

. Wrist Strap

. 3/iô" Regular Screwdriver

. #2 Phillips Screwdriver

. 112" Wrench

. 1l4" Nutdñver

|GNITION MODULE DISASSEIIBLY

NOTE: Att tfts MUST be retested as described in

"tonÍtion Modute reitnE' whenever repairs (including

i"i"Ãwi "rd 
disassembty) take ptace'

Place the lM on a static mat' The technician must use a

wrist strap to reouä1nå-fossibility of static charges

Ëåtgäpll¡"0 to the circuit boards'

3. Rotate the lM so the backplate is facing upward and i-

ólace trU onto the static mat'

4. Remove the ten 8-32 x 'll2' sedscrews that secure

the backptate to the tül;uå¡ngf (see Figure 5.00'14)'

Flgure 5.00'13' lgnition Module - SldeView

Of lgnltlon Module

=E

hTUI-AR, PINCI

6-32 x 3/8"
SCREW

ro oR 19 PIN ClÊcut-AB
CONNECÎOB

o $@

@ @ @

Ø
@

{ë:
,.,91 o

Ø @ @

@ ,ët

TEN 8-32 X 1/2'
SEAL SCREWS

5.oo - 22
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

j

5. Garefully push the two circular connectors (the 7 pin
connector and the 10 or 19 pin connector) into the lM
housing,

6. Belng careful not to damage âny wlres, remove
the backplate with the power board asèembly still

3. Using a nutdriver, remove tl .vo standoffs on the
topside of power board assembly o¡rposite of fansform-
er (see Figure 5.00-16).

4. Remove the two standoffs, flat washers, and lock
washers securing transformer to power board assembly.

öo

ØØva)

Q)v,

iÉ)

,st Ø

{,ò(ù

ØC
TWO 6-32 X 3/4"
SEALSCREWS

assembly.

8. Remove the gasket from lM housing and/or back-
plate and clean both mounting surfaoes.

1 . Remove the gaskets from the two circular connectors
(the 7 pin connector and the 10 or 19 pin connector).

2. Remove the two screws holding Q1A and QIB in
place from the backside of the backplate (see
Figure 5.00-15 and Figure 5.00-16).

Flgure 5.00-15. Backplate Of lgnltlon Module

OlAAND O1B

TRANSFORMER

STANDOFFS

Flgure õ.00-16. Power Board Assembly lnside
lgnitlon Module

6. Leave remaining four screws and standofb on
backplate (see Figure 5.00-17).

Figure 5.00-17. Remainlng lnstalled Screws And
Standoffs On Backplate

Disassembllng Logic Board Aesembly

1. Remove the white caps frorn the timing switches "n*
and "8" on side of the lM.

2. Using a wrench, remove the two securing nuts
attaching the timing switches to the lM housing..

3. Remove the four screws holding the ground plane to
logic board assembly and lift out ground plane (see
Figure 5.00-18).

GROUND PLANE

LOGIC BOARDASSEMBLY

,)

FORM 6272 First Edition

Figure 5.O0-lE. Loglc Board Aseembly
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING
Æ----

4. Remove the four 6-32 x 3/8' screws securing the 8. lnstallthetwo securin$ nu þ ontothetiming

14 pin circular connector to the lM housing (see securing the timing switches to the housing. Tighten

nuts alternatelY and carefullY so standoff holes align

Figure 5.0o-19) with the holes on the logic board assemblY.

swltches

A

14 PIN CIFCULAR
CONNECTOR

6-32 X 3/8"
SCREW

:

i

5. Garefully push the 14 pin circular connector into lM

housing' 
toffsholding

6. Using a nut driver, remove the four stant

tf,eiogiðuoard assembly in place'

7. Lift up on the end of the logic board assembly

oooosite of the tm¡ng-s;ilches. õarefully remove the

iJ#Ë;'ä;Jñbh;ï;;rüñs th" circuit board up and

ã'i"v ttot the timing switch holes'

8. Remove the gasket from the timing swttch knobs and

i.^ ^o.uol tom üne 14 pin circutar connector'
Ults' gqÐ^e!

rcNlTþN ilIODULE ASSEMBLY

Assembtlng loglc Board AssemblY

1. lnstall new gasket onto the timing switches'

2. lnstall new gasket ontothe 14 pin circular connector

ãn the logic board assemblY'

3. Carefully position the logic board assembly above

;l"-õ;¿'"J ot ure ltttt-norising with the components

facing uP.

4.Slidethetimingswitchendofthelogicboard
assemblY into the lM housing'

5. Continue to slide the circuit boal! assembly into the

iM;;;i"g. Make sure that the-timing switches are

;il;ã¡"dthe appropriate holes in the housins'

6. Veriiy that the logic board assernbly is sittlng flat in

the lM housing'

7. Place the 14 pin circular connector in hole in lM

iàu"¡nl"no fastén connector with screws'

Flgure 5.@'19. lgnltlon Module - SldeView

10. lnstall white caps onto timing switches "A* and'Ef

on lM.

11. lnstall the four standoffs mounting.logic board

assembly to hous¡ng á*ïiént"n with nutdriver (do not

over tighten).

12.Usingfourscrews,mountthegroundplanetothe
;#;ff"-;the logic board assemblY'

Assembllng Power Board AssemblY

1. Place power board assembly on backplate with

Fansformer on ,,'"nJt U" .tþ".l|ng 
screws and

"tunOott" 
stillin position on bacxptare¡'

2. Place aflatwasherthen lockwasher on each screw

holding transformer

3. Place a standoff on each of the four screws holding /'
the oower ¡o",0 u'"ååîiv ãn-bãckplate and tighten t fi
stan'doffs with nutdriver'

4. lnstall two screws (6-3213/4') through bottom of

backPlate, mounting Q1A ano qru'

5. lnstall new gaskets on the 7 pin circuiar conneeior

äiÚ'tãio or is pin circular connector'

6. lnstall new gasket on lM housing'

ComPletlng lM AssemblY

1. Plug ribbon cable from logic board assembly into

power board """tbty 
(note pin orientation)'

2.Placecircularconnectors(Tpinconnectorandl0or
19 pin connector) 1"'ñãr"t-¡à iM hou.sing and mount

.ãtñ".t"tt with appropriate screws-(make sure gas'

Ëi;ãrei" Pace) (t"" rigut" s'oo'20)'

3. Screw backplate to housing using appropriate

scfews.

4. The lM must be sublected to.!l?^llu" bench tests

hr:::n::iÏså*E:'üJfl :l'l,îLl¿T'13'i"?-õ.

iliii'r,it* Hliåifii'L¡ínräi:;"."i-:*I "" (

9. lf necessary, adiult
thatthe switches are in

timing switches "¡* and "B" so

the correcVsame position theY

s.oo - 24
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IGNITION MODULE DIAGNOSTICS AND TROUBLESHOOTING

6-32 X 3/8'
SCREW

10 0R 19 PIN C|RCULAR
CONNECTOR

7 P¡N CIRCULAR
CONNECTOR

Flgure 5.00-20. lgnltlon iilodule - Slde View

TOOL DEFINITIONS

Analog Volt Ohmmeter (VOM): An industry standard
analog meter such as the Simpson 260 VOM (or equal)
used to measure AC voltage, DC voltage, Amperes and
Ohms in electrical circuits. Some voltneters use
reverse polarity, which will give incorrect results.

Crlmplng Tools, Wre Cutters, And Wlre Strlppers:
Toolswhich are usefulin making elec{rical connections.
Elecùical connections that are soldered after being
crimped with ratchet style crimpers offer the best
connections possible. Soldering protects the exposed
copper of a copper wire from corroding due to H2S or
oxidation. Ratchet crimpers provide uniform crimps with
proper compression regardless of the technician.

Dlgltal Volt Ohmmeter (VOM) (Optional): A toolthat
measures voltages and resistances more accurately
than analog VOM meters, but may have problems
displaying these readings in high electrical noise
environments such as around CD ignition systems.
Features ftat are an advantage over analog meters are:
peak hold, peak minimum and maximum storage.

Megger: A usefu' rl to help find voltage leakage
between wires or grou¡ld when an ohmmeter does not
detect a short. Meggers use a 500 volt signalto testfor
short circuits that may only occur under conditions of
high voltage. This voltage is similar to the Gapacitor
Discharge (CD) ignition voltage and will help to detect
moisture problems in conduits, connectors, and ignition
primary hamesses.

Oscllloscope: An insfument in which the variations in
voltage appear and can be measured by reading a
visible wave form. A single or dual channel with external
trigger capabilities and two 1O:1 probes are required
(100:1 probes are -lso acceptable). A 10 MHz oscillo-

scope is not required).

Tlmlng Light A tool which is used to measure an
engine's ignition timing. An inductive type timing light
functions by clamping the inductive pickup over the
spark plug wire and pointing the lightemitting end of the
timing light onto a timing strip usually located on the
engine's flywheel. lt can also be used to determine if
energy stored in the storage capacitor is being delivered
to the primary of the coil. Battery power types (two
"D" cells) are the most convenient.

,)
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Detonation

AT lgnition Module Operation
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Capachlve Dlscharge And Grounding . .... " 1.05 - 3

A
Analog Volt Ohmmeter

Pickup Testing

GEC lgnition Tester -
lgnition Module Testing .

Gommercial Quality Natural Gas

Components

Gonversion Tables

Crimping Tools

Definitions
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Detonation ...
Digester Gas
Field Gas
Hall-effect Pickup
HD-5
LandfillGas ..
LED .

Low Btu Fuel
Magnetic Pickup .. ...
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Propane
Sinking Output
Sourcing Output
WKI

Definilions - Tools
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Megger
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Timing Light
Wire Cutters
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Detonation Sensing Module lnterface
5.00 - 25 Diagnostics
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5.00 - 1
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.1.10-3 Wiring Diagrams

5.00 - 8
1.10 - 5

1.05 - 1

5.00 - 25 Grounding

Power Requirements
Power Source Wiring

Wiring Harness Connections
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Power Requirements
Power Source Wiring
Wiring Diagrams....
Wiring Harness Gonnections .

Electrical Gonnections - VHP
Grounding
lgnition Module Wiring
Power Requirements
Power Source Wiring.
Wiring Diagrams
Wiring Harness Gonnestions . . .... .

Engines Served . ...

F
Field Gas

G
Grounding

H
Hall-effect Pickup

.. 1.10

1.10
1.10
1.10
1.10
1.10
1.10

1.10
1.10
1.10

1.10
1.10
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-5
-5
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WAUKESHA ENctNE DtVtStON, DRESSER EQU|PMENT GROUB tNC.
EXPRESS LIMITED WARRANTY FOR CUSTOM ENGTNE CONTROLS@

INTRODUCTION

I¡9-C-!s!9qEn9!ne controlo i ars sold as standard, orasoptions on new Eng¡nes or.as Genuine Serv¡ce Parts, and ¡ncludês the Detonation Sensing Module. (DSM), Air Fuel Module (AFM. 't'ocharger Control Modul€ (ÎCM), and lgnil¡oñ ModulE (lM). or any other contròldevice idEntified as à CeC piooucì.
I. TERMS OF EXPRESS LIMITED WARRANTY

Waukosha Engino Division warronts that it will repair or replac€, Af lT8 ELECTION ANO EXPENSE, any CEC installed on an eno¡rìe, or EtuirìatorG. or Droducl
(h€reinatler.rgferred lo as 'Producis") manufactur€d by Waukêsha, or purchased as a Genuine Servicé Part, which proves to hãve had a iíefect in maierial or
workmånsh¡p,

II. TERM LIMIÎATIONS OF EXPRESS LIM¡TED WARRANTY
A Thisco.v.srageshallcommenceuponinÌtielnewProduct6st¡rt-updateorth6purohasedate,inthecas€ofserv¡cepartssales,andshall€xphêuponthccarlier

ot the follo\¡ring:
1. NêwProducts

A 12 monlhs aiSr,lhE-initial,new P¡oduc{ starl-up date; or
B. 24 monlhs âfter thê original shipment date of lh€ cover€d Producls by Waukesha Engine Div¡s¡on.

2. Genuine Service Parls
A 12 months frort lhe date the CEC is put into s€rv¡ce; or
B. 18 monlhs from the purchase dale.

B. Notwilhslanding the forego.ing,.Waukesha furlher warants thal it will repair or replace, AT ITS ELECTION AND EXPENSE, arry component ot th€ Waukesha
Product damaged as lh€ dk€ct rêsull of a warranlable dslact in a CEC product.

III. WAUKESHA'S RESPONSII"UTIES UNDER THE EXPRESS LIMITED WARRANTY

.À. The repa¡r or r€plac€menl, at Waukesha's el€stion, of co\r€]€d.delectrye pa4s and all reasonable labor required rêgarding a warranted fåilure during lhe
express limited warrarity lerm. All such labor shall be provided by Waukeèha's authorized contractor or d¡sl;¡butor.

B. ForthsrepairgJC€C.s¡nslalledonProduclsshippedfromWaukesha,reasonableandnêcessarytravelandexper'ìsesincunedbyWauk€sha'saulhorized
contråctor or distributor.

C. Repla€smenl of.lubrica-ting oil, coolanl, lilt€r eloments, Waukesha supplied engine cofiiponents, or oth€r mrmal mainl€nance ilEms that åre coñtam¡nared
and/or dam€ged as a direijt result of a warranted tailure.

M OWNER'S RESPONSIBILITIES UNDER THE EXPRESS UMITED WABRANTY
Owner shall be responsible for:
A The op€ration and mainlênance of thE Products within th€ guidelines establistred by Waukesha.
B. Making lhg Products availabþ to Waukesha or Waukeshab authorized contractors or d¡str¡butors for any wårranty repair. during normal business hours.
C. All addilional cosls ¡ncurred for premium or overtime hbor, shoud owner request lhat repa¡rs be made on a premium or overtime schedule.
D. All cosls ¡ncurred as thê result of removal or rê¡nstallal¡on of lhe Producls as may be required to efiect any wananted repair.
E. All adminisl¡ative costs and exp€nses resulling from a warranted failu¡g.
F. Any costs of transporlation, toMng, repair lacilities, or assochled costs.

$. f!! traygl, mileage, and olher related Dislr¡butor costs and expenses åssoclated with repair undêr the terms ol the Serv¡ce Parts Whnanty.
H. All addit¡onal labor l¡me in exc€ss of Waukesha's Labor Guide for the warranlabl€ repa¡r.l. Loss ol revenue and loss of/or damage to real and/or personal property.

V. LIMÍÍATION OF WAUKESHAS OBLIGAT|ONS
The obligalions of Waukesha under lhis express l¡mited warranty shall be waived and vokled, and Waukesha shall not, thereatt€r. be respons¡ble for:a. {V-!3tluq ¡gsulting from orner or. operator abuse.,or n€glect, ìncliJqing þul Irot þy way of limitation, any operation, installation, application, or maintenance

pracllce nol In accordance with gu¡delin€s or specificalions eslablished by Waukesha; or
B. Any failure result¡ng trom unauthor¡zêd modifications or repairs of the products; or
C. Any failun resuhing from overload, overepeed, ov€rhêat, acoident, ¡mproper slorage; or
D. Failure of owner to prornplly prov¡de notic€ of a claimed d€f€ct or
E. Failure of Products for which Waukesha did not receive properly completed start-up rêports; or
F- Repairs of a covered failure performed wilh non-genuine Waukèsha ¡iarts; or
G. Repairs of a covered lailure performed by non-aulhorized contractors or distributors; or
H. Failure to make Prodrrcts available to Waukesha or its aulhorized representalives; orl. Failure to supply documents such as drawings and specif¡cat¡ons r€lating lo the specif¡c application of the Products; orJ. lnprop€r d¡agnosis of a Product problem for which a CEC product is replaced.
K. FailureofServic€PartsforwhichWaukeshadidnotrece¡v€properdocumentat¡onconcerninglheServicePartspurchasedatefiomanaulhorizedWaukesha

Engin€ Distributor; or
L. Any failure of a Service Part resulting from misapplication or improp€r repair procedures; or
M. lny failure or damage resulling from lhe improp€r or extended storage of a Service Part; or
N. Fr8ight, Customs, Broker Fees, ånd lmport Dulies if approprhte documentat¡on is not provided.

VI. APPUCAB¡L]TY AND EXPIRATION
The warrant¡Es set out above are extended to all owners jn the or¡ginal chain of distribution. The warranties and obligalions of Waukesha shall expire and be of no
further offect upon lhe dates of expkation of the applicable war¡a-nty periods.

VII. WARRANTY ADMINISTRATION
This warranty ¡s administered exclusive.ly by an autho¡ized Wauktr:ra Distr¡bulor. The ínvoice for lhe lailed Service Parts must b€ providod to the Distribulor to
dstsrminê whether lhe warranly is appliõab-le.
Contact lhe near€sl aulhorized Waukesha Distributor for assistance with warranty matlers or questions. The location of thê nearesl authorized D¡stributor ¡s
available by contacting Waukesha Engine Division at (414) S4?-3tf¡11.

rHE FOREGOING SETS FORTH WAUKES}IA'S ONLY OBLIGATIONS AND OWNEBS' EXCLUSIVÊ REMEDY FOR BREACH OF WARRAilTY, WHETHER SUCHcLAlMs ARE BASED oN 8FF-4qtL-9F-9o!!'_BÀcr., _1981 ONçLUD|NG NEcL¡cENcE AND Srnicr LtABtlnÐ,ôR oit¡ÊÍi t¡¡Ëöäils,-eño rxeFg8!:qo!NG ls EXPRESSLY lN LlEu oF orHER wAEEA!!ÎlEs wHArsoEvER ExpREssEo, nrrplrc4 ÀÑo srÀruroài, n¡bl-úriiñd únxour
LffifTATION, lHE II¡|PLIED WARRANTIES OF MERCHANTABIL|TY AND FITNESS.

!91!"!!:t:nlqg.the-precetl¡ng,-ln no evsntshåll wauk€sha bel¡ableforanydlrect, speclal,tncldental, orconsoguenilal dlmrgê! (whetherdenomtnated ¡ncontnct, tolt slrlct llablllty, negllgencr, or other theor¡es) lrlslng out ol tlils Agróeirent ór the use ol any Prod'ucts proüdedÍunàer thls Àgreement.
Any actlon üls¡ng hereundðr orrelal¡ngherêto,uúhether basadon broac.h of conract,tort (lncludlng negligêncoandsúct il¡blllty),orotherthãodes must becomm.nc€d wlthln two (2) yo¡rs after the cåuse ot acfion accrusa or lt shalt be baúed. '
8II{DING ABBfTRATþN
(4 puycrandSellersh€llattenpt'lngoodtalth,toresolvôany-dlsputearlslngoutoforr€lat¡ngtothtsagreemsnt,orthsproductssnd/orsorvlcesprovlded

herounder, prompt¡y. by n€gollatlõn bohre€n execut¡vos. ¡f thà maner haã nor besn resotvid w¡rhtn's¡xty (60 oayJ oí a ptny'ùõñaiòiããriouauàn,
olther prrly may lnltlato rrblt|rtlon âs horeln after provld3d.

(b) Any dbputê arlslng oul ol or related to lhls.agrêeme.lf 9t tê produc,ts and/or s€rvlcæ provlded he¡eunder whlch has not bsen rosolved by thc
neg^otlatlon proc€dure doscrlbed tbove, ehall be senled byblndlnþ arbitratlon admlnl3ter€d óytheAmerlcanArbltrâtion Assoclailonlä accõiàancdw¡ttr
It¡ Commarclål Arbllrâtion Rule! rnd ludgment on the aúrard ren-dered bythe arb[råtor(s) may be entered in any court having lur¡sAUiõn t¡ereof.

(c) Unlela Buyer and S€ller olherwlsc agree ln wrlling, the ârblt d¡,r'r panê¡ shall conslst of three arbltrators, The aitnrator(s) shiit have no authodty to
award punltlv€or othordamages not mða.süred b-ylhe prevalll ¡.ãariy'sactuål dam¡gesand may not,ln any event,maksanir íullng, ttndlng oiawardihatdoe! nol conlorm to lhs tenns and condltion ot thls à$s'-:f;,'l'hã law of Texas sihall goverñ.

(d) Thè arbltration proceêdlng shall be conduaed in Engl¡sh, ln Dallas, Tex.s.
S€e Form ll-46:l lor lhe most curent warranty terms. Eñective Apr¡l l, 1999
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