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FACILITY PERMIT TO OPERATE

LA CNTY SANITATION DISTRICT-PUENTE HILLS

SECTION I: PLANS AND SCHEDULES

This section lists all plans approved by AQMD for the purposes of meeting the
requirements of applicable AQMD rules specified below. The operator shall comply with
all conditions specified in the approval of these plans.

Documents pertaining to the plan applications listed below are available for public review
at AQMD Headquarters. Any changes to plan applications will require permit
modification in accordance with Title V permit revision procedires.

List of approved plans:
Application Rule
343039 1150.1
519251 1110.2
519253 431.1
526754 3003

NOTE: This section does not list compliance schedules pursuant to the requirements of Regulation XXX - Title
V Permits; Rule 3004(a)(10)XC). For equipment subject to a variance, order for abatement, or alternative
operating condition granted pursuant to Rule 518.2, equipment specific conditions are added to the equipment in

Section D or H of the permit.
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

APPLICATION NUMBER: 519251

RULE 1110.2 (F) (1) (D) INSPECTION AND MONITORING (I & M) PLAN FOR THE
FACILITY LOCATED AT 13130 CROSSROADS PARKWAY, CITY OF INDUSTRY, CA 91746

Please refer to the application you submitted for the evaluation of your Inspection and Monitoring (1 &
M) plan under District Rule 1110.2 (f) (1) (D), for the facility described above.

The Rule 1110.2 Inspection & Monitoring plan you submitted has been APPROVED.

A copy of your approved plan, together with any addendum, statements or declarations you provided
during the evaluation of your plan, is attached. In accordance with Rule 1110.2 (f)(1)XD)(ix), any change
in equipment, control equipment, operating conditions or emission limits will require that you submit an
application to the District for the revision of your I & M plan.

If you have any questions about this approval, please call Mr. Atul Kandhari at (909) 396-2477.

Enclosure(s)
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PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY ID: 025070

Rule 1110.2 Inspection & Monitoring Plan for Three Internal
Combustion Engines at the Puente Hills Landfill

1.0 INTRODUCTION

South Coast Air Quality Management District's (SCAQMD) Rule 1110.2 was amended in
January 2008. The amended rule has many new requirements for internal combustion
engines (ICE). One of the requirements is to submit an Inspection and Monitoring (T&M)
plan for certain categories of sources. These plans have to submitted to the SCAQMD
for approval and were due August 1, 2008. The I&M plans have to implemented by
December 1, 2008. Plans are required for facilities that do not have an Oxides of
Nitrogen (NQO,) and/or Carbon Monoxide (CO) CEMS and used as a tool to ensure that
engines are in continuous compliance with Rule 1110.2's NO, and CO limits. Detailed
requirements for an I&M plan are presented in Section (f)(1)(D) of Rule 1110.2,

The PERG II engines have existing NO, CEMS and hence, this I&M plan is for CO only.
2.0 FACILITY INFORMATION

The Puente Hills Landfill has three internal combustion engines. These engines are located
at the Internal Combustion Engine (ICE) plant or PERG II. PERG II is located near the
existing Gas-to-Energy facility (PERG) and was commissioned in 2006. Electricity
generated by the ICE plant is supplied to LACSD's San Jose Creek wastewater treatment
facility. Contact information on the facility is provided below:

Owner and Operator: County Sanitation Districts of Los Angeles County
Facility Name: LA County Sanitation Districts - Puente Hills Landfill
Address: 13130 Crossroads Parkway South
City of Industry, CA 91746
SCAQMD Facility ID: 025070
Facility or Site Engineer: Don Volmer
562-908-4288 x 6150
dvolmer@lacsd.org
Compliance Engineer: Wendy Han
562-908-4288 x 2134
whan®lacsd.org
SCAQMD Permit No.: 63774, 63775 and 63776 (ICEs No. 1, 2 and 3)
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PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY ID: 025070

3.0 ENGINE DESCRIPTION

Engine Type: Caterpillar 53616, 16 cylinders, 4261 BHP, lean burn,
turbocharged with aftercooler and coupled to a 3000 kw
electrical generator

Fuel Type: Landfill Gas

Emission Controls: Emissions controlled by Caterpillar propriety control system -
ADEM III engine management system

Engine RPM: 900 and constant to maintain generator at 60 Hertz

The Caterpillar 63616 engine is controlled with an engine management system -
ADEM III. The management system consists of an Electronic Contrel Module
(ECM), Integrated Combustion Sensing Modules (ICSM) and an operator Machine
Information Display System (MIDS). The primary inputs to the ECM and ICSM are
the cylinder thermocouples and the combustions sensors. These devices work in
conjunction with a fuel regulating valve, detonation sensors, engine choke, turbo-
waste gate and associated pressure transducers to control engine operation.

The ECM is a propriety Caterpillar emission and control system for the engine. The
engine is completely automated with limited provisions for manual inputs or
adjustments. The ECM monitors various inputs from sensors in order to activate
relays, solenoids and hydraulic actuators. The ECM supports 5 primary functions;
governing of the engine, control of ignition, air-to-fuel ratio control, start/stop
control and monitoring engine operation. Control of these parameters is
determined using internal engine maps that have been developed by Caterpillar for
the engines. The maps include a timing map, air/fuel ratio map, fuel correction
factor map, and several other maps. The process of mapping and installation of the
maps is a propriety process and can only be done by Caterpillar personnel.

There is no stand-alone air-to-fuel ratio controller on the engine. The ADEM III
control system uses the ECM to control air-to-fuel ratio and uses: maps in the
ECM, output drivers in the ECM, fuel actuator, air choke actuator, exhaust bypass
(waste-gate) actuator, ICSM, thermocouples and cylinder combustion sensors.
With the exception of fuel quality all values are locked within the ECM and can only
be changed by the manufacturer. Lack of access to operating parameters does not
allow operator adjustments to change engine emissions.

Revision 1 January 2011




PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY ID: 025070

4.0 ENGINE OPERATION

The primary goal of the ICE plant operations is to generate power while complying
with permit conditions and applicable emission limits (see Section 5.0 for emission
limits). The engines have NO, and O; CEMS that provide plant operators with real-
time, continuous emissions data. To maintain emissions compliance, visual and
audible alarms inform operators of excess NO,. A portable analyzer will be used
to check engine CO emissions. Periodic monitoring will initially consist of a CO
reading at each engine taken once each calendar week or every 150 hours of
operation, whichever comes later. Excess emissions will result in troubleshooting,
corrective actions, and repeat portable analyzer measurements, as appropriate.

Manuals for operation and troubleshooting for the engines are included in Appendix
Band C.

5.0 EMISSION LIMITS

Copies of the permits for the engines are included the appendices. Each engine has
an efficiency correction factor (ECF)-corrected NO, concentration limit that is
based on the result of the ECF test on each engine. Table 1 has the current
permitted emission concentration limits for the engines.

TABLE 1: PERMITTED EMISSION LIMITS

Concentration Limit

Pollutant opm @ 15% O, Comments
51 Permit Condition
NO., 54 (ICE 1)
50 (ICE 2) Rule 1110.2 ECF-corrected limit
53 (ICE 3)
3561 Permit Condition
co 2000 (before July 1, 2012) rule 11102
250* (July 1, 2012) '
196 Permit Condition
vOC 40 Rule 1110.2
20 ppm @ 3% O; as hexane or
Rule 1150.1
98% destruction efficiency ule 1150

* It becomes effective if the technical assessment confirms 250 ppm is achievable
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PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY ID: 025070

In addition to the concentration limits the permit for the engines includes mass
emission limits for NO,, CO and VOC.

6.0 MAINTENANCE PROCEDURE

One of the keys to operating the engine in compliance with emission limits is an
ongoing maintenance program. ICE plant operations perform maintenance as per
the manufacturer recommended schedule. This schedule is included in Appendix D.

7.0 PORTABLE ANALYZER MONITORING

CO emissions are first tested at least once a week or every 150 operating hours,
whichever is later, using a portable analyzer. These tests are performed using the
Protocol for Periodic Monitoring of NOy, CO and O from Stationary Engines
subject to Rule 1110.2. Engines shall not be tuned within 72 hours prior to a
portable analyzer tests, unless it is an unscheduled event. Personnel conducting
the tests will be trained as per Rule 1110.2 Section (f}(1)(6). If an engine is found
to be in compliance for 3 consecutive weeks, without any adjustments, then the
frequency of CO tests will change from weekly or 150 operating hours to quarterly
or every 2,000 engine operating hours, whichever occurs later per Rule
1110.2(F)(1)(D)(iii)(IT), until there is a noncompliant check.

8.0 RESPONSE TO DEVIATIONS

Because the ADEM-III controls all aspects of engine operation and does not allow
operators to change any parameters there are limited options to change CO
emissions. The following procedure will be followed to correct a CO exceedence
during a portabie analyzer check:

o Ensure that all relevant operating parameters are in the normal range
including cylinder temperatures, fuel quality and fuel flow.

e If necessary adjust individual cylinders air-to-fuel ratio using a local
valve to increase or decrease temperature in a cylinder. This is a
trimming feature and can be used to change NO, emissions. However,
we are not sure if this will make any difference in CO emissions. The
pre-combustion chamber needle valves adjust the air-to-fuel ratio for
the small pre-combustion chamber only. Adjusting the needle valve
has no effect on the air-to-fuel ratio of the main chamber. However,
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PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY ID: 025070

if the air-to-fuel ratio of the pre-combustion chamber is incorrect,
the pre-combustion chamber will not fire and ignite the main
chamber. The main chamber air-to-fuel ratio is regulated by the ECM
using the fuel gas inlet valve (main throttle) and turbo waste-gate.
This occurs when the engine is loaded more than 40%, if load is under
40% the engine uses the choke only.

e The timeframes within Rule 1110.2 allow an overall engine inspection
and review process to identify gross changes to operating condition
parameters that may have impacted CO emissions.

o If ICE plant personnel cannot diagnose the problem, then they will
proceed to shutdown the engine and have Caterpillar determine the
cause for the higher CO emissions. This will have to be done through
their proprietary control system.

9.0 REPORTING

Per Rule 1110.2 (f)(1)(H)(i), breakdowns or malfunctions that lead to potential
deviations must be reported to SCAQMD within 1 hour of discovery by calling 1-
800-CUT-SMOG (1-800-288-7664). Plant personnel will make such calls and
identify (1) the time, (2) facility location, (3) equipment involved, (4) contact
person, as well as (5) cause of the breakdown, if known, and (6) estimated time for
repairs. Plant personnel will also notify LACSD Air Quality when such phone
reports are made to SCAQMD.

Per R1110.2 (f)(1)(H)(ii), @ written report will be submitted to SCAQMD within 7
calendar days after a breakdown has been corrected, but no later than 30 calendar
days from the initial breakdown. This report will be completed by LACSD Air
Quality personnel and include: (1) identification of equipment involved in causing, or
suspected of having caused, or having been affected by the breakdown, (2)
duration of breakdown, (3) date of correction and information that compliance was
achieved, (4) type of excess emissions resulting from the breakdown, (3)
calculation of excess emission resulting from the breakdown (e.g., NOx or CO in
Ibs) and basis used to quantify the emissions, (6) description of the corrective
action(s) taken to address the breakdown and minimize excess emissions, and (7)
description of any measures taken to avoid such breakdowns in the future.

Per R1110.2 (f)(1)(H)(iii), Within 15 days of the end of each calendar quarter,
a Quarterly Report will be submitted to SCAQMD that lists each occurrence of
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PUENTE HILLS LANDFILL ICE PLANT I&M PLAN
LACSD FACILITY 1D: 025070

breakdown, malfunction, or portable emissions checks that showed potential
deviations. The LACSD Air Quality Section will prepare this report.

10.0 PLAN REVISIONS

Any revisions to this I&M Plan will first be reviewed by LACSD Air Quality staff
and ICE operations. It will then be submitted to SCAQMD for approval. The plan
will be submitted with appropriate fees according to Rule 301. Following plan
implementation on December 1, 2008, any changes to this I&M Plan will be
effective immediately and reflected in a revised submittal.

Revision 1 Jonuary 2011
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South Coast Air Quality Management District Section D Page 37
21865 Copley Drive, Diamond Bar, CA 91765-4178 Facility LD, ¥: 25070

Date: August 2, 2013

" FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

PERMIT TO OPERATE

Permit No. G24806
A/N 501721

Equipmeat Description:

LANDFILL GAS TO ENERGY SYSTEM NO. 1 CONSISTING OF:

1.

INTERNAL COMBUSTION ENGINE NO. 1, CATERPILLAR, MODEL G3616, SIXTEEN CYLINDER, 4261
BHP, LEAN BURN, LANDFILL GAS/NATURAL GAS FIRED, TURBOCHARGED AND AFTERCOOLED,
DRIVING A 3 MW ELECTRICAL GENERATOR.

COMPRESSOR, 1468 CFM, 300 HP

ANCILLARY RADIATOR AND AFTERCOOLER WITH ELECTRIC FANS

ANCILLARY MUFFLER EXHAUST STACK.

Conditions:

I.

OPERATION OF THIS EQUIPMENT SHALL BE CONDUCTED IN ACCORDANCE WITH ALL DATA
AND SPECIFICATIONS SUBMITTED WITH THE APPLICATION UNDER WHICH THIS PERMIT IS
ISSUED UNLESS OTHERWISE NOTED BELOW.

[RULE 204]

THIS EQUIPMENT SHALL BE PROPERLY MAINTAINED AND KEPT IN GOOD OPERATING
CONDITION AT ALL TIMES.
[RULE 204]

OPERATION OF THIS EQUIPMENT SHALL NOT RESULT IN THE EMISSION OF RAW LANDFILL

GAS TO THE ATMOSPHERE.
[RULE 1150.1]

A SAMPLING PORT SHALL BE INSTALLED IN THE LANDFILL GAS LINE TO THE ENGINE TO
ALLOW THE COLLECTION OF A GAS SAMPLE.
[RULE 431.1]

A FLOW INDICATING AND RECORDING DEVICE SHALL BE INSTALLED IN THE GAS SUPPLY LINE
FOR ALL FUELS TO THE ENGINE.
[RULE 1303 (b)(2)-OFFSET]

THE COMBINED TOTAL LANDFILL GAS FLOW RATE AT PUENTE HILLS LANDFILL SHALL NOT

EXCEED 39,800 SCFM.
[RULE 1303 (b)(2)-OFFSET]
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

10.

1.

12.

13.

THE HEAT INPUT OF GAS TO THE ENGINE SHALL NOT EXCEED 34 MM BTU PER HOUR. A
WEEKLY LOG OF THE GAS HEAT INPUT, BASED ON THE RECORDED FLOW RATE (SCFM) AND
HIGHER HEATING VALUE, SHALL BE KEPT FOR AT LEAST TWO YEARS AND MADE AVAILABLE
TO AQMD PERSONNEL UPON REQUEST.

[RULE 1303 (b)(2)-OFFSET]

READINGS OF THE HIGHER HEATING VALUE OF THE GAS AT THE INLET TO THE ENGINE SHALL
BE TAKEN WEEKLY WITH AN AQMD APPROVED INSTRUMENT AND THE RESULTS RECORDED.
[RULE 1303 (b)(2)-OFFSET]

THE ENGINE SHALL ONLY USE LANDFILL GAS OR A COMBINATION OF LANDFILL GAS AND
NATURAL GAS.
[RULE 204]

THE TOTAL NATURAL GAS USAGE SHALL NOT EXCEED 25 PERCENT OF THE TOTAL ENGINE
HEAT INPUT ON AN AVERAGE DAILY BASIS AND 10 PERCENT ON A MONTHLY BASIS.
[RULE 1303 (b)2}-OFFSET]

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL NOT BE
USED IN THIS ENGINE TO GENERATE ELECTRICITY FOR DISTRIBUTION IN THE STATE GRID
SYSTEM.

[RULE 1303 (b)(2)-OFFSET]

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL ONLY BE
FIRED IN THIS ENGINE TO PROVIDE ELECTRICITY TO THE SANITATION DISTRICTS' OPERATED
FACILITIES AT THE PUENTE HILLS LANDFILL, SAN JOSE CREEK WATER RECLAMATION PLANT
AND THE JOINT ADMINISTRATION OFFICE.

[RULE 1303 (b)(2)-OFFSET]

SAMPLING PORTS SHALL BE PROVIDED IN THE ENGINE EXHAUST DUCT, 8-10 DUCT
DIAMETERS DOWNSTREAM AND TWO DUCT DIAMETERS UPSTREAM OF ANY FLOW
DISTURBANCE, AND SHALL CONSIST OF TWO PROPERLY SIZED WELD NIPPLES WITH PLUGS, 90
DEGREES APART. AN EQUIVALENT METHOD FOR EMISSION SAMPLING MAY BE USED UPON
APPROVAL OF THE AQMD. ADEQUATE AND SAFE ACCESS TO THE TEST PORTS SHALL BE
SUPPLIED BY THE APPLICANT.

[RULE 217}
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

14.

15.

16.

17.

APPLICANT SHALL CONDUCT ANNUAL PERFORMANCE TEST OF THE ENGINE IN ACCORDANCE
WITH AQMD TEST PROCEDURES AND FURNISH THE AQMD A WRITTEN RESULT OF SUCH
PERFORMANCE TEST. WRITTEN NOTICE OF THE PERFORMANCE TEST SHALL BE PROVIDED TO
THE AQMD 10 DAYS PRIOR TO THE TEST SO THAT AN OBSERVER MAY BE PRESENT. A TEST
PROTOCOL SHALL BE SUBMITED FOR APPROVAL AT LEAST 60 DAYS PRIOR TO TESTING.

THE PERFORMANCE TEST SHALL INCLUDE, BUT SHALL NOT BE LIMITED TO A TEST OF THE
INLET AND EXHAUST GASES, FOR THE FOLLOWING:

A METHANE

B. TOTAL NON-METHANE HYDROCARBONS

C. OXIDES OF NITROGEN (EXHAUST ONLY)

D. CARBON MONOXIDE (EXHAUST ONLY)

E. PARTICULATES (EXHAUST ONLY)

F. TOTAL SULFUR COMPOUNDS AS H2S (INLET ONLY)
G. FLOW RATE

H. OXYGEN

L NITROGEN

L CARBON DIOXIDE

K. MOISTURE

L. TEMPERATURE

M. TOXIC AIR CONTAMINANTS INCLUDING BENZENE, CHLOROBENZENE,

1,2-DICHLOROETHANE, 1,1-DICHLOROETHANE, DICHLOROMETHANE,
TETRACHLOROETHYLENE, TETRACHLOROMETHANE, TOLUENE,
1.1,1-TRICHLOROETHANE, TRICHLOROETHYLENE, TRICHLOROMETHANE,
VINYL CHLORIDE AND XYLENES (EXHAUST ONLY).
[RULE 1303 (b)(2)-OFFSET, 1401]

THE EMISSIONS FROM THE ENGINE SHALL NOT EXCEED THE FOLLOWING:

AIR CONTAMINANT LBS/HR
NON-METHANE HYDROCARBONS ~ 1.69
NITROGEN OXIDE 4.79
SULFUR DIOXIDE 1.86
CARBON MONOXIDE 23.5
PARTICULATES 1.58
[RULE 1303 (b)(2)-OFFSET]

A CONTINUOUS EMISSIONS MONITORING SYSTEM (CEMS) SHALL BE INSTALLED AND
OPERATED TO MEASURE THE ENGINE EXHAUST CONCENTRATION FOR NOX AND 02 ON A DRY
BASIS. IN ADDITION, THE SYSTEM SHALL CONVERT THE ACTUAL NOX CONCENTRATION TO A
CORRECTED NOX CONCENTRATION AT 15% O2. THIS MONITORING SYSTEM SHALL COMPLY
WITH THE REQUIREMENTS OF AQMD RULE 218.

[RULE 218]

ALL RECORDS, SUCH AS FUEL USAGE, MAINTENANCE RECORDS AND PERFORMANCE TEST
RESULTS, SHALL BE MAINTAINED FOR FIVE YEARS AND MADE AVAILABLE TO AQMD
PERSONNEL UPON REQUEST.

[RULE 1150.1, 1303 (b)(2)-OFFSET]
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

18, THIS ENGINE SHALL NOT BE OPERATED IN SUCH A MANNER AS TO INTERFERE WITH THE
OWNER'S/OPERATOR'S ABILITY TO COMPLY WITH AQMD RULE 1150.1 OR ANY OTHER AQMD
RULE LIMITING LANDFILL GAS MIGRATION OR SURFACE EMISSIONS.
[RULE 1150.1]

19. THIS EQUIPMENT SHALL BE OPERATED IN COMPLIANCE WITH ALL APPLICABLE
REQUIREMENTS OF 40CFR PART 63, SUBPART ZZZZ - NATIONAL EMISSION STANDARDS FOR
HAZARDOUS AIR POLLUTANTS FOR STATIONARY RECIPROCATING INTERNAL COMBUSTION
ENGINES.

[40CFR PART 63, SUBPART ZZZZ)]

20. THE EXHAUST OXYGEN SHALL BE MAINTAINED IN THE RANGE OF 8% TO 12% AVERAGED
OVER i1-HOUR WHENEVER THE ENGINE IS IN OPERATION, EXCEPT DURING PERIODS OF
STARTUP AND SHUTDOWN.

CONTINUOUS EXHAUST OXYGEN MONITORING AND RECORDING SYSTEM SHALL BE
PURSUANT TO THE OPERATION AND MAINTENANCE REQUIREMENTS SPECIFIED IN 40 CFR
PART 64.7. SUCH A SYSTEM SHALL BE INSPECTED, MAINTAINED, AND CALIBRATED ON AN
QUARTERLY BASIS IN ACCORDANCE WITH THE MANUFACTURER'S SPECIFICATIONS USING
AN AFPLICABLE AQMD OR EPA APPROVED METHOD.

FOR THE PURPOSE OF THIS CONDITION, A DEVIATION SHALL BE DEFINED AS WHEN 1-HOUR
AVERAGE OXYGEN PERCENTAGE OF LESS THAN 8% OR GREATER THAN 12% OCCURS
DURING OPERATION EXCEPT DURING STARTUPS OR SHUTDOWNS. STARTUP OR
SHUTDOWN PERIOD SHALL NOT EXCEED 30 MINUTES. THE OPERATOR SHALL REVIEW THE
RECORDS OF OXYGEN PERCENTAGE ON A DAILY BASIS TO DETERMINE IF A DEVIATION
OCCURED OR SHALL INSTALL AN ALARM SYSTEM TO ALERT THE OPERATOR WHEN A
DEVIATION OCCURS.

FOR EACH SEMI-ANNUAL REPORTING PERIOD SPECIFIED [N CONDITION NO. 23 IN SECTION
K, WHENEVER AN DEVIATION OCCURS FROM THE OXYGEN RANGE, THE OPERATOR SHALL
TAKE IMMEDIATE CORRECTIVE ACTION, AND KEEP RECORDS OF THE DURATION AND
CAUSE (INCLUDING UNKNOWN CAUSE, IF APPLICABLE) OF THE DEVIATION AND THE
CORRECTIVE ACTION TAKEN.

ALL DEVIATIONS SHALL BE REPORTED TO THE AQMD ON A SEMI-ANNUAL BASIS
PURSUANT TO THE REQUIREMENTS SPECIFIED IN 40 CFR PART 64.9 AND CONDITION NOS. 22
AND 23 IN SECTION K OF THIS PERMIT.

THE OPERATOR SHALL SUBMIT AN APPLICATION WITH A QUALITY IMPROVEMENT PLAN
(QIP) IN ACCORDANCE WITH 40 CFR PART 64.8 TO THE AQMD IF AN ACCUMULATION OF
DEVIATIONS EXCEEDS 5 PERCENT DURATION OF THIS EQUIPMENT'S TOTAL OPERATING
TIME FOR ANY SEMI-ANNUAL REPORTING PERIOD SPECIFIED IN CONDITION NO. 23 IN
SECTION K OF THIS PERMIT. THE REQUIRED QIP SHALL BE SUBMITTED TO THE AQMD
WITHIN 50 CALENDAR DAYS AFTER THE DUE DATE FOR THE SEMI-ANNUAL MONITORING
REPORT.

THE OPERATOR SHALL KEEP ADEQUATE RECORDS IN A FORMAT THAT IS ACCEPTABLE TO
THE AQMD TO DEMONSTRATE COMPLIANCE WITH ALL APPLICABLE REQUIREMENTS
SPECIFIED IN THIS CONDITION AND 40 CFR PART 64.9 FOR A MINIMUM OF FIVE YEARS.
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

[40CFR PART 64]

Emissions and Requirements:

2L THIS EQUIPMENT IS SUBJECT TO THE APPLICABLE REQUIREMENTS OF THE FOLLOWING RULES
AND REGULATIONS:

NMOC: 20 PPMV OR 98% WEIGHT REDUCTION, RULE 1150.1, 40CFR63 SUBPART AAAA
NMOC: 196 PPMV@ 15% 02, RULE 1303 (aX1)-BACT (AS METHANE, 1 - HR AVG.)
NMOC: 40 PPMV@ 15% 02 AS METHANE, RULE 1110.2

NOX: 51 PPMV@ 15% 02, RULE 1303 (a)(1)-BACT (1- HR AVG.)

NOX: 54 PPMV@ 15% 02, RULE 1110.2 (ECF = 1.49)

CO0: 351 PPMV@ 15% 02, RULE 1303 (a)(1)-BACT (1 - HR AVG.)

CO: 2000 PPMV@ 15% 02, RULE 1110.2

PM: RULE 404, SEE APPENDIX B FOR EMISSION LIMITS

CH4: 3000 PPMV@ 15% 02, RULE 1150.1
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FACILITY PERMIT TO OPERATE
LA CNTY SANITATION DISTRICT-PUENTE HILLS

PERMIT TO OPERATE

Permit No. G24807
A/N 501722

Equipment Description:

LANDFILL GAS TO ENERGY SYSTEM NO. 2 CONSISTING OF:

1.

INTERNAL COMBUSTION ENGINE NO. 2, CATERPILLAR, MODEL G3616, SIXTEEN CYLINDER, 4261
BHP, LEAN BURN, LANDFILL GAS/NATURAL GAS FIRED, TURBOCHARGED AND AFTERCOOLED
DRIVING A 3 MW ELECTRICAL GENERATOR.

1

COMPRESSOR, 1468 CFM, 300 HP
ANCILLARY RADIATOR AND AFTERCOOLER WITH ELECTRIC FANS

ANCILLARY MUFFLER EXHAUST STACK.

Conditions:

1.

OPERATION OF THIS EQUIPMENT SHALL BE CONDUCTED IN ACCORDANCE WITH ALL DATA
AND SPECIFICATIONS SUBMITTED WITH THE APPLICATION UNDER WHICH THIS PERMIT IS
ISSUED UNLESS OTHERWISE NOTED BELOW.

[RULE 204]

THIS EQUIPMENT SHALL BE PROPERLY MAINTAINED AND KEPT IN GOOD OPERATING
CONDITION AT ALL TIMES,
[RULE 204]

OPERATION OF THIS EQUIPMENT SHALL NOT RESULT IN THE EMISSION OF RAW LANDFILL
GAS TO THE ATMOSPHERE.
[RULE 1150.1]

A SAMPLING PORT SHALL BE INSTALLED IN THE LANDFILL GAS LINE TO THE ENGINE TO
ALLOW THE COLLECTION OF A GAS SAMPLE.
[RULE 431.1]

A FLOW INDICATING AND RECORDING DEVICE SHALL BE INSTALLED IN THE GAS SUPPLY LINE
FOR ALL FUELS TO THE ENGINE.
[RULE 1303 (b)(2)-OFFSET]

THE COMBINED TOTAL LANDFILL GAS FLOW RATE AT PUENTE HILLS LANDFILL SHALL NOT
EXCEED 39,800 SCFM.
[RULE 1303 (b)(2)-OFFSET]
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10.

1L

12.

13.

THE HEAT INPUT OF GAS TO THE ENGINE SHALL NOT EXCEED 34 MM BTU PER HOUR. A
WEEKLY LOG OF THE GAS HEAT INPUT, BASED ON THE RECORDED FLOW RATE (SCFM) AND
HIGHER HEATING VALUE, SHALL BE KEPT FOR AT LEAST TWO YEARS AND MADE AVAILABLE
TO AQMD PERSONNEL UPON REQUEST.

[RULE 1303 (b)(2)-OFFSET]

READINGS OF THE HIGHER HEATING VALUE OF THE GAS AT THE INLET TO THE ENGINE SHALL
BE TAKEN WEEKLY WITH AN AQMD APPROVED INSTRUMENT AND THE RESULTS RECORDED.
[RULE 1303 (b)(2)-OFFSET]

THE ENGINE SHALL ONLY USE LANDFILL GAS OR A COMBINATION OF LANDFILL GAS AND
NATURAL GAS.
[RULE 204]

THE TOTAL NATURAL GAS USAGE SHALL NOT EXCEED 25 PERCENT OF THE TOTAL ENGINE
HEAT INPUT ON AN AVERAGE DAILY BASIS AND 10 PERCENT ON A MONTHLY BASIS.
[RULE 1303 (b)(2)-OFFSET]

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL NOT BE
USED IN THIS ENGINE TO GENERATE ELECTRICITY FOR DISTRIBUTION IN THE STATE GRID
SYSTEM.

[RULE 1303 (b)(2)-OFFSET]

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL ONLY BE
FIRED [N THIS ENGINE TO PROVIDE ELECTRICITY TO THE SANITATION DISTRICTS' OPERATED
FACILITIES AT THE PUENTE HILLS LANDFILL, SAN JOSE CREEK WATER RECLAMATION PLANT
AND THE JOINT ADMINISTRATION OFFICE.

[RULE 1303 (b)2)-OFFSET]

SAMPLING PORTS SHALL BE PROVIDED IN THE ENGINE EXHAUST DUCT, 8-10 DUCT
DIAMETERS DOWNSTREAM AND TWO DUCT DIAMETERS UPSTREAM OF ANY FLOW
DISTURBANCE, AND SHALL CONSIST OF TWO PROPERLY SIZED WELD NIPPLES WITH PLUGS, 90
DEGREES APART. AN EQUIVALENT METHOD FOR EMISSION SAMPLING MAY BE USED UPON
APPROVAL OF THE AQMD. ADEQUATE AND SAFE ACCESS TO THE TEST PORTS SHALL BE
SUPPLIED BY THE APPLICANT.

[RULE 217]
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14.

15.

16.

17.

AFPPLICANT SHALL CONDUCT ANNUAL PERFORMANCE TEST OF THE ENGINE IN ACCORDANCE
WITH AQMD TEST PROCEDURES AND FURNISH THE AQMD A WRITTEN RESULT OF SUCH
PERFORMANCE TEST. WRITTEN NOTICE OF THE PERFORMANCE TEST SHALL BE PROVIDED TO
THE AQMD 10 DAYS PRIOR TO THE TEST SO THAT AN OBSERVER MAY BE PRESENT. A TEST
PROTOCOL SHALL BE SUBMITED FOR APPROVAL AT LEAST 60 DAYS PRIOR TO TESTING.

THE PERFORMANCE TEST SHALL INCLUDE, BUT SHALL NOT BE LIMITED TO A TEST OF THE
INLET AND EXHAUST GASES, FOR THE FOLLOWING:

METHANE

TOTAL NON-METHANE HYDROCARBONS

OXIDES OF NITROGEN (EXHAUST ONLY)

CARBON MONOXIDE (EXHAUST ONLY)

PARTICULATES (EXHAUST ONLY)

TOTAL SULFUR COMPOUNDS AS H2S (INLET ONLY)

FLOW RATE

OXYGEN

NITROGEN

CARBON DIOXIDE

MOISTURE

TEMPERATURE

TOXIC AIR CONTAMINANTS INCLUDING BENZENE, CHLLOROBENZENE,
1,2-DICHLOROETHANE, 1,1-DICHLOROETHANE, DICHLOROMETHANE,
TETRACHLOROETHYLENE, TETRACHLOROMETHANE, TOLUENE,
IILI-TRICHLOROETHANE, TRICHLOROETHYLENE, TRICHLOROMETHANE,
VINYL CHLORIDE AND XYLENES (EXHAUST ONLY).

[RULE 1303 (b)(2)-OFFSET, 1401]

ErFrR—-rmommoows

THE EMISSIONS FROM THE ENGINE SHALL NOT EXCEED THE FOLLOWING:

AIR CONTAMINANT LBS/HR
NON-METHANE HYDROCARBONS 1.69
NITROGEN OXIDE 4.79
SULFUR DIOXIDE 1.86
CARBON MONOXIDE 23.5
PARTICULATES 1.58

[RULE 1303 (b)2)-OFFSET)]

A CONTINUOUS EMISSIONS MONITORING SYSTEM (CEMS) SHALL BE INSTALLED AND
OPERATED TO MEASURE THE ENGINE EXHAUST CONCENTRATION FOR NOX AND 02 ON A DRY
BASIS. IN ADDITION, THE SYSTEM SHALL CONVERT THE ACTUAL NOX CONCENTRATION TO A
CORRECTED NOX CONCENTRATION AT 15% O2. THIS MONITORING SYSTEM SHALL COMPLY
WITH THE REQUIREMENTS OF AQMD RULE 218.

[RULE 218]

ALL RECORDS, SUCH AS FUEL USAGE, MAINTENANCE RECORDS AND PERFORMANCE TEST
RESULTS, SHALL BE MAINTAINED FOR FIVE YEARS AND MADE AVAILABLE TO AQMD
PERSONNEL UPON REQUEST.

[RULE 1150.1, 1303 (b){(2)-OFFSET]
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18.

19.

20,

THIS ENGINE SHALL NOT BE OPERATED IN SUCH A MANNER AS TO INTERFERE WITH THE
OWNER'S/OPERATOR'S ABILITY TO COMPLY WITH AQMD RULE 1150.1 OR ANY OTHER AQMD
RULE LIMITING LANDFILL GAS MIGRATION OR SURFACE EMISSIONS.

[RULE 1150.1]

THIS EQUIPMENT SHALL BE OPERATED IN COMPLIANCE WITH ALL APPLICABLE
REQUIREMENTS OF 40CFR PART 63, SUBPART ZZZZ - NATIONAL EMISSION STANDARDS FOR
HAZARDOUS AIR POLLUTANTS FOR STATIONARY RECIPROCATING INTERNAL COMBUSTION
ENGINES.

[40CFR PART 63, SUBPART ZZZ7]

THE EXHAUST OXYGEN SHALL BE MAINTAINED IN THE RANGE OF 8% TO 12% AVERAGED
OVER 1-HOUR WHENEVER THE ENGINE IS IN OPERATION, EXCEPT DURING PERIODS OF
STARTUP AND SHUTDOWN.

CONTINUOQUS EXHAUST OXYGEN MONITORING AND RECORDING SYSTEM SHALL BE
PURSUANT TO THE OPERATION AND MAINTENANCE REQUIREMENTS SPECIFIED IN 40 CFR
PART 64.7. SUCH A SYSTEM SHALL BE INSPECTED, MAINTAINED, AND CALIBRATED ON AN
QUARTERLY BASIS IN ACCORDANCE WITH THE MANUFACTURER'S SPECIFICATIONS USING
AN APPLICABLE AQMD OR EPA APPROVED METHOD. |

FOR THE PURPOSE OF THIS CONDITION, A DEVIATION SHALL BE DEFINED AS WHEN 1-HOUR
AVERAGE OXYGEN PERCENTAGE OF LESS THAN 8% OR GREATER THAN 12% OCCURS
DURING OPERATION EXCEPT DURING STARTUFPS OR SHUTDOWNS. STARTUF OR
SHUTDOWN PERIOD SHALL NOT EXCEED 30 MINUTES. THE OPERATOR SHALL REVIEW THE
RECORDS OF OXYGEN PERCENTAGE ON A DAILY BASIS TO DETERMINE IF A DEVIATION
OCCURED OR SHALL INSTALL AN ALARM SYSTEM TO ALERT THE OPERATOR WHEN A
DEVIATION OCCURS.

FOR EACH SEMI-ANNUAL REPORTING PERIOD SPECIFIED IN CONDITION NO. 23 IN SECTION
K, WHENEVER AN DEVIATION OCCURS FROM THE OXYGEN RANGE, THE OPERATOR SHALL
TAKE IMMEDIATE CORRECTIVE ACTION, AND KEEP RECORDS OF THE DURATION AND
CAUSE (INCLUDING UNKNOWN CAUSE, IF APPLICABLE) OF THE DEVIATION AND THE
CORRECTIVE ACTION TAKEN.

ALL DEVIATIONS SHALL BE REPORTED TO THE AQMD ON A SEMI-ANNUAL BASIS
PURSUANT TO THE REQUIREMENTS SPECIFIED IN 40 CFR PART 64.9 AND CONDITION NOS. 22
AND 23 IN SECTION K OF THIS PERMIT.

THE OPERATOR SHALL SUBMIT AN APPLICATION WITHA QUALITY IMPROVEMENT PLAN
(QIP) IN ACCORDANCE WITH 40 CFR PART 64.8 TO THE AQMD IF AN ACCUMULATION OF
DEVIATIONS EXCEEDS 5 PERCENT DURATION OF THIS EQUIPMENT'S TOTAL OPERATING
TIME FOR ANY SEMI-ANNUAL REPORTING PERIOD SPECIFYED IN CONDITION NO. 23 IN
SECTION K OF THIS PERMIT. THE REQUIRED QIP SHALL BE SUBMITTED TO THE AQMD
WITHIN 90 CALENDAR DAYS AFTER THE DUE DATE FOR THE SEMI-ANNUAL MONITORING
REPORT.

THE OPERATOR SHALL KEEP ADEQUATE RECORDS IN A FORMAT THAT IS ACCEPTABLE TO
THE AQMD TO DEMONSTRATE COMPLIANCE WITH ALL APPLICABLE REQUIREMENTS
SPECIFIED IN THIS CONDITION AND 40 CFR PART 64.9 FOR A MINIMUM OF FIVE YEARS.
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[40CFR PART 64]

Emissions and Requirements:

21 THIS EQUIPMENT IS SUBJECT TO THE APPLICABLE REQUIREMENTS OF THE FOLLOWING RULES
AND REGULATIONS:

NMOC: 20 PPMV OR 98% WEIGHT REDUCTION, RULE 1150.1, 40CFR63 SUBPART AAAA
NMOC: 196 PPMV(@ 15% 02, RULE 1303 (a)(1)-BACT (AS METHANE, 1 - HR AVG.)
NMOC: 40 PPMV@ 15% 02 AS METHANE, RULE 1110.2

NOX: 51 PPMV@ 15% 02, RULE 1303 (a)(1)-BACT (1- HR AVG.)

NOX: 54 PPMV@ 15% 02, RULE 1110.2 (ECF = 1.49)

CO: 351 PPMV@ 15% 02, RULE 1303 (a)(1)-BACT (] - HR AVG.)

CO: 2000 PPMV@ 15% 02, RULE 1110.2

PM: RULE 404, SEE APPENDIX B FOR EMISSION LIMITS

CH4: 3000 PPMV(@ 15% 02, RULE 1150.1
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PERMIT TO OPERATE

Permit No. G24808
A/N 501723

Equipment Description:

LANDFILL GAS TO ENERGY SYSTEM NO. 3 CONSISTING OF:

IR

INTERNAL COMBUSTION ENGINE NO. 3, CATERPILLAR, MODEL (3616, SIXTEEN CYLINDER, 4261
BHP, LEAN BURN, LANDFILL GAS/NATURAL GAS FIRED, TURBOCHARGED AND AFTERCOOLED,
DRIVING A 3 MW ELECTRICAL GENERATOR.

COMPRESSOR, 1468 CFM, 300 HP

ANCILLARY RADIATOR AND AFTERCOOLER WITH ELECTRIC FANS

ANCILLARY MUFFLER EXHAUST STACK.

Conditions:

1.

OPERATION OF THIS EQUIPMENT SHALL BE CONDUCTED IN ACCORDANCE WITH ALL DATA
AND SPECIFICATIONS SUBMITTED WITH THE APPLICATION UNDER WHICH THIS PERMIT IS
ISSUED UNLESS OTHERWISE NOTED BELOW.

[RULE 204]

THIS EQUIPMENT SHALL BE PROPERLY MAINTAINED AND KEPT IN GOOD OPERATING
CONDITION AT ALL TIMES.
[RULE 204]

OPERATION OF THIS EQUIPMENT SHALL NOT RESULT IN THE EMISSION OF RAW LANDFILL
GAS TO THE ATMOSPHERE.
[RULE 1150.1]

A SAMPLING PORT SHALL BE INSTALLED IN THE LANDFILL GAS LINE TO THE ENGINE TO
ALLOW THE COLLECTION OF A GAS SAMPLE.
[RULE 431.1]

A FLOW INDICATING AND RECORDING DEVICE SHALL BE INSTALLED IN THE GAS SUPPLY LINE
FOR ALL FUELS TO THE ENGINE.
[RULE 1303 (b)(2)-OFFSET]

THE COMBINED TOTAL LANDFILL GAS FLOW RATE AT PUENTE HILLS LANDFILL SHALL NOT
EXCEED 39,800 SCFM.
[RULE 1303 (b)(2)-OFFSET)
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10.

11.

2.

13.

THE HEAT INPUT OF GAS TO THE ENGINE SHALL NOT EXCEED 34 MM BTU PER HOUR. A
WEEKLY LOG OF THE GAS HEAT INPUT, BASED ON THE RECORDED FLOW RATE (SCFM) AND
HIGHER HEATING VALUE, SHALL BE KEPT FOR AT LEAST TWO YEARS AND MADE AVAILABLE
TO AQMD PERSONNEL UPON REQUEST.

[RULE 1303 (b)(2)-OFFSET]

READINGS OF THE HIGHER HEATING VALUE OF THE GAS AT THE INLET TO THE ENGINE SHALL
BE TAKEN WEEKLY WITH AN AQMD APPROVED INSTRUMENT AND THE RESULTS RECORDED.
[RULE 1303 (bY2)-OFFSET]

THE ENGINE SHALL ONLY USE LANDFILL GAS OR A COMBINATION OF LANDFILL GAS AND
NATURAL GAS.
[RULE 204]

THE TOTAL NATURAL GAS USAGE SHALL NOT EXCEED 25 PERCENT OF THE TOTAL ENGINE
HEAT INPUT ON AN AVERAGE DAILY BASIS AND 10 PERCENT ON A MONTHLY BASIS.
[RULE 1303 (b)(2)-OFFSET}

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL NOT BE
USED IN THIS ENGINE TO GENERATE ELECTRICITY FOR DISTRIBUTION IN THE STATE GRID
SYSTEM.

[RULE 1303 (b}2)-OFFSET]

OTHER THAN IN THE ENRICHED PRE-COMBUSTION CHAMBER, NATURAL GAS SHALL ONLY BE
FIRED IN THIS ENGINE TO PROVIDE ELECTRICITY TO THE SANITATION DISTRICTS' OPERATED
FACILITIES AT THE PUENTE HILLS LANDFILL, SAN JOSE CREEK WATER RECLAMATION PLANT
AND THE JOINT ADMINISTRATION OFFICE.

[RULE 1303 (b)(2)-OFFSET]

SAMPLING PORTS SHALL BE PROVIDED IN THE ENGINE EXHAUST DUCT, 8-10 DUCT
DIAMETERS DOWNSTREAM AND TWO DUCT DIAMETERS UPSTREAM OF ANY FLOW
DISTURBANCE, AND SHALL CONSIST OF TWO PROPERLY SIZED WELD NIPPLES WITH PLUGS, 90
DEGREES APART. AN EQUIVALENT METHOD FOR EMISSION SAMPLING MAY BE USED UPON
APPROVAL OF THE AQMD. ADEQUATE AND SAFE ACCESS TO THE TEST PORTS SHALL BE
SUPPLIED BY THE APPLICANT.

[RULE 217}
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14. APPLICANT SHALL CONDUCT ANNUAL PERFORMANCE TEST OF THE ENGINE IN ACCORDANCE
WITH AQMD TEST PROCEDURES AND FURNISH THE AQMD A WRITTEN RESULT OF SUCH
PERFORMANCE TEST. WRITTEN NOTICE OF THE PERFORMANCE TEST SHALL BE PROVIDED TO
THE AQMD 10 DAYS PRIOR TO THE TEST SO THAT AN OBSERVER MAY BE PRESENT. A TEST
PROTOCOL SHALL BE SUBMITED FOR APPROVAL AT LEAST 60 DAYS PRIOR TO TESTING.

THE PERFORMANCE TEST SHALL INCLUDE, BUT SHALL NOT BE LIMITED TO A TEST OF THE
INLET AND EXHAUST GASES, FOR THE FOLLOWING:

METHANE

TOTAL NON-METHANE HYDROCARBONS

OXIDES OF NITROGEN (EXHAUST ONLY)

CARBON MONOXIDE (EXHAUST ONLY)

PARTICULATES (EXHAUST ONLY)

TOTAL SULFUR COMPOUNDS AS H2S (INLET ONLY)

FLOW RATE

OXYGEN

NITROGEN

CARBON DIOXIDE

MOISTURE

TEMPERATURE

TOXIC AIR CONTAMINANTS INCLUDING BENZENE, CHLOROBENZENE,
1,2-DICHLOROETHANE, 1,1-DICHLOROETHANE, DICHLOROMETHANE,
TETRACHLOROETHYLENE, TETRACHLOROMETHANE, TOLUENE,
1,1,1-TRICHLOROETHANE, TRICHLOROETHYLENE, TRICHLOROMETHANE,
VINYL CHLORIDE AND XYLENES (EXHAUST ONLY).

[RULE 1303 (b)2)-OFFSET, 1401]

ZrRSCEOTmOOw R

15. THE EMISSIONS FROM THE ENGINE SHALL NOT EXCEED THE FOLLOWING:

AIR CONTAMINANT LBS/HR
NON-METHANE HYDROCARBONS 1.69
NITROGEN OXIDE 479
SULFUR DIOXIDE 1.86
CARBON MONOXIDE 235
PARTICULATES 1.58

[RULE 1303 (b)(2)-OFFSET]}

16, A CONTINUOUS EMISSIONS MONITORING SYSTEM (CEMS) SHALL BE INSTALLED AND
OPERATED TO MEASURE THE ENGINE EXHAUST CONCENTRATION FOR NOX AND 02 ON A DRY
BASIS. [N ADDITION, THE SYSTEM SHALL CONVERT THE ACTUAL NOX CONCENTRATION TO A
CORRECTED NOX CONCENTRATION AT 15% O2. THIS MONITORING SYSTEM SHALL COMPLY
WITH THE REQUIREMENTS OF AQMD RULE 218,
[RULE 218]

17, ALL RECORDS, SUCH AS FUEL USAGE, MAINTENANCE RECORDS AND PERFORMANCE TEST
RESULTS, SHALL BE MAINTAINED FOR FIVE YEARS AND MADE AVAILABLE TO AQMD
PERSONNEL UPON REQUEST.

[RULE 1150.1, 1303 (b)(2)-OFFSET}
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18.

19.

20.

THIS ENGINE SHALL NOT BE OPERATED IN SUCH A MANNER AS TO INTERFERE WITH THE
OWNER'S/OPERATOR'S ABILITY TO COMPLY WITH AQMD RULE 1150.1 OR ANY OTHER AQMD
RULE LIMITING LANDFILL GAS MIGRATION OR SURFACE EMISSIONS.

(RULE 1150.1]

THIS EQUIPMENT SHALIL BE OPERATED IN COMPLIANCE WITH ALL APPLICABLE
REQUIREMENTS OF 40CFR PART 63, SUBPART ZZZZ — NATIONAL EMISSION STANDARDS FOR
HAZARDOUS AIR POLLUTANTS FOR STATIONARY RECIPROCATING INTERNAL COMBUSTION
ENGINES.

[40CFR PART 63, SUBPART ZZZZ]

THE EXHAUST OXYGEN SHALL BE MAINTAINED IN THE RANGE OF 8% TO 12% AVERAGED
OVER 1-HOUR WHENEVER THE ENGINE IS IN OPERATION, EXCEPT DURING PERIODS OF
STARTUP AND SHUTDOWN.

CONTINUOUS EXHAUST OXYGEN MONITORING AND RECORDING SYSTEM SHALL BE
PURSUANT TO THE OPERATION AND MAINTENANCE REQUIREMENTS SPECIFIED IN 40 CFR
PART 64.7. SUCH A SYSTEM SHALL BE INSPECTED, MAINTAINED, AND CALIBRATED ON AN
QUARTERLY BASIS IN ACCORDANCE WITH THE MANUFACTURER'S SPECIFICATIONS USING
AN APPLICABLE AQMD OR EPA APPROVED METHOD.

FOR THE PURPOSE OF THIS CONDITION, A DEVIATION SHALL BE DEFINED AS WHEN 1-HOUR
AVERAGE OXYGEN PERCENTAGE OF LESS THAN 8% OR GREATER THAN 12% OCCURS
DURING OPERATION EXCEPT DURING STARTUPS OR SHUTDOWNS. STARTUP OR
SHUTDOWN PERIOD SHALL NOT EXCEED 30 MINUTES. THE OPERATOR SHALL REVIEW THE
RECORDS OF OXYGEN PERCENTAGE ON A DAILY BASIS TO DETERMINE IF A DEVIATION
OCCURED OR SHALL INSTALL AN ALARM SYSTEM TO ALERT THE OPERATOR WHEN A
DEVIATION OCCURS.

FOR EACH SEMI-ANNUAL REPORTING PERIOD SPECIFIED IN CONDITION NO. 23 IN SECTION
K, WHENEVER AN DEVIATION OCCURS FROM THE OXYGEN RANGE, THE OPERATOR SHALL
TAKE IMMEDIATE CORRECTIVE ACTION, AND KEEP RECORDS OF THE DURATION AND
CAUSE (INCLUDING UNKNOWN CAUSE, IF APPLICABLE) OF THE DEVIATION AND THE
CORRECTIVE ACTION TAKEN.

ALL DEVIATIONS SHALL BE REPORTED TO THE AQMD ON A SEMI-ANNUAL BASIS
PURSUANT TO THE REQUIREMENTS SPECIFIED IN 40 CFR PART 64.9 AND CONDITION NOS. 22
AND 23 IN SECTION K OF THIS PERMIT.

THE OPERATOR SHALL SUBMIT AN APPLICATION WITH A QUALITY IMPROVEMENT PLAN
(QIP) IN ACCORDANCE WITH 40 CFR PART 64.8 TO THE AQMD IF AN ACCUMULATION OF
DEVIATIONS EXCEEDS 5 PERCENT DURATION OF THIS EQUIPMENT'S TOTAL OPERATING
TIME FOR ANY SEMI-ANNUAL REPORTING PERIOD SPECIFIED IN CONDITION NO. 23 IN
SECTION K OF THIS PERMIT. THE REQUIRED QIP SHALL BE SUBMITTED TO THE AQMD
WITHIN 90 CALENDAR DAYS AFTER THE DUE DATE FOR THE SEMI-ANNUAL MONITORING
REPORT.

THE OPERATOR SHALL KEEP ADEQUATE RECORDS IN A FORMAT THAT IS ACCEPTABLE TO
THE AQMD TO DEMONSTRATE COMPLIANCE WITH ALL APPLICABLE REQUIREMENTS
SPECIFiED IN THIS CONDITION AND 40 CFR PART 64.9 FOR A MINIMUM OF FIVE YEARS.
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[40CFR PART 64]

Emissions and Requirements: ‘

21 THIS EQUIPMENT IS SUBJECT TO THE APPLICABLE REQUIREMENTS OF THE FOLLOWING RULES
AND REGULATIONS:

NMOC: 20 PPMV OR 98% WEIGHT REDUCTION, RULE 1150.1, 40CFR63 SUBPART AAAA
NMOC: 196 PPMV@ 15% 02, RULE 1303 (a)(1)-BACT (AS METHANE, | - HR AVG))
NMOC: 40 PPMV@ 15% 02 AS METHANE, RULE 11102

NOX: 51 PPMV@ 15% 02, RULE 1303 (2)(1)-BACT (1- HR AVG.)

NOX: 54 PPMV@ 15% 02, RULE 1110.2 (ECF = 1.49)

CO: 351 PPMV@ 15% 02, RULE 1303 (2)(})-BACT (1 - HR AVG.)

CO: 2000 PPMV@ 15% 02, RULE 1110.2

PM: RULE 404, SEE APPENDIX B FOR EMISSION LIMITS

CH4: 3000 PPMV@ 15% 02, RULE 1150.1
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Important Safety Information

Mast accidents that involve product operation, maintenance and repair are caused by failure to cbserve
basic safety rules or precautions. An accident can often be avoided by recognizing potentially hazardous
situations before an accident occurs. A person must be alert to potential hazards. This person should also
have the necessary training, skills and tools to perform these functions property.

improper operation, lubrication, maintenance or repair of this product can be dangerous and
could result in injury or death.

Do not operate or perform any lubricatlon, maintenance or repair on this product, until you have
read and understood the operation, lubrication, maintenance and repair information.

Safety precautions and warnings are provided in this manual and on the product. if these hazard warnings
are not heeded, bodily injury or death could occur to you or to other persons.

The hazards are identified by the “Safety Alert Symbol” and followed by a “Signal Word™ such as
“DANGER”, "WARNING" or “CAUTION". The Safety Alert "WARNING" label is shown below.

The meaning of this safety alert symbol is as folfows:
Attention! Become Alert! Your Safety Is Involved.

The message that appears under the warning explains the hazard and can be either written or pictoriaily
presented.

Operations that may cause product damage are identified by “NOTICE" labels on the product and in
this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard.
The warnings in this publication and on the product are, therefore, not all inclusive. if a tool,
procedure, work method or operating technique that is not specifically recommended by Caterpillar
is used, you must satisfy yourseif that it is safe for you and for others. You should also ensure that
the product will not be damaged or be made unsafe by the operation, jubrication, maintenance or
repair procedures that you choose.

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items can change at any time. These changes can

. affect the service that is given to the product. Obtain the complete and most current information before you
start any job. Caterpiliar dealers have the most current information available.

When replacement parts are required for this
product Caterpillar recommends using Caterpil-
lar replacement parts or parts with equivalent
specifications including, but not limited to, phys-
ical dimensions, type, strength and material.

Failure to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.

©2004 ¢
All Right
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Engine Design
SMCS Code: 1000
SIN: 4ZS1-Up
o o Q o] o ©
20 ® 3 z
@ Q { ] =
6 5 ‘ 3 2 1
O L 4
VA A A
A B C
Illustration 1 900283180
Cylinder and valve localion
(A) Inlet valve
(B) Exhaust valve
{C) Gas admission valve
Number and arrangement of cylinders ... In-line 6
Vaives per cylinder
INlEt VAIVES ..o e 2
Exhaust valves ... e eerers e e e et e 2
Gas admission valve ........... ettt e 1
BOME ..o 300 mm (11.8 inch)
StroKe ... 300 mm {11.8 inch)
Dispiacement .........ccocivvicinns 127.2L (7762 cuin)
Compression ratfo ... 8.2:1
Compression ratio ... 11:1
Combustion ... Spark Ignited
Firing order
Standard rotation CCW .................... 1-5-3-6-24

Valve lash

Inlet valve ..........cccccoveeeeees 0.50 mm {0.020 inch) ‘ .
Exhaustvalve .................. 1.27 mm (0.050 inch)
Gas admission valve ........ 0.64 mm (0.025 inch)

When the crankshaft is viewed from the flywheel
end the crankshaft rotates in the following
direction. _.......coceeiceire e, Counterclockwise

Note: The front end of the engine is opposite the
flywheel end of the engine. The left and the right side
of the engine are determined from the flywheel end.
The number 1 cylinder is the front cylinder.

01748180
Engine Design
SMCS Code: 1000
S/IN: BEN1-Up
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fllustration 2 pO0465539
Cylinder and vaive location
(A) Inlet valve
(B) Exhaust valve
{C) Gas admission valve
Number and arangement of cylinders ........ In-line 8
Valves per cylinder
Infet VaIVES ... e 2
Exhaust valves ............coocciimnieenniiec e 2
Gas admission valve ... 1
BOMe oo 300 mm (11.8 inch)
SHroKe oo 300 mm (11.8 inch)

Displacement ..o

Compression ratio

Compression ratic ......c.oveoeeeeeieiiminnnane 11:1




Combustion ........cocceriiiniinen i Spark Ignited

Firing order

Standard rotation CCW .............. 1-6-2-5-8-3-7-4
Valve lash

inlet valve ................cc..ce. 0.50 mm (0.020 inch)

Exhaust valve .................. 1.27 mm (0.050 inch)

Gas admission valve ........ 0.64 mm (0.025 inch)

When the crankshaft is viewed from the flywheel
end the crankshaft rotates in the following
direction. ... Counterclockwise

Note: The front end of the engine is opposite the
flywheel end of the engine. The left and the right side
of the engine are determined from the flywheei end.
The number 1 cylinder is the front cylinder.

021126887
Engine Design
SMCS Code: 1000
SIN: BKE1-Up
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Hustration 3 900471573
Cylinder and valve location
(A} Inlet vaive
(B} Gas admission valve
(C) Exhaust valve
Number and arrangement of
cylinders ... 50 degree Vee 12
Valves per cylinder
Inlet valves ... e, 2
Exhaust valves .............coceveeiei e, 2
Gas admission valve ..o, 1
BOT® ...t e 300 mm (11.8 inch)
SIroke ... 300 mm (11.8 inch)

Displacement ........................ 25451 (15,525 cuin)

Compression ratio ..............c..ccveevevvevinieennns 9.2:1
Compression ratio ............ccccecoeeiiiiicvinneiee e, 11:1
Combustion .............cceeovervinreciccieee Spark ignited
Firing order

Standard rotation

CCW e 1-12-9-4-5-8-11-2-3-10-7-6
Valve lash

Inletvalve ......................... 0.50 mm {0.020 inch)

Exhaust valve ................. 1.27 mm {0.050 inch)

Gas admission valve ........ 0.64 mm (0.025 inch)

When the crankshaft is viewed from the flywheel
end the crankshaft rotates in the following
direction. ......ccoeevievvee e Counterclockwise

Note: The front end of the engine is opposite the
fiywheel end of the engine. The |eft and the right side
of the engine are determined from the flywheel end.
The number 1 cylinder is the front cylinder on the
right side. The number 2 cylinder is the front cylinder
on the lefi side.

02112691
Engine Design
SMCS Code: 1000
SIN: BLB1-Up
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ilustration 4 900472128
Cylinder and valve location
(A} Inlet valve
(B) Gas admission valve
{C) Exhaust valve
Number and arrangement of
cylinders ..., 50 degree Vee 16

Valves per cylinder
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INEE VAIVES ....oeoeeciieiieiivie e eememe e temrsa s aanas 2
EXRaust VaIVES ......ooviiniiiiiariaemee e essn ssaeaaens 2

Gas admission valve ... 1
............................................ 300 mm {11.8 inch)
SHOKE .oooeeeerenine e 300 mm (11.8 inch)
Displacement .............ccceee e 339.3 L (20,700 cu in)
Compression ratio ... 9.2:1
Compression ratio ... 10.5:14
Combustion ... Spark ignited
Firing order

Standard rotation
CCW .... 1-2-5-6-34-9-10-15-16-11-12-13-14-7-8

o
Q
L1 ]

Valve lash
Inlet valve .. _........ccoeeeenn 0.50 mm (0.020 inch)
Exhaustvalve ..........c.c.... 1.27 mm (0.050 inch}
Gas admission valve ........ 0.64 mm (0.025 inch)

When the crankshaft is viewed from the flywheel
end the crankshaft rotates in the following
direction. ..o Counterclockwise

Note: The front end of the engine is opposite the
fiywhee! end of the engine. The left and the right side
of the engine are determined from the flywheel end.
The number 1 cyfinder is the front cylinder on the
right side. The number 2 cylinder is the front cylinder
on the left side.

Electronic Control System

01748215

Electronic Control System
Operation

SMCS Code: 1800

Control System

The following components are included in the control
system:

« An Electronic Control Module (ECM) and an
emergency stop button in an engine mounted
junction box

« Optional remote control panel with a Machine
Information Display System (MIDS)

+ Integrated Combustion Sensing Module ({CSM)
» Gas Shutoff Valve (GSOV)

+ Ignition system that is controfied by the ECM

« Detonation sensor for each two cylinders

« A system for prelube that includes the solenoid
and prelube pump

» Acluators that are hydraulically actuated and
electronically controfled for the fuet, for the air
choke, and for the exhaust bypass (wastegate)

« A system for cranking that includes the solenoid
and starting motor

The ECM controls most of the functions of the
engine. The module is an environmentally sealed
unit that is in an engine mounted junction box. The
ECM monitors various inputs from sensors in order
to activate relays, solenoids, etc at the appropriate
levels. The ECM supports the following five primary
functions: :

« Governing of the engine

Control of ignition

Airffuel ratio control

Start/stop control

Monitoring of engine operation

The ECM does not have a removable personality
module. The software and maps are changed by
using the Caterpillar Electronic Technician (Cat ET)
to fiash program a file.

Governing of the Engine RPM

Desired engine speed is determined by the status

of the idle/rated switch, of the desired speed input
(analog voltage or 4 to 20 mA), and of parameters
that are programmmed into the software. Actual engine
speed is detected via a signal from the engine
speeditiming sensor. Parameters such as idie speed
and governor gain can be programmed with Cat ET.

The ECM monitors the actual engine speed. The
ECM calculates the difference between the actual
engine speed and the desired engine speed. The
ECM controls the fuel actuator in order to maintain
the desired engine speed. The fuel actuator is located
at the flange of the inlet air manifold.

'@

(4q
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engine speed, the ECM commands the fuel actuator
to move toward the open position in order to increase
the fuel flow. The increase of fuel accelerates the

engine speed.

MR @ if the actual engine speed is less than the desired

Control of Ignition

Each cylinder has an ignition transformer. To
initiate combustion, the ECM sends a pulse of
approximately 108 volts to the primary coil of each
ignition transformer at the appropriate time and for
the appropriate duration. The transformer increases
the voltage which creates a spark across the spark
plug electrode.

The ECM provides variabte ignition timing that

is sensitive to detonation. Detonation sensors
monitor the engine for excessive detonation. The
engine has one detonation sensor for each two
adjacent cylinders. The sensors generate data on
vibration that is processed by the ECM in order to
determine detonation levels. If detonation reaches
an unacceptable leve!, the ECM retards the ignition
timing of the affected cylinder or cylinders. If retarding
the timing does not limit detonation to an acceptable
level, the ECM shuts down the engine.

—SiF S AN TN En BN e

"“J@ Levels of detonation can be displayed by the
Machine Information Display System (MIDS) on the
optiona! control panel. Alternatively, the “Cylinder
X Detonation Level" screen of Cat ET can also be
used. The X" represents the cylinder number.

A
P

The ECM provides extensive diagnostics for the
ignition system.

Air/Fuel Ratio Control

The ECM provides control of the air/fuel mixture for
performance and for efficiency at low emission levels.
The system includes the following components;
maps in the ECM, output drivers in the ECM, fuel

| actuator, air choke actuator, exhaust bypass actuator
(wastegate), ICSM, thermocouples, and combustion
sensors. lllustration 5 is a diagram of the system’s
main components and of the system’s lines of
communication.

i
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Air choke
octuator

Combuslion
Sensors

lllustration 5§

The desired air/fuel ratio is based on maps that are
stored in the ECM. The maps are specific for different
applications, for engine speeds, and for engine loads.

The engine load is caiculated from the fuel flow. For
example, zero fue! flow is zero load and fuel fiow of
100 cfm might be 50 percent of the rated load.

Note: The calculated engine load varies. Several
variables affect the calculated engine load, including
timing, settings for emissions, fuel quality, and
specific gravity of the fuel.

The system has five modes of operation for the
airffuel ratio:

= Start-up

No feedback

Exhaust port temperature feedback

Combustion feedback

Prechamber calibration

Error for the inlet manifold air pressure — This
is the absolute difference between the actual inlet
manifold air pressure and the desired inlet manifold
air pressure.

go09 10538

In each of these modes, the air/fuel ratio is controlled
by either the air choke actuator or the wastegate
actuator: only one of the acluators operates at any
time. The active actuator is determined by the ability
to provide the desired inlet manifold air pressure.
Both of the actuators regutate the air flow. The
regulation is based on an error that is calculated for
the inlet manifold air pressure. Both of the actuators
are controlled by a map for the airffuel ratio.

The software is also programmed to correct the

fuel flow according to the temperature of the jacket
water and the engine speed. This occurs when the
coolant temperature is not at the water temperature
regulator's rated temperature. If the temperature is
cooler than the rating, the fuel in the cylinder head is
also cooler and more dense. Because the denser
fued provides an air/fuel mixture that is richer than
the desired mixture, the calculation of the fuel flow
is corrected for the Jower temperature. This tends

to lean the actual airffuel ratio. If the temperature is
warmer than the rating, the fuel in the cylinder head
is less dense. Because the warmer fuel provides a
leaner air/fuel mixture, the calculation of the fue! fiow
is corrected for the higher temperature. This tends
to richen the air/fuel ratio.

Note: When the engine is aperating in combustion
feedback mode, the temperature of the jacket water
anly affects the fuel correction factor.

U
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The relationship ¢of the modes of operation to the
engine load and the transitions between the modes
are represented in lllustration 6. The modes of
operation are explained in more detail below.

100%

Load

~ 407%
Load

“Exhaust port:
temperature::;

Hiustration &

Schematic of the modes of operation, of transitions, and of the engine load

Note: Control of the inlet manifold air pressure is not
determined directly by the engine load. The active
actuator is determined by the ability to provide the
desired intet manifold air pressure.

At loads that are less than approximately 40 percent,
the air/fuel ratio is controlled by the air choke
actuator. The air choke controls the flow of air during
engine start-up. The air choke continues to control
the air flow during the increase in the engine speed
and in load. As the engine speed and load are
increased, the required inlet manifold air pressure
increases. The air choke opens in order to provide
more combustion air. When the air choke becomes
fully open, the air choke cannot further increase the
air fiow. Then, the wastegate becomes active.

500910188

Conversely, the required inlet manifold air pressure is
reduced as the engine speed and load are reduced.
As the requirement for combustion air is reduced, the
wastegate opens. When the wastegate is fully open,
the wastegate cannot regulate a smaller quantity of
combustion air. Then, the air choke becomes active
again.

During start-up, the air choke is maintained at a fixed
position until ten seconds after the engine achieves
the desired speed. This enables a correction of the
excessive error for inlet manifold air pressure. The
starting position for the air choke is setin the Cat ET
configuration screen. The starting position depends
on the number of cylinders. Typically, the starting
position is closed 60 to 80 percent. If the starting
position is set too high, the engine will not get enough
combustion air.
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If the starting position is set too high and the engine
speed does not increase to the desired speed, the
programming in the software opens the air choke in
steps until the engine speed increases. This enables
a steady increase of the engine speed until the
desired speed is achieved.

The maximum position for the air choke can aiso be
set in the Cat ET configuration screen, The maximum
position is set in order to enable a sufficient flow of
air for combustion when the engine is running at no
load. Typically, the maximum position is closed 75
to 85 percent.

Al ten seconds alter the engine reaches the desired
speed, the airffuel ratio is controlled directly by the
map for the air/fue! ratio. No correction factors are
related to any feedback: this is a correction factor
of 100 percent. This mode of operation uses no
feedback.

Normally, the map is calculated in order to provide

a low airffuel ratio for loads up to approximately 40
percent. This provides a mixture that is sufficiently
rich for operation at low temperatures. The air/fuel
ratio will continue to be controlled by the map until
the conditions allow operation in one of the feedback
modes or in the prechamber calibration mode.

A low airffuel ratio is critical for operation after
start-up in order to keep the air choke partially closed.
Otherwise, the air choke may open fully and the
wastegate will control the inlet manifold air pressure.
This results in a period of misfire and of excessive
fuel fiow. Because of the excessive fuel flow, the
calculated engine load is excessive.

Programmable "Desired Engine Exhaust Port
Temp” parameter — This parameter is set in the Cat
ET configuration screen. This is the desired exhaust
port temperature for a load of 25 percent. The control
uses this parameter during operation in the exhaust
port temperature feedback mode.

Progroammable )
"Desired Engine Exhoust Port Temp”

Colculoted
desired exhoust
port temperature
\

: a
3 .
4 :
g :
E

g ]
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_:_ ], i :
0x 10% 0% 25% 30% 40%
Load
liustration 7 §00914203

Graph of the calculated desired exhaust port temperature

The calculated desired exhaust port temperature
varies from the programmable “Desired Engine
Exhaust Port Temp” by 1 °C (1.8 °F) per 1 percent
of engine load. For each 1 percent of engine load
below 25 percent, the calculated desired exhaust
port temperature increases by 1 °C (1.8 °F). For
each 1 percent of engine load above 25 percent,
the calculated desired exhaust port temperature
decreases by 1 °C (1.8 °F).

Control's average exhaust port temperature —
The ICSM continuously calculates the average
exhaust port temperature. If the actual temperature
of any cylinder exhaust port is less than 273 °C
(523 °F), the ICSM substitutes a temperature of
273 °C (523 °F) for that cylinder. This temperature
is substituted for any number of cylinders with an
exhaust port temperature that is less than 273 °C
(523 °F). The temperature is used in the calculation
of the average for all of the monitored cylinders.

i
!
:
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Exhaust port temperature feedback - In this mode
of operation, the air/fuel ratio is controlled in order

to achieve a desired exhaust port temperature.
Each cylinder exhaust port has a thermocouple that
is monitored by an ICSM. The ICSM monitors the
actual exhaust port temperatures for ane bank of
cylinders. The ICSM calculates an average exhaust
port temperature for the bank of cylinders. The ECM
calculates the desired exhaust port temperature

for the toad. The ECM sends the desired exhaust
port temperature to the tCSM. The ICSM calculates
the difference between the average exhaust

port temperature and the desired exhaust port
temperature. The ICSM sends a fuel correction factor
to the ECM. The ECM uses the fuel comrection factor
to control the air choke actuator in order to maintain
the desired exhaust temperature.

After start-up, the exhaust port temperature feedback
mode is activated for the following conditions:

» The.calculated control’'s average exhaust port
temperature exceeds the desired exhaust port
temperature.

» The calculated control's average exhaust port
temperature ceases to increase. The engine load
is less than approximately 40 percent.

« The timer for operation with no feedback expires.

The transition to the exhaust port temperature
feedback mode can also occur for the following
circumstances:

» The airfuel ratio is controlled by combustion
feedback. The engine lcad is reduced to
approximately 40 percent or less than 40 percent.
The transition occurs in a 15 second period.

« The engine operation exits the prechamber
calibration mode. The engine load is approximately
40 percent or less than 40 percent. In this case,
the fuel corection factor begins at 100 percent.
Then, the fuel correction factor is adjusted in order
to achieve the desired exhaust port temperature.

The programmed air/fuel ratio control begins to use a
correction factor in order to modify the airfuel ratio
that is specified in the map for the airffuel ratio. The
correction factor is based on an error for the exhaust

" port temperature,

If the average exhaust temperature is too low, the
ECM commands the air choke actuator to move
toward the closed position in order to richen the
airffuel mixture. Combustion of the richer air/fuel
mixture increases the exhaust port temperatures.

Com!:ustion feedback - In this mode of operation,
_ the plrﬁuel ratio is controlled in order to achieve the
- desired combustion burn time.

When the load reaches approximately 40 percent, the
air/fuel ratio is controfled by the wastegate actuator
which is timmed by the combustion bum time.

Combustion burn time - The combustion bum time
is measured in each cylinder. Each cylinder has a
combustion sensor. The puise of the ignition starts a
timer in the ICSM. The flame travels in the cylinder
from the spark plug fo the combustion sensor. The
ICSM monitors the voltage across the combustion
sensor. When the flame reaches the combustion
sensor, the ionization that surrounds the sensor
changes the voltage. When the ICSM detects the
change of the sensor's voltage, the ICSM stops the
timer. The combustion burn time is 2 method of
measuring the airffuel ratio. A rich airffuel mixture
provides a faster combustion burn time. A lean airffuel
mixiure provides a slower combustion burn time.

Each ICSM calculates an average combustion burn .
time for all of the cylinders in one bank. The ECM

sends a point from the map of the desired combustion

burn time to the ICSM. The tCSM calculates the

difference between the average combustion bum

time and the desired combustion burn time. The

ICSM sends a fuel correction factor to the ECM. The

ECM controls the wastegate actuator in order to

maintain the desired combustion burn time.

A command for the desired inlet manifold air pressure
is sent from the ECM to the wastegate actuator, The
actuator adjusts the intet manifold air pressure in
order o correct the combustion burn time.

If the average desired combustion bum time is too

fast, the ECM commands the wastegate actuator to

move toward the closed position in order to provide

more air for a leaner air/fuel mixture. This provides i
a slower combustion bumn time. If the average .
desired combustion burn time is too slow, the ECM

commands the wastegate actuator to move toward

the open position in order to provide less air for a

richer airfuel mixture. The richer air/fuel mixture

burns faster. This is a continuous process during

operation at loads that are greater than approximately

40 percent.

The combustion feedback mode is activated for
either of the following conditions:

« The air/tuel ratio is in the exhaust port temperature
feedback mode. The engine load exceeds
approximately 40 percent. The average exhaust
port temperature is stable and the desired exhaust
port temperature is established. The transition
occurs in a 15 second period.

* The engine operation exits the prechamber
calibration mode and the engine load is greater
than approximately 40 percent.
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Prechamber calibration mode - This mode can be
activated with Cat ET. This mode can be activated
during operation at any load. The mode is used for
adjustment of the precombustion chambers’ needle
valves in order to achieve the desired exhaust
emissions. In the prechamber calibration mode, the
fuel correction factor is maintained at 100 percent.
After an exit from this mode, the fuel correction factor
is adjusted in order to achieve the desired air/fuel
ratio.

Start/Stop Control

The ECM contains the logic and the outputs for control
of engine prelubrication, of starting, of shutdown,
and of postiube. The customer programmable logic
responds to signals from the following components:
engine control switch, emergency stop swilch, remote
start switch, data link, and other inputs.

To control the engine at the appropriate times, the
ECM provides +Battery voltage to the solenoids that
control the pretube pump, the starting motor, and the
gas shutoff valve.

When the programmable logic determines that

the prelubrication function is necessary, the ECM
supplies +Battery voltage to the solenoid for the
prelube pump. The prelubrication must deveiop
sufficient engine oil pressure before the engine will
crank. The engine has a pressure switch for the
prelube. When the engine oil pressure is sufficient,
the pressure switch closes and the engine can be
cranked.

When the programmable logic determines that it is
necessary to crank the engine, the ECM supplies
+Battery voltage to the solencid for the slarting
motor. Rotation of the crankshaft also operates the
pump for the electrohydraulic actuators. The pump
develops hydraulic oil pressure for operation of
the fuel actuator, the air choke actuator, and the
wastegate actuator.

The engine has an energize-to-run type of Gas
Shutoff Valve (GSOV). When the programmable logic
determines that fuel is required to start the engine or
to run the engine, the ECM supplies +Battery voltage
to the vaive’s solenoid.

At one second after the GSOV is energized, the
pressure differential between the fuel and the air is
monitored. This parameter is monitored in order to
ensure that no fuel is entering the fuel manifold before
the ECM issues a command to the fuel actuator. If the
differential pressure for fuel to air is less than 0.5 kPa
(0.073 psi), the ECM supplies +Battery voltage to the
fuel actuator’'s salenoid.

The ECM controls the fuel actuator by adjusting the
current fiow through the actuator’s solenoid. During
start-up, the combustion chambers are usually filed
with excessive combustion air. The ECM operates
the fuel actuator in order to supply sufficient fuel for a
combustible airffuel mixture.

The ECM removes the voltage from the starting
motor's solenoid when the programmable crank
terminate speed is reached or when a programmable
cycle crank time has expired. The starter motor pinion
disengages from the fiywheel ring gear.

When the programmable logic determines that an
engine shutdown is necessary, the ECM removes
+Battery voltage from the solenoids for the fuel
actuator and for the GSOV. The fuel is shut off.

The prelube system is programmed to perform a
postiube cycle during engine shutdown. This supplies
the turbocharger with adequate lubrication during
shutdown.

Engine Monitoring and Protection

The ECM monitors hoth the engine operation and the
electronic system.

Problems with engine operation cause the ECM &
to generate an event code. The ECM can issue a
waming or a shutdown for events. This depends on

the severity of the condition.

For example, a high pressure pump provides
hydraulic pressure with oil for the electrohydraulic
system. The oil supply is separate from the engine
oil. The high pressure oil supply is monitored by

a pressure switch. if the pressure drops below an
acceptable level, the ECM generales an event code
and the ECM shuts down the engine.

For more information on monitoring of the engine,
refer to Systems Operation, “Electronic Control
System Parameters”.

The ICSM monitors the combustion sensors and
the thermocouples for the cylinders and for the
turbocharger. The ICSM sends signals regarding the
parameters to the ECM over the CAT Data Link. if
any parameter exceeds the acceptable range, the
ECM can initiate a warning or a shutdown,

Problems with the electronic system such as an
open circuit produce a diagnostic code. For more
information, refer to the engine's Troubleshooting
manual.
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Optional Control Panel

hY N \
4 5 6 7 8 9
{llustration 8 §00824832
Conirol panel
(1) Display for the MIDS
(2) Keypad for the MIDS

{3) *EMERGENCY STOP" button

(4) “ENGINE ON" indicator

(5) “ACTIVE ALARM" indicator

{8} "ENGINE FAILURE" indicator

(7) "MANUAL PRELUBE" switch and “PRELUBE ACTIVE"
indicator

(8) Engine control switch

(9) "DESIRED SPEED’ potentiometer

The features of the control panel are described below.

MIDS

The MIDS is a device which enables the operator
to monitor engine operation. The MIDS receives
information from the ECM. The device cannot be
used for programming. A screen display and a
keypad provide the interface for the operator.

The keypad is protected in a sealed membrane.
When you press a key, press firmly. When a key is
pressed sufficiently, a smali red indicator in the upper
left corner of the keypad will flash once.

When the control panel is powered up, the screen
becomes active. To view the options for the display,
press the “?” key. Table 1 lists the menu.

Table 1

Menu
{1 Status Information
{2) Detcnation L.evels
3) tgnition Timing
4) Filtered Bum Times
(5) Unfiltered Bum Times
(6) Exhaust Temperaturas
7 Turbo Temperatures
(8) Events and Diagnostics
(9 Disptay Setup

To select an option, press the number on the keypad
that corresponds to the selection. To exit the option,
press the “?" key or any of the numbered keys. It

is not necessary to return to the menu in order to
select a different option. When you press a different
numbered key, the corresponding option is displayed.

For more information on the MIDS, refer to the
engine’'s Operation and Maintenance Manual,
“Control Panel’.

“EMERGENCY STOP” Button

. NOTICE
Only use the “Emergency Stop” button in order to stop
the engine in an emergency situation. Do not use the
*Emergency Stop” button for normal engine stopping.

To prevent damage to the engine, use the mode con-
trol switch or use the remote start/stop initiate contact
for normal engine stopping.

The fuel and the ignition are immediately shut off
when the “EMERGENCY STOP” button is pressed.
No postlube cycle occurs.

The “EMERGENCY STOP" button and the engine
control switch must be reset before the engine will
start. To reset the "EMERGENCY STOP" button, turn
the button clockwise. To reset the engine control
switch, turn the switch to the OFF/RESET position.

Note: More than one "EMERGENCY STOP" button
may be available for use.

Indicators

The remote panel has three indicators for the status
of the engine operation.

lliumination of the green "ENGINE ON" indicator
indicates normal operation.
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The yellow “ACTIVE ALARM” indicator illuminates if
the control system initiates a warning for an event
or a diagnostic condition.

The red “ENGINE FAILURE" indicator illuminates if
the control system shuts down the engine due to
an event or a diagnostic condition. The “ENGINE
FAILURE" indicator also illuminates if an emergency
stop is performed.

“MANUAL PRELUBE” Switch and
“PRELUBE ACTIVE" Indicator

All G3600 Engines reguire lubrication prior to
start-up. The ECM will not permit the engine to start
until sufficient prelube pressure has been achieved.

Lubrication of the engine is required prior to rotation
of the crankshafl. This includes crankshaft rotation in
order to service the engine. Rotating the crankshaft
before prelube may cause damage to the crankshatt
bearings if the surfaces of the bearings are dry.

The “MANUAL PRELUBE" swilch enables the
operator to prelube the engine by pressing the switch.

A lamp behind the switch illuminates when the
prelube is active. This is the “PRELUBE ACTIVE"
indicator. !f the engine control switch is in the "AUTO"
position and the remote start/stop initiate contact
closes, the prelube system wift operate and the iamp
will iluminate. The tamp will also iluminate during
the postiube.

Note: The ECM is programmed {o provide engine
lubrication after the engine is shut off. The typical
duration of the postiube is 180 seconds.

Engine Control Switch

The engine contral switch has four positions: "AUTO",
“START", “STOP", and "OFF/RESET"

“AUTO" - When the engine control switch is in
the “AUTO" position (12 o’clock), the system is
configured for remote operation. When the remote
start/stop initiate contact closes, the prelube system
will operate. When the prelube pressure is sufficient,
the engine will start. When the remote start/stop
initiate contact opens, the engine will shut off. If the
cool down cycle is programmed, the engine wilt
operate for the coot down period before the engine
stops. The coo! down cycle can be programmed for
a 0 to 30 minute period.

“START" - Wnen the engine control switch is turned
to the “START" position (3 o'clock), the prelube
system will operate. When the prelube pressure

is sufficient, the engine will start. The engine will
operate until the ECM receives a shutdown signal.

2
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The following conditions cause a shutdown signal:

« The remote start/stop initiate contact opens when ‘
the engine control switch is in the “AUTO” position.  +

« The engine controi switch is turned to the “STOP"
position.

« The engine control swilch is tumed to the
“OFF/RESET position.

« The “EMERGENCY STOP" button is pressed.

« An undesirable operating condition is sensed and
an engine shutdown is initiated by the ECM.

“STOP" — When the engine control swilch is turned :
to the “STOP" position (6 o'clock), the engine will
shut off. If the cool down cycle is programmed, the
engine will operate for the cool down period before

the engine stops. When the engine is coasting to a

stop, a postlube cycle will operate. The power to the
control panel is maintained when the engine control :
switch is in the *STOP” position. The “STOP” position ¢
can be used to troubleshoot some problems without ‘
starting the engine. :

“OFF/RESET” - When the engine control switch is ¥
tumed to the “OFF/RESET" position (9 o'clock), the
engine is immediately shut off and the diagnostic
lights are reset. Power is removed from the control
panel and from the actuators after the engine
completes the postlube cycle.

“pDESIRED SPEED"” Potentiometer

The “DESIRED SPEED" potentiometer allows the
operator to adjust the desired engine speed. This is
achieved by providing a O to 5 volt input to the ECM.

01863887

Electronic Control System
Parameters

SMCS Code: 1901

Configuration Parameters

Certain parameters are unigue for each engine
application. Tabie 4 is a list of the parameters that
can be configured for G3600 Engines. Fhe values of
the parameters can be viewed on the “Configuration”
screen of the Caterpiliar Electronic Technician (Cat f

ET).
o




A 11 T A e

] <‘.‘Mm,q
H

15
Systems Operation Section

Table 2
Configuration Parameters for G3800 Engines

Air/Fue! Ratio Control

“Fuel Quality”
*(Gas Specific Gravity®
“Desired Engine Exhaust Port Temp®

*Maximum Choke Position”
‘ "Engine Start Choke Position”

'| "Wastegate (Proportional) Gain Percentage”

*Wastegate (Integral) Stability Percentage”

“Wastegate (Derivative) Compensation Percentage”

[ *Choke (Proportional) Gain Percentage’

-] *Choke (Integraf) Stability Percentage”

' :Choke {Derivative)} Compensation Percentage’
Rl Speed Controt

"Low Idie Speed”

*Minimum Engine High Idle Speed”

*Maximum Engine High Idie Speed"

*Engine Accel. Rate”

"Desired Speed Input Configuration™
Govemor Type Setiing”

"Engine Speed Droop”

Govemor (Proportional) Gain Percentage”

1 iGoverncr (Integral) Stability Percentage”
*Govemor (Derivative) Compensation Percentage”

{:"Govamor Auxiliary 1 (Proportional) Gain Percentage”
,"Governor Auxiliary 1 (Integral) Stability Percentage”

#Govemor Auxiliary 1 (Derivative} Compensation
Percentage”

Start/Stop Control
ven Equipment Delay Time"

nk Terminate Speed”

jne Purge Cycle Time"

ne Cooldown Duration®

yole Crank Time®

ine Overcrank Time*

pne Speed Drop Time"

8 Pre-lube Time Out Period®

=

Monitoring and Protection
Iniet Air Temp Engine Load Set Point®
' far the Electronic Control Module (ECM)

(continued)

(Table 2, contd)
Configuration Parameters for G3600 Engines

‘Engine Serial Number”

“Equipment (D"

“Customer Password #1°

‘Customer Password #2°
“Total Tattletale”

Governing of the Air/Fuel Ratio
Control and of the Engine Speed

Gain, stability, and compensation can be adjusted
for the following functions:

« Primary governor

+ Auxiliary governor

= Air choke

« Exhaust bypass (wastegate}

Gain determines the speed of the control's response
in adjusting for the difference hetween the desired
condition and the actual condition. Increasing the gain
provides a faster response to the difference between
the desired condition and the actual condition.

Stability confrols the speed for elimination of the
error in the difference between the desired condition
and the actual condition. The stability dampens the
response to the error. Increasing the stability provides
less damping.

Compensation is used 10 adjust for the time delay
between the control signal and the movement of the
acluator. If the compensation is too low, the engine
speed will slowly hunt. If the compensation is too
high, the engine speed will rapidly fluctuate,

liustration 9 shows some typical curves for transient
responses.
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IHustration 9 goos06254
(Y) Engine speed

{X) Time

(%) The gain is too high and the stability is too low. There is a large
overshoot on stani-up and lhere are secondary overshoots
on transient loads.

(2) The pain is slightly high and the stability is slightly low. There
is a skight overshoot on start-up but the response to transient
loads is optimum.

(3) The gain Is stightly low and the stability is slightly high. There
is optimum performance on starl-up but slow fesponse for
transient loads.

(4) The gain Is too low and the stability is too high. The response
far transient ioads is too slow.

(5) The response to transient loads is adjusted for optimum
performance.

Hiustration 10 is a graphic representation of adjusting
the compensation.

[ 1 [\ -

0.2 0.4

Mustration 10 go0B06274

The increased width of the fine for the actuator voliage indicates
that the linkage is more active as the compensalion increases.

(Y} Actuator voitage
{X) Time in seconds

The default values should be sufficient for initial
start-up. However, the values may not provide
optimum performance.

If you have a problem with instability, always
investigate other causes before you adjust the
settings. For example, diagnostic codes and unstable
gas pressure can cause instability.

To change the gain, stability, or compensation, use
the “Graph” feature on the “Govemor Gain” screen
of Cat ET. The graph provides the best method for
observing the effects of the adjustment.

After you make adjustments, always test the stability
by interrupting the engine speed. Use the *Bump’
feature on Cat ET. Operate the engine through the
entire range of speeds and of loads in order to ensure
stability.

Air/Fuel Ratio Control
“Fuel Quality”

This parameter is programmed to the Lower Heating
Value (LHV) of the primary fuel. The fuel ratio control
of the ECM will compensate for some inaccuracy in
this setting. The ECM assumes a corrected value that
is equal to the customer programmed “Fuel Energy
Content” that is multiplied by the “Fuel Correction
Factor”. This factor is displayed on the Cat ET screen.
An event code is generated if the “Fuel Correction
Factor” exceeds a limit that is programmed at the
factory. The event code will indicate the need to
reprogram this value. Obtain a gas analysis in order
for this parameter to be accurately programmed.

“Gas Specific Gravity”

The ECM requires an input for the “Gas Specific
Gravity” in order to precisely meter the airffuel ratio.
Obtain a gas analysis in order to determine the
specific gravity of the fuel.

“Desired Engine Exhaust Port Temp”

This parameter is programmed to the desired exhaust
port temperature at a load of 25 percent. The ECM
uses this temperature to trim the air choke during
operation in the exhaust port temperature feedback
mode.

smMaximum Choke Position”

This is the maximum position for the air choke. The
maximum position is set in order to enable a sufficient
fiow of air for combustion when the engine is running
at no load. Usually, this position is closed 75 to 85
percent.
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“Engine Start Choke Position”

This is the position for the air choke at start-up. At
start-up, this position is maintained until ten seconds
after the engine achieves the desired speed. The air
choke is held in this position in order to ensure that
the inlet manifold air pressure is not excessive. This
position depends on the number of cylinders. Usuaily,
this position is closed 60 to 80 percent.

5

5

1
.
h

“Wastegate (Proportional) Gain
Percentage”

This parameter determines the speed of the control's
response in adjusting the wastegate in order to
" achieve the desired intet manifold air pressure.

“Wastegate ({Integral) Stability
Percentage”

This parameter controls the speed for elimination
_ of the error in the difference hetween the desired
position of the wastegate and the actual position.
The stability dampens the response to the error.
- Increasing the stability provides less damping.

“Wastegate (Derivative) Compensation
- Percentage”

. This parameter is used to adjust for the time delay
between the contrel signal and the movement of
‘the wastegate actuator. If the compensation is too
low, the wastegate actuator will slowly hunt. If the
compensation is too high, the wastegate actuator will
- rapidly fluctuate.

“Choke (Proportional) Gain Percentage”

TI-1:is parameter determines the speed of the control's
response in adjusting the air choke in order 1o
achieve the desired inlet manifold air pressure.

'Cﬁoke (Integral) Stability Percentage”

This parameter controls the speed for elimination of
the error in the difference between the desired intet
manifold air pressure and the aciual inlet manifold air
pressure. The stability dampens the response to the
&Tor. Increasing the stability provides less damping.

v

“Qhoke {Derivative) Compensation

parameter is used to adjust for the time delay
ween the control signal and the movement of
air choke actuator. If the compensation is too
the air choke actuator will slowly hunt, If the

vmpensation is too high, the air choke actuator wiit
idly fluctuate

Speed Control
“Low ldle Speed”

Program this parameter to the desired low idle rpm.
The low idle rpm can be programmed from 500 to
700 rpm.

“Minimum Engine High Idle Speed”

Program this parameter to the desired minimum high
idie rpm. The actual high idie speed is regulated by
the desired speed input. The regulation is linear in
proportion to the input. An input of 0 percent results
in the minimum high idle rpm and an input of 100
percent results in the maximum high idle rom. This
parameter can be programmed from 700 to 1000
rpm.

“Maximum Engine High Idle Speed”

Program this parameter to the desired maximum high
idle rpm. The actual high idle speed is reguiated by
the desired speed input. The regulation is linear in
proportion to the input. An input of 0 percent results
in the minimum high idie rpm and an input of 100
percent results in the maximum high idle rpm. This
parameter can be programmed from 700 to 1000
rpm.

“Engine Accel. Rate”

This parameter controls the rate for engine response
to a change in the desired engine speed. For
example, the engine can he programmed to
accelerate at a rate of 50 rpm per second when the

“ldle/Rated” switch is turned to the “Rated" position.

Speed Selection

The desired speed operates at low idle speed or high
idie speed. The speed is selected by the position of
the idle/rated switch and by the status of the engine
oii pressure. If the switch is in the idle position, the
ECM will always select the low idie speed. If the
engine oil pressure is less than the trip point for

the low oil pressure warning, the ECM will always
select low idle speed regardless of the position of the
idle/rated switch. i the engine oil pressure is greater
than the trip point for the low oil pressure waming
and the switch is in the rated position, the ECM will
select the high idle speed.

“Desired Speed Input Configuration”

This parameter determines the signal input to the
ECM for control of the desired speed. The signal can
be either 0 to 5 VDC or 4 to 20 mA,
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Note: The ECM is not configured to accept a pulse
width modulated signal for input of the desired engine
speed. If you try to select a Pulse Width Modulated
input (PVWM), the ECM will reject the selection. An
eror wiil be generated.

“Governor Type Setting”

The *“Governor Type Setting” parameter can be set
to “Droop Operation” or to “Isachronous Mode®. This
setting is dependent upon the application of the
engine.

Engine Speed Droop

This programmable parameter enables the precise
control of the droop for applications such as

load sharing units. The “Governor Type Setting”
parameter must be set to “Droop”. The droop can be
programmed to a value between 0 and 10 percent.

“Governor (Proportional) Gain
Percentage”

This parameter is based on a proportional multiplier.
This parameter changes the reaction of the governor
when the “Grid Status” parameter is “OFF". If this
gain is adjusted and the "Grid Status” is “ON’, the
stability is not affected. If changing this gain causes
no effect, check the "Grid Status” in order to make
sure that the status is “OFF".

“Governor (integral) Stability
Percentage”

This parameter is based on an integral multiplier.
This parameter changes the reaction of the governor
when the "Grid Status” parameter is “OFF". If this
gain is adjusted and the “Grid Status” is “ON", the
stability is not affected. If changing the compensation
causes no effect, check the “Grid Status” in order to
make sure that the status is “OFF".

“Governor (Derivative) Compensation
Percentage”

This parameter is based on a derivative muitiplier
when the “Grid Status’ parameter is “Off". If the gain
is changed and the “Grid Status” is "On”, the stability
of the engine will not change. If changing the stability
causes no effect, check the “Grid Status” in order to
make sure that the status is “OFF".

“Governor Auxiliary 1 (Proportionél) Gain
Percentage”

This parameter is based on a proportional multiplier
when the engine’s “Grid Status” parameter is “On’".
If the gain is changed and the “Grid Status” is “Off",
the stability of the engine will not change. if changing
this gain causes no effect, check the “Grid Status” in
order to make sure that the status is “ON".

“Governor Auxiliary 1 (Integral) Stability -

Percentage”

This parameter is based on an integral multiplier
when the engine’s “Grid Status” parameter is "On".
If the gain is changed and the “Grid Status” is "Off",
the stability of the engine will not change. If changing
this gain causes no effect, check the “Grid Status” in
order to make sure that the status is “ON".

“Governor Auxiliary 1 (Derivative)
Compensation Percentage”

This parameter is based on a derivative multiplier
when the engine’s “Grid Status” parameter is “On".
If the gain is changed and the “Grid Status” is “Off’,
the stability of the engine will not change. If changing
this gain causes no effect, check the “Grid Status” in
order to make sure that the status is "ON".

Start/Stop Control Parameters

“Driven Equipment Delay Time”

The ECM provides a switch input for the driven
equipment in order to delay engine start-up until

the equipment is ready. The ECM will not attempt

to start the engine until the switch closes to ground
and the prelubrication is complete. An event code

is generated if the programmed time for the driven
equipment elapses without the closure of the switch.
The delay time for the switch must be programmed to
0 in order to disable this feature.

“Crank Terminate Speed”

The ECM disengages the starting motor when the
engine speed exceeds the programmed “Crank
Terminate Speed”. The default value of 250 rpm
should be sufficient for all applications.

“Engine Purge Cycle Time”

The “Engine Purge Cycle Time” is the duration for
cranking without fuel befere the crank cycle begins.
The ignition is disabled during this time. The “Engine
Purge Cycle Time" allows any unburned fuel to exit
through the exhaust before you crank the engine.

et
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. “Engine Cooldown Duration”

when the ECM receives a “Stop” request, the engine
will continue to run in the “Cooldown Mode” for
the programmed cocldown period. The “Cooldown
Mode” is exited early if a request for an emergency
_. stopis received by the ECM. If the “Engine Cooldown
" Duration” is programmed to zero, the engine will

- jmmediately shut down when the ECM receives a
. *Stop” request.

§ . “Cycle Crank Time”

.- The "Cycle Crank Time" is the amount of time for

. activation of the starting motor and the gas shutoff
. valve for start-up. If the engine does not starl within
“ the specified time, the attempt to start is suspended
. for a “Rest Cycte” that is equal to the “Cycle Crank

- Time”.

' “Engine Overcrank Time”

.The *Engine Overcrank Time” is the duration for

. attempting engine start-up. An event is generated if
ithe engine does not start within this period of time.

";‘AExample Setting

“Yable 3

Examples of the Settings for Start-up
Parameter Time
“Purge Cycle Time" 10 seconds
‘Cycle Crank Time" 30 seconds
“‘Overcrank Time” 45 seconds

~ The following sequence will occur if the parameters
- are programmed according to the example in Table 3;

1 . The fuel and the ignition are OFF. The engine will
- :+ crank for 10 seconds in order to purge gas fram

“ " the engine via the exhaust system.

.2, The fuel and the ignition are enabled. The engine
will continue to crank for a maximum of 30
seconds.

3. K the engine does not start, the ignition, the fuel,
- and the starting motor are disabled for a 30
;- second "Rest Cycie”.

. With this example, a complete cycle is 70 seconds:

.8 purge cycle of 10 seconds, a cycle crank of 30
'seconds, and a rest cycle of 30 seconds. A maximum

- Of one crank cycle is recommended. The “Overcrank
Time" of 45 seconds allows one crank cycle.

“Engine Speed Drop Time”

After the cooldown period has elapsed, the ECM
shuts off the gas shutoff valve. The ignition continues
until the engine speed drops below 40 rpm. If the
engine rpm does not drop at least 100 rpm within
the programmed drop time, the ECM terminates the
ignition and the ECM issues an emergency stop.

“Engine Pre-Lube Time Out Period”

The ECM energizes the prelube pump’s solenoid
prior to cranking the engine. The ECM uses a
switch input to monitor the engine for acceptable
prelube pressure. ARter the prelube is completed,
the prelube's pressure switch closes. If the ECM
does not detect closure of the switch within the
programmabie "Engine Pre-Lube Time Out Period”,
the ECM monitors the engine il pressure sensor. If
the engine oil pressure is insufficient, an event code
is activated and the starling sequence is terminated.
The range for the “Engine Pre-Lube Time Qut Period’
is 30 to 300 seconds.

“Monitoring and Protection”

“High Inlet Air Temp Engine Load
Setpoint”

The programmable setpoint is a value that separates
low engine load from high engine load for events
that are activated by high inlet air temperature. An
“Engine Load Factor” can be displayed on a Cat

ET status screen. If the load factor is less than

the setpoint and the inlet air temperature reaches
the ftrip point, a "High tnlet Air Temperature at Low
Engine Load” event is activated. If the load factor is
greater than the setpoint and the inlet air temperature
reaches the trip point, a “High Inlet Air Temperature
at High Engine Load" event is activated.

Information for the ECM

“Engine Serial Number"
The engine serial number is programmed into the

ECM at the factory. The number is stamped on the
engine Information Plate.

“Equipment ID”

The customer can assign an “Equipment ID" for the
purpose of identification.

Customer Passwords

Two cuslomer passwords can be entered. The
passwords are used to protect certain configuration
parameters from unauthorized changes.
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Note: Factory level security passwords are required
for clearing certain logged events and for changing
certain programmable parameters. Because of the
passwords, only authorized personnel can make
changes to some of the programmable items in the
ECM. When the correct passwords are entered, the
changes are programmed into the ECM.

“Total Tattletale”

This item displays the number of changes that have
been made to the configuration parameters.

Default Settings of the
Configuration Parameters
Table 4 is a list of the defauli settings for most of the

configuration parameters. The values may reguire
adjustment for the particular installation.

Table 4
Default Settings of Configuration Parameters for G3600 Engines
Parameter Engine
G606 G3608 G3612 G3616
AiriFuel Ratio Control
‘Fuel Quality” 36.00 MJ per cubic normal meter
*Gas Specific Gravity” 0.800
“‘Desired Engine Exhaust Port Temp® 540 °C 535 °C 540 °C 535 °C
“Maximum Choke Position® 75 % 70 % 84 % 85 %
“Engine Start Choke Position” 66 % 60 % 76 % 77 %
“Wastegate (Proportional} Gain Percentage” 977 %
“Wastegate (Integral) Stability Percentage’
“Wastegate (Derivative) Compensation
Percentage’
*Choke (Proportional) Gain Percentage®
“Choke (Integral) Stability Percentage”
“Choke (Derivative) Compensation Percentage”
Speed Control
“Low idie Speed” 550 rpm
“Minimum Engine High Idie Speed’ 700.0 mm
“Maximum Engine High Idle Speed” 1000.0 rpm
“Engine Accel. Rate’ 100 rpm per second
"Desired Speed input Configuration” 0to 5 VDC
“Governor Type Setting” isachroncus
*Engine Speed Droop’ 0.0
{continued}

S U P S
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L* (Table 4, contd)

Defauit Settings of Configuration Parameters for G3600 Engines

Parameter Engine
Gagos | G2 G3616

Eemor {Proportional} Gain Percentage” 100.0 %
_'—G_ovemor (Integral) Stability Percentage’

*Governor (Derivative) Compensation

Percentage”

sGovemor Auxiliary 1 {Proportional} Gain

Percentage’

*Governor Auxiliary 1 {integral) Stability

Percentage’

*Governor Auxiliary 1 (Derivative) Compensation

Percentage”

Start/Stop Control

*Driven Equipment Delay Time® 40.0 seconds

*Crank Terminate Speed” 250 rpm

*Engine Purge Cycle Time" 0 seconds

“Engine Cooldown Duration” 0 minutes

“Cycle Crank Tirme” 30 secands

*Engine Overcrank Time® 40 seconds

“Engine Speed Drop Time" 15.000 seconds

*Engine Pre-lube Time Out Period”

30.000 seconds

Monitoring and Protection

“High Infet Air Temp Engine Load Set Point”

50%

01829188

Engine Sensors
(In-Line)

SMCS Code: 1559; 1912; 1917
S/N: BEN1-Up

SIN: 4Z51-Up

Sensors provide information to the engine control
module and to the integrated combustion sensing
module. The information is used for monitoring
engine operation. The information enables the
modules to control the engine as efficiently as

possible over a wide range of operating conditions.

The chations of the sensors are described in the
following illustrations.
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Hlustration 11 gooses272

Front view

{1) Sensor for the lemperature of the jackel water
{2) Sensor for the oullet pressure of the jacket water
{3) Unfiltered engine oil pressure sensor

{4) Engine oil temperature sensor

{5) Fillered engine oil pressure sensof
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lllustration 12 gooBges31e
Rear view

(6) Inlet air restriction’s swich
(7) Airffuel pressure module
(8} Engine speedftiming sensor

Note: There is one detonation sensor between each
pair or cylinders.

Note: The switches for connector {14) can be
supplied by the customer or by the factory.
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Hiustration 13 900895279
Right side view
(9) Detonation sensor (12) Pressure switch for the inlet of the {14) Connector for the switches for low
(10) Fuel temperature sensor jacket water engine oii level and for low coolant level

{11) Crankcase pressure sensor (13) Pressure switch for the prelube

15 16

Hlustration 14
Left side view

{15) Inlet manifoid air temperature’s sensor
. {18} Pressure switch for the electrohydraulic
actuators

go0895328




_—ﬁ

24
Systems Operation Section

7

18

N

5 I

I

liustration 15 900895336

Left side rear view

(17} Temperature sensor for the exhaust after the turbocharger
{18} Temperaiure sensor for the exhaust before the turbocharger
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lilusiration 16 00895356

Right side front view

(19) Temperalure sensor for the cylinder exhaust port
(20) Combustion sensor

Note: For each cylinder, there is one temperature
sensor for the exhaust port {19) and one combustion
sensor (20).

01829245

Engine Sensors
(Vee)

SMCS Code: 1559; 1912; 1917
SIN: BLB1-Up
SIN: BKE1-Up

Sensors provide information to the engine control
module and the integrated combustion sensing
modules. The information is used for monitoring
engine operation. The information enables the
modules to control the engine as efficiently as
possible over a wide range of operating conditions.
The locations of the sensors are described in the
following illustrations.

INustration 17 900803846

front view

(1) Sensor for the outlet pressure of the jacket water
(2) Sensor for the temperature of the jacket water
(3) Unfillered engine oil pressure sensor

{4) Engine oil temperature sensor

{5) Filterad engine oil pressure sensor
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Mustration 19 900825653
! The inlet manifold air temperature's sensor is inslalled in the iniet
air manifold between the two cenler cylinder heads on the righl
: side of the engine.
x .
o oo {8) Sensor for the iniel manifold air femperature
- ooQ a o
Hlustration 18 900825637

Right side front view

{1} Sensor for the outlet pressure of the jacket water
{6} Detonalion sensor ’

(7) Pressure switch for the inlet of the jacket water
(8) Crankcase pressure’s swilch

Note: There is one detonalion sensor between each
pair of cylinders.
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Hlustration 20 go0B25717
Right side rear view -

(10) Pressure switch for the electrohydraulic actuators '
(11) Pressure switch for the prelube
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fllustration 21 gO0B25638
Rear view
(12) Fuel temperature sensor ’
(13) Inlet air restriction’s switch (left) :
(14) Airfluel pressure module
{15) Inlet air restriction’s switch (right) i

(1&) Engine speed/timing sensor
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iHustration 22 goos02969

Right side front view

Engine harness connector far the engine oil level switch and the
coolant tevel switch

b

llusteation 23 800825730

Left side rear view

(17) Temperature sensor for the cylinder exhaust port

(18) Temperature sensor for the exhaust afler the turbocharger
(19} Temperature sensor for the exhaust before the turbocharger
(20) Combustion sensor

Note: For each cylinder, there is one temperature
sensor for the exhaust port (17) and one combustion
sensor (20). For each turbocharger, there is one
temperature sensor for the exhaust after the
turbocharger (18) and one temperature sensor for
the exhaust before the turbocharger {(19).

Engine Monitoring System

102112697
Engine Monitoring System
SMCS Code: 1900; 1901

Monitoring System Parameters

The Electronic Control Module (ECM) monitors the
operating parameters of the engine. The ECM can
initiate a warning or a shutdown if a specific engine
parameter exceeds an acceptable range. The default
settings for the parameters are programmed at the
factory.

To accommodate unique applications and sites,
many of the parameters may be reprogrammed with
the Caterpiltar Electronic Technician (Cat ET). The
screens of Cat ET provide guidance for the changing
of trip points. Use Cat ET to perform the following
activities:

« Select the available responses.
» Program the level for monitoring.
« Program delay times for each response.

Note: Some of the parameters are protected
by factory passwords. Other parameters can be
changed with customer passwords.

“Low Engine Oil Pressure”

The trip point for this parameter is set at the factory.
The trip point cannot be changed. If the engine ol
pressure is less than the trip point for the engine
speed, the ECM will generate a warning or a
shutdown. The trip point depends on the engine
speed. For example, if the engine is operating at less
than 600 rpm and the engine cil pressure is reduced
to 175 kPa (25 psi), a waming is generated. if the
engine is operating at a minimum of 600 rpm and the
engine oil pressure is reduced to 400 kPa (58 psi),

a waming is generated. This parameter is always
active.
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“Low System Voltage”

The trip point for this parameter is set at the factory.
The trip point cannot be changed. If the system
voitage reaches the trip point, the ECM will generate
awaming or a shutdown. This parameter is always
active.

“High Engine Coolant Temperature”

If the engine coolant temperature reaches the trip
point, the ECM will generate a warning or a shutdown.
The trip point for the warning can be programmed
with a customer password. The trip point for the
shutdown requires a factory password. The warning
can be turned On and Off. The shutdown is always
active. The trip points depend on the rating of the
water temperature regulators for the engine coolant.

“Low Engine Coolant Temperature”

if the engine coolant temperature reaches the trip

point, the ECM will generate a warning. The trip point
for the warning can be programmed with a customer
password. This parameter can be turned On and Off.

“High Inlet Jacket Water Pressure”

If the pressure in the jacket water inlet reaches the
trip point, the ECM will activate an engine shutdown.
The trip point for this parameter is set at the factory.
The trip point cannot be changed. This parameter is
always active.

“Low Outlet Jacket Water Pressure”

If the pressure in the jacket water outlet reaches the
trip point, the ECM will activate an engine shutdown.
The trip point for this parameter is set al the factory.
The trip point cannot be changed. This parameter is
always active.

“Engine Overspeed”

if the engine speed reaches the trip point, the ECM
will activate an engine shutdown. A typical trip point
is 113 percent of the engine’s rated speed. The trip
point for the shutdown requires a factory password.
This parameter is always active.

“Engine Overload”

if the engine speed reaches the trip point, the ECM
will activate a warmning. A typical trip point is 110
percent of the engine’s rated load. The control
systern will limit the fuel in order to prevent further
overloading. This parameter is always active.

“High Engine Oil Temperature”

If the engine cil femperature reaches the trip point,
the ECM will generate a warning or a shutdown. The
trip point for the warning can be programmed with a
customer password. The trip point for the shutdown
requires a factory password. The waming can be
turned On and Off. The shutdown s always active.

“Engine Oil Pressure High”

If the engine oil pressure reaches the trip point,
the ECM will generate a warning or a shutdown.
The trip point can be programmed with a customer
password. The warning can be furned On and Off.
The shutdown is always active.

“Engine Oil Filter Diff Pressure High”

if the differential pressure of the engine oil filter
reaches the trip point, the ECM wiil generate a
waming or a shutdown. The trip point for the warning
can be programmed with a customer password.
The trip point for the shutdown requires a factory
password. The warning can be turned On and Off.
The shutdown is always active.

“Engine Oil Filter Diff Pressure Low”

If the differentia! pressure of the engine oil filter is
reduced to the trip point, the ECM will generate a
warning of a shutdown. The trip point for the warning
can be programmed with a customer password.
The trip point for the shutdown requires a factory
password. The waming and the shutdown can be
tumed On and Off.

“High Gas Temperature”

if the fuel temperature reaches the trip point, the ECM
wili generate a warning. The trip point for the warning
can be programmed with a customer password. The
warning can be turned On and Off.

“Low Gas Fuel Differential Pressure”

If the differential pressure of the fuel filter is reduced
to the trip poirt, the ECM will generate a waming.
The trip point for the warning can be programmed
with a customer password. The waming can be
turned On and Of.

“High Gas Fuel Differential Pressure”

if the differential pressure of the fuel fiter reaches
the trip point, the ECM will generate a waming. The
trip point for the waming can be programmed with a
customer password. The warning can be turmed On
and Off.
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« Jacket Water to Engine Oil Temp Low”

If the differential temperature of the jacket water and
the engine oil reaches the trip point, the ECM will
generate a warning or a shutdown. The trip point for
the warning can be programmed with a customer
password. The trip point for the shutdown requires a
factory password. The warning can be tumed On and
Off. The shutdown is always active.

“High System Voltage”

The trip point for this parameter is set at the factory.
The trip point cannot be changed. If the system
voltage reaches the trip point, the ECM will generate
a warning.

Trip Point of the Engine Load for High
Iniet Air Temperature

This feature provides a trip point between high engine
load and low engine load. The trip point is used for
avents that involve high inlet air temperature. The
trip points for high inlet air temperature are based
on the engine load. The possible responses of the
system include warning and shutdown. The trip point
for the warning can be programmed with a customer
password. The trip point for the shutdown requires

a factory password.

The “Service/Configuration” screen of Cat ET defines
the “High Inlet Air Temp Engine Load Set Point”. The
ECM can activate a warning or a shutdown if the
inlet air temperature reaches the trip point during the
operation at the load that is defined.

For information on the “High Inlet Air Temp Engine
Load Setpoint”, refer to Systems Operation,
“Electronic Control System Parameters”.

Default Settings of the Monitoring
System

Examples of the default settings for the parameters
are listed in Table 5. The values may have changed.
Use the Cat ET to determine the programming for
your engine. Many of the items can be reprogrammed
in order to accommodate the requirements of
individual sites.
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Table 5
Default Settings of the Programmable Monitoring System
. Range
Security
System Trip Delay in of the
Parameter Event Code Response State Point Seconds P a:\\:::rd Range Delay in
Seconds
175
kPa @
E100 (1) Warning 5
400
. o kPa @
Low Engine Gil on m a
Pfessure 100
kPa @ This item cannot be programmed.
E040 (3) Shutdown 0
350
kPa @ )
“Low System E043 (1) Warming On 20 volts 20
Veltage E042(3) | Shutdown | On® | 18volts 10
“High Engine “EQ17 (1) Warning On g3°C 60
Coolant
Temperature” 20
88 °C Jacket “E016 (3)" | Shutdown [ On 98 °C
Water
“High Engine “E017 (1) Waming On 105 °C 60
Coolant
Termperature” 20 80to129°C
99 °C Jacket ‘E016 (3)" | Shutdown | On | 110°C
Water Customer 11060
“High Engine "EQ17 (1) Warning On ns°C 60
Coolant
Temperature” 20
110 *C Jacket "EQ16 (3)" | Shutdown | On® | 120°C
Water
“Low Engine 20
Coolant E038 (1) Warning On 25°C 5to 80 °C
Temperature”
“High Inlet Jacket 462
Water Pressure” E224 (3) kPa
“ ow Outlet Shutdown On 128 10 This item cannot be programmed.
Jacket Water E135 (3) kPa
Pressure”
*Engine
Ovarspeed” 1rgr1r? o
900 RPM Ratin
9| E004(3) | Shutdown 0 Factory | 800 t0 1300
"Engine rpm
Onm 1130
Overspeed” rpm
1000 RPM Rating
05:(?;2% E242 Waming 110 % 0 This item cannot be programmed.

{continued)
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Default Settings of the Programmable Monitoring System

Range
. Security
System Trip Delay in of the
EventCode | o cnonse | S2% | point | Seconds Pa::::;r 4 Range Delay in
Seconds
EQ20 (1) Vaming On 88 °C 5 Customer | 85t0102°C
E019 (3) Shutdown | Oni | 80°C 1 Factory 8510 104 °C
. On 650 25 600 to 1200
E125 (1) Waming kPa KPa
On M 1000 600 to 1200
E126 (3) Shutdown kPa Customer ki°3 a
E129 (1) | waming | O | 120 15
- : - 0tc 350 kPa
E130(3) | Shutdown | On® | 330 25 Factory
E127 (1) Waming On 5 kPa 10 Customer
Oto 150 kPa 1to0 60
E128 (3) | Shutdown Off 3kPa Factory
E223 (1) 60 °C 20 0to60°C
On
EB64 (1) 5 kPa 60 0Oto 100 kPa
Waming Cusiomer
160
E865 (1) On kPa 30 Oto 195kPa
E123 (1) On i0 °C
60 : Oto80°C
E124 (3) | Shutdown | On® 1} 45°C Factory
E0S0 (1) | "AMING | on | 32volts 20 This itam cannot be programmed.

{continued)
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{Table 5, contd)

Default Settings of the Programmable Monitoring System

Syste i Delay i Security o the
m rip elay in of the
Parameter Event Code Response State Point | Seconds Pa::\::;rd Range Delay in
Seconds

“High Inlet Air E027 (1) Warning On g2 °C
Temperature’

(low load) n °
54 °C SCAC E026 (3) Shutdown | On 88 °C
“High Inlet Air E027 (1) Warning On 77 °C
Temperature” °

32t0100°C

(low load) " °
43 °C SCAC EQ26 (3) Shutdown | On 80 °C
*High Inlet Air ED27 (1} Warning On 72 °C
Temperature’

{low load} o) s
32 °C SCAC E026 (3} | Shutdown | On 75°C

20 Customer 1to 60

“High Inlet Air E027 (1) Waming Cn 72°C 32t0120°C
Temperature”

(high load) h U ®
54 °C SCAC E026 (3} Shutdown On 75°C
"High tnlet Air E027 (1) Waming on 65 °C
Temperature”

(high load) ED2 Shutd ont | 68°C
43 °C SCAC 63 utdown
“High Inlet Air EQ27 (1) Warning On 57 °C
Temperature’

(high load) E026 (3 Shutdown | On® | 60°C
32°C SCAC | F080) do n

(" This parameler is permanently active. This parameter canno! be tumed off.

{2 This trip point is active for engine speeds of less than 800 rpm.

(3 This trip point is active for engine speeds of 600 rpm or more than 800 rpm.

Separate timers are used in the ECM for each
response that is associated with a parameter. If a trip
point is reached, the timer for that event is started.

For example, the warmning for “High Engine Coolant
Temperature E017 (1)" can be set to 85 °C with a five
second delay. The timer starts counting if the coolant
temperature reaches 95 °C. If the temperature is not
reduced to less than 95 °C within five seconds, the
event becomes aclive and the event is logged.

Conditions for Parameters

Some of the programmable parameters are
dependent on the status of an ECM output before
the parameters are allowed to function. Some of the
parameters are allowed to function after the crank
terminate relay has been energized for more than 30
seconds. Other parameters are allowed to function
after the output for the fuel control relay is energized.
Some parameters are not dependent upon any
conditions.

The conditions are designed to eliminate false events
during start-up if the customer has programmed a
delay time to zero. The conditions are listed in Table
6.

M Rt e

Lo
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. Table §
Hh ’ Conditions for Activation for Monitoring the Parameters
N Parameter Condition
Tow System Voltage” None

| *High Engine Coolant Temperature® The crank terminate relay is energized for more than 30 seconds.
*Low Engine Coolant Temperature” None
“Engine Overspeed” None
“High Engine Qil Temperature” The crank terminate relay is energized for more than 30 seconds.

“High Oil Filter Differentia! Pressure

“Low Qi Filter Differential Pressure”

*High Fuel Temperature”

“Low Fuel Pressure” The fue! control relay is energized.

“High Jacket Water to Engine Oil Temp Differential” | The crank terminate relay is energized for more than 30 seconds.

'

“High System Voltage™ None

“High knlel Air Temperature at Low Engine Load” The crank terminate relay is energized for more than 30 seconds.

“Migh Inlet Air Temperature at High Engine Load"

If the trip point for a shutdown is programmed to
activate before the trip point for a waming, the engine
will shuit down and the warning will not be aclivated.

Integrated Combustion Sensing
Module (ICSM)

The ICSM monitors the temperatures of the cylinder
exhaust ports, the inlets of the turbocharger turbine,
and the outlets of the turbocharger turbines. The
ICSM also monitors the combustion sensors.

L2

If a temperature exceeds an acceptable range, the
ICSM can initiate a warning or a shutdown. Both of
the responses are available for all of the paramefers.

Note: To initiate the responses, the ICSM sends
commands to the ECM via the Cat Data Link.

The default settings for the parameters are
programmed at the factory. To accommodate unigue
applications and sites, the parameters may be
reprogrammed with Cat £T. The screens of Cat ET
provide guidance for changing trip points. Use Cat
ET to perform the following activities:

» Select the available responses.
» Program the level for monitoring.

* Program delay times for each response.

Tabie 7 lists default examples of the values for the
parameters. However, the values may have changed.
Use Cat ET to determine the programming for your
engine.
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Tabte 7
I Default Settings for the integrated Combustion Sensing Module
Parameter Event Code System State Trip Delay in | Security Range Range
Response Point | Seconds Level of the
Password Delay in
Seconds
"High Exhaust EBO1 (1)
Port Temp” through E816 Waming 600 *C
' (M 10 100 to
ES01 (3) 1000 °C
through EB16 | Shutdown On 650 °C
. 3)
“Exhaust Port €821 (1) 240
Temp Deviating through E836 Warning 50 °C
High" 1)
I E821 (3) off 600
through €836 | Shutdown 100 °C '
. (3) 10 to 500
“Exhaust Port E841 (1) On 300 c
Temp Deviating | through E856 | Waming 120 °C Customer 1o 1200
Low” (N
E841 (3) off
through £E856 | Shutdown 400 °C
(3
“High Turbo E245 (1) . . 10
Turbine inlet E246 (1) Warning 600 *C 400 to 700
Temperature” o
E245 (3) °
E246 (3) Shutdown . 650 °C
n ;
*High Turbo E243 (1) . . | 400 to 650
Turbine Outtet E244 (1) Warming 570°¢C . °C
Temperature” E243 (3) —
E244 (3) Shutdown 600 °C

Separate timers are used in the ICSM for each
response that is associated with a parameter. If a trip
point is exceeded, the timer for that event is started.

For example, the waming for the “High Exhaust
Temperature® (E801 1)) can be set to 495 °*C with
a five second delay. The timer starts counting if the
exhaust port temperature of the number 1 cylinder
reaches 495 °C. If the temperature is not reduced
to less than 485 °C within five seconds, the event
becomes active and the event is logged.
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01544274
Ignition System
SMCS Code: 1550
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filustration 24 g00822915
(1} Ignition transformer
(2) Tube

{3) Extension

"‘ _ (4) Spark plug

Each cylinder has an ignition transformer. To
initiate combustion, the ECM sends a pulse of

‘. approximately 108 volts to the primary coil of each

ignition transformer at the appropriate time and for

the appropriate duration. The transformer increases
the voltage which creates a spark across the spark
plug electrode.

The connections (terminals) must be clean and tight.
The negative transformer terminals are connected
together and the terminals are connected to ground.

Detonation sensors monitor the engine for excessive
detonation. The engine has one detonation sensor for
each two adjacent cylinders. The sensors generate
data on vibration that is processed by the ECM in
order to determine detonation levels. If detonation
reaches an unacceptable leve!, the ECM retards the
ignition timing of the affected cylinder or cylinders. If
retarding the timing does not limit detonation to an
acceptable level, the ECM shuts down the engine.

The ECM provides extensive diagnostics for the
ignition system. The ECM also provides a switch
for ignition timing in order to allow operation with
altemate fuels that require a timing offset.

Fuel System

01544213

Fuel System
SMCS Code: 1250

To ensure precise regulation of fuel flow, carburetors
are not used. Fuel flow is controlled with a hydraulic
actuator in order to maintain precise control of fuel
delivery to the engine. lilustration 25 is a schematic
of the fuel system.
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fuel monifoid | Needle Check
volve valve
Fuel
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{
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lHustrafion 25
Schematic of the fuel system

Gas from the main gas supply flows through a gas

pressure regulator. Pressure to the regulator must be
379 to 1034 kPa (55 to 150 psi). Lower pressure may
resuit in reduced power. Pressure from the regulator
to the engine must be 310 + 14 kPa (45 ¢ 2 psi). The
fuel pressure must be stable to + 1.7 kPa (£ .25 psi).

The gas flows through a gas shutoff valve into the
fuel control valve. The ECM issues a command signal
to an electrohydraulic actuator in order to control the
fiow of fuel to the fuel manifold. The signal is based
on the difference between the actual engine rpm and
the desired engine rpm,

The flow of gas from the fuel manifold is divided.
There is a gas line for each cylinder. Most of the
gas flows through the gas line, an orifice, and a gas
admission valve to the inlet port for the cylinder. The
inlet air thal is necessary for combustion aiso flows
into the inlet port. The gas and combustion air flow
through the inlet port and the openings for the inlet
valves to the cylinder's main combustion chamber.

Each cylinder has a smaliler gas line. The remainder

of the gas flows through the smaller gas line. The gas
is regulated by an adjustable needle valve before the
gas flows into the precombustion chamber.

The rich air/fuel mixture in the precombustion
chamber is ignited by the spark plug. This ignites
the leaner air/fuel mixture in the main combustion
chamber. Exhaust exits the cylinder through the
openings for the exhaust valves.

Precombustion Chamber and Main
Combustion Chamber

liustration 26 gu0292465
(1) Fuel inlet passage

{2) Check valve

(3) Passages for the engine coolant
{4) Precombustion chamber
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- The gas supply flows through a small line from the
5 fuel manifoid through an adjustable needle valve.
Adjustment of the needie valve heips to provide the
desired combustion burn time.

The gas flows through fuel inlet passage (1) into
check valve (2) at the top of precombustion chamber
(4). A ball at the bottom of the check valve moves
away from the orifice during the intake stroke in order
to admit gas into the precombustion chamber.

The gas in the precombustion chamber is

mixed with some combustion air from the main
combustion chamber. The rich air/fuel mixture in the
precombustion chamber is ignited by the spark plug.
The ball at the bottorn of the check valve is forced
upward by compression from combustion in order to
stop the flow of gas through the check valve.

Coolant flows through passages (3) in order to cool
the precombustion chamber.
o .

O
°/ _
7%@/ 7

go0B15667

ltustration 27

{2) Check valve

{4) Precombustion chamber
{5) Gas admission valve

(8) Combustion air

(7) Main combustion chamber

The flow of combustion air (8) into the cylinder head
IS regulated by the exhaust bypass (wastegate) and
the air choke. This regulation depends on the engine
load. As the infet valve admits air into the cylinder
head, gas admission valve (5) admits gas.

The valve is actuated by the camshaft. As the gas
admission valve opens, gas is admitted into the inlet
port. The gas mixes with combustion air (6) in the
Inlet port. The gas and combustion air are mixed
befqre flowing info main combustion chamber (7).
The ignited gas in the precombustion chamber ignites
the air/fue! mixture in the main combustion chamber.

. Gas admission valve (5) is mounted in the infet port.

The need for low emissions and consistent
combustion requires the use of a rich fuef in the
precombustion chamber. To further enhance the
overall effectiveness of this system, the side mounted
spark plug is instailed iow in the precombustion
chamber. With this design, the initiation of the flame
front in the precombustion chamber is near the outiet
to the main combustion chamber. The rich fuel is
more completely burned prior to entering the main
chamber. Mixing of the fuel in the precombustion
chamber with the combustion air from the main
chamber during cylinder compression yields an
optimum air/fuel mixture for initiation of combustion.

Fuel Limiting

The engine’s contro! strategy has a fuel limit. The
limit allows the engine to operate at a maximum of
110 percent of the engine’s rated torque at any given
engine speed. This limit was established in order

to prevent damage to the engine due to excessive
engine loads. The limit also enables engine operation
when the conditions change.

A cylinder misfire could drive the engine into an
overload condition. The calculated load is based
parily on the fuel flow.

The fuel flow increases when cylinder misfire occurs.
This increased fuel flow is the combined result of the
unburned gas that is passing through the misfiring
cylinder and the increased fuel consumption of the
remaining cylinders that must pick up the additional
toad. Although the engine is not actually overicaded,
an increase in the fuel flow due 1o misfire will result
in a higher indicated engine load.
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Air Inlet and Exhaust
System

01749289

Air Iniet and Exhaust System

SMCS Code: 1050

Air Inlet and Exhaust System
Components

lflustration 28 900328151

(1) Exhaus! manifold

{2) Aftercooler

(3) Air choke

{4) Exhaust inlet to the lurbocharger
(5) Cytinder

(6) Air inlet

(7) Turbocharger compressor wheel
(8} Turbocharger turbine wheel

(9) Exhaust bypass (wastegate)

Clean inlet air from the air cleaners is drawn through
air inlet (6) into the turbocharger compressor by
compressor wheel (7). The air is compressed and
the air is forced through air choke (3). The air flows
through aftercooler (2). The aftercooler reduces the
temperature of the compressed air before the air
enters the air plenum. The air enters the air inlets in
the cylinder heads.

Air flow into cylinder (5) is controlled by the inlet
valves. The camshaft controls the opening of the
valves. There are two inlet valves, two exhaust
valves, and one gas admission valve for each
cylinder. The inlet valves and the gas admission
valve open when the piston moves down on the
intake stroke. The airffue! mixture is pulled into the
cylinder through the iniet port. For more information,
refer to “Valve System Components’.

The gas admission valve and the iniet valves close
and the piston starts to move up on the compression
stroke. When the piston is near the top of the
compression stroke, the leaner air/ffuel mixture in the
cylinder is mixed with the richer air/fuel mixture in the
precombustion chamber. The combustible mixture in
the precombustion chamber is ignited by the spark
plug. This ignites the air and fuetl in the cylinder.

The force of the combustion pushes down on the
piston for the power stroke. The piston moves up
again on the exhaust stroke. The exhaust vaives
open and the piston pushes exhaust gases through
the exhaust port into exhaust manifold (1). After the
exhaust stroke, the exhaust valves close. The four
stroke cycle continues: intake, compression, power,
and exhaust.

Exhaust gas from exhaust manifold (1) is directed
through the exhaust inlet to the turbocharger. The
exhaust gas turns turbocharger turbine wheel (8).
The turbine wheel is connected to the shaft that
drives the compressor wheel,

If too much compressed air is supplied by the
turbocharger, exhaust gas can be diverted directly
to the exhaust elbow by exhaust bypass (9)
(wastegate). This depends on the requirements for
inlet manifold air pressure.

An electrohydraulic actuator controls the position of
the exhaust bypass (wastegate)} (8). The actuator
provides the desired inlet manifold air pressure.
The position of the actuator is determined by the
Electronic Control Module (ECM).

Aftercooler

THLET COOLANT = — ==l OUTLET COOLANT ——an—

Hustration 29 . 00485390

Vee engines

{1) Coolani outlet
(2) Coolant inlet

g’
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~m=e Coolont inlel
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Mustration 30 go08R5403

In-line engines

Cootant fram the water pump on the left side of
the engine flows through the coolant inlet. Coolant
circulates through the aftercooler core’s assemblies.
Inlet air. from the compressor side of the turbocharger
flows into the air side of the aftercooler housing.
The inlet air passes the fins in the core assemblies.
The compressed inlet air exchanges heat with the
coolant. The temperature of the air is reduced in
the aftercooler core. The cooler air flows into the air
plenum and through the iniet ports of the cylinder
heads.

Reducing the temperature of the inlet air increases
the density of the air. This results in more efficient
combustion and in lower fuel consumption.

The coolant exits the aftercoocler through the coolant
outlet.

Turbocharger

lllustration 31 gooazs487

Typical example

{1} Turbine housing

(2) Comprassor housing

{3} Outlet for the air from the compressor
(4} Air intet for the compressor

{5} Quilet for the exhausl from the turbine
(6) Inlet for the exhaust io the turbine

(7) Qutiel for the engine oil

Turbine housing (1} is connected between the
exhaust manifold and the exhaust elbow. Compressor
housing (2) is connected between the air cleaners
and the aftercooler.

Exhaust gas flows into the turbocharger through inlet

(6). The exhaust gas pushes the blades of the turbine

wheel in the turbine housing. The exhaust gas exits
the turbine housing through outlet (5).

The turbine whee! is connected to a compressor
wheel in the compressor housing. Rotation of the
turbine wheel causes the compressor wheel to rotate.

Clean air from the air cleaner is drawn into air inlet
{(4) by the rotation of the compressor wheel. The
compressor wheel compresses the inlet air. The air
exits the compressor housing through outlet (3) and
the air flows to the aftercooler. Compression of the
air provides the engine with more power because the
engine can burn additional fuel with greater efficiency.

Pressurized engine oil enters an inlet to passages
in the center section of the turbocharger in arder to
lubricate the bearings. The engine oil exits through
outiet (7).

The bearing housing in the turbocharger is cooled
by coclant that flows through coolant passages in
the bearing housing.

'
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Exhaust Bypass Actuator (1) for the exhaust bypass receives an o
electronic command signal from the ECM. The @

command signal is a pulse width modulated signal
(PWM). The signal is based on the difference
between the average combustion burn time and the
desired combustion burn time. The signal causes the
actuator to move linkage (2) in order 1o operate the
exhaust bypass.

When the ECM requests a slower combustion bum
time or a leaner airffuel ratio, the actuator moves
the exhaust bypass toward the closed position. This
directs more of the exhaust gas lo the turbocharger
{urbine wheel. The additional exhaust gas increases
S % the rpm of the turbine wheel and of the compressor
wheel. A greater quantity of air is compressed for
combustion. This increases the amount of air in the

= [Ho i i airffuel mixture.
. 2 3 'é’ When the ECM requests a faster combustion burn
o s time or a richer air/fuel ratio, the actuator opens the

= plate of the exhaust bypass. This diverts some of the
. exhaust gas directly 1o the exhaust elbow instead of
‘ through the turbocharger. The reduction of exhaust
4 o gas to the turbine wheel reduces the rpm of the
turbine wheel and of the compressor wheel. Less
] inlet air is compressed for combustion. This reduces
= the amount of air in the air/fuel mixture.

IMustration 32 900813002 Air Choke

Vee engines

{1) Electrohydrauiic actuator
{2) Linkage :

v

Mustration 34 500615989

Vee engines
(1) Electrohydraulic actuator

go0895410

Mustration 33 {2) Linkage )
In-line engines . .
{1} Electrohydraulic actuator (nol shown) )

{2) Linkage
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Hustration 35 go0BYS4 14

Indine engines

(1) Electrohydrauiic actuator
(2) Linkage

Actuator (1) receives an electronic command signal
from the ECM. The signal is based on the exhaust
port temperatures. The signal causes the actuator to
move linkage (2) in order to operate the air choke.
Movement of the air choke's plate controls the flow of
inlet air from the turbocharger to the aftercooler.

At full ioad and full speed, the air choke is in the fully
open position. This reduces the restriction of the air
flow. The engine efficiency is improved.

As engine load decreases, the air choke begins to
restrict air flow. This maintains a sufficiently rich
airffuel mixture for combustion at lighter engine loads.

Exhaust Manifold

The dry exhaust manifoid provides maximum heat
to the turbine. The exhaust manifold is insulated.
The insulation helps retain the heat in the exhaust
system. The energy from the heat helps to drive
the turbocharger turbine. The insulation also helps
protect the components that are outside of the
exhaust system from the heat.

NOTICE
The soft wrap must remain on the exhaust manifolds
at all times. The soft wrap prevents the wiring from
burning. The soft wrap also prevents the oil lines and
the water lines from heating up.

A dry exhaust manifold is possible because of the
lower exhaust temperatures of lean combustion.
Engine performance is enhanced.

Valve System Components

The valve system components control the flow of the
inlet air and of fuel into the cylinders and the fiow

exhaust gas out of the cylinders during engine
Operation.

Itustration 36 900825443

(1) Rocker arm

(2) Valve bndge

{3) Red

{4) Valve rotator

(5) Valve spring

(68) Gas admission vaive
{7) Pushrod

(8) Inlet valve

{9) Valve lifler

(10) Camshatft lobe

The crankshaft gear drives the camshaft gears
through idler gears. The camshafts must be timed
to the crankshaft in order to get the correct relation
between the movement of the piston and movement
of the vaives.

The camshafts have three camshaft icbes (10),
valve lifters (), and pushrods (7) for each cylinder.
One lobe operates valve bridge (2) that moves two
inlet valves (8). One lobe operates the valve bridge
that moves the two exhaust valves. The center lobe
operates gas admission valve (6). As the camshaft
turns, the camshaft lobes cause the valve lifters and
pushrods to move up and down.

One pushrod moves rod (3} in order to operate

gas admission valve (6). The other two pushrods
move rocker arms (1). Movement of the rocker arms
cause valve bridges (2) to move up and down on a
dowel in the cylinder head. This movement operates
inlet valves (6) and the exhaust valves. One valve
bridge enables one rocker arm to operate two valves
simultaneously. There are two inlet valves and two
exhaust valves for each cylinder.

N e
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Valve rotator (4) turns the valve during engine
operation. The rotation of the valves keeps the
deposit of carbon on the valves to a minimum. This
provides longer service life for the valves.

When valve lifter (9) moves downward, valve spring
(5) closes the valve.

Lubrication System

01749321
Lubrication System
SMCS Code: 1300
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'r Engine Oil Cooler

Temperolure
Reguiotor

P ]

® Engine Oil Cooler

Engine Cil Filter {3 Filler Elemenls) V;nl
0
Sump
Filter .
Change
- Valve
Fg
|
- Engine Oil Filter {3 Filer Elements) ng;\
. Sump
® -

!

T Priorily Valve

L]
4
[

1
Main 0il Cooling Jet By-Pass Valve Reli'ef Valve
Manifold To Sump To Sump
Continuous .
Flow
Check P';elube
Breather To Valve ump
Atmosphere
Engine Sump Strainer
tilustration 37 900827644

‘ Lubrication system schematic

!
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llustration 38
Lubrication system components (Vee engines)

{1) Temperature regulalor housing

(2) Main engine oil gallery

{3) Piston cooling jets

(4) Drilled passage between the main engine
oil gallery and the camshaft bearings

{5) Tube for engine oil to the turbocharger

{6) Turbochargers

{7} Engine oil cooler

{B) Drain fines for the engine oil from the
turbochargers

(9} Engine oil fiter housing

(10) Drilled passage between the main
engine oil gallery and the crankshaft
main bearings

g0202619

{11} Valve for the engine oil filters
(12) Priority valve

{13) Suction tube

(14) Prelube pump

(15) Engine oil pump

(16) Suction bell

{17} Engine oit pan
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14 15

16 7

g Ulustration 39
Lubrication syslem components (In-line engines)

(1) Temperature reguiator housing

{2) Main engine oil gallery

(3) Piston cooling jets

(4) Drilled passage between the main engine
oil gallery and the camshaft bearings

(5) Tube far engine oil to the turbocharger

(6) Turbochargers

lurbochargers

main bearings

i Prelube pump (14) can be driven by an efectric
motor or by an air motor. The prelube pump provides
engine oil in order to lubricate the engine bearings
before the engine is started and after the engine

Is shut down. The engine contro! will not atlow the
engine to start until the prelubrication has provided
the minimum amount of lubrication to the engine. A
check valve is located in the line between the prelube
Pump and the engine oil manifold. The check valve
prevents pressurized engine oil from the engine oil
Pump from going through the prelube pump after the
engine is started.

CATETNY TN

(7} Engine oil cocler
{8} Drain lines for the engine oil from the

(8} Engine oil filter housing
(10) Drilled passage between the main
engine oil galiery and the crankshaft

900895421

(11) Valve for the engine oil filters
(12) Priority valve

{13) Suclion tube

{14) Preiube pump

{15) Engine oil pump

{16} Sucticn bell

{17) Engine oil pan

Engine oil pump (15) is mounted on the front left
side of the front housing. The engine oil pump pulis
engine oil from the pan through suction belt (16) and
suction tube (13). The suction bell has a screen in
order to strain the engine oil.

The engine oil pump has a refief valve. If the pressure
from the pump reaches 1000 kPa (145 psi), the relief
valve opens and some of the engine oil returns to
the engine oil pan. This heips prevent damage to the
jubrication system components when the engine oil
is cold.

B
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Engine oil is pumped to the ports on the bypass valve
of priority vaive (12). If the pressure in the main oil
gaflery becomes excessive, the bypass valve opens
in order to divert the engine oil back to the engine

oil pan.

Rustration 40 500292624

{1) Temperalure regulator housing
(7) Engine oil coolers

The engine oil is pumped to temperature regulator
housing (1). The temperature regulators and engine
oil coolers (7) maintain the engine oil temperature.
The core assemblies in the engine oil cooler are
connected in parallel with the aftercooler. Water
flows through the inside of the tubes in the bundie of
the engine oil coolers. If the engine oil temperature
is higher than 85 °C (185 °F), the flow is directed
to the engine oil coolers. Engine oil flows from the
engine oil coolers through vaive (11) to engine oil
filter housing (9).

At cooler oil temperatures, the engine oil bypasses
the engine oil coolers and the engine oil flows directly
to the engine oil fitter housing.

lilustration 41 §o08zZ5761

(9) Engine oil filter housing
{11) Valve for the engine oil filters

Each engine oil filter housing (9) contains three
engine oil filter elements. Each housing has a port in
order to purge air for draining and for filling.

Valve (11) allows the filter elements for each housing & _
to be changed separately during engine operation. 3

20

10

Hiustration 42 g00292623

Engine oil flow through the cylinder block (Vee engines)

{2) Main engine oil gallery

(3) Piston cooling jets

{4} Drilled passage between the main engine ofl gallery and the
camshaft bearings

(10} Drilled passage between the main engine oi gallery and the
crankshaft main bearings

(18) Camshaft bearing

{19) Rocker arm assembly

{20) Drilled passage between the camshaft bearings and the
cylinder head

(21) Tube

(22) Galtery for the piston cooling jets
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lilustration 43 g00A9S430

Engine oil flow through the cylinder block {In-line engines)

{2} Main engine oil gallery

(3) Piston cooling jets

(4) Drifled passage between the main engine oil gallery and the
camshafi bearings

(10) Drifled passage between the main engine oil gallery and the
crankshaft main bearings

(18) Camshaft bearing

{19) Rocker arm assembiy

(20) Driled passage between the camshaft bearings and the
cylinder head

{21) Tubs=

{22) Gallery for the piston cooling jets

The engine oil flows from the engine oil filters through
priority valve (12) into main engine oil gallery (2) and
into gallery (22) for the piston cooling jets.

Main engine oil gallery (2) is connected to the
crankshaft main bearings by drilled passage (10)
in the cylinder block. Drilled holes in the crankshaft
supply engine oil to the connecting rod bearings.

When the pressure in the system reaches 140 kPa
{20 psi), priority valve (12) admits the engine oil to
gallery {22) for the piston cooling jets. The priority
valve will not aliow engine oil into the gallery until
there is pressure in main engine oil gallery (2). This
reduces the amount of time that is necessary for the
pressure to build up during start-up. The priority valve
alsa helps maintain pressure at low idle speed.

Hiustration 44 go029%2627

(3) Piston cooling jet

Piston cooling jet (3) is located in the engine block
beiow each piston. Each piston cooling jet has two
tubes with open ends. One tube distributes engine oil
to an opening in the bottom of the piston for an engine
oil gallery in the piston. This gallery provides engine
oil to a manifold behind the ring band of the piston.
The manifold provides engine oil to a slot (groove)

in the side of both piston pin bores. The other tube
directs engine oil to the center of the piston. This
provides lubrication to the piston pin and for the
piston undercrown. This also helps cool the piston.

The camshaft bearings receive engine oil from main
engine oil gallery (2) through drilled passages (4) in
the cylinder block. The engine oil lubricates each
camshaft bearing (18).
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Hiustration 45 g00292626

(21) Tube
{23) Valve lifter guide

Engine oil from the camshaft bearing flows through
a drilled passage in the cylinder biock to valve lifter
guide (23) and to tube (21).

Tube (21) connects the vaive lifter guide with passage
{20). Engine oil flows through the tube and through
the passage to the cylinder head and to rocker arm
assembly (19).

Tube (5) provides engine oil for lubrication of the
turbocharger bearings. The engine oil drains from the
turbocharger to the flywheel housing through drain
lines (8).

Engine oil is pumped to the front gear group and to
the rear gear group through tubes and through drilled
passages in the front housing and in the rear housing.

After the fubrication is completed, the engine oil
returns to the engine oil pan.

Cooling System

01749384
Cooling System
SMCS Code: 1350

The engine has two cooling systems. The jacket
water system coaqls the cylinder block, cylinder
heads, and turbochargers. A separate system cools
the aftercooler and the engine oil cooler.

Water temperature regulators are used in each circuit
in order to maintain correct operating temperatures.
The water temperature regulators ¢an contro! the
minimum temperature to the inlet of the water pump
or the minimum temperature at the outlet from the
engine. This depends on the installation of the water
temperature regulators. .
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Husiration 46
Vee engine

{1} Coolani outlet to the heat exchanger
{jacket water)

(2) Water manifoid

{3) Attercooler

(4) Return line for coolant from the
turbocharger

(5} Turbocharger

(6} Suppiy line for coolant to the turbocharger

900BS5481

{7) Engine oil coolers

{8) Elbow

{9) Jackel water pump

(10) Water pump for the aftercooler and oit
cooler circuit

(11) Coolant outiet to the heat exchanger
(aftercooler and oil cooler circuit)
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Mustration 47
In-line engine

{1) Coolani outlel to the heat exchanger
(jacket water)

{2) Water manifold

{3) Aftercooler

{(4) Return line for coolant from the
turbocharger

(5) Turbocharger

{6) Supply line for coolant 1o the turbocharger

Jacket Water Cooling System

go089S5462

‘(7) Engine oit coolers

(8) Elbow

(9) Jackel water pump

{10) Water pump for the aftercooler and oil
cooler circuit

{11) Coolant oullet to the heat exchanger
(aftercooler and ol cooler circuit)

The coolant inside the cylinder block flows around
the cylinder liners. The water jacket is smaller near

Water pump (8) (Ilustrations 46 and 47} is located on the top of the cylinder liners. This shelf causes
the right front side of the engine. The water pump the coolant to flow faster for better cooling of the
has a gear that is driven by the lower right front gear cylinder liner. The coolant is pumped up through
group. Coolant from the expansion tank enters the water directors and into the cylinder heads. The
inlet to the pump. The rotation of the impeller in the coolant flows through passages around the valves
water pump pushes the coolant to the side of the and around the exhaust gases in the cylinder head.

cylinder block through eibow (8).




51
Systems Operation Section

— The coolant flows out of the cylinder head through
’ an elbow inte water manifold (2). The coolant flows
through the manifold to coolant outlet (1}. The
coolant exits the outlet and flows through a remote
mounted water temperature reguiator and through
the heat exchanger. The coolant then fiows back to
the expansion tank.

Coolant flows from the water jacket at the rear of the
cylinder block through supply line {6) to turbocharger
(5). Coolant from the turbocharger is returned to the
cylinder block through return line (4).

A customer supplied vent line is required from the top
of the turbochargers to the expansion tank. The vent

~6 line from the connection must be straight and the
vent line must have a slight upward slope. The vent
must not be obstructed.

Aftercooler and Oil Cooler System

Water pump (10) (Illustrations 46 and 47) is located
on the left front side of the engine. The water pump
has a gear that is driven by the lower left front gear
group. Coolant from the heat exchanger enters the
. intet to the water pump. The rotation of the impelier in
: the water pump pushes the coolant to the engine oil
: cooler bonnet. Coolant flow is divided at the engine
oil cooler bonnet. Part of the coolant flows to engine
oil coolers (7). The remainder of the coolant flows 1o
aflercooler (3). After the coolant flows through the
aftercooler and through the engine oil coolers, the
coolant returns to the heat exchanger through outlet
(11).

A makeup line from the expansion tank to the coolant
inlet helps maintain the coolant to the correct level.

e S et

A customer supplied vent line is required between
the top of the housing for the engine oil coolers to the
expansicn tank. The vent line from the connection
must be straight and the vent line must have a slight
upward slope. The vent must not be obstructed.

0895482
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Inlet Flow Control
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The inlet flow control maintains a minimum inlet
temperature to the water pump. The temperature
regulators control coolant flow through the water
temperature regulator housing by passing all

of the coolant across the regulators. When the
coolant temperature is below the rating of the water
temperature regulators, the coolant flows through
bypass port (b) across the temperature regulators
and out of port (a). As the coolant temperature rises,
the water temperature regulators open. The coolant
from the heat exchanger flows through port (c) in
order to mix with the remainder of the coolant as
the coolant exits the water temperature regulator
housing.

1 4
Hiustration 48 goos29ez7 ' | .
Schematic of a cooling system with inlet flow control '
(1) Orifices that are supplied by the faclory (D) Water lemperature regulator houstng (K) Water lemperature regulator housing
(2) Orifices that are supplied by the factory {jackel water)} {separate circuit)
or the customer (E) Expansion lank (L) Expansion tank
{3) Vent lines {F) Heat exchanger {M) Heat exchanger
{4} Orifices that are supplied by the customer {G) Engine oil cooler {a) Port
(A) Turbocharger {H) Aftercooler {b) Pont
{B} Cylinder block and cylinder head {1} Mixer housing {c) Port
(C) Jacket water pump {J) Water pump for the separate circuit

{ 4




Outlet Flow Control
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829027 lustration 49 go0325000
Schematic of a cooling system with cutiet flow centrot
ing g (t) Or@ﬁces that are supplied by the factory (E) Expansion tank (M) Heat exchanger
g (2) Orifices that are supplied by the faciory {F) Heat exchanger (a) Port
2 or the customer (G) Engine oil cooler (b} Porl
: (3) Vent lines {H) Afterccoler {c) Pont
b {A) Turbocharger () Mixer housing
{8) Cylinder block and cylinder head {J) Waler pump for the separate circuil
{C) Jacket water pump {K) Water temperalure regulator housing
{D) Water temperature regulator housing {separate circuit)
{incket water) (L) Expansion tank

The outlet fiow control maintains a minimum
temperature at the outiet from the engine. The
coolant flows from the engine's outlet across
the temperature sensing bulbs in port (a). The
temperature sensing bulbs determine the direction
of flow through the water temperature regulator
housing. When the coolant temperature is below the
water temperature regulators' rated temperature,
the coolant is bypassed around the external heat
exchanger through port (b) to the inlet of the pump.
As the coolant temperature increases, the water
temperature reguiators open. Some of the flow is
diverted through port (c) to the heat exchanger.
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Basic Engine o ‘

01749507

Basic Block
SMCS Code: 1201

Cylinder Block, Liners and Cylinder
Heads

llustration §1 yo0BESE512

In-line engine

(1) Cylinder block
{2) Cylinder liner

(3) Filler band

(4) O-ring seals

{5) Main bearing cap
{6) Stud

{7) Nut

(8) Saddle bolt

(9) Stud

lilustration 50 go0a16330

Vee engine

{1) Cylinder block
{2) Cylinder liner

(3) Fikler band

(4) O-ring seals

(5} Main bearing cap
(6) Stud

{7) Nut

{8) Saddle boit

(9) Stud
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. Musiralioh 52

go0B16262

Cylinder head
(10} Nut

© . (11) O-fing seal

{12) Opening
{13) O-ring seal
(14) Combustion gaskel

Cytinder block (1) is a one-piece casting. The air inlet
plenum extends for the full length of the cylinder
block in order to provide even distribution of air to

" the cylinders.

Cylinder liners (2) can be removed for replacement.
The top surface of the cylinder block is the seat for
the cylinder liner flange. Engine coolant flows around
the cylinder liners in order to keep the cylinder liners
cool. Filler band (3} and three O-ring seals (4) seal
the coolant in the cylinder block.

Main bearing caps (5} are fastened to the cylinder
block with two studs (6) per cap. Nuts (7) for the studs
are hydraulically tensioned. Each main bearing cap
has one saddle bolt (8) on each side of the cylinder
block. The saddie bolts help prevent the movement
of the main bearing cap. The saddle bolts also add
strength to the lower area of the cylinder block.

The engine has a separate cylinder head for each
cyiinder. Each cylinder head is fastened to the

v cylinder block by four studs (9) and by four nuts

(10). The studs are hydraulically tensioned. The nuts
are fightened by hand and the hydraulic tension is
released.

Each cylinder head contains the valve mechanism for
inlet air, for fuel, and for exhaust gas. For information
on the valve mechanism, refer to Systems Operation,
Air Inlet and Exhaust System”. The inlet and exhaust
valves move in replaceable vaive guides which are
Pressed into the cylinder head.

O-ring seals (11) seal coolant that flows to the
cylinder head through four adapters. Engine oil that
returns to the engine oil pan through opening (12} is
sealed with O-ring seals (13). The seals are installed
in two plates for each cyiinder head.

Combustion gas is sealed by combustion gasket (14)
that is installed between the cylinder liner flange and
the cylinder head.

llustration 53 gon816437

(15) Cover for the camshaft
(18) Cover for the crankcase
(17) Crankcase explosion relief valve

Covers {15} allow access to the camshafs, to the
valve lifters, and to the valve lifter guides.

Covers (16) allow access to the crankshatt, to the
connecting rods, to the piston cooling jets, and to the
main bearings.

Crankcase explosion relief valves (17) open in order
to relieve the pressure in case of an explosion in the
crankcase. The valves close immediately in order
to keep fresh air from entering the crankcase. A
pressure of 7 kPa (1 psi} is required to open the
valve. An oil screen quenches any flames from

an explosion. Do not change the total number of
crankcase explosion relief valves that are installed
on the engine.

J----
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Pistons, Rings and Connecting
Rods

Hiustration 54 go08 16458

(1) Piston

(2} Compression rings

{3) Oit ring

(4) Connecting rod

{5) Piston pin

{6) Pin retainer

{7) Bolt

(8) Connecting rod cap

(9) Connecling rod bearing

Aluminum pistons (1) have a steel crown and three
rings. The rings include two compression rings (2)
and one oil ring (3). All the rings are iocated above
the piston pin bore. The oil ring is a three-piece ring.
Engine oil returns to the crankcase through holes in
the oil ring groove.

The piston is attached to connecting rod {4) with
piston pin (5) and with two pin retainers (6). The
connecting rod has a taper on the pin bore end. This
taper gives the connecting rod and the piston more
sirength in the areas with the most load. Four holts
(7) hold connecting rod cap (8) to the connecting
rod. This design keeps the connecting rod width to
a minimum, so that a larger connecting rod bearing
(9) can be used and the connecting rod can still be
removed through the cylinder liner.

The piston has two 1/2 -13 NC threaded holes in
the crown for lifting the piston and connecting rod
assembly.

Crankshaft

Hlustration 55 p00816471

Typical example

(1) Journal
(2) Main bearing
(3) Thrusl plates
{4) Flange

The crankshaft changes the combustion forces in the
cylinders into usable rotating torque which powers the
driven equipment. The connecting rods for the pistons
are connected to journals (1). A counterweight for
each cylinder is welded to the crankshaft.

Pressurized engine oil is supplied to main bearings
(2) through drilled passages in the webs of the
cylinder block. The engine oil flows through passages
that are drilled in the crankshaft in order to provide
lubrication for the connecting rod beanngs.

Two thrust plates (3) confrol the end play of the
crankshaft. Flanges (4) are machined at both ends
of the crankshaft for mounting of the flywheel and
of the vibration damper.
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Front Gear Group ' o ‘

iflustration 61 guossss1s
illustration 58 §o0B16519 Rear gears on the In-line engines
The gear group in the front housing of the engine The rear gear group drives the driven equipment and
drives the jacket water pump, the aftercooler/oil the camshafis.

cooler pump, the engine oil pump, and the pump for
the hydraulic oil.

P SR

Rear Gear Group

Nlustration 60 goD8 16521

Rear gears on the Vee engines

9
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01752101

(50:1 Reduction)

SMCS Code: 1235
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Hiustration 62 800322856

Manval barring group

(1) Shaft with gear and greass fitting
{2) Locking nut

(3) Knob

{4) Adapler

The manual barring group allows an electrically
driven motor to be used in order to turn the engine
slowly. The manual barring group is used while
service work is being performed.

Use the following procedure in order to engage the
manual barring group:

NOTICE
Do not use an impact wrench to operate the barring
device. The use of an impact wrench will cause gear
tooth failure.

1. Loosen locking nut (2).

NOTICE
if the barring group's knob is not pulied fully outward
during engagement of the pinion and during disen-
gagement of the pinion, the knob's shaft will damage
the pinion shaft's O-ring seals. Make sure that the
knob is pulied fully outward when you engage the pin-
10n and when you disengage the pinion.

2. Pull knob (3) fully outward and press locking nut
(2) until the nut is flush with the housing.

Note: Locking nut (2) is part of the spring loaded
pinion shaft. if the locking nut cannot become flush
with the housing, the shaft gear is not meshed with
the fiywheel ring gear. Maintain inward pressure on
the nut and carefully adjust adapter {4}. Tum the
adapter in a clockwise direction or a counterclockwise
direction. The adjustment may require the adapter to
be turned more than one revolution in any direction.
Adjust the adapter until the locking nut can become
flush with the housing.

3. After locking nut (2) is flush with the housing,
release knob (3) and slowly remove hand pressure
from the locking nut until the knob engages in the
pinion shaft's slot.

When the manual barring group is in the engaged
position, the engine starting system is disabled.

To turn the engine crankshaft, use the motor controli,
The manual barring group is directly coupled to

an electric motor. The electric motor produces the
torque that is required to turn the crankshaft in either
direction.

if onty the engine crankshaft is turned, approximately
10 N-m (7 Ib ft) of torque is required. More torque

is required if the flywheel ring gear is engaged with
driven equipment.

The engine crankshafl is locked in place when the
pinion gear on shaft (1) is engaged with the flywheel
ring gear.

Use the following procedure in order to disengage
the manual barring group:

1. Pull knob (3) fully outward and press locking nut
(2} until the spring on shaft (1) moves the pinion to
the disengaged position.

2. Make sure that the pinion gear is fully disengaged.

Note: The pinion gear is fully disengaged when
locking nut (2) passes by the housing.

3. After the pinion gear is fully disengaged, reiease
knob (3}.

4. Tighten locking nut (2) to atorque of 70+ 15 N'm
{50 £ 11 1b ft).

Note: If shaft (1) fails to fully disengage, rotate

adapter (4) in either direction. Rotating the adapter
in either direction reduces the side loading (friction)
between the pinion gear and the fiywheel ring gear.

NOTICE
Do not operate the engine starting motor until the bar-
ring group pinion gear is fully disengaged from the fly-
wheel ring gear. Serious damage to the engine coutd
result.
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When the manual barring group is hot activated,
the manual barring group must be disengaged from
the flywheei and the manual barring group must be
secured in the disengaged position.

Air Starting System

01546841
Air Starting System
SMCS Code: 1450

An air starting motor is used to turn the engine
fiywheel! with enough rpm in order to start the engine.
Operation of the air starting motor is controlled by
the engine’s control system. The air starting motor
will engage when the requirements for prefube have
been met.

The air starting motor is usually mounted on the left
side of the engine. Air is normally contained in a
storage tank. The duration for rotation of the flywheel
is determined by the tank’s volume, air pressure,
and air restriction.

For starting the engines which do not have heavy
loads, the air pressure is approximately 1034 kPa
(150 psi). This pressure provides a good relationship
between the duration of the flywheel's rotation and
the cranking speed.

Note: Minimum recommended cranking speed for
start-up is 80 rpm. The fuel system and the ignition
system are activated at engine speeds above 50
rpm. The maximum cranking speed of the air starting
motor is 150 rpm.

If the engine has a heavy load which cannot be
disconnected during starting, the air pressure
regulator must be adjusted in order to provide enough
speed for easy starting.

The air consumption is directly related to speed. The
air pressure is relaled to the effort thal is necessary
in order to turn the engine flywheel. The maximum
pressure for use in the air starting motor is 1723 kPa
(250 psi), This will provide sufficient cranking speed
for a heavily loaded engine. With the correct air
pressure, the air starting motor can turn the heavily
loaded engine at the same speed and for the same
duration as the air starting motor can turn a lightly
ioaded engine.

For good life of the air starting motor, ensure that the
air supply is free of dirt and water. Use a lubricator
with "SAE 10W" nondetergent oil for temperature
above 0 °C (32 °F). Use air tool oil for temperatures
below 0 °C (32 °F).

Electrical System

iD2112737

Electrical System
SMCS Code: 1400; 1406; 1450

The electrical system is a 24 VDC system. The
load rating of the system is 15 amp. The electrical
system has two separate circuits. The circuits are
the charging circuit and the starting circuit. Some of
the electrical system components are used in more
than one circuit. The battery, the circuit breaker, the
cables, and the battery wires are common in each
of the circuils.

The charging circuit is in operation when the engine
is running. An allernator makes electricity for the
charging circuit. A voltage reguiator in the circuit
controls the electrical output in order to keep the
battery at full charge.

The starting circuit is in operation only when the start
switch is activated.

Grounding Practices

Proper grounding is necessary for optimum engine
performance and reiiability. Improper grounding will
result in uncontrolled electrical circuit paths and in

unreliable etectrical circuit paths.

Uncontrolied electrical circuit paths can resuit in
damage to main bearings, to crankshaft bearing
journal surfaces, and to aluminum components.
Uncontrolled electrical circuil paths can also cause
electrica! activity that may degrade the engine
electronics and communications.

Ensure that all grounds are secure and free of
corrosion.

The engine alternator must be grounded to the
negative “-" battery terminal with a wire that is
adequate to carry the full charging current of the
alternator.

For the starting motor, do not attach the battery
negative terminal to the engine block.

Ground the engine block with a ground strap that is
furnished by the customer. Connect this ground strap
to the ground plane.

Use a separate ground strap to ground the negative
“* battery terminal for the control system to the
ground plane.

- -
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If rubber couplings are used to connect the steel
piping of the cooling system and the radiator,

the piping and the radiator can be electrically
isolated. Ensure that the piping and the radiator are
continuously grounded to the engine. Use ground
straps that bypass the rubber couplings.

NOTICE
This engine is equipped with a 24 voit starting system.
Use only equal voltage for boost starting. The use of
a welder or higher voltage will damage the electrical
system.

Always disconnect the power when you are working
on the engine’s electronics.

Charging System Components

NOTICE
Never operate the alternator without the battery in the
circult. Making or breaking an altemator connection
with heavy load on the circuit can cause damage to
the regulator.

Alternator

Nlustration 63 00285111

Alternator components (lypical example)
{1) Regulator

(2} Roller bearing

{3) Stalor winding

(4) Bali bearing

{5) Rectifier bridge

{6) Field winding

{7) Rotor assembly

(8) Fan

The alternator is driven by a belt from an auxiliary
drive at the front right comer of the engine. This
altemnator is a three-phase, self-rectifying charging
unit. Regulator (1) is part of the alternator.

This alternator design has no need for slip rings
or brushes, and the only part that moves is rotor
assembly (7). All conductors that carry current are
stationary. The conductors are field winding (6),
stator windings (3), six rectifying diodes, and the
regulator circuit components.

Rotor assembly (7) has many magnetic poles. Air
space is between the opposite poles.

The poles have residual magnetism that produces a
smalt amount of magnetic lines of force between the
poles. As rotor assembly (7) begins o turn between
field windings (6) and stator windings (3), a small
amount of alternating current (AC) is produced in
the stator windings. This current is from the small
magnetic lines of force that are made by the residual
magnetism of the poles. This AC is changed to direct
current (DC). The change occurs when the current
passes through the diodes of rectifier bridge (5).
Most of this current completes two functions. The
functions are charging the battery and supplying the
low amperage circuit. The remainder of the current is

. sent to field windings {8) which are wires around an

iron core. The flow of DC through the field windings
increases the strength of the magnetic lines of force.
These stronger lines of force increase the amount
of AC that is produced in stator windings (3}. The
increased speed of rotor assembly (7) also increases
the current and voltage output of the aiternator.

Voltage regulator (1) is a solid-state, electronic
switch. The regulator senses the voltage in the
system. The regulator opens and the regulator closes
the field current many times in one second in order to
control the field current to the alternator. The output
voltage from the alternator supplies the needs of the
battery and the other components in the electrical
system. The rate of charge cannot be adjusted.

Other Components

Circuit Breaker

The circuit breaker is a switch that opens the battery
circuit if the current in the electrical system goes
higher than the rating of the circuit breaker.

A heat-activated metal disc with a contact point
completes the etectric circuit through the circuit
breaker. If the current in the electrical system gets
too high, the metal disc gets hot. This heat causes
a distortion of the metal disc. The disc opens the
contact in order to break the circuit.

NOTICE

Find and correct the problem that causes the circuit
breaker to open. This will help prevent damage to the

circuit components from too much current.
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Testing and Adjusting
Section

Electronic Control System

02112761

General Information
(Electronic Control System)

SMCS Code: 1901
Connecting the Caterpillar

Electronic Technician (Cat ET)
to the Electronic Control Module

(ECM)
Table 8
Tools Needed Qty
This PC configuration is recommended: 1

Ietel Pentium [ 333 mHz processor
64 megabyte of RAM

4.3 GB hard drive

Drive for floppy disks (3.5 inch with 1.44 MB)
14X speed CO-ROM drive

VGA monitor or display

RS-232 pont with 16550AF UART
Windows NT 4.0

Windows 95

Windows 98

Mouse

This PC configuration has the minimum 1
requirements:

IBM PC compatible 100 MHz processor

32 megabyte of RAM

10 MB of available hard drive space
CD-ROM drive

Drive for fioppy disks (3.5 inch with 1.44 MB)
Windows NT 4.0

Windows 95

Windows 98

RS-232 port with 16550AF UART

VGA monitor or display

Mouse

Single user license for Cat ET 1
Use the most recent version of this software.
*JERD2124"

(Table 8, conld)}

207 - 6845 Adapter Cable As (CAT Data Link} 1

7X- 1414 Adapter Cable 1

Software 1

Data subscription for all engines

“JERD2129"

160-0141 Adapter Cable 1

171 -4401 Communication Adapter || 1
{continued)

(" Any of these operating sysiems are acceptable.

Cat ET is designed to run on a personal computer,
Cat ET can display the following information:

« Parameters
» Diagnostic codes

« Event codes

Engine configuration

Status of the monitoring system
Cal ET can perform the following functions:
« Diagnostic tests

« Sensor calibration

Flash downloading
« Sel parameters

For instructions on using Cat ET, refer to the User’s
Manual that is included with the software.

The baltery supplies the communication adapter with
24 VDC. Use the following procedure to connect Cat
ET and the communication adapter to the engine.

1. Turn the engine control switch to the OFF/RESET
position.

f-‘-":‘f‘.-_‘ ‘

1

L
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Hustration 64

{1} PC

(2) 160- 0141 Adapter Cabie

(3} 171- 4401 Communication Adapter il

{4) 207 - 6845 Adapter Cable As {CAT Data Link}
(5} 7X - 1414 Adapler Cable

2. Connect cable (2) to the RS232 serial port of PC
(1).

3. Connect cable (2) to communication adapter (3).
4. Connect cable (4) to communication adapter (3).
6. Connect cable (4) to cable (5).

6. Connect cable (5) to the service tool connector of
the terminal box.

Alternatively, connect the cable to the service tool
connector on the optional control panel.

7. Turn the engine control switch to the STOP
pasition. The engine should be OFF.

If Cat ET and the communication adapter

do not communicate with the ECM, refer to
Troubleshooting, RENR5910, “Electronic Service
Tool Will Not Communicate With ECM".

Flash Programming

Software is located in the flash memory of the
Electronic Control Module (ECM) and in the
integrated Combustion Sensing Module {(ICSM). The
Caterpillar Electronic Technician (Cat ET) can be
used to flash new software into the ECM and into the
ICSM. The flash is accomplished by transferring the
data from Cat ET to the module via data link wiring.
The Software, JERD2124 or Software, JERD2129

is used.

If the slowest baud rate of Cat ET is selected, flash
programming can last up to 15 minutes. Be sure to
set the baud rate to the fastest rate for your PC.

To select the baud rate, open the “Utilities/
Preferences” menu in Cat ET. Select the
“Communications” tab and click on “Advanced...".
Then select the baud rate from the “Advanced
Communication Seltings” menu and dick the “OK”
button.

If a cormmunication error occurs, select a slower baud
rate in order to improve the reliability.

1. Connect Cat ET to the service tool connector.

2. Turn the engine control switch to the STOP
position.

Cat ET will not flash if the engine control switch is
in the OFF position or in the START position.

3. Select “WinFtash” from the “Utilities” menu on Cat
ET.

“WinFlash” will try to detect an ECM.

4. When an ECM has been detected, the “ECM
Selector” window will appear. Select the
appropriate ECM and then select “OK".

The “Flash Fite Selection” window will appear.

o

The flash files are located on a disk drive and in
a directory. Select the correct disk drive and the
directory from "Drives” and “Directories” on Cat
ET.

A list of fiash files will appear.

6. Select the correct file from the list of flash files.
Read the “Description” and the “File Info” in order
to verify that the correct file is selected. Select
“Open’.

7. Select the “Begin Flash" button in order to program
the personality module.

When the ftash is completed, this message will
appear: “Flash Completed Successfully”.
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8. Program the configuration parameters and the
manitoring system parameters.

The parameters rmust be programmed in order
to ensure proper engine operation. Refer to
Troubleshooting, “Programming Parameters”.

9. Start the engine and check for proper operation.

a. If a diagnostic code of 268-02 “Check
Programmable Parameters” is generated,
program any parameters that were not in the
ariginal software.

b. Access the “Configuration” screen under
the "Service” menu in order to.determine
the parameters that require programming.
Look under the “Tattietale™ column. All of the
parameters should have a tattletale of 1 or
more. If a parameter has a fattletale of 0,
program that parameter.

“WinFlash” Error Messages

If you receive any error messages during flash
programming, click on the “Cancel’ bution in order
to stop the process. Access the information about
the “ECM Summary” under the "“Information” menu.
Make sure that you are flashing the correct file for
your engine.

Recommendations for
Programming the System
Configuration Parameters

For descriptions of the parameters, refer to Systems
Operation, “Etectronic Control System Parameters”.
The values of the parameters can be viewed on the
“Configuration” screen of Cat ET.

Programmable parameters enabie the engine to be
configured in order to meet the requirements of the
application. The system configuration parameters
must be programmed when the application is
installed. Perform this programming before the initiat
engine start-up.

Data from a gas analysis and data on engine
performance are required in order to determine
the correct settings for the fuel quality and for the
specific gravily of the gas. Incorrect programming
of parameters may lead to complaints about
performance and/or to engine damage.

If the ECM is replaced, the appropriate parameters
must be copied from the oid ECM. This can be done
with the “Copy Configuration” feature of Cat ET.
Allernatively, the seftings can be recorded on paper
and then programmed into the new module.

NOTICE
Changing the parameters during engine operation can
cause the engine to operate erratically. This can cause
engine damage.

Only change the settings of the parameters whan the
engine is STOPPED.

Changing the Settings of the
Monitoring System '

For descriptions of the monitoring system parameters,
refer to Systems Operation, “Engine Monitoring
System”.

To change the settings of the parameters, use Cat ET
and select the “Service/Monitoring System™ screen.

Use care when you program the trip points and the
defay times. Ensure that the response of the ECM is
correct for the application. The monitoring system will
accept any settings within the ranges.

NOTICE
Changing the parameters during engine operation can
cause the engine to operate erratically. This can cause
engine damage.

Only change the settings of the parameters when the
engine is STOPPED.

102 113039
Engine Governing - Adjust
SMCS Coade: 1901025
The responses of the electrohydraulic actuators
can be individually adjusted by using the Caterpillar

Electronic Technician {Cat ET) to change these three
parameters:

» Gain

« Stability

« Compensation

These adjustments are provided in order to obtain
optimum responses o changes in the load and in the

speed. The adjusiments also provide stability during
steady state operation.
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Note: Adjustment of the gain directly affects the

speed of the fuel actuator when there is a difference
petween the actual engine speed and the desired
engine speed. An excessive increase of the gain may

amplify instability.

To set the gain, increase the gain until the actuator
pecomes unstable. Siowly reduce the gain in order to
stabilize the actuator. Use Cat ET to bump the engine
speed. Observe that the engine operates properly
with little overshoot or undershoot.

The adjustment of stability dampens the actuator's
response to changes in load and in speed. increasing
the stability provides less damping. Decreasing

the stabitity provides more damping. To reduce
overshoot, decrease the stability. To reduce
undershoot, increase the stability.

Note: An increase of the stability may require a
decrease of the gain in order to maintain a stable
operation.

Note: Adjustment of the stability directly affects the
damping of the fuel actuator. An excessive increase
of the compensation may amplify instability.

Decrease the compensation until a slow, periodic
instability is observed. Then, siightly increase the
compensation. Repeat the adjustments of the

gain and of the stability. Continue to increase the
compensation and readjust the gain and stability until
stability is achieved and the engine’s response to
changes in load and in speed is oplimized.

Note: The default setting of gain, of stability, and

of compensation is 100 percent. The range is 0
percent to 3200 percent. To reduce the responses of
the parameters, reduce the value. To increase the
responses, increase the values.

Governor Type

Use Cat ET to select the “Governor Type Setting”
configuration parameter.

For generator set applications, there are two sets of
responses for the fuel actuator. The “Isochronous
Mode" is used to provide “off grid" engine stability
for synchronization. The “Droop Operation” is for “on
grid” stability. Adjustment to the settings for the fuel
actuator relates to both of the responses.

Adjustments for the Hydraulic Oil
Pressure

To operate properly, the electrohydrautic actuators
require correct oil pressure. If the pressure is
insufficient, the engine will not start. if the pressure
is excessive, the hydraulic system can be damaged.
Two adjustments can be made for the hydraulic oil
pressure:

« The hydraulic lines have a pressure reiief vaive that
regulates the hydraulic system’s pressure. This
pressure relief vaive is adjusted in order to achieve
sufficient pressure for start-up and for normal
operation. If the pressure becomes excessive, the
valve diverts the oil back to the pump.

« The hydraulic oil pump has a pressure refief valve
that is a backup to the pressure relief valve in the
hydraulic lines. If the pressure becomes excessive,
the pump circulates the oil internally.

Adjustment of the Hydraulic Lines’
Pressure Relief Valve

Table 9
—

Tools Needed Qty

8T7-0855 Pressure Gauge 1

llustration 65 go0s17032

Left side view {In-fine engine)
(1) Plug

llustration 66 g00897160

Rear view {In-line angine)

{2) Locknut
{3} Pressure relief valve
{4) Adjusting bolt

o )
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gu0823694

liustration 67

Vee engine

(1) Plug

(2) Locknut

{3) Pressure relief valve
(4) Adjusting bolt

1. Remove plug (1) from the manifoid. Attach the
8T -0855 Pressure Gauge onto the opening for
the plug.

2. Run the engine at rated speed. Loosen locknut (2)
on the bottom of pressure relief valve (3). Use an
allen wrench to turn adjusting bolt (4) in order to
obtain a pressure of 1550 & 35 kPa (225 £ 5 psi).

Note: Sometimes, the pressure must be increased
in order to avoid the generation of diagnostic codes
during start-up. This is usually due to restarting

an engine that has a low viscosity of hydraulic oil
because the oil is hot. If this occurs, the pressure can
be increased to a maximum of 1725 kPa (250 psi).

3. Tighten locknut (2).
4. Stop the engine.

5. Remove the pressure gauge. Install plug (1) into
the manifold.

Adjustment of the Hydraulic Qil Pump’s
Pressure Relief Valve

Normally, the hydraulic oil pump’'s pressure relief
valve is unlikely to require adjustment. Use the
following procedure if the pump is serviced.

lllustration 68 go0aa7106

Side view and end view of the pump

{1) Cap
(2) Locknut
{3) Adjusting screw (not shown)

1. Remove cap (1) in order to gain access to
adjusting screw (3) {not shown). Loosen locknut

{2).

2. Turn adjusting screw (3) fully inward. Then, turn
the adjusting screw outward for two and one-haff
tumns.

3. Tighten locknut (2) and install cap (1).

N ALY AL © o e mne e ar e -
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- jgnition System

01860090
Ignition System
SMCS Code: 1550
Ignition Transformer

If an ignition transformer is suspect, use the following
procedure to check the transformer:

.l 4\ WARNING

Ignition systems can cause electrical shocks.
Avoid contacting the ignition system components
and wiring.

Do not attempt to remove the transformers when
the engine is operating. The transformers are
grounded to the valve covers. Personal injury or
death may result and the ignition system will be
damaged if the transformers are removed during
engine operation.

1. Turn the engine controi switch to the OFF/RESET
position. Switch the circuit breaker for the engine
OFF.

1-2

ARRNY

Mustration 69 go0s48220

{1) Wire seal

(2) Lockwire

(3) ignition harness

(4) Transformer

(5) Extension

(6) O-ring seal

(7) Terminal for the spark plug

{8) Mounting flange for the transformer

2. Remove wire seal (1) and lockwire {2).
3. Disconnect ignition harness (3) from transformer

{4). Remove the transformer and extension (5)
as a unit,

4. Inspect the body of the transformer and of the
extension for corrosion and/or for damage.

5. Inspect O-ring seal (6) inside the extension for
damage.

if the Q-ring seal is cracked or hard, install a new
O-ring seal.

6. Inspect terminal (7) inside the extension for
looseness, for corrosion, and/or for damage.
Insert an extra spark plug into the transformer and
check for spring pressure of the terminal.

NOTICE
The extension can be scratched and damaged with a
wire brush. Do not use a wire brush on the extension.

7. Clean any deposits from the inside of the
extension. Use a 6V-7093 Brush with isopropyl

alcohol.

8. Measure the voltage of the diode for the primary
circuit.

Hlustration 70 00754013

Symbol for a diode

lilustration 71 go0829100

Transformer's connector for the ignition harness
(A) Posilive
(B) Negative
{C) Unused

a. Set the multimeter to the diode scale. Measure
the voltage between pin “A” and pin "B" on
the transformer's connector for the ignition
harness. The polarity is not important.

b. Reverse the polarity of the probe and measure
the voltage between the pins again.

For the diode of the primary circuit, the
correct voltage between pin “A” and pin “B”
is approximately 0.4 to 0.6 VDC. When the
polarity is reversed, there is no reading.

Voltage that is significantly outside of this range
could indicate a problem with the transformer.

9, Measure the resistance of the secondary circuit.
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a. Set the multimeter to the 40,000 Ohm scale. ,
Measure the resistance between terminai (7) { i ‘
for the spark plug and mounting flange (8) for

the transformer.

The correct resistance between the terminal
for the spark plug and the mounting flange for
the transformer is between 19,000 to 21,000
Ohms.

Resistance that is significantly outside of
this range could indicate a problem with the
transformer or with the extension.

10. Switch the suspecl transformer with a transformer
from a different cylinder that is known to be good.
install the transformers.

11. Reset the control system. Clear any logged
diagnostic codes.

12. Start the engine and operate the engine in order j
to generate a diagnostic code. 1

;,

1

transformer. Make sure that you use the correct
transformer for the engine. Resel the control
system. Clear any logged diagnostic codes.

{
3
If the problem stays with the cylinder, there is a {' ‘
problem with the spark plug or with the electrical 4
circuit for the transformer. :

For instructions on inspection and replacement
of the spark plug, refer to the engine's Operation
and Maintenance Manual.

For rmore information on troubleshooting the
primary side of the ignition system, refer to
Troubleshooting, “Ignition Transformers Primary
Circuit”.

Note: After you service the transformer, always install
a new lockwire and a wire seal on the transformer’s
connector for the ignition harness.

I If the problem follows the transformer, replace the

I |
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Fuel System

02117442

Procedure for Engine Timing
SMCS Code: 1000

The engine is timed when the following conditions
are met:

« The Na. 1 cylinder is at the Top Center position on
the compression stroke.

«+ The crankshaft timing pin is engaged in the bracket
which is attached to the crankshaft.

« The camshaft timing pin is engaged in the hole in
the camshaft assembly. For Vee engines, both of
the camshaft timing pins must be engaged.

Engiﬁe Prelubrication

Always prelube the engine when you rotate the
crankshaft.

The switch for the engine preiube is located on the
remote control panel. The switch enables manual
lubrication of the engine.

DO NOT use the starting motor fo rotate the
crankshaft. If the crankshatt is rotated too fast,
jubrication with the prelube pump is not sufficient for
protecting the engine.

Use the manual barring group fo rotate the crankshaft
for service work. Keep the prelube pump running
when the crankshaft is rotated. Damage can result if
the crankshaft is rotated on dry bearing surfaces.

NOTICE

in order to avoid possible damage to the engine, the
prelube pump should not be operated continuously for
extended periods of time. During repairs, if the prelube
pump has run for more than three hours continuously,
any oil that may have collected in the cylinders and/or
above the valves should be removed before attempt-
ing to start the engine.

Finding the Top Center
Compression Position for the
No. 1 Cylinder

Hlustration 72 goo311103

(1) Barring device
(2) Storage position for the timing pin

1. Remove the timing pin from storage position (2)
that is located below barring device (1).

illustration 73 goo3 11105

Installation of the timing pin

{3) Timing bracket
{4) Mounting bracket for the timing pin
(5) Timing pin

2. Operate the prelube pump. Use the barring device
to turn the flywheel in the direction of normal
engine rotation. Turn the flywhee! until timing pin
(5) can be installed through bracket (4) into timing
bracket (3).

Note: if the flywheel is turned beyond the point of
instaftation in timing bracket (3), the play must be
removed from the timing gears. Tum the flywheel

in the opposite direction of normal rotation for
approximately 20 degrees. Then turn the fiywheel in
the direction of normal engine rotation until the timing
pin can be instalied.

3. Remove the valve cover from the No. 1 cylinder
head.

_‘
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4. The iniet and exhaust valves for the No. 1
cylinder are fully closed if No. 1 piston is on the
compression stroke and the rocker arms can be
moved by hand. If the rocker arms cannot be
moved and the valves are slightly open, the No. 1
piston is on the exhaust stroke. For the cylinders to
service according to the corresponding crankshaft
position, refer to “Crankshaft Positions for Valve
Lash Setting”.

Note: When the actual stroke position is identified
and the other stroke position is needed, remove the
timing pins from the engine. Turn the flywhee! for 360
degrees in the direction of normal engine rotation.

Crankshaft Positions for Valve
Lash Setting :

T p—— —

VY A

A B c

Niustration 74 900283190

(53606 Engine cylinder and valve location

(A) Inlet valve
(B) Gas admission valve
{C) Exhaust valve

e A L

Table 10
Crankshaft Positions for Valve Lash Setting
Standard Counterclockwise Rotation
G606 " Inlet Valves Exhaust Valves Gas Admission Valves
Engine
TC Compression Stroke 1-2-4 1-3-5 14-5
TC Exhaust Stroke 3-5-6 248 2-3-6
Firing Order 1-5-3-6-24

(1} Put the No. 1 pision at the Top Center pasition (TC). Ensure the idendification for the correct stroke. Refer to “Finding the Top Cenler
Compression Position for the No. 1 Cylinder”, After adjustments for the correct cylinders, remove the liming pin. Operate lhe prelube pump
and turn the flywheel for 360 degrees in the direction of normat rotation. This will put Ihe No. 1 pisten at the TC position on the opposite
siroke. Insiall the timing pin in the crankshaft and complete the adjusiments for the cylinders that remain.
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ustration 75 gO0465539

G3608 Engine cylinder and valve location

{A) Inlet valve
{B) Gas admission valve
(C) Exhaust valve

Table 11
Crankshaft Positions for Valve Lash Setting .
Gl608 Inlet Valves Exhaust Vaives Gas Admission Valves
Engine
TC Comgpression Stroke 1-4-6-7 1-2-4-8 1-4-6-7
TC Exhaust Stroke 2-3-5-8 3-5-7-8 2-358
t Firing Order 1-6-2-5-8-3-7-4

() Put the No. 1 piston al the Top Center position (TC). Ensure the identification for the correct stroke. Refer to “Finding the Top Center
Compression Position for the No. 1 Cytinder”. After adjusiments for the correct cylinders, remove the timing pin. Operale the prelube pump
and turn the fiywheel for 360 degrees in the direction of normal rotalion. This will put the No. 1 piston at the TC position on the opposite
stroke. Install the timing pin in the crankshafl and complete the adjustments for the cylinders that remain.
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fllustration 76 goo471973

3612 Engine cylinder and valve location

(A} Inlet vatve
{B) Gas admission valve

|
Standard Counterciockwise Rotation ¥ l
Q @ (C) Exhaust valve I
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Table 12

Crankshaft Positions for Valve Lash Setting

Standard Counterciockwise Rotation (1

G612 Inlet Vailves Exhaust Valves Gas Admission Valves
Engine
TC Compression Stroke 1-3-6-7-10-12 1-4-5-6-8-12 1-6-7-8-10-12
TC Exhaust Stroke 2-4.5-8-9-11 2-3-7-8-10-11 2-3-4-5-3-11

Firing Order

1-12-9-4-5-8-11-2-3-10-7-6

1 Pul the No. 1 pislon at the Top Center position (TC). Ensure the identification for the correct stroke. Refer 1o “Finding the Top Center
Compression Position for the No. 1 Cylinder”. After adjustmenls for the correct cylinders, remove the liming pin, Operale the prelube pump
and turn the fiywheel for 360 degrees in the direclion of normal rofation. This will put the No. 1 piston al the TC position on the opposite

stroke. Install the timing pin in the crankshaft and complete the adjustiments for the cylinders that remain.
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Niustration 77

g00472728

53616 Engine cylinder and valve location

(A) Inlel valve
(B) Gas admission valve
(C) Exhaust valve

Table 13

Crankshaft Positions for Valve Lash Setting

Standard Counterclockwise Rotation

G3616

iniet Vaives

Exhaust Valves

Gas Admission Valves

TC Compression Stroke

1-2-5-7-8-12-13-14

1-2.3-4-5.6-7-8

1-2-5-6-7-8-13-14

TC Exhaust Stroke

3-4-6-8-10-11-15-16

9-10-11-12-13-14-15-16

3-4-9-10-11-12-15-16

Firing Order

1.2-5-6-3-4-8-10-15-16-11-12-13-14-7-8

i) Pul the Na. 1 piston at the Top Center position {TC). Ensure the identification for the correct stroke. Refer to “Finding the Top Center
Compression Position for the No. 1 Cylinder’. After adjustments for the correct cylinders, remove the timing pin. Operate the prelube pump
and tusn the fiywheel for 360 degrees in the direction of normal rotation. This will pul the No. 1 piston al the TC position on the opposite
stroke. Install the timing pin in the crankshaft and complete the adjustments for the cylinders that remain.

Camshaft Timing Check

1. Remove the rear camshaft inspection cover. For
Vee engines, remove the covers from both sides

of the engine.

2. Put the No. 1 piston at the Top Center Position
on the compression stroke. Refer to * Finding the

Top Center Compression Position for the No. 1 B

Cylinder” and “Crankshaft Position for Valve Lash

Setting”.

3. When the crankshaft timing pin is installed and the
No. 1 piston is on the compression stroke, remove
the camshaft timing pin from the storage position.

e e
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Hiustration 78 00311143

Installation of the camshatt timing pin

(1) Timing pin
(2) Camshaft

4, install timing pin (1) through the timing pin hole
and into the hole in camshaft (2).

If the timing pin does not go into the hole in

the camshaft, the engine is not in time and the
camshaft position must be adjusted. Refer to
*Camshaft Timing Adjustment” for the procedure.

Camshaft Timing Adjustment

Table 14
Tools Needed Qty
6V -6080 Torque Multiplier Gp 1
5P -1748 Socket 1

'Note: Before you perform any timing adjustments,

check the timing in order to ensure that an adjustment
is necessary. Refer lo “Camshaft Timing Check " for
the procedure.

If the camshaft is not timed with the crankshaft,
the camshaft drive gear must be removed and the
camshaft must be rotated. Perform the following
procedure.

1. Put the No. 1 cylinder in the Top Center Position of
the compression stroke and install the crankshaft
timing pin. Refer to “Finding the Top Center
Compression Position for the No. 1 Cylinder”
and “Crankshaft Position for Valve Lash Setting”.
Remove all of the vaive covers from the side of
the engine that requires adjustment.

Mustration 79 90311255

(1) Bolts
{2) Rocker arm shafl

2. Loosen bolts (1) that hold rocker arm shafts (2)
until all of the rocker arms are free from the valve
bridges.

Note: For Vee engines, the gas tubes must be
removed from the rear of the engine in order to
remove the camshaft drive gear covers. Before you
work on the fuel system, make sure that the main
gas supply is OFF. Purge any remaining gas from

the fuel system.
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llustration 80 900848300

Gas tubes on the rear of a Vee angine
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fMustration 81 gu048850? (lustration B3 900311258
Rear of the Vee engine Camshaft drive gear
(3) Camshaft drive gear covers (4) gamshah drive gear

{5) Boll

{6) Bolt
{7) Washer
{8) Plate

4. Use the following procedure to loosen camshaft
drive gears (4).

a. Use the 6V -6080 Torque Multiplier Gp and the
5P - 1748 Sockel to loosen bolt (6).

b. Remove bolt {8) and washer (7). Remove bolts Q‘ ‘
(5) and plaie (8). 3

c. Put washer (7) between the camshaft and plate
{8). Install bolt (6) finger tight.

. 00B9EESS
Illusiration 82 9

Rear of the Indine engine d. Install bolt (5) finger tight.

(3) Camshatt drive gear covers

. 1 Remove the crankshaft timing pin and camshaft m

drive gear cover (3) from the rear housing. For Vee Sudden movement of camshaft drive

. _ ; gear can oc-

engines, remove both timing pins and camshaft cur when the camshaft drive gear is pulled off the

covers. taper of the camshaft. To prevent possibly per-
sonal injury, be sure that the bolt is installed {fin-
ger tight) to restrict the movement of the camshaft
drive gear when the camshaft drive gear is pulled
off of the taper of the camshaft.

e. Tighten bolt (5) evenly in order to pull camshaft
drive gear (4) off the taper of the camshaft. i

——
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. 00311259
lilustration 84 9

Installation of the camshaft timing pin
{9) Camshaft liming pin

5. Install the crankshaft timing pin. Remove camshaf
timing pin (9) from the storage location.

6. Put camshaft timing pin (9) in the timing pin hole,
and turn the camshafi until the timing pin goes into
the hole in the camshafl.

7. After the camshalft is timed with the crankshaff,
use the following procedure to tighten camshaft
drive gear (4):

a. Remove bolts (5) and (6), plate (8) and washer
(7).

b. Install washer (7) and bolt (6). Tighten bolt ()
by hand.

c. Remaove the crankshaft timing pin and the
camshaft timing pin.

d. Operate the prelube pump and turn the
flywheel in the opposite direction of normal
rotation for a minimum of 20 degrees.

e. Operate the prelube pump and turn the flywheel
in the direction of normal engine rotation until
the crankshaft timing pin can be reinstalled
in the crankshaft. This procedure holds the
backiash in the timing gears in the direction of
normal engine rotation.

NOTICE
If the crankshaft timing pin location is missed, do not
turn the flywheel in the opposite direction in order to
install the crankshaft timing pin.

Note: If the crankshaft timing pin Jocation is missed,
repeat Steps 7.d and 7.e.

f. Instalt the camshaft timing pin in order to verify
the camshaft position. To prevent damage
to the timing pins, remove the crankshaft
timing pin and the camshatft timing pin before
tightening bolt (6).

g- Use the 6V - 6080 Torgue Muitipiier Gp and the
SP-1748 Socket to tighten bolt (6) to a torque
of 2000 £ 275 N-m (1480 £ 200 Ib ).

h. Use a hammer to strike the plate (8). Repeat
Step 7.9. ‘

i. Repeat Step 7.h, until there is no movement of
the gear on the shaft at fuil torque.

8. Repeat the “Camshaft Timing Check” procedure
to verify the correct crankshafl to camshafi timing.
if the camshaft timing is not correct, repeat the
“Camshaft Timing Adjustment” procedure.

9. Remove the crankshaft timing pin and camshaft
timing pin. Return the pins to the storage locations.
Install the camshaft inspection covers on the side
of the cylinder block.

10. Instalf camshaft drive gear covers (3) on the rear
housing.

Note: For Vee engines, install the gas tubes on the
rear of the engine.

1. Tighten the bolts that hold the rocker arm shafts
in position, and adjust the valve lash.

12. Install the valve covers.

Valve Lash Check

Measure the valve lash between the rocker arm and
the valve bridge. Perform checks and adjustments
with the engine stopped. The vaives must be fully
closed. To determine whether the valves are fully
closed, refer to “Finding the Top Center Compression
Position for the No. 1 Cylinder” and “Crankshaft
Posttion for Valve Lash Selting”.

Adjustiment is NOT NECESSARY if the
measurements are within the toierance that is listed
in Table 15.

Table 15
Valve Lash Check with the Engine Stopped
Valves Acceptabie Range of Valve Lash
Intet 0.42 to 0.58 mm {.017 to .023 inch)
Exhaust 1.19 to 1.35 mm (.047 to .053 inch)

If the measurement is not within tolerance, adjust the
valve bridge and then adjust the vaive lash.
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Valve Bridge Adjustment

Table 16
Tools Needed Qty
1U-7133 Socket O 1
5pP-0333 Wrench 1

() To facilitale the use of a lorque wrench, weld the jaw of the
5P -0333 Wrench around the top end of the 1U-7133 Sockel.

The valve bridge must be adjusted before the valve
tash is adjusted. The valve bridge can be adjusted
without removal of the rocker arms and of the shafts.
The valves must be fully closed. To determine
whether the valves are fully closed, refer to “Finding
the Top Center Compression Position for the No. 1
Cylinder” and “Crankshaft Posilion for Vaive Lash
Setting”.

Note: If the cylinder head is disassembled, keep the
bridges with the respective valves. Check that the
bridge dowels are installed to the correct height.
Lubricate the bridge dowel, the bore for the bridge
dowel, and the top contact surface of the bridge.
Instal! the bridge on the dowel.

Use the following procedure to adjust the valve
bridges:

1
\f\' ._______H_-_-hh
. 4
I {
=2
QPWAYPY.

Ny =
&

i 3
llustration 85 g0CB235881

(1) Vaive cover

{2) Rocker arm

(3) Valve bridge
{4) Adjusting screw
(5) Locknut

1. Remove valve cover (1).

2. Loosen the locknut (5) for adjusting screw (4).
Loosen the adjusting screw for several turns.

3. Press straight down on rocker arm (2) at the point
of contact for valve bridge (3). Turn adjusting
screw {4) clockwise until the screw just contacts
the valve stem.

4. Tighten adjusting screw (4) for an additional 45 +
5 degrees in order to sfraighten the valve bridge
onto the dowel.
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lustration 86
Tightening the locknut
(A} 1U-7133 Socket and 5P -0333 Wrench

5. Fitthe 5P-0333 Wrench and 1U-7133 Socket (A)
over locknut {5). Insert a screwdriver through the
socket and hold adjusting screw {4) in position. Fit
a torque wrench onto S5P-0333 Wrench {A) and
tighten the locknut to a torque of 100t 15 N'm
{75+ 11 ib ft). :

6. Ensure that the valve lash is correct.

Valive Lash Adjustment

Table 17
Tools Needed Qty
4C -6593 Adjustment Tool & 1
6V -3075 Dial Indicator ]
8S-3675 indicator Contact Point ¢ 1
1U-7133 Socket @ 1
5P-0333 Wrench @ 1

{1} Insert the contact point into the dial indicator. insest the dial
indicator into the adjustment lool. Tighten the retaining screw
finger tight.

) To facilitate the use of a torque wrench, weld the jaw of the
5P - 0333 Wrench around the top end of the 1U- 7133 Socket.

1. Put the No. 1 piston at the Top Center position.
Refer to “Finding the Top Center Compression
Position for the No. 1 Cylinder” and "Crankshaft
Position for Valve Lash Setting”. Work on the
appropriate cylinders.

2. Before you perform any adjustments, use a soft
hammer to lightly lap each rocker arm at top of
the adjusting screw. This will ensure that the lifter
roller is seated against the camshatt,

(|94
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Table 18
Valve Lash Setting With Engine
Valves Indicator Reading
Inlet 0.50 mm (0.020 inch)
Exhaust 1.27 mm (0.050 inch)

7. Try to move the rocker arm for a smali amount
while you lift the rocker arm. The dial indicator
reading will vary. Read the dial indicator when the
rocker arm fits in the groove for the rocker arm.

x]

R

PR

Hiustration 87 gDOBO1BA7

(A) 4€ - 6593 Adjustment Tool
(1) Locknut
(2) Adjusting screw

3. Install 4C -6593 Adjustment Tool (A) on the rocker
base. Thread the adjustment tool into the hole that
is nearest to the end of the rocker arm. Position
the contact point of the dial indicator aver the flat
area on the end of the rocker arm. Tighten the
knob. Rotate the dial indicator so the dial indicator
can be easily read. Ensure that the tool is rigid and
that the point of the dial indicator moves freely.

9008061889

X Iustration 89
[ D 4. Loosen locknut (1). Turn adjusting screw (2) Tightening the locknul
1 clockwise until resistance is felt. Slightly turn the (B) 1U-7133 Socket and 5P-0333 Wrench
adjusting screw in the counterclockwise direction
in order to obtain a valve lash of zero. The valves 8. Fitthe 1U-7133 Socket and 5P - 0333 Wrench (B)
must be fully closed. over the locknut. Insert a screwdriver through the
o socket and hold the adjusling screw in position. Fit
5. Zero the dial indicator. a torque wrench onto the 5P - 0333 Wrench and

tighten the locknut to a torque of 200 £ 25 N'm
(150 1 18 Ib ft). Check the adjustment again.
Repeat the procedure, if necessary.

9. Perform the procedure for the remaining valves.

10. After all valves are adjusted for the Top Center
Compression Stroke, remove the crankshaft
timing pin. Operate the prelube pump and rotate
the fiywheel for 360 degrees in the direction of
normal crankshaft rotation. This will put No. 1
piston at Top Center Exhaust Stroke. Install the
timing pin. Complete the adjustments for the
remaining cylinders.

liustration B8 gon3t11282

Valve lash adjustment Gas Admission Valve Lash

6. Lift up firmly on the valve end of the rocker arm. Table 19
Turn the vaive adjusting screw until you achieve Tools Needed Qty
’ the setting that is specified in Table 18. 146-2742 Gas Inlet Valve Test Tool ™ 1
6V - 3075 Dial Indicator 0 1
85-3675 Indicator Contact Point 1

(1) Insert the contact point into the dial indicator. Insert the dial
/ indicator into the test lool. Tighten the refaining screw finger
i tight.
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1. Put the No. 1 piston at the Top Cenler position.
Refer to “Finding The Top Center Compression
Position Forthe No. 1 Cylinder” and “Crankshaft
Pasition for Valve Lash Setting”. Woerk on the
appropriate cylinders.

900500317

liustration 92
Adjusting the gas admission valve lash

4. Rotate the rocker arm away from the upper

- : pushrod and push the rocker arm toward the
fustration 90 500801941 exhaust valve's rocker arm. Read the dial
indicator. The correct setting is listed in Table 20.

{1) Counterbore
{A) 146 -2742 Gas [nlet Valve Test Tool

Table 20
2. Install 146-2742 Gas Iniet Valve Test Tool (A) Valve Lash Setting With Engine Stopped
onto the rocker base. Align the point of the dial - -
indicator into the center of counterbore (1). Valve Indicator Reading
, Gas admission valve 0.64 mm {.025 inch}
Note: Make sure thal the rocker arm is pressed to
the left in order to indicate the maximum lash. ‘[ ‘

If the valve lash is correct, go to Slep 6.

If the valve lash is not correct, loosen the locknut
for the adjusting screw. Rotate the rocker arm
away from the upper pushrod and push the rocker
arm toward the exhaust vaive's rocker arm. Turn
the adjusting screw until the correct valve Jash is
oblained.

5. Tighten the locknut for the adjusting screw to a
torque of 30 £ 4 N-m (22 1 3 Ib ft). Check the valve
lash again. Repeat the procedure, if necessary.

6. Perform the procedure for the remaining valves.

900500318 7. After all valves are adjusted for the Top Center
Compression Stroke, remove the crankshaft
timing pin. Operate the prelube pump and rotate
the fiywheel for 360 degrees in the direction of the
normat crankshaft rotation. This will put the Na. 1
piston at the Top Center Exhaust Stroke. Install
the timing pin. Complete the adjustments for the
remaining cylinders.

Hiustration 91
Lifting the rocker arm

3. Lift the end of the rocker arm that has the adjusting
screw, Zero the dial indicator.
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Hiustration 93
inine engine
Position of the speed-timing wheel with the number one cyfinder at
the fop center position on the compression stroke

(1) Arrow for the direction of the camshaft's rotation

{2) Spacer

{(3) Exira tooth

{4) Engine speedftiming sensor

lllustration 94 go0BBES5B2

Vee engine

Position of the speed-timing wheel with the number one cylinder at
the top center position on the compression stroke

(1) Arrow for the direction of the camshaft’s rotation
(2) Spacer

(3) Extra tooth

(4) Engine speeditiming sensor

1. Put the No. 1 piston at the Top Center position
on the compression stroke. Refer to "Finding The
Top Center Compression Position Forthe No. 1
Cylinder” and “Crankshaft Position for Vaive Lash
Setling”. Pin the camshatt.

2. Orient one of the camshaft drive gear's 1/2-13
threaded holes to the 12 o'clock position. The four
1/2-13 threaded holes form a diamond pattern.

3. Install spacer (2) and the speed-timing wheel.
Orient extra tooth (3) near sensor (4). Loosely
install the four bolts in order to enable speed-timing
wheel to be moved.

4. Rotate the speed-timing wheel in the direction of
the camshaft's rotation until the first tooth after
the extra tooth is aligned with the centerline of the
sensor.

5. Tighten the four bolts.

6. Install the cover for the speed-timing wheel.

7. Remove the camshaft timing pin from the
camshaft. Install the timing pin in the storage
position. '

Adjusting the Engine Speed/Timing
Sensor

ST 3 M
O

Nlustration 95 gO0B50545

Engine speedftiming sensor

(1) Terminal for the - signal

(2) Terminal for the + signal

{3) Bracket

{4} Integrat conneclor on the sensor
(S} O-ring seal

{6) Sensor

1. Ciean the tip of sensor (6}, the sensor's mounting
flange and the counterbore for the sensor in the
rear housing.

2. Lubricate O-ring seal (5) with clean engine oil.

3. Install the sensor into the counterbore in the rear
housing. Make sure that the sensor is properly
seated and that the bracket is flush with the
mounting surface. Use the bolt to secure the
bracket to the rear housing.

4. Measure the gap between the sensor's head and
the speed-timing wheel's extra tooth. The distance
musi be between 0.6 mm (0.024 inches) and
1.4 mm (0.055 inch). Ifthe gap is too large, remove
material from the housing in order to attain the
correct gap. i the gap is too small, use 119-9738
Shims in order to attain the correct gap.

5. Make sure that the connector on the engine
harness is in good condition. Connect the engine
harness to the sensor's connector. Make sure that
the mating of the connection is secure.
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31860271

BTU and Precombustion
Chamber Adjustments

SMCS Code: 1278; 1550

The control strategy for the air/fuel ratio is determined
by the setting for the fuel quality. by the fuel flow, and
by the combustion burn times. The setting for the fuel
quality is the initial setting for the air/fuel ratio. The
combustion burn time allows the conlrol strategy to
fine tune the airffuel ratio. This is based on the quality
of the fuel. Both of these adjustments are critical,
and problems can arise if the adjustments are not
properly set.

Setting of the Fuel Quality

Note: Use the Caterpillar Electronic Technician {Cat
ET) to adjust the setting for the fuel quality.

The setting for the fuel quality is typically defined
during the engine commissioning. The setting of
the fuel quality does not require further adjustment
unless the fuel's average lower heating value (LHV)
changes. To establish the setting for the fuel quality,
a gas analysis and a measurement of the exhaust
emissions are required.

A current gas analysis is required before making
any adjusiments to the value for the fuel quality.
Obtain the analysis and enter the data into Caterpillar
Software, LEKQ6378, “Methane Number Program”.
This program establishes the LHV through a
calculation that weighs the effect of the various
contents of the gas. This calculation is based on the
percentage of the total gas. Set the fuel quality to
this LHV.

Note: It is very important to use the Caterpillar
Software, LEKQ6378, “Methane Number
Program'. Use of only the data from the gas analysis
can result in incorrect settings.

A measurement of the exhaust emissions verify that
the engine is properly set. The emission levels for the
fuel quality can be compared to the levels of these
emissions that were recorded during the engine
commissioning: NO, NO,, CO, CO;, and Q..

if the amount of NO, and CQ in the exhaust are

not within + 10 ppm of the engine commissioning,
determine whether the setting for the fuel quality-
should be adjusted. A leaner air/ffuel ratio will reduce
NO, and a leaner air/fuel ratio will increase CO. A
richer air/fuel ratio will increase NO, and a richer
air/fuel ratio will reduce CO. Two basic concepts

of the control strategy must be understood before
making an adjustment to the fuel quality.

Basic Engine Speed and Governihg
Control

The engine's controi strategy adjusts fuel flow. This is
based on the differential between the actual engine
speed and the desired engine speed selting.

.If the actual engine speed is lower than the desired

engine speed, the contro] will increase the amount of
fuel flow. !f the actual engine speed is higher than
the desired engine speed, the conirol will decrease
the amount of fuel flow. The application of load to
the engine will result in a higher fuel flow in order

to maintain the same desired speed. This is due to
a decrease of the actual engine speed as the load
increases.

Basic Air/Fuel Ratio Control

The control strategy uses the volume of fuel and the
fuel's heating value to determine the amount of air
that is required for maintaining the proper airffuel
ratio.

The volume of fuel that is consumed by combustion
is calcutated by measuring the following conditions:

« Pressure differential between the fuel manifold and
the inlet air manifold

« Temperature of the fuet to the cylinder
« Engine rpm

The setting of the fuel quality and the combustion
burn fimes are evaluated in order to determine the
heating value of the fuel. The volume of inlet air will
increase as the volume of fuel and the heating value
increase. The volume of inlet air will decrease as
the volume of fuel and the heating value decrease.
The control strategy regulates the volume of air by
adjusting positions of the wastegate and of the air
choke.

Adjustments to the setting of the fuel quality will
affect the airfuel ratio during tuning of the engine.
To obtain a leaner air/fuel ratio, increase the setting
of the fuel quality when the engine is tuned again.
This will increase the volume of air for combustion.
The contro! will interpret the higher fuel qualiity as a
hotter fuel. The actual heating value of the fuei does
not change. To obtain a richer air/fuel ratio, decrease
the setting of the fuel quality when the engine is
tuned again. This will reduce the volume of air for
combustion. The control will interpret the lower fuel
quality as a cooler fuel. The actual heating value of
the fuel does not change.

¢
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The control also uses the fuel quality in order

to calculate the percentage of engine load. This
calculated load is used by the control strategy to
determine the timing, the airffuel ratio, and the
operating limits. Adjusting the fuel quality will directly
affect the operation of the engine.

NOTICE
The BTU setting will directly affect the air/fuel ratio
during tuning which in turn will alter the emission level
of the engine. Improper seftings of the BTU during
tuning will lead to engine performance problems and
have a negative impact on the site emission permits.

Do not use the fuel quality as an adjustment for
improving starting and/or acceptance of a load. If
there are problems with engine start-up and/or loads
at a particular setting for the fuel quality, another
gas analysis and/or adjustments to the engine are
required.

Note: Normally, the engine will operate with different
fuels that have a broad range of heating vatues. If
the heating value of the fuel changes significantly, an
adjustment to the setting of the fue! quality may be
necessary in order to operate the engine.

If the setting of the fuel quality is not within £ 25 fue!
quality of the fuel's actual LHV, the engine is not
considered to be properly set. Additional gas analysis
and/or engine adjustments are required.

The setting of the fuel quality will directly affect the
performance of the engine. If the setting is too low,
the air/fuel mixture wili be too rich. This will result in
higher exhaust temperatures, in detonation, and in
possible damage to the precombustion chambers. If
the setting is too high, the air/fuel mixture will be too
lean. This will result in poor engine performance, in
false detonation, in misfire, and in shutdowns.

Do not adjust the setting for the fuel quality while the
control strategy is running in the feedback mode.
The control strategy for the engine will automatically
compensate for any variation in the heating value
of the fuel. Adjusting the setting of the fuel quality
during feedback mode will not change the operating
condition of the engine. If the setting is adjusted, the
adjustment could lead to operational problems.

Tuning the Engine

The setting of the fuel quality establishes a reference
point. If the LHV of the gas does not change, the
engine's performance will probably be consistent.
However, it is likely that the LHV will change over
time.

Note: Before you tune the engine, determine whether
misfire is present. Also, determine the load and
speed for the application.

Modes of Air/Fuel Ratio Control
Start-Up

During start-up, the air/fuel ratio is controlled with
the air choke. The starting position depends on the
number of cylinders. Typically, the starting position is
closed 60 to 80 percent.

The air choke Is maintained at a fixed position until
ten seconds after the engine achieves the desired
speed. If the starting position is set too high, the
engine will not get enough combustion air. In this
case, the programming in the software opens the air
choke in steps until the engine speed increases. This
enables a steady increase of the engine speed until
the desired speed is achieved.

The starting position is programmed in the Cat ET
configuration screen.

Exhaust Port Temperature Feedback

In this mode of operation, the airffuel ratio is
controlled in order to achieve a desired exhaust port
lemperature. This mode of operation is normally
aclivated after the start-up is complete.

The Integrated Combustion Sensing Module (ICSM)
calculates the difference between the average
exhaust port temperature and the desired exhaust
port temperature. The ICSM sends a fuel correction
factor to the ECM. The ECM uses the fuel correction
factor to control the air choke actuator in order to
maintain the desired exhaust temperature.

If the average exhaust temperature is loo low, the
ECM commands the air choke actuator to move
toward the closed position in order to richen the
air/fuel mixture. Combustion of the richer air/fuel
mixture increases the exhaust port temperatures.

The “Desired Engine Exhaust Port Temp” parameter
is set in the Cat ET configuration screen. This is the
desired exhaust port temperature for a load of 25
percent.

Combustion Feedback

During normal operation at loads that are greater than
approximately 40 percent, the engine cperates with
combustion feedback. in this mode, the Electronic
Control Module (ECM) adjusts the inlet manifold air
pressure according to these factors: fuel flow, setting
of the fuel quality, and combustion burn times. During
this mode, the contrel automatically adjusts for any
variations in the LHV of the fuel. The inlet manifold
air pressure and the fuel correction factor can be
monitored in order to observe the adjustments for
the air/fuel ratio.

o A T Bl N e N
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The inlet manifold pressure and the fuel correction
factor can be observed with Cat ET. If the heating
value of the fuel increases, the combustion burn time
will decrease. The engine will be operating with a
richer airffuel ratio. The ECM increases the inlet air
in order to increase the combustion burn time. if the
healing value of the fuel decreases, the combustion
burn time will increase because the engine will

be operaling with a leaner airffuel ratio. The ECM
decreases the inlet air in order to reduce the
combustion burn time. In both cases, the ECM works
in order to restore the desired combustion burn time.

Prechamber Calibration Mode

The prechamber calibration mode is enabled

by selecting the screen with Cat ET. This will
allow the engine to be tuned for the performance
characteristics of the fuel.

When the engine is operating in the prechamber
calibration mode, the ECM does not automatically
adjust the inlet air. The combustion bum times are
eliminated in the calculation of the air/fuel ratio.
Primarity, the fuel flow and the setting for the fuel
quality determine the amount of inlet air that is
reguired for combustion. This allows the adjusiment
of the airfue! ratio via the setting for the fuet quality.
If the setting for the fuel quality is increased in this
mode, the inlet air is also increased. This will result
in a leaner airffuel ratio. If the setting for the fuel
quality is reduced in this mode, the inlet air is also
reduced. This will resutt in a richer airffuel ratio. The
combustion bumn time can be set to these conditions
by adjusting the amount of fue! that is delivered to
the precombustion chamber. Each cylinder has a
needle valve that controls the amount of gas to the
precombustion chamber.

Detection of Misfire

Before adjusting the engine, determine whether
misfire is present. If misfire is present, the combustion
burn time will not be accurate. The misfire will falsely
increase the average combustion burn lime.

Note: Failure to correct the misfire will result in an
improper engine setting that will lead to problems.

Under normal operating conditions, the combustion
burn time is an average value that is displayed by the
Machine Information Display System (MIDS) on the
remote control panel in miltiseconds (0.01 seconds).
The combustion burn time begins when the spark
plug ignites. The combustion burn time ends when
the ftame front reaches the combuslion sensor. When
a cylinder misfires, the combustion sensor does not
detect the flame front. The combustion burn time
does not stop until the next cylinder is about to fire.
This results in a long combustion burn time. The
displayed combustion burn time increases because
the time is an average of several ignitions in the
cylinder.

Adjusting the fuel supply in the precombustion
chamber on a misfiring cylinder will resull in an
incorrect setting on the engine that will lead to
operational problems.

There are two forms of misfire: actual misfire and
false misfire.

Note: Actual misfire can occur without significantly
affecting the exhaust port temperature.

The exhaust port temperatures can help to
differentiate between actual misfire and false misfire.
A low exhaust port temperature probably indicates
actual misfire. Troubleshooting can be concentrated
on those components that are likely to be causing the
misfire. The following components are included:

« Check valve for the precombustion chamber

Spark plug

Spark plug extender

Ignition coil

integrated combustion sensing module (ICS\M)

» Needle valve for the precombustion chamber

Gas supply line for the precombustion chamber

» Gas admission valve

False misfire occurs when the combustion burn
time is not measured correctly but the exhaust port
temperatures are normal. This indicates a probiem
with one of the following components: combustion
sensor, extender for ihe combustion sensor, wiring
for the combustion sensor, and ICSM. These
components are also susceptibie to electrical noise.

(
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Electrical noise in the feedback system can cause
the combustion burn time to be incorrectly measured.
This results in combustion burn times that are too
fast. The electrica! noise stops the timer before

the flame front passes by the combustion sensor.’
Efectrical noise can be detected by eliminating the
averaging of combustion burn time during operation
in the prechamber calibration mode.

Excessive oil in the cylinder will also cause fast
combustion burn times.

If the wiring from the combustion sensors to the
ICSWM is not connected correctly, false misfire can be
indicated. The exhaust temperatures will be normal
but the combustion burn times can be excessive
because the ICSM is not monitoring the correct firing
order.

To isolate the component that is affecting the
combustion burn times, components from a suspect
cylinder can be exchanged with components from
other cylinders. Operate the engine in order to locate
the component. The misfire will follow the component
to one of the other cylinders.

Adjusting Fuel Supply To The
Precombustion Chamber

Before you tune the engine, define the operating
load and the speed for the application. This can be
different for different applications.

If the engine will be operated continuously at a certain
load and speed, tune the engine at that load and
speed. If the engine is expected to run continuously
above 850 rpm and 75 percent of the rated load, tune
the engine at the expected condition.

If the engine load and speed will vary, tune the engine
at the midpoint of the defined range.

After the preliminary steps are compieted, the naedle
valves for the precombustion chamber can be
adjusted.

1. Before you start the engine, install an emissions
analyzer.

Note: For initial start-up and start-up after major
work, use the prechamber calibration mode. This will
prevent the engine’s control strategy from switching
into the combustion feedback mode when the load

is greater than approximately 40 percent. This also
allows direct control of the airffuel ratio with the
setting for the fuel quality. The engine can be started
and loaded prior to the tuning. Skip Step 3 and review
Step 4.

2. Start the engine and operate the engine at
the desired load and speed until the water
temperatures and oil temperatures are stable.
Approximately one hour is required for the
warm-up.

3. Operate in the feedback mode and refer to the
value of the fuel correction factor.

If the fuel correction factor is 100 percent, no
special consideration is required.

If the fue! correction factor is less than 99 percent
or if the factor is greater than 101 percent, the
LHV of the fuel may have changed since the last
tuning. A gas analysis is required to determine the
new LHV. Before the engine is tuned, adjust the
setting of the fuel quality to the new value.

4, Use Cat ET to switch the engine’s control to the
prechamber calibration moede.

Note: Do not exit the prechamber calibration mode
while you tune the engine. This could result in
adjusting the engine for an improper air/fuel ratio,
This will lead to poor engine performance. When
the engine's control is in the prechamber calibration
mode, the fuel correction factor is automatically set
to 100 percent.

=

lustration 96 900815515

Needte valves

5. Monitor all of the combustion burn times that are
observed on Cat ET or on the MIDS. Compare the
combustion burn times to the desired combustion
burn time. Adjust all of the needle valves for the
precombustion chamber sequentially. Allow a
minimum of five minutes for the combustion burn
time to stabilize. Repeat this process until all of
the actual combustion burn times are within £ 0.20
milliseconds of the desired combustion burn time.

Opening the needle valve will increase the
fuel flow to the precombustion chamber. This
decreases the combustion bum tirne for the
cylinder.
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Closing the neede valve will decrease fuel flow to
the precombustion chamber. This increases the
combustion burn time.

Adjusting the needle valves too far will resultin rich
misfire or in lean misfire. This will be reflected by
combustion burn times that are long and unstable.

6. Measure the levels of the exhausl emissions.
Compare the data to the data from the engine
commissioning and/or from the history of the
engine's performance.

7. Observe the data for the engine performance on
Cat ET or on the MIDS. Pay particular attention to
the fue! carrection factor and to the inlet manifold

air pressure.

Look for any varialions and determine the root
cause. If the exhaust emissions are not carrect,
adjust the setting for the fuel quality.

Make sure that the current fuei analysis is correct.
Make sure that the emissions analyzer is accurate.

8. After the exhaust emissions are correct, record the
inlet manifold air pressure and the fuel correction
factor. Switch the engine's control to the feedback
mode.

9. After the engine is operating in the feedback
mode, observe the inlet manifold air pressure
and the fuel correction factor. Determine whether
these parameters remain stable.

If these values shift then the engine is not properly
tuned. Repeat the process.

10. Record exhaust emissions for the feedback
mode. Compare the exhaust emissions to the data
from the engine commissioning.

The levels of NQ, and CC should be within + 10
ppm of the original levels.

11. Record all of the parameters for the engine
operation. Record the settings of the needie
valves. Save this data for future reference.

NOTICE

Adjustments to the precombustion chamber needle
valves should not be made when the engine's control
strategy is operating in the “feedback” mode. The en-
gine’s control strategy adjusts the air fuel ratio to main-
tain the actual combustion burns equal to the desired
burn times. Therefore, adjusting the needle valves will
not result in different burn times. Adjusting the needle
valve will, instead, set the air/fuel ratio to an unknown
value, because the engine’s control strategy will at-
tempt to correct for this change.

When an engine is initially started and when an
engine is started after major work, open the needle
valves for four to five turns, Changing the settings of
the needle valves on an engine that has been tuned
will cause problems with starting and loading.

If the settings for the needle valves increase

over time, problems may be occurring in the
precombustion chamber. Inspect the precombustion
chambers with a borescope in order to determine the
root cause of the increased settings of the needie
valves. .

If the needle valves have continuous problems, the
fuel may be contaminated. If the contamination is
in the form of small particles, a fuel filter that has
a 0.01 micron filter is recommended. if the fuel is
contaminated by liquids, the system that supplies
the gas must be improved in order to remove the
contamination.

if the LHV of the fue! changes during tuning, the
tuning will be more difficult. The settings will be
improper. Check the exhaust emissions after the
engine is tuned in order to verify that the engine was
properly tuned.

Operation of the engine at an air/fuel ratio that is
too rich will increase the exhaust port and exhaust
stack temperatures. This operation could result in
a shutdown for high exhaust stack temperature.
An airffue! mixture that is loo rich can also cause
detonation.

Damage may occur to a precombustion chamber if

the engine is operated at an air/fuel ratio that is too

rich. This can occur if misfire is not corrected before
adjustment of the needle valves.

€

|
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Air Inlet and Exhaust
System

01753108

General Information (Air Inlet
and Exhaust System)

SMCS Code: 1050

These engines use three actuators with adjustable
linkages to controi the fuel inlet, the exhaust bypass
{wastegate), and the inlet air (choke). The Electronic
Control Module (ECM) controls these functions.

If there is a complaint about poor performance or
operational problems, check for correct adjustment
of the actuators and of the need!e valves for the
precombustion chambers.

Restriction of Air Inlet and Exhaust

There will be a reduction in the performance of the
engine if there is a restriction in the air inlet system
or in the exhaust system.

The air flow through the air cleaner may have a
restriction. The restriction must not be more than
3.74 kPa (15 inches of H,0),

Back pressure is the difference in the pressure
between the exhaust at the outlet elbow and the
atmospheric air. Back pressure from the exhaust
must not be more than 2.49 kPa (10 inches of H,Q).
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Lubrication System

01753807

General Information
(Lubrication System)

SMCS Code: 1300

One of the problems in the list that follows will
generally be an indication of a problem in the engine's

lubrication system.

» Excessive consumplion of engine oil

Low engine oil pressure

High engine oil pressure
« Excessive bearing wear

« Increased engine oil temperature

Excessive Consumption of Engine
Oil
Incorrect Engine Oil Level

Overfilling the crankcase will increase the
consumption of engine oil. Make sure thal the engine
oil level is comrect.

When the engine crankcase is full, engine oil will be
initially consumed at a relatively rapid rate. The rate
of consumption is reduced as the engine oil level
decreases. A crankcase that is always maintained at
the full level will have a faster rate of consumption.

if the engine has a system for automnatically filling
the crankcase with engine oil, check the ievel for the
system. Adjust the system in order to provide engine
oil {o a level that is less than the full level. Make sure
that the supply of engine il is adequate.

External Leak

Check for leakage at the seals at each end of the
crankshaft. Look for leakage at the gasket for the
engine oil pan and all lubrication system connections.
Look for any leaking from the crankcase breather.
This can be caused by combustion gas leakage
around the pistons. A dirty crankcase breather

will cause high pressure in the crankcase. A dirty
crankcase breather will cause the gaskets and the
seals to leak.

Measure the crankcase biowby according to the _
engine's Operation and Maintenance Manual, @;!
“Crankcase Blowby - Measure/Record”. !

Internal Leak

There are several possible ways for engine oil to leak
into the combustion chambers:

« Leakage between worn valve guides and valve
stems

« Worn components or damaged components |
(pistons, piston rings, or dirty passages for engine
oil)

» incorrect instatlation of the compression ring and/or
the intermediate ring

» Leakage past the seal rings in the turbocharger
« Qverfilling of the crankcase
« Incorrect dipstick or guide tube

Signs of internal leaks include high consumption of
engine oil, blue smoke, and excessive detonation.

If the pistons are suspected, check the cylinder € :
compression. Refer to the engine’s Operation p
and Maintenance Manual, “Cylinder Pressure -
MeasurefRecord”.

Worn Components

Excessively worn engine components and damaged
engine components can result from the following
conditions:

» Contaminated engine oil

« Incorrect fuel system settings

« Contamination from the inlet air

Extended Operation with Low Loads

Extended operation at low idle or extended
operation at a reduced load will cause increased oil
consumption and carbon buildup in the cylinders.
This will occur if the engine is usually operated at a
torque that is significantly below the rated power.

The engine can be operated at a low load. However,
engine operation at a low load is limited. For
information on operation with a low load, refer to

the engine’s Operation and Maintenance Manual, G
“Engine Operation”.
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Measuring Engine Oil Pressure

A faulty indicator or a faulty sensor for engine oil
pressure can provide a false indication of the engine
oil pressure.

The 1U-5470 Engine Pressure Group can be used
to compare the indicator on the instrument panel
and the engine oil pressure that is displayed on the
Caterpillar Electronic Technician (Cat ET).

A\ WARNING

Work carefully around an engine that is running.
Engine parts that are hot, or parts that are moving,
can cause personal injury.

Check the engine oil pressure to the camshaft and
main bearings on the side of the cylinder block at a
plug for the main engine oil gallery. With the engine
at operating temperature, the minimum engine oil
pressure at full load rpm is approximately 280 kPa
(40 psi). The minimum engine oil pressure at low id'e
rpm is approximately 140 kPa (20 psi).

Low Engine Qil Pressure

Engine Oil Level

Check the leve! of the engine oil in the crankcase,
Add engine oil, if necessary.

It is possibie for the engine oii level to be too far
below the supply tube for the engine oil pump and
the pump cannot supply enough lubrication to the
engine components.

Contaminated Engine Oli

Engine oil that is contaminated with another liquid
wili cause low engine oil pressure. High engine oil
level can be an indication of contamination. Obtain
an analysis of the engine oil. Determine the reason
for contamination of the engine oil and make the
necessary repairs. Change the engine oil and the
engine oil filter. For the correct engine oil {0 use, refer
to Operation and Maintenance Manual, “Engine OQil".

Improper Circulation of the Engine Oil

Several factors could cause improper circulation of
the engine oil:

« The engine oil filter is clogged. Replace the engine
oil filter,

+ An engine oil line or a passage for engine ail is
disconnected or broken.

+ The engine oil cooler is clogged. Thoroughly clean
the engine oil cooler.

+ There is a problem with a piston cooling jet.
Breakage, a restriction, or incorrect installation of a
piston cooling jet will cause seizure of the piston.

» The inlet screen of the suction tube for the engine
oil pump can have a restriction. This restriction will
cause cavitation and a loss of engine oil pressure.
Check the inlet screen on the suction tube and
remove any material that may be restricting engine
oil flow.

« The suction tube is drawing in air. Check the joinis
of the tube for cracks or a damaged O-ring seal.

« There is a problem with the engine oil pump. Check
the gears of the engine oil pump for excessive
wear. Engine oil pressure is reduced by gears that
have too much wear.

Oil Fiiter Bypass Valve

If the bypass valve for one or more of the engine oil
filters is heid in the open position due to a restriction,
a reduction in the pressure can be the result. Remove
each bypass valve and clean each bypass valve in
order to correct this problem. You must also clean
each bypass valve bore. Install new Caterpillar
engine oif filters. New fillers will prevent more debris
from causing this problem.

Worn Components

Excessive clearance at the crankshaft bearings or
at the camshaft bearings will cause low engine oil
pressure. Also, inspect the clearance between the
rocker arm shafls and the rocker arms. Check the
engine components for excessive clearance.

Obtain an analysis of the engine oil. Check the
analysis for the level of wear metals in the engine oil.

High Engine Oil Pressure

Engine oil pressure will be high if the bypass valve
for the engine cil pump can not move from the closed
position.

Excessive Bearing Wear

If an engine component shows premature bearing
wear, the cause can be a restriction in a passage
for engine oil. An indicator may show that there is
enough oil pressure, but a component is worn due
to a lack of lubrication. In such a case, ook at the
passage for the engine oil supply to the component.




.

88
Testing and Adjusting Section

Increased Engine Oil Temperature

The temperature may be higher than normal when
the engine is operating. In such a case, the engine oil
cooler may have a restriction. Look for a restriction in
the passages of the engine oil cooler. The engine oil
pressure will be reduced just because the engine oil
cooler has a restriction.

Determine whether the bypass valve for the engine
oil cooler is held in the open position. This condition
will allow the engine oil through the valve instead of
the engine oil cooler. The temperature will increase.
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' Cooling System

01753559

General Information (Cooling
System)

SMCS Code: 1350

This engine has a pressurized cooling system. A
pressurized cooling system has two advantages.

« The pressure helps prevent cavitation.
» The risk of boiling is reduced.

Cavitation occurs when mechanical forces cause the
formation of air bubbles in the coolant. The bubbles
can form on the cylinder liners. Collapsing bubbles
can remove the oxide film from the cylinder liner. This
allows corrosion and pitting to occur. If the pressure
of the cooling system is low, the concentration of
bubbles increases. The concentration of bubbles is
reduced in a pressure type cooling system.

if the cooling system is not properly maintained,
solids such as scale and deposits reduce the ability
of the cooling system to transfer heat. The engine
operating temperature will increase. Overheated
coolant can be lost through the cooling system's
pressure refief valve. Lower coolant levels contribute
to additional overheating. Overheating can result

in scuffing or in seizing of parts due to reduced
lubrication and clearances.

A cracked cylinder head or cylinder liner will force
exhaust gas into the cooling system. The additional
pressure causes coolant loss, cavitation of the
water pump, less circulation of coolant, and further
overheating. !

Overcooling is the result of coolant that bypasses
the water temperature regulators. Instead, the
coolant flows directly to the heat exchanger. Low
load operation in low ambient temperatures can
cause overcooling. Overcooling is caused by
water temperature regulators that remain open.
Overcooling reduces the efficiency of operation.
Overcooling enables more rapid contamination of the
engine oil. This results in the formation of sludge
in the crankcase and in the formation of carbon
deposits on the valves.

Cycles of rapid heating and cooling can result in
the following conditions: cracked cylinder heads,
gasket failure, accelerated wear, and excessive fuel
consumption.

If a problem with the cooling system is suspected,
perform a visual inspection before you perform any
tests on the system,

Visual Inspectioh Of The Cooling
System

Personal injury can result from escaplng fluid un-
der pressure.

Testing and Adjusting Section 3 l

If a pressure indication is shown on the indicator,
push the release valve in order to refieve pressure
before removing any hose from the radiator.

1. Check the coolant level in the cooling system.

2. Look for leaks in the cooling system. After the
engine is stopped, lock for coolant or for steam
from the filler cap's pressure relief vatve. Inspect
the coolant lines and connections.

3. After the engine is cool, remove the filler cap
slowly in order to relieve any pressure. Inspect
the filler cap and the sealing surface for the cap.
This surface must be clean and the seal must not
be damaged.

4. Look for signs of air or of combustion gas in the
cooling system,

Air andfor gas in the coolant results in foaming
of the coolant.

Testing The Cooling System

COOLING SYSTEM PRESSURE
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BOILING POINT OF WATER

flustration 97 g0D2B6266

Atmospheric pressure and the boiling point of water

Remember that temperature and pressure work
together. To help diagnose a cooling system problem,
check the temperature and the pressure. The cooiing
system pressure has an effect on the cooling system
temperature. lllustration 97 demonstrates the effect
of pressure on the boiling paint (steam) of water.
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Test Tools For Cooling System

Table 21

Tools Needed Quantity
4G - 6500 Digital Thermometer

1U- 5470 Engine Pressure Group
8T -5296 Coolant Conditioner Test Kit

- | k| k| e

95 - 8140 Pressurizing Pump

Hustration 100 go0768733

8T-5296 Coolant Conditioner Test Kit

The BT-5296 Coolant Conditioner Test Kit is

used o measure the concentration of Caterpillar
Supplemental Coolant Additive. Insufficient
concentrations or excessive concentrations can lead
to engine damage. tnstructions are provided with the
kit.

pro— Note: The 8T-5296 Coolant Conditioner Test Kit

Mustration 98 tests the concentration of nitrites in the coolan!.
4C-6500 Digital Thermometer Some types of coolant additives have phosphates

o _ . rather than nitrites. {f the additive in the cooling
The 4C-6500 Digital Thermometer is used in system has phosphates, test the coalant according
the diagnosis of overheating conditions and of " to the instructions that are provided by the OEM of
overcooling conditions. This group can be used to the additive.

check temperatures in several different parts of the
cooling system. The Operating Manual, NEHS0554
is provided with the thermometer.

lilustration 101 900286369
9S-8140 Pressurizing Pump
" 00295554 - .
lustration 99 s The 95- 8140 Pressurizing Pump is used to test the
1U-5470 Engine Pressure Group filler cap, the pressure relief valve, and the pressure

gauge.
The 1U-5470 Engine Pressure Group can be used
to measure the pressures in different parts of the Testing the Filler Cap

cooling system.
Table 22

Jools Needed Quantity
95-8140 | Pressurizing Pump 1
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o IV

Steam or hot coolant can cause severe burns.

Do not loosen the filler cap or the pressure cap on
a hot engine.

Atlow the engine to cool before removing the filler
cap or the pressure cap.

One cause for a pressure loss from the cooling
system can be a damaged seal on the filler cap.

To check for the amount of pressure that opens the
filler cap, use the following procedure:

1. After the engine cools, carefully loosen the filler
cap in order to release the pressure from the
cooling system. Remove the filler cap.

2. Carefully inspect the filler cap. Look for any
damage to the seals and to the sealing surface.

Remove any deposits that are found.
If the filler cap is damaged, obtain a new cap.

3. Install the filler cap on the 95- 8140 Pressurizing
Pump.

The opening pressure for the filler cap's pressure
relief valve is stamped on the filler cap.

4. Apply pressure to the filler cap. Compare the
gauge reading with the opening pressure that is
listed on the filler cap.

If the cap cannot sustain the correct pressure,
obtain a new cap.

If the filler cap’s pressure relief valve does not
open within approximately 7 kPa (1 psi) of the
pressure that is stamped on the filler cap, obtain
a new cap.

Testing the Water Temperature Indicator

Table 23

Tools Needed Quantity
4C- 6500 Digital Thermometer 1

() Atemperature indicator of known accuracy can also be used.,

Check the accuracy of the water temperature
indicator and/or water temperature sensor if you find
either of the following conditions:

= The engine runs at a temperature that is {00 hot,
but a normal temperature is indicated. A loss of
coolant is found.

= The engine runs at a normal temperature, but a
hot temperature is indicated. No loss of coolant
is found.

A\ WARNING

Personal injury can result from escaping fluid un-
der pressure.

if a pressure indication is shown on the indicator,
push the release valve in order to relieve pressure
before removing any hose from the radiator.

. A\ WARNING

Making contact with a running engine can cause
burns from hot parts and can cause injury from
rotating parts.

When working on an engine that is running, avoid
contact with hot parts and rotating parts.

1. install a probe for the test thermometer into a
suitable location near the suspect indicator's water
temperature sensor.

2. Start the engine. Run the engine until the
temperature reaches the desired range according
fo the test thermometer,

3. Compare the reading on the water temperature
indicator with the reading on the test thermometer.

if the readings are within the tolerance for the
range of the water temperature indicator, the
indicator and the sensor are OK.

if the readings are not within the tolerance for the
range of the water temperature indicator, obtain
a new indicator and/or a sensor.

Testing the Water Temperature Regulator

1. Drain the cooling system to a level below the
water temperature regulator housing.

2. Remove the water temperature regulator from the
waler temperature regulator housing.

Note: Refer to the literature that is supplied by the
OEM of the water temnperalure regulator for the water
temperature regulator's opening temperature and
opening distance.

3. Heat water in a pan unti! the temperature is
equal to the opening temperature for the water
temperature regulator.
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4. Hang the water temperature regulator in the pan
of water. The water temperature regulator must be
below the surface of the water and away from the
sides and the bottom of the pan.

5. Keep the water at the cofrect temperature for ten
minutes.

6. After ten minutes, remove the water temperature
regulator. Immediately measure the opening in the
water temperature regulator.

If the opening agrees with the distance that is
specified by the OEM of the water temperature
regulator, the water temperature regulator is
operating properly.

If the distance is less than the distance that is
specified by the OEM of the water temperature
regulator, obtain a new water temperature
regulator.
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. Basic Engine

006895880
Basic Block
SMCS Code: 1200

Connecting Rod Bearings

The connecting rod bearings f{it tightly in the bore in
the rod. f the bearing joinis are fretted, check the
bore size. This can be an indication of wear because
of a loose fit.

Connecting rod bearings are avaitable with 0.50 mm
{.020 inch) and 1.00 mm (.040 inch} smaller inside
diameter than the ¢riginal size bearing. These
bearings are for crankshafts that have been ground.

Main Bearings

Main bearings are available with a larger outside
diameter than the original size bearings. These
bearings are available for the cylinder blocks with
the main bearing bore that is made larger than the
bores' original size. Main bearings are availabie with
1.00 mm (.040 inch} and 2.00 mm (.080 inch) larger
outside diameter than the original size bearings.

Cylinder Block

If the main bearing caps are installed without
bearings, the bore in the block for the main bearings
can be checked. Tighten the nuts that hold the caps
to the forque that is shown in the Specifications.
Alignment error in the bores must not be more

than 0.040 mm (.0016 inch). Refer to the Special
Instruction, SMHS7606 for the use of the 1P -4000
Line Boring Tool Group for the alignment of the main
bearing bores. The 1P - 3537 Dial Bore Gauge Group
can be used to check the size of the bores. The
Special Instruction, GMGO0981 is with the group.

Nustration 102 goozaseas

1P - 3537 Dial Bore Gauge Group

Flywheel And Flywheel Housihg

Table 24

Tools Needed Quantity

BT-5096 | Dial Indicator Graup 1

Face Runout (axial eccentricity) of the
Flywheel Housing

Iltlustration 103 goo28593

BT - 5096 Dial Indicator Group

If you use any other method except the method that
is given here, always remember that the bearing
clearance must be removed in order to receive the
correct measurements.

1. Faslen a dial indicator to the flywheel so the anvil
of the dial indicator will contact the face of the
flywheel housing.

2. Put a force on the crankshaft toward ihe rear
before the dial indicator is read at each point.

¢ (ToP)

A (BOTTOM)

IHustration 104 500285932
Checking Face Runout Of The Flywheel Housing

3. Tumn the fiywheel while the dial indicator is set at
0.0 mm (.00 inch) at location (A}. Read the dial
indicator at locations (B), (C) and (D).
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4. The difference between the lower measurements
and the higher measurements that are performed
at all four points must not be more than 0.38 mm
(.015 inch), which is the maximum permissible
face runout (axial eccentricity) of the flywheel
housing.

Bore Runout (radial eccentricity) of the
Flywheel Housing

Mustration 105 go02a5934

8T-5096 Dial Indicator

1. Fasten a dial indicator to the flywheel so the anvil
of the dial indicator will contact the bore of the
fiywheel housing.

CHART FOR DIAL INDICATOR MEASUREMENTS

Position of
digl indicator
Line | alB{C|D
Gotreclion for bearing cleoronce | 0
Digl Indicalor Reading [l 0
Totol of Line ¥ & 2 ] Q jex | o | ex

«lolal Vaerticol eccentricity {oul of round).
wiSublroct Lhe smaller No. from tha lerger Mo, The difference is
the tolal horizonlol ecceniricily.

IHystration 106 gD0285936

2. While the dial indicator is in the position at location
(C) adjust the dial indicator to 0.0 mm (.00 inch}.
Push the crankshaft upward against the top of
the bearing. Refer to the illustration 106. Write
the measurement for bearing clearance on line 1
in column (C).

Note: Write the measurements for the dial indicator
with the correct notations. This notation is necessary
for making the calculations in the chart correctiy.

3. Divide the measurement frdm Step 2 by two. Write
this number on line 1 in columns (B) and (D).

4. Turn the fiywheel in order to put the dial indicator at
(A). Adjust the dial indicator to 0.0 mm (.00 inch}.

¢ (10P)

A (BOTTOM)

lustration 107 g00285932

Checking Bore Runout Of The Flywheel Housing

5. Turn the flywheel counterclockwise in order to put
the dial indicator at (B). Write the measurements
in the chart.

6. Tum the filywheel counterclockwise in order fo put
the dial indicator at (C). Write the measurement
in the chart.

7. Turn the fiywheel counterclockwise in order to put
the dial indicator at (D). Write the measurement
in the chart.

8. Add the lines together in each column.

9, Subtract the smaller number from the larger
number in column B and column D. Place this
number on line (11, The result is the horizontal
eccentricity {out of round). Line 1l in column C is
the vertical eccentricity.

$

B

.
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Hiustration 108 900286046

Graph For Tolal Eccentricity

(1) Total vertical eccentricity. {2) Tota! horizontal eccentricity. (3)
Acceplable value. {4} Unacceptable value.

10. On the graph for total eccentricity, find the point
of intersection of the lines for vertical eccentricity
and horizontal eccentricity.

11.)f the point of intersection is in the range marked
“Acceptable”, the bore is in alignment. If the
point of intersection is in the range marked
“Not acceptable’, the flywheel housing must be
changed.

Face Runout (axial eccentricity) of the
Fiywheel

Ittustration 109 go0288049

Checking Face Runout Of The Flywheel

1. Refer to illustration 109 and install the dial
indicator. Always put a force on the crankshaft in
the same direction before the dial indicator is read.
This will remove any crankshaft end clearance.

2. Set the dial indicator to read 0.0 mm (.00 inch).

3. Turn the flywhee! at intervals of 80 degrees and
read the dial indicator.

4. Take the measurements at all four points. Find
the difference between the iower measurements
and the higher measurements. This value must
not exceed the maximum permissible face runout
(axial eccentricity) of the flywheel.

Bore Runout (radia! eccentricity) of the
Flywheel

lllusiration 110 900288054

Checking Bore Runout Of The Flywheel

(1) 7H-1945 Holding Rod. (2) 7H-1645 Holding Rod. {3)
7H- 1942 Dial Indicator. (4) 7H - 1940 Universal Attachment,

1. Install the 7H - 1942 Dial Indicator (3). Make an
adjustment of the 7H - 1940 Universal Attachment
{4) so that the dial indicator makes contact on
the fiywheel.

n

. Set the dial indicator to read 0.0 mm (.00 inch).

[

. Turn the fiywheel at intervals of 90 degrees and
read the dial indicator.

F -9

. Take the measurements at all four points. Find
the difference between the lower measurements
and the higher measurements. This value must
not exceed the maximum permissible bore runout
(radial eccentricity) of the flywheel.
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THustration 111 gD0286058

Flywheel Cluich Piio! Bearing Bore

5. Take the measurements at all four points. Find
the difference between the lower measurements
and the higher measurements. This value must
not exceed the maximum permissible pilot bore
runout of the flywheel.

Checking The Crankshaft
Deflection (Bend)

The crankshaft can be deflected if the engine was
not installed correctly. If the engine mounting rail is
nol fastened correctly to the foundation mounting rail,
the cylinder block can twist or the cylinder block can
bend. This will cause the crankshaft to deflect. This
deflection can cause crankshaft failure and bearing
failure.

The erankshaft deflection must be checked after the
final installation of the engine. The check must be
made with the engine cold. The following procedure
can be used to check the crankshaft deflection.

1. Remove an inspection cover from the cytinder
block that will give access to the connecting rod
journal. This inspection cover should be nearest
to the center of the engine. This check must be
made at No. 4 and No. 1 connecting rod journals.

2. Turn the crankshaft in the direction of normal
rotation until the center of the counterweights
barely go beyond the connecting rod.

3. When the counterweight is not available on both
sides, install a 2B- 7218 Bolt with a 168-4333 Nut
or 2J - 3507 Fult Nut in the crankshaft. Tighten the
nut against the crankshaft. The boit and the nut
are used to provide a locating face.

4. Instail a Starrett Crankshaft Distortion Dial Gauge

No. 696 with a Starrett No. 696B between the bolt g

and the counterweight. Put the dial indicator within
10 mm (.39 inch) of the end of the counterweight.
Turn the dial of the dial indicator in order to align
the zero with the pointer. Turn the dial indicator on
the end points until the pointer of the dial indicator
will not move from zero.

5. Turn the crankshaft in the direction of the normal
rotation until the dial indicator almost makes
contact with the connecting rod. This connecting
rod is on the other side of the crankshaft. ’

Note: Do NOT allow the dial indicator o make
contact with the connecting rod.

6. The diat indicator reading must not change more
than 0.080 mm {.0032 inch) for the approximate
300 degrees of crankshaft rotation. Now turn the
crankshatft in the opposite direction to the starting
position. The dial indicator must now read zero.
If the dial indicator does not read zero, do the
procedure again.

If the dial indicator read more than 0.080 mm
(.0032 inch), the cylinder block is distorted. Loosen
the bolts that hold the engine mounting rails to the
foundation mounting rails. Adjust the shims in order
to make the engine straight again. Ensure that the
engine mounting bolts have enough clearance in
order to allow the engine to expand as the engine
gets hot.

Vibration Dafnper

Damage to the damper or failure of the damper will
increase vibrations, This will result in damage 10 the
crankshaft.

Replace the damper if the damper is bent or
damaged. Replace the damper if the boit holes are
oversize. Replacement of the damper is also needed
at the time of a crankshaft failure due 1o torsional
forces.
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. Air Starting System 1753644
Pressure Regulating Valve

. e SMCS Code: 1462-025
General Information (Air rani 25
Start'ng SYStem) Tools Needed Quantity
SMCS Code: 1450 87 - 0849 Pressure Gauge Group 1

To protect the starting motor and other components,
use a supply of pressurized air that is clean and dry.

To start the engine at colder temperatures, a larger
volume of starting air and/or a higher air pressure

is necessary. Ensure a sufficient supply of air
pressure for cold weather starting. Do not exceed the
maximum air’ pressure for the starting motor. Refer
to the engine’s Application and Installation Guide
for information on cranking torque and air starting
motors at various temperatures.

Condensation of vapor in the air supply can freeze
in cold weather. Ice that forms in the supply lines
will restrict the air supply. If particles of ice enter the
inlet of the starting motor, the starting motor can be
damaged.

s Dry air is required for cold weather in order to heilp
prevent ice from forming in the supply lines. A water
separator is recommended in order to remove vapor
from compressed air prior to the air storage tank.

if the engine operates in a humid environment with
temperatures that are below 0 °C {32 °F), an air dryer
is needed in order to prevent condensation from
freezing in the piping. If the starting air is aiso used
for pneumatic controls, an air dryer is essential.

Lubrication -

Always use an air line lubricator with the air starting
motors that have vanes.

For temperatures above 0°C (32°F), use a SAE 10
nondetergent oil of high quality.

For temperatures below 0°C (32°F), use air tool oil,

To maintain the efficiency of the starting motor,
flush the starting motor at regular intervals. Pour
approximately 0.5 L (.53 qt) of diesel fue! into the air
inlet of the stanting motor and operate the starting
motor. This procedure will remove the dirt, the water
and the mixture of oif from the vanes of the air

. starting motor.
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(1) Adjustment screw

1.

‘S N O B = N R W = B
l o

liystration 112
Section view of a typical pressure regulating valve

(2) Regulator intet

Use the foltowing procedure for checking and for
adjusting the pressure regulating valve:

Relieve the air pressure to the pressure regulating
valve,

. Disconnect the pressure regulating valve from the

starting motor’'s control valve.

. Connecit an 8T-0849 Pressure Gauge Group to

reguiator autlet (3).

. Apply air pressure to regulator intet (2) and

measure the pressure.

. Adjust the pressure regulating valve to the value

that is shown for the recommended air pressure
setting.

. Relieve the air pressure to the pressure regulating

valve,

. Remove the 8T -0849 Pressure Gauge Group.

Connect the air pressure regulator to the line to
the air starting motor,

00692961 _

{3) Regulator outlet

Each engine application must be inspected in
order to determine the most advantageous starting
conditions. The settings for the pressure regulating
valve are affected by the following factors:

+ Loads from attachments that are pulled by the
engine during the start-up

Ambient temperature conditions

Qil viscosity
« Capacity of air reservoir
« Condition of the engine

The minimum recommended air pressure is 1034 kPa
(150 psi).

The maximum allowabile air pressure is 1724 kPa
{250 psi).
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The advantage of setting the valve at the higher
pressures is the increased torque for the starting
metor and the faster rotation of the engine. The
advantage of setting the valve at the lower pressures
is the longer time of the engine rotation for the given
reservoir capacity of the supply air. Additionatly,

a lower air pressure reduces wear on the starting
motor.
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Electrical System

01753893

General Information (Electrical
System)

SMCS Code: 1400

Test Tools for the Electrical System

Tabie 26
Tools ‘Needed Quantity
4C-4911 | Battery Load Tester 1
BT-0900 | Ammeter B
9u- 7330 | Multimeter 1

Most of the tests of the electrical system can be done
on the engine. The wiring insulation must be in good
condition. The wire and cable connections must be
clean and tight. The battery must be fully charged. If
the on-engine test shows a defect in a component,
remove the component for more testing.

The service manual Testing And Adjusting Electrical
Components, REG00636 has complete specifications
and procedures for the components of the starting
circuit and of the charging circuil.

£

i VOLTS o
38 =3°
il

. v LCHFT)
m BATTERY LOAD TESTER
(o] [+] D

Hustration 113 go02B35ES

4C-4911 Battery Load Tester

The 4C-4911 Battery Load Tester is a portable unit
in a metal case. The tester can be used under field
conditions and under high temperatures. The tester
can be used to load test all §, 8, and 12 Volt batteries.
This tester has two heavy-duty load cables that can
easily be fastened to the battery terminals. A load
adjustment knob is located on the top of the tester.
The load adjustment knob permits the current that
is being drawn from the battery to be adjusted to a
maximum of 1000 amperes. The tester is cooled by
an internal fan that is automaticaily activated when a
load is applied.

The tester is a digital voltmeter with a built-in LCD
that displays the amperage. The tester accurately
measures the battery voltage at the battery through
tracer wires that are inside of the load cables. The
tester accurately dispiays the amperage that is drawn
from the battery.

Note: Refer to Operating Manual, SEH59249
for more complete information for the use of the
4C-4911 Battery Load Tester.

[

Hustration 114 §00293221

87 -0900 Ammeter

The 8T-0900 Ammeter is a completely portable,
self-contained instrument that allows electrical
current measurements to be made without breaking
the circuit or without disturbing the insulation on
the conductors. A digital display is located on the
ammeler for reading current directly in a range from
1 to 1200 amperes. If an optional 6V-6014 Cable
is connected between this ammeter and one of the
digital multimeters, current reading of less than 1
ampere can be read directly from the display of the
multimeter.
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A lever is used to open the jaws over the conductor
up to a diameter of 19 mm (3/4 inch). The spring
loaded jaws are closed around the conductor for the
measurement of current. A trigger switch that can
be locked on the ON or OFF position is used to turn
on the ammeter. When the trigger is released, the
last curent is displayed for five seconds. This allows
accurate measurements in limited access areas
when the digital display may not be immediately
visible to the operator. A zero control is provided for
DC operation. The power for the ammeter is supplied
by the batteries which are located inside the handle.

Note: Refer to Special Instruction, SEHS8420
for more complete information for the use of the
BT-0900 Ammeter.

Hustration 115 p00293224

9U - 7330 Multimeter

The 9U- 7330 Digital Multimeter is a completely
portable, hand held instrument with a digital display.
This multimeter is built with extra protection against
damage in field applications. The multimeter can
display Pulse Width Modulation (PVWM). (3600
Engines use PYWM signals for an increased resistance
to static that may interfere with the correct operation
of the electronic components. The multimeter has an
instant ohms indicator that permits the checking of
continuity for fast circuit inspection. The multimeter
can also be used for froubleshooting capacitors that
have small values.

Note: Refer to Special Instruction for complete
information for the use of the gU- 7330 Multimeter.
The Special instruction is packaged with the unit.

Battery

A WARNING

Never disconnect any charging unit circuit or bat-
tery circuit cable from the battery when the charg-
ing unit is operated. A spark can cause an explo-
sion from the flammable vapor mixture of hydro-
gen and oxygen that Is released from the elec-
trolyte through the battery outlets. Injury to per-
sonnel can be the resuit.

The battery circuit is an electrical foad on the charging
unit. The load is variable because of the condition of
the charge in the baltery.

NOTICE

The charging unit will be damaged if the connections
between the battery and the charging unit are broken
while in operation. Damage occurs because the load
from the battery is lost and because there is an in-
crease in charging voltage. High voltage will damage
the charging unit, the regulator, and other electrical
components.

Use the 4C-4911 Battery Load Tester in order to
test a battery that does not maintain a charge when
the battery is active. Refer to Operating Manual,
SEHS9240 for detailed instructions. Refer to Special
instruction, SEHS7633 for the correct procedure
and for the specifications 10 use when you test the
batteries. :

Charging System

The condition of charge in the battery at each regular
inspection will show if the charging system operates
correctly. An adjustment is necessary when the
battery is constantly in a low condition of charge or

a large amount of water is needed. A large amount
of water would be more than one ounce of water per
cell per week or per every 100 service hours.

When possible, use the wiring and the components -
that are a permanent part of the system to test

the charging unit and the voltage regulator. The
components can also be bench tested in order to
determine whether repair is necessary. After repairs
are made, perform a test in order to verify that

the repair has restored the components to good
condition.

To check for correct output of the alternator, refer to
the engine's Specifications.

Before the start of on-engine testing, the charging
system and the battery must be checked according
to the following steps.
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1. The battery must be at least 75 percent (1.225 Sp
Gr) of the full charge. The battery must be held
tightly in place. The battery holder must not put
too much stress on the battery.

2. Cables between the battery, the starter, and the
engine ground must be the correct size. Wires
and cables must be free of corrosion. Wires and
cables must have cable support clamps in order to
prevent stress on battery connections (terminals).

3. Leads, junctions, switches, and panel instruments
that have a direct relation to the charging circuit
must provide correct circuit control.

4. inspect the drive components for the charging
unit in order to be sure that the components
are free of grease and of oil. Be sure that the
drive components have the ability to operate the
charging unit.

Alternator Regulator

If an aiternator is under charging the battery or
overcharging the battery, check the charging rate of
the alternator. Refer to the engine's Specifications for
the alternator’'s specifications.

No adjustment can change the rate of charge on
the alternator regulators. If the rate of charge is not
correct, replace the regulator.

Tightening The Alternator Pulley Nut

l e ——
’ |
s—
i / ‘
4 | /
5
ltustration 116 900283568

Toois for lightening the alternator's pulley nut

(1) 87-9293 Torque Wrench

(2) 85-1588 Adapter

{3) 2P - 8267 Hex Bit Socket

(4) 8H-8517 Combination Wrench
{3) 8T7-5314 Adapler Socket

Tighten the nut thal holds the pulley with the above
tools. Refer to the engine's Specifications for the
torque.

Yy
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Important Safety Information

Most accidents that involve product operation, maintenance and repair are caused by failure to
observe basic safety rules or precautions. An accident can often be avoided by recognizing potentially
hazardous situations before an accident occurs. A person must be alert to potential hazards. This
person should also have the necessary training, skilis and tcols to perform these functions properly.

Improper operatmn lubrication, maintenance or repair of this product can be dangerous and
could result in injury or death,

Do not operate or perform any lubrication, maintenance or repair on this product, untll you have
read and understood the operation, lubrication, maintenance and repair inlormation.

Safety precautions and warnings are provided in this manual and on the product. If these hazard
warnings are not heeded, bodily injury or death could occur to you or to ather persons.

The hazards are identified by the "Safety Alert Symbol” and followed by a "Signal Word” such as
"DANGER", "WARNING" or "CAUTION". The Safety Alert "WARNING" label is shown below.

The meaning of this salety alert symbol is as follows:
Attention! Become Alert! Your Safety is Involved.

The message that appears under the warning explains the hazard and can be either written or
pictorially presented.

Operations that may cause product damage are identified by "NOTICE" labels on the product and in
this publication.

Caterpillar cannot anticipate every possible circumstance that might involve a potential hazard. The
warnings in this publication and on the product are, therefore, not all inclusive. If a tool, procedure,
work method or operating technique that is not specifically recommended by Caterpillar is used,
you must satisty yourseif that it is safe for you and for others. You should also ensure that the
product will not be damaged cor be made unsafe by the operation, lubrication, maintenance or
repair procedures that you choose.

The information, specifications, and illustrations in this publication are on the basis of information that
was available at the time that the publication was written. The specifications, torques, pressures,
measurements, adjustments, illustrations, and other items can change at any time. These changes can
aftect the service that 1s given to the product. Obtain the complete and most current information before
you starl any job. Calerpillar dealers have the most current information available.

AN WARNING

When replacement parts are required for this
product Caterpillar recommends using Caterpil-
lar replacement parts or parts with equivalent
specifications including, but not limited to, phys-
ical dimensions, type, strength and material.

Failure to heed this warning can lead to prema-
ture failures, product damage, personal injury or
death.

—.
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Troubleshooting Section

Electronic Troubleshooting

01754066

System Overview
SMCS Code: 1901-038

Control System

The following components are included in the
control system:

# An Electronic Control Module (ECM) and an
emergency stop button in an engine mounted
jurction box

» Optional remote control panel with a Machine
Information Display System (MIDS)

s Integrated Combustion Sensing Module (ICSM)
¢ Gag Shutoff Vaive (GSQV)

» [gnition system that is controlled by the ECM

¢ Detonation sensor for each two cylinders

s A system for prelube that includes the solenoid
and pretube pump

e Actuators thal are hydraulically actuated and
electronically controlled for the fuel, for the air
choke, and for the exhaust bypass {wastegate)

¢ A system for cranking that includes the solenoid
and starting rnotor

The ECM controls most of the functions of the
engine. The maodule is an envircnmentally sealed
unit that is in an engine mounted junction box. The
ECM monitors various inputs from sensors in order
io activate relays, solenoids, etc at the appropriate
levels. The ECM supports the following five primary
functions:

e Governing of the engine

¢ Control of ignition

& Airffuel ratio controf

s Start/stop control

* Monitoring of engine operalion

The ECM does not have a remcvable personality
module. The software and maps are changed with
the Caterpillar Electronic Technician (Cat ET) by
flash programming of a file.

Governing of the Engine RPM

Desired engine speed is determined by the status
of the idlefrated switch, of the desired speed input
(analog voltage or 4 to 20 mA), and of parameters
that are programmed into the soltware. Actual
engine speed is detected via a signal from the
engine speedftiming sensor. Parameters such as
idle speed and governor gain can be programmed
with Cat ET.

The ECM monitors the actual engine speed. The
ECM calculates the difference between the actual
engine speed and the desired engine speed. The
ECM controls the fuel actuator in order to maintain
the desired engine speed. The fuel actuator is
located at the flange of the inlet air manifold.

If the actual engine speed is less than the desired
engine speed, the ECM commands the fuel
actuator to move toward the open position in order
to increase the fuel fiow. The increase of fuel
acceleraies the engine speed.

Control of ignition

Each cylinder has an ignition transformer. To
initiate combustion, the ECM sends a pulse of
approximately 108 volts to the primary coil of each
ignition transformer at the appropriate time and for
the appropriate duration. The transformer increases
the voltage which creates a spark across the spark
plug electrode.

The ECM provides variable ignition trming that

is sensitive to detonation. Detonation sensors
monitor the engine for excessive detonation. The
engine has one detonation sensor for each two
adjacent cylinders. The sensors generate data on
vibration that is processed by the ECM in order to
determine detonation levels. If detonation reaches
an unacceptable level, the ECM retards the ignition
timing of the affected cylinder or ¢ylinders. It
relarding the timing does not limit detonation to an
acceptabie level, the ECM shuts down the engine.

Levels of detonation can be disptayed by the
Machine Information Display System (MIDS) on the
optional control panel. Alternatively, the *Cylinder
X Detonation Level” screen of Cat ET can also be
used. The “X” represents the cylinder number.

The ECM provides extensive diagnostics for the
ignition system.
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Air/Fuel Ratio Control

The ECM provides control of the airffuel mixture
for performance and for efficiency at low
emission levels. The system includes the following
components: maps in the ECM, cutput dnivers in
the ECM, fuel actuator, air choke acluator, exhaust
bypass actuator (wastegate), ICSM, thermocouples,
and combustion sensors. lllustration 1 is a diagram
of the system’s main components and of the
system’s lines of communication.

Air choke
oclualor

Wosliegote
actuotor

Combustion
Sensors

HHustration 1

The desired airffuel ratic is based on maps that

are stored in the ECM. The maps are specific for
different applications, for engine speeds, and for
engine loads.

The engine load is calculated from the fuel flow. For
example, zero fuel flow is zero load and fuel flow of
100 cfm might be 50 percent of the rated load.
Note: The calculated engine load varies. Several
variables affect the calculated engine load,
including timing, settings for emissions, fuel quality,
and specific gravity of the fuel.

The system has five modes of operation for the
airffuei ratio:

e Start-up
# No feedback

® Exhaust port temperature feedback

900910538

¢ Combustion feedback
e Prechamber calibration

Error for the inlet manifold air pressure — This is
the absolute difference between the actual inlet
manifold air pressure and the desired inlet manifoid
air pressure.

in each of these modes, the air/ffuel ratio is controlled
by either the air choke acluator or the waslegale
actualor: only one of the actuators operales at any
lime. The aclive actuator is delermined by the ability
to provide the desired inlet manifold air pressure.
Both of the actuators regulate the air flow. The
regulation is based on an error that is calculated for
the inlet manifold air pressure. Both of the actuators
are controlled by a map for the airffuel ratio.
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The software is also programmed to correct the
fuel flow according to the temperature of the jacket
water and the engine speed. This occurs when the
coolant temperature is not at the water temperature
regulator's rated temperature. If the temperature is
cooler than the rating, the fuel in the cyiinder head
is also cooler and mare dense. Because the denser
fuel provides an airfluel mixture that is richer than
the desired mixture, the calculation of the fuel flow
is corrected for the lower temperature. This tends
to lean the actual airffuel ratio. If the temperature is
warmer than the rating, the fuel in the cylinder head
is less dense. Because the warmer fuel provides

a leaner airffuel mixture, the caiculation of the fuel
flow is corrected for the higher temperature. This
tends to richen the air/ffuel ratio.

¢

Note: When the engine is operating in combustion
teedback mode, the temperature of the jacket water
only affects the fuel correction factor. .

The relationship of the modes of operation to the
engine load and the transitions between the modes
are represented in lllustration 2. The modes of
operation are expiained in more detail below.

~40%
Load

-Exhoust port:
--temperature:
feedback

sess s sy
N L N L Y Y Y Yy

A

lustration 2 g00910198
Schematic of the modes of operation, of transitions, and of the engine toad

-
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Note: Control of the inlet manifold air pressure is not
gdetermined directly by the engine load. The active
actuator is determined by the ability to provide the
desired inlet manifold air pressure.

At loads that are less than approximately 40
percent, the air/luel ratio is controlled by the air
choke actuator. The air choke controls the flow of
air during engine slart-up. The air choke continues
to control the air flow during the increase in the
engine speed and in load. As the engine speed
and ioad are increased, the required inlet manifold
air pressure increases. The air choke opens in
order 1o provide more combustion air. When the air
choke becomes {ully open, the air choke cannot
further increase the air flow. Then, the wastegate
becomes active.

Conversely, the required inlet manifold air pressure
is reduced as the engine speed and load are
reduced. As the requirement for combustion air is
reduced, the wastegate opens. When the wastegate
is fully open, the wastegate cannot regulate a
smaller quantity of combustion air. Then, the air
choke becomes active again.

During start-up, the air choke is maintained at a
fixed position until ten seconds after the engine
achieves the desired speed. This enables a
correction of the excessive error for inlet manifold air
pressure. The starting position for the air choke is
set in the Cat ET configuration screen. The starting
position depends on the number of cylingers.
Typicaily, the starting position is ¢losed 60 1o 80
percent. If the starting position is set too high, the
engine will not get enough combustion air.

It the starting posilion is set too high and the engine
speed does not increase to the desired speed, the
programming in the software opens the air choke
in steps until the engine speed increases. This
enables a steady increase of the engine speed until
the desired speed is achieved.

The maximum position for the air choke can also
be set in the Cat ET configuration screen. The
maximum position is set in order to enable a
sufficient flow of air for combustion when the engine
is running at no load. Typically, the maximum
position is closed 75 to 85 percent.

At ten seconds after the engine reaches the desired
speed, the airffuel ratio is controlled direclly by the
map for the air/fuel ratio. No correction factors are
related to any feedback: this is a correction factor
of 100 percent. This mode of operation uses no
feedback.

Normally, the map is calcuiated in order to provide
a low airffuel ralio for loads up to approximately 40
percent. This provides a mixture that is sufficiently
rich for operation at low temperatures. The airffuel
ratio will continue to be controlled by the map
until the conditions allow operation in one of the
feedback modes or in the prechamber calibration
mode.

A low airffuel ratio is critical for operation after
start-up in order to keep the air choke partially
closed. Otherwise, the air choke rmay open fuily
and the wastegate will control the inlet manifold air
pressure. This results in a period of misfire and of
excessive fuel flow. Because of the excessive fuel
flow, the calculated engine load 1s excessive.

Programmable "Desired Engine Exhaust Port Temp”
parameter — This parameter is set in the Cat ET
configuration screen. This is the desired exhaust
port temperature for a foad of 25 percent. The
control uses this parameter during operation in the
exhaust port temperature feedback mode.

Progrommable
"Desired Engine Exhoust Port Temp®

Colculoled
desired exhousl
porl temperoture

: |

5 |

T :

H 1

v *

&

E

v 1
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} } . +
0% 10% 20%  25% 30% 40%
Lood
Illustration 3 900914203

Graph of the calculated desired exhaust port temperature

The calculated desired exhaust port temperalure
varies from the programmable “Desired Engine
Exhaust Port Temp” by 1 °C (1.8 °F) per 1 percent
of engine load. For each 1 percent of engine load
below 25 percent, the calculated desired exhaust
port temperature increases by 1 °C (1.8 °F). For
each 1 percent of engine load above 25 percent,
the calculated desired exhaust port temperature
decreases by 1 °C (1.8 °F}.
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Control's average exhaust port temperature — The
ICSM continuously calculates the average exhaust
port temperature. If the actual temperature of

any cylinder exhaust port is less than 273 °C

{523 °F), the {CSM substitutes a temperature of
273 °C (523 °F) for that cylinder. This temperature
is substituted for any number of cylinders with an
exhaust port temperature that is fess than 273 °C
{523 °F). The temperature is used in the calculation
of the average for all of the monitored cylinders.

Exhaust port temperature feedback — In this mode
of operation, the airffuel ratio is controlled in order
1o achieve a desired exhaust port temperature.
Each cylinder exhaust port has a thermocouple that
is monitored by an ICSM. The ICSM monitors the
actual exhaust port temperatures for one bank of
cylinders. The ICSM calculates an average exhaust
port temperature for the bank of cylinders. The ECM
calculates the desired exhaust port temperature
for the load. The ECM sends the desired exhaust
port temperature to the ICSM. The ICSM calculates
the difference between the average exhaust

port temperature and the desired exhaust port
temperature. The 1CSM sends a fuel correction
factor to the ECM. The ECM uses the fuel correction
faclor to control the arr choke actualor in corder to
maintain the desired exhaust lemperature.

After start-up, the exhaust port temperature
feedback mode is activated for the following
conditions:

» The calculated control's average exhaust port
temperature exceeds the desired exhaust port
lemperature.

e The calculated control's average exhaust port
temperature ceases 1o increase. The engine load
is less than approximaiely 40 percent.

¢ The timer far operation with no teedback expires.

The transition 1o the exhaust port temperature
feedback mode can also occur for the following
circumstances:

e The airffuel ratio is controlled by combustion
feedback. The engine load is reduced to
approximately 40 percent or less than 40 percent.
The transition occurs in a 15 second period.

e The engine operation exits the prechamber
calibration mode. The engine load is
approximately 40 percent or less than 40 percent.
In this case, the fuel correction factor begins at
100 percent. Then, the fuel correction factor is
adjusted in order to achieve the desired exhaust
port temperature.

The programmed air/fuel ratio control begins to use
a correction factor in order to modify the airfiuel
ratio that is specified in the map for the air/ffuel ratio.
The correction factor is based on an error for the
exhaust port temperature.

If the average exhaust temperature is too low, the
ECM commands the air choke actuator to move
toward the closed position in order to richen the
airffuel mixture. Combustion of the richer airffuel
mixture increases the exhaust port temperatures.

Combustion feedback — In this mode of operation,
the airffuel ratio is controlled in order to achieve the
desired combustion burn time.

When the load reaches approxirmately 40 percent,
the airffuel ratio 1s controlled by the wastegate
actuator which 1s trimmed by the combustion burn
time.

Combustion burn time — The combustion burn time
is measured in each cylinder. Each cylinder has a
combustion sensor. The pulse of the ignition starts a
timer in the ICSM. The flame travels in the cylinder
tfrom the spark plug to the combustion sensor. The
ICSM monitors the voltage across the combustion
sensor. When the flame reaches the combustion
sensor, the ionization that surrounds the sensor
changes the voltage. When the ICSM detects the
change of the sensor’s voltage, the ICSM stops the
timer. The combustion burn time is a method of
measuring the airftuel ratio. A rich airffuel mixture
provides a faster combustion burn time. A lean
airffuel mixture provides a slower combustion burn
time.

Each ICSM calculates an average combustion
burn time for all of the cylinders in one bank. The
ECM sends a point from the map of the desired
combustion burn time to the ICSM. The ICSM
calculates the difference between the average
combustion burn time and the desired combustion
burn time. The ICSM sends a fuel correction factor
to the ECM. The ECM controls the wastegate
actuator in order to maintain the desired combustion
burn time.

A command for the desired inlet manifold air
pressure is sent from the ECM to the wastegate
actuator. The actuator adjusts the inlet manifold air
pressure in order to correct the combustion burn
time.
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If the average desired combustion burn time is too
fast, the ECM commands the wastegate actuator to
move toward the closed position in order to provide
more air for a leaner air/ffue! mixture. This provides
a slower combustion burn time. If the average
desired combustion burn time is too slow, the
ECM commands the wastegate actuator to move
toward the open position in order to provide less
air for a richer airffuel mixture. The richer air/fuel
mixture burns faster. This is a continuous process
during operation at loads that are greater than
approximately 40 percent.

The combustion feedback mode is activated for
either of the following conditions:

e The airffuel ratio is in the exhaust port temperature
feedback mode. The engine load exceeds
approximately 40 percent. The average exhaust
port temperature is slable and the desired
exhaust port temperature is established. The
fransition occurs in a 15 second period.

* The engine operation exits the prechamber
calibration mode and the engine load is greater
than approximatety 40 percent.

Prechamber calibration mode — This mode can be
activated with Cat ET. This mode can be activated
during operation at any load. The mode is used for
adjustment of the precombustion chambers’ needle
valves in order to achieve the desired exhaust
emissions. in the prechamber caiibration mode, the
fuel correction factor is maintained at 100 percent.
After an exit from this mode, the fuel correction
factor is adjusted in order to achieve the desired
airf/fuel ratio.

Start/Stop Control

The ECM contains the logic and the outputs

for control of engine pretubrication, of starting,
of shutdown, and of postiube. The customer
programmable logic responds to signals from
the following components: engine control switch,
emergency stop switch, remote start swilch, data
link, and other inputs.

To control the engine at the appropriate times, the
ECM provides +Battery voltage to the solenoids that
control the prelube pump, the starting motor, and
the gas shutoff valve.

When the programmable logic determines that
the prelubrication function is necessary, the ECM
supplies +Battery voitage 1o the solencid for the
prelube pump. The prelubrication must develop
sufficient engine oil pressure before the engine will
crank. The engine has a pressure switch for the
prelube. When the engine oil pressure is sufficient,
the pressure switch closes and the engine can be
Cranked.

When the programmable logic determines that it is
necessary 1o crank the engine, the ECM supplies
+Battery voltage to the solencid for the starting
motar. Rotation of the crankshaft also operates the
pump for the electrohydraulic actuators. The pump
develops hydraulic oil pressure for operation of
the fuel actuator, the air choke actuator, and the
wastegate actuator.

The engine has an energize-to-run type of Gas

Shutoff Valve {GSQV). When the programmable
logic determines that fuel is required to start the
engine or to run the engine, the ECM supplies

+Battery voltage to the valve's solenoid.

At one second after the GSOV is energized, the
pressure differential between the fuel and the air
is monitored. This parameter is monitored in order
to ensure that no fuel is entering the fuel manifold
before the ECM issues a command to the fuel
actuator, If the differential pressure for fuel 1o air
is less than 0.5 kPa {0.073 psi), the ECM supplies
+Battery voltage to the fuel actuator's solenoid.

The ECM controls the fuel actuator by adjusting the
current flow through the actuator's solencid. During
start-up, the combustion chambers are usually filled
with excessive combustion air. The ECM operates
the fuel actualor in order to supply sufficient fue! for
a combustible airffuet mixture.

The ECM removes the voltage from the starting
motor's solenoid when the programmabile

crank terminate speed is reached or when a
programmable cycle crank time has expired. The
starter motor pinion disengages from the flywheel
ring gear.

When the programmable logic determines that an
engine shutdown is necessary, the ECM removes
+Battery voltage from the solencids for the fuel
actuator and for the GSOV. The fuel is shut oft.

The prelube systern is programmed to perform

a postiube cycle during engine shutdown. This
supplies the turbocharger with adeguate lubrication
during shutdawn.

Monitoring Engine Operation

The ECM manitors both the engine operation and
the electronic system.

Problems with engine operation cause the ECM

to generate an event code. The ECM can issue a
warning or a shutdown for events. This depends on
the severity of the condition.
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For example, a high pressure pump provides
hydraulic pressure with oil for the electrohydrautic
system. The oil supply is separate from the engine
oil. The high pressure oil supply is monitored by

a pressure switch. Hf the pressure drops below an
acceptabie level, the ECM generates an event code
and the ECM shuts down the engine.

The 1CSM monitors the combustion senscrs and
the thermocouples for the cyiinders and for the
turbocharger. The ICSM sends signals regarding
the parameters to the ECM over the CAT Data Link.
If any parameter exceeds the acceptable range, the
ECM can iniliale a warning or a shutdown.

For more informaticn on event codes, refer to
Troubleshooting, “Troubteshaoting with an Event
Code".

Problems with the electronic system such as
an open circuit produce a diagnostic code.
For more information, refer to Troubleshocoting,
“Troubleshooting with a Diagnostic Code”.

01783583

Self-Diagnostics
SMCS Code: 1901-038

The Electronic Control Module (ECM) and the
Inegrated Combustion Sensing Module (ICSM)
have the ability 10 detect problems with the
electronic system and with engine operation. When
a problem is detected, a code is generated. An
alarm may also be generated. There are two types
of codes:

e Diagnostic

o Event

Diagnostic Code — When a problem with the
glectronic system is detected, the appropriate
module generales a diagnostic code. This indicates
the specific problem with the circuitry.

Event Code — An event code is generated by

the detection of an abnormal engine operating
condition. For example, an event code will be
generated if the oil pressure is too low. In this case,
the event code indicates the symptom of a problem.
The codes can have two ditferent states:

e Active

s L ogged

Active Code — An active code indicates that an
active problem has been detected. Active codes
reguire immediate attention. Always service active
codes prior to servicing logged codes.

Logged Code — Every generated code is stored in
the permanent memory of the appropriate module.
The codes are legged.

Logged codes may not indicate that a repair is
needed. The problem may have been temporary.
The problem may have been resolved since the
locgging of the code. If the system is powered, it
is possible (o generate an active diagnostic code
whenever a component is disconnected. When
the component is reconnected, the code is no
longer active. Logged codes may be useful to help
troubleshoot intermittent problems. Logged codes
can alsc be used to review the performance of the
engine and of the electromc system.

01754084
Electrical Connectors and
Functions

SMCS Code: 1408-038

Harness Wire Identification

Caterpillar identifies different wires with eieven
different sotid colors. Table 1 lists the color codes of
the wiring.

Table 1
Color Codes for Wiring

Code Color
BK Black
BR Brown
BU Biue
GN Green
GY Gray
OR Orange
PK Pink
PU Purple
RD Red
WH White
YL Yellow
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in addition to the color, the entire length of each
wire is stamped with a specific circuit number that
is repeated an every 25 mm (1 inch) of the wire.
The actual wires are identified on the engine's
Schematic.

For example, a code of JO11-RD on the Schematic
identifies a red wire that is stamped with the
circuit number JO11. This particular wire is the
engine harness wire for the primary signai of the
transformer in the number one cylinder.

The Schematic also identities the size of the wire.
The size or gauge of the wire is called the American

wire Gauge (AWG). Unless the schematic specifies
a different size, the wire is 16 AWG.

Terminal Box

fllustration 4 g00891827

Terminal box

The engine mounted terminal box is located on the
rear right side of the engine. The Electronic Control
Moduie (ECM) is inside the terminal box. The
terminal box provides the point of termination for all
of the wiring that is related to the engine’s sensors
and for the ignition system. The lerminal box's
components are identified in lllustrations 5 and 6.
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lllustration 5
Insiche of the terminal box

(J2/P2) 70-pin connectors for the ECM
{J1/P1) 70-pin connectors for the ECM
{1} Ground strap

(2) Terminal for the 24 VDC power supply
{J7) 9-pin service tool connector

(CB1) 16 amp circuit breaker

(CB2) 6§ amp circuit breaker

(J3/P3) 70-pin connectors for the customer's
wiring

(3) Ignition wiring for the left side of the vee
enging

(J6/P6) 70-pin connectors for the sensors on
the left side of the enging

g00892898

{J5/P5} 70-pin connectors for the sensors on
the right side of the engine

{4) tgnition wiring for the right side of the
vee engine

{(J4) 47-pin connector for tha optional control
panel or for a customer connector

{5) Wiring for the electrical powear

)
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lustration & 00891953

Front and bottomn of the terminal box

(JB) 70-pin connector for the sensars on the left side of the engine

{J5) 70-pin connactor for the sensors on the right side of the engine

{J4) 47-pin connector for the optional control panel or for a
customer connector

(6) Emergency stop button

{7) Hole for the ignition wiring on the left side of the vee engine

{8) Hola for the ignition wiring on the right side of the vee engine

{9) Hole for the electrical power supply and/or for the customer's
wiring to the 70-pin connsector {(P3)

Sensors

Sensors provide information to the engine control
module and to the integrated combuslion sensing
modules. The information is used for monitoring
engine operation. The information enables the
modules to control the engine as efficiently as
possgible over a wide range of operating conditions.

Vee Engines

3 — 4
AN
5
E "
o) ° @ 0
00803846

Nustratien 7
Front view of a Vae engine

{1} Sensor for the outlet pressure of the jacket water
{2) Sensor for the jacket water cootant temperature
(3) Unfiltered engine oil pressure sensor

{4) Engine oil temperature sensor

{b) Filtered engine oil pressure sensor
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900825893

Hlustration 9

the inle! air manifold between the two center cylinder heads on

The sensor for the inlet manifold air temperature is installed in .

the right side of the Vee engine.
(9) Sensor for inlet manifold air temperature

X
o -

209 - oo

lustration 8 gO0B25637

Right side view near the front of a Vee engine

{1) Sensor for the outlet pressure of the jackel water

(6) Detonation sensor

{7) Switch for the inlet pressure of the jacket waler .
{(8) Crankcase pressure sensor

pair or cylinders.

Note: There is one detonation sensor between each l

N
—
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fllustration 10 gooezs717

Right side view near the rear of a Vee engine af

(10} Connector for the efectrohydraulic actuators’ pressure swilch
{11} Switch for prefube oil pressure

00825638

/ ——
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Ilustration 11

Rear view of a Vae engine

(12) Fue! temperature sensor

(13} Switch lfor inlet air restriction (left)
{14) Prassure module for intet air and fuel
(15) Switch for inlet air restriction (right)
(16) Engine speed/timing sensor
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lMustration 15 gCnBg5279
Right side view near the front of an In-line engine
{9) Detonation sensof {12} Switch for the inlet pressure ol the (14) Connector for the switches for low

(10} Fuel temperature sensor
(11) Crankcase pressure sensor

jacket water

engine oil level and for low coolant level

(13) Switch for the prelube oil pressure

Note: The switches for connector (14} can be
" supplied by the customer or by the factory.
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" lluswation 16
_In-line engine

{15} Inlet manifold air temperature's sensor

{16) Electrohydraulic actuator's pressure
© - Switeh

goo8vsaze
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Integrated Combustion Sensing Module
(ICSM)
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lustration 17
integrated Combustion Sensing Module (ICSM)
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900843952

The engine has an Integrated Combustion Sensing
Module (ICSM) for each bank of cylinders. The
ICSM monitors exhaust temperature $ensors

and combusticn sensors. The ICSM performs
calculations with the data. The ICSM communicates
with the ECM via the CAT Data Link,

Exhaust temperatures are monitored for each
cylinder exhaust port, {or the inlet of the
turbocharger turbine, and for the outlet of the
turbocharger turbine.

Vee Engines

lllustration 18

900825730

Vee engine

{17) Temperature sensor for the cylinder exhaust port

{18) Temperature sensor for the exhaust after the turbocharger
(19) Temperature seénsor for the exhaust before the turbochargar
(20 Combustion sensor

Note: For each cylinder, there is one temperature
sensor for the exhaust port (17) and one combustion
sensor {20). For each turbocharget, there is one
temperature sensor for the exhaust after the
turbocharger (18) and one temperature sensor for
the exhaust before the turbocharger (19).

O ' : .
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In-Line Engines 01775381

’ Electronic Service Tools
17 SMCS Code: 1901-038

Caterpiltar Electronic Service Tools are designed to
help the service technician;

* Obtain data.
e [Jiagnose problems,
° 8 e Read parameters.

ﬂﬂ 115 14 » Program parameters.

& » Calibrate sensors.

. i The toals that are listed in Table 2 are required in
I order 10 enable a service technician 1o perform the

2 ‘==?|-f procedures.

g00892336

Hlustration 19
in-ling engine

(17) Temperature sensor lor the exhaust after the turbocharger
(18) Ternperature sensor for the exhaust before the turbocharger

aE

O %_b__._-rg 20

- Ilustration 20 gC0895356
. Indine angine

S (19} Temperature sensor for the cylinder exhaust port
= (20) Combustion sensor

. Note: For each cylinder, there is one lemperature

Sensor for the exhaust port (19) and one combustion
sensor (20).
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Table 2
Service Tools
Pt. No. Description Functions

N/A Personal Computer (PC) This PC configuration is recommended:
Intel Pentium ll 333 mkiz processor
64 megabyte of RAM
4.3 GB hard drive
14X speed CD-ROM drive

N/A Personal Computer {PC) This PC configuration has the minimum requirements:
IBM PC compatible 100 MHz processor
32 megabyte of RAM
10 MB of availabie hard drive space
CD-ROM drive
3.5 inch 1.44-MB floppy disk drive
Windows NT or Windows 85
RS232 port with 16550AF UART
VGA monitor or display

"JERD2124" Software Single user license for Cal ET
Use the most recent version of the soflware.

“JERD2129" Software Data subscription for all engines

171-4401 Communication Adapter ! The communication adapter is connected between the PC {Cat ET)
and the Electronic Control Module (ECM).

196 - 0055 Serial Cable As 13 This cable connects the PC lo the 171 -4401 Communication
Adapter il.

160-0141 Serial Cable As @ This cable connecls the PC to the 171-4401 Communication
Adapter |1

207-6845 Adapler Cable As (3 This cable connacts the 171-4401 Communication Adapter 11 to
the 7X- 1414 Data Link Cable As.

7X-1701 Communication Adapter The communication adapter is connected between the PC (Cal
ET) and the ECM,

7X-1425 Serial Cable As This cable connects the PC {(Cat ET) to the 7X-1701
Communication Adapter.

139-4166 Adapter Cable As This cable connects the 7X- 1701 Communication Adapter 1o the
7X-1414 Dala Link Cable As.

7X-1414 Data Link Cable As This cabie connects the service tool conneclor on the engine
mounted terminal box to the 139 -4166 Adapter Cable As.

8T7-8726 Adapter Cable As This breakout harness is for use between the jacks and the plugs
of the sensors.

151-6320 Wire Removal Tool This tool is used for the remova! of pins and sockets from Deutsch
connactors and AMP cannectors.

1U-5804 Crimp Tool This loo! is used for work with CE eleclrical conneclors.

gu-7330 Digital Multimeter The muitimeter is used for the lesting and the adjusting of electronic
gircuits.

7X-1710 Multimeter Probes The probes are used with the multimeter to measure voltage in
wiring harnesses without disconnecling the harnesses.

5P-7277 Vollage Tester The tester is used to test for voltage in circuits, relays, bulbs, wires,
and switches.

(*) ‘This item is included in the 171- 4400 Communicalion Adapter Gp.
t2) Either the 160-0141 or the 196-0055 cable may be used.
{3) Either the 160-0133 or the 207 - 6845 cable may be used.
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Note: Either the 171-4401 Communication Adapter
Il or the 7X-1700 Communication Adapter Gp can
be used. However, the 7X-1700 Communication

Adapter Gp is no longer serviced.

Caterpillar Electronic Technician
(ET)

The Caterpillar Electronic Technician (ET) is
designed to run on a personal computer. Cat ET
can display the following information:

¢ Parameters

& Diagnostic codes

o Event codes

e Engine configuration

e Status of the monitoring system

Cat ET can perform the following functions:

e Diagnostic tests

e Sensor calibration

¢ flash downloading

e Set parameters

~ Connecting Cat ET with the 171-4401
.. Communication Adapter |l

The battery supplies Ihe communication adapter

with 24 VDC. Use the following procedure to

. connect Cat ET and the communication adapter
~ 1o the engine.

lilustration 21 gl0E94774

(1} PC

{2) 196-0055 Serial Cable or lhe 160-D141 Serial Cable
(3) 171 - 4401 Communication Adapier |l

{4) 207 -6B45 Adapter Cable

(5) 7X- 1414 Data Link Cable

1. Connect cable (2) to the RS232 serial port of
PC (1).

. Connect cable (2) to communication adapter (3).
. Connect cable {4} lo communication adapter (3).

. Connect cable {(4) o cable (5}

L S~ B ]

. Connect cable (5) to the service tool connector
of the terminal box.

6. Make sure that the engine control switch is in the
ON position. If Cat ET-and the communication
adapter do not communicate with the ECM, refer
to Troubleshooting, “Electronic Service Tool Wil
Not Communicate with ECM or ICSM".

Connecting Cat ET with the 7X-1701
Communication Adapter

The battery supplies the communication adapter
with 24 VDC. Use the following procedure to

connect Cat ET and the communication adapter
tc the engine.
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llustration 22 goDEI4776

{1} PC

(2) 7X- 1425 Serial Cable

{3) 7X- 1701 Communication Adapler
(4) 138- 4166 Adapter Cable

{5) 7X - 1414 Data Link Cabie

1. Connect cable {2) to the RS232 serial port of
PC (1)

. Connect cable (2) to communication adapter (3).

. Connect cable {4) to communication adapter (3).

& BN

. Connect cable {4) to cable (5).

5. Connect cable (5) to the service tool connector
of the terminal Dox.

6. Make sure that the engine control switch is in the
ON position. If Cat ET and the communication
adapter do not communicate with the ECM, refer
to Troubleshooting, “Electronic Service Tool Will
Not Communicate with ECM or ICSM".

01754145

Engine Monitoring System
SMCS Code: 1501-038

The Electronic Controt Module (ECM) monitars the
operating parameters of the engine. The ECM can
initiate a warning or a shutdown if a specific engine
parameter exceeds an acceptable range. The
default settings for the parameters are programmed
at the tactory.

The status of the parameters can be viewed on
the “Service/Monitoring System” screen of the
Caterpillar Eiectronic Technician (Cat ET). This
screen is also used to change the settings.

To accormmodate unique applications and sites,
some paramelers may be reprogrammed with Cat
ET. The screens of Cat ET provide guidance for
changing trip points. Use Cat £T to perform the
following activities:

e Select the available responses.
e Program the level for moenitoring.
e Program delay times for each response.

Note: Some parameters are protected by factory
passwords. Other parameters can be changed with
custorner passwords.

For instructions on using Cat ET, refer to the User's
Manual that is supplied with the software.

For information on the warnings and shutdowns,
reter to Troubleshooting, “Troubleshooting with an
Event Code”,

For detailed information on system parameters that
can be programmed and for recommendations

for programming parameters, refer to Systems
Operation/Testing and Adjusting, “Engine Monitoring
Systemn”.

NOTICE
Changing the parameters during engine operation can
cause the engine to operate erratically. This can cause
engine damage.

Unless the instructions are different, only change
the settings of the parameters when the engine is
STCPPED.
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Programming Parameters
SMCS Code: 1501-038

[o:]

Programmable parameters enable the engine to
be configured to meet the requirements of the
application. Two types of parameters can be
programmed into the Electronic Cantrol Module
{ECM): system configuration parameters and
monitoring system parameters.

o

The Caterpillar Electronic Technician (Cat ET) is
used for viewing the status of parameters and for
programming parameters.

For mere information on parameters, refer to
Troublesheoting, “Sytem Configuration Parameters”
and Troubleshooting, "Engine Monitoring System”.

01726382

Customer Passwords
SMCS Code: 1501

. Certain moniloring system parameters and system
h - configuration parameters may be protected with
customer passwords. Use of the passwords helps
to prevent iree access to the modification of the
parameters. If the customer passwords are not
programmed, all of the parameters are unprotected.

[
w

The customer passwords can be changed, if
necessary. The customer passwords or a factory
password is needed in order to change the
- Customer passwords. I the customer passwords
are forgotten, factory passwords can be acquired
“from Caterpillar.

After the customer passwords are entered, the

Passwords are required in order o change certain
- parameters. Once the passwords are entered
&+ successiully, the passwords are not requested
7 again until ancther screen is accessed or the data
': ¢ .- linkis interrupted.

This feature is enabled by programming two
Customer passwords. Use the following procedure
;to program the passwords. The same procedure is
used to change the passwords:

1. Access the “Service/Configuration” screen of the
Caterpillar Electronic Technician (ET).

X Elighlight the "Customer Password #1" parameter,
-Click on the “Change” button in the lower right
corner of the screen.

Note: Be sure to record the customer passwords.
Store the passwords securely. The passwords can
have a maximum of eight characters. Alphanumeric
characters may be used. The passwords are case
sensitive.

3. Enter the password in the “Change Parameter
Value" dialog box and click on the *OK" button.

4. Highlight the "Customer Password #2" parameter.
Click on the “Change” button in the lower right
corner of the screen.

5. Enter the password in the "Change Parameter
Value" dialog box and click on the "OK" button.

The passwords are now programmed into the
memory of the Elecironic Control Module (ECM).

Make a copy of Table 3 and record your passwords.
Store the passwords securely.

Table 3

Customer Passwords

Customer Password #1

Customer Password #2

01727009

Factory Passwords
SMCS Code: 1901-038

Factory level security passwords are required for
clearing certain iogged events and for changing
certain programmable parameters. Because of the
passwords, only authorized personnel can make
changes to some of the programmable iterms in
the Electronic Control Module (ECM). When the
correct passwords are entered, the changes are
programmed into the ECM.

Factory passwords are required o program the
foliowing shutdowns:

¢ "Engine Overspeed”

¢ "High Engine O Temperature”

e "High Qil Filter Differential Pressure”
= “L ow Qil Filter Ditferential”

& “High Jacket Water to Engine Gil Temperature
Ditferential”

The "Enter Factory Passwords” screen on Cat ET
will display the following parameters. To obtain the
proper passwords, the information must be given to
an autharized Caterpillar dealer:
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e Current ECM

» Serial number of the service tool

# Senal number of the engine

® Serial number of the ECM

e Diagnostic clock

» Total Tattletale

o Heason

The old interiock code is required t¢ change the
interlock code on a used ECM. The passwords are
controlled by Caterpillar. The passwords may onty
be obtained by an authorized Caterpiliar dealer.
The passwords may only be used for one
programming session. After you exit the “Enter
Factory Passwords™ screen on Cat ET, a different
set of passwords will be required belore you can
program the ECM.

Factory passwords are not required for the first hour
of operation for a new ECM. After the hour expires,

factory passwords are required for some of the
programming.

017270186
Factory Passwords Worksheet
SMCS Code: 1901-038

Note: A mistake in recording this information will
result in incorrect passwaords.

Table 4

Dealer Code

Customer's Name

Factory Passwords Worksheet ’ l

Address

Telephone Number . l
information from the "Enter Factory Passwords”

Screen on the Caterpillar Electronic Technician (ET) l

Serial Number for Cat ET

Engine Serial Number

ECM Serial Number

Diagnostic Clock(!

Total Tattletale

Reason Code

Factory Passwords

Factory Password (No. 1)

Factory Password (No. 2)

{1} Do not obtain this information from the service meter.

01754150 . ‘

Flash Programming |
SMCS Code: 1901-038 B

Software is located in the flash memory of the
Electronic Control Module (ECM) and in the
integrated Combustion Sensing Madule (ICSM).
The Caterpillar Electronic Technician (Cat ET)

can be used to flash new software inlo the ECM -+ | l

and into the ICSM. The flash is accomplished by
transferring the data from Cat ET to the module  =:
via data link wiring. The Software, JERD2124 o *
Software, JERD2129 is used. ERE

Flash Programming o
i the slowest baud rate of Cat £7 is selected, flash ko

programming can last up to 15 minutes. Be sure t0
set the baud rate to the fastest rate for your PC.

To select the baud rate, use the ET )
“Utilities/Preterences”. Select the “Communications
tab and click on "Advanced...”. Then select the
baud rate from the "Advanced Communication
Settings” menu and click the “OK" button.

If a communication error occurs, select a slowel
baud rate in order to improve the refiabikity.
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1. Connect Cat ET to the service tool conneclor.

l_ ' 2. Turn the engine control switch to the STOP
position.
—

Cat ET will not flash if the engine contrel swilch
is in the OFF posttion or in the START postition.

3. Select "WinFlash" from the "Utilities” menu on
Cat ET.

“WinFlash” will try to detect an ECM.

ET) |- 4. When an ECM has been detected, the "ECM
1. Selector” window will appear. Select the
-— - appropriate ECM and then select "OK”.

The "Flash File Selection” window will appear.

. The flash files are located on a disk drive and
in a directory. Select the correct disk drive and
the directory from “Orives” and "Directories” on
Cat ET

A list of flash files will appear.

- 6. Select the correct file from the list of flash files.
" . Read the "Description” and the "File info” in
order to verily thal the correct file is selected.
Select "Open”.

T el

.
g
g

. Select the "Begin Flash” butlon in order to
program the personality module.

When the flash is completed, this message will
appear: “Flash Completed Successtuily”.

8. Program the configuration parameters and the
©  rmonitoring system parameters.

E ‘ ]
: . B =

 The parameters must be programmed in order
. to ensure proper engine operation. Refer to
. Troubleshooting, "Programming Parameters”.

', a. It a diagnostic code of 268-02 "Check

" -Programmable Parameters” is generated,
-program any parameters that were not in the
2 original software.

. Access the "Configuration” screan under

- the "Service™ menu in order to determine
the paramelers that require programming.
~-Look under the "Tattietale” column. All of the
- Parameters should have a tattletale of 1 or
more. If a parameter has a tattletale of O,
program that parameter,

-

er

. Start the engine and check for proper operation.

“WinFlash” Error Messages

If you receive any error messages during flash
programming, click on the “Cancel” button in order
to stop the process. Access the information about
the "ECM Summary” under the “Information” menu.
Make sure that you are fiashing the correct file for
your engine.

i01754153

System Configuration
Parameters

SMCS Cade: 1901-038

The system configuration parameters must be
programmed when the application is installed.
Perform this programming before the initial engine
start-up. Incorrect pragramming of parameters may
tead to complaints about performance andfor to
engine damage.

Data from a gas analysis is required for determining
the correct settings for the fuel quality and for

the specific gravity of the gas. The data must be
entered into the Calterpillar Software, LEKQB378,
“Methane Number Program”.

The status of the parameters can be viewed on the
“Configuration” screen of the Caterpillar Electronic
Technician (Cat ET).

If the Electronic Control Module (ECM) is replaced,
the appropriale parameters must be copied from
the original ECM. This can be done with the "Copy
Configuration” feature of Cal ET. Alternatively,

the settings can be recorded on paper and then
programmed into the new module.

Jable 5 is a list of the parameters that can be
configured for G3600 Engines.

Table 5

Configuration Parameters for G3600 Engines

Air/Fueil Ratio Control

“Fuel Quality”
“Gas Specific Gravity”

“Desired Engine Exhaust Port Temp®

“Maximum Choke Position”

“Engine Start Choke Position”

“Wastegate (Proportional) Gain Percentage”

“Wastegate {integral) Stability Percentage™

“Wastegate (Derivative) Compensation Percentage”

“Choke (Proportional) Gain Percentage”

(continued)
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(Tabla &, contd) For instructicns on using Cat ET, refer to the User’s
Configuration Parameters for G3600 Engines Manual that is supplied with the software.

“Choke (Integral) Stability Percentage NOTICE

"Choke {Derivative) Compensation Percentage” Changing the parameters during engine operation can
cause the engine to operate erratically. This can cause
engine damage.

Speed Control

“Low idle Speed”

“Mini Engine Hiah Idle Speed” Unless the instructions are different, only change
inimum =ngine Figh 1dle spee the settings of the parameters when the engine is
“Maximum Engine High Idie Speed” STOPPED.

“Engine Accel. Rate”

“Desired Speed Input Cenfiguration” 01754158

“Governor Type Setling” Replacing the ECM

"Engine Speed Droop”

SMCS Code: 1501-038
“Governor {Proportional) Gain Percentage”

The Electronic Control Module (ECM) contains no
moving parts. Failure of the ECM is unlikely. Betare
“Governor (Derivative} Compensation Percentage” you replace an ECM, follow the troubleshooting
procedures in this manual in order lo be sure that
replacement of the ECM will correct the prablem.

“Governor (Integral) Stability Percentage”

“Governor Auxiliary 1 {Proportional) Gain Percentage”

“Governor Auxiliary 1 (integral) Stability Percentage”

Verify that the suspect ECM is the cause of the
problem. Install a test ECM in place of the suspect
ECM. Transfer the software from the suspect ECM
Start/Stop Control to the test ECM. Program all the parameters for
the test ECM in order to match the parameters of
the suspect ECM. The parameters must match.
“Crank Terminate Speed” Reter 1o the following test steps for details on
programming the parameters.

"Governor Auxitiary 1 {Derivalive} Compensation
Percentage”

“Driven Equipment‘ Delay Time”

*Engine Purge Cycle Time"

“Engine Cooldown Duration” If the test ECM resolves the problem, reconnect
the suspect ECM. Verify that the problem recurs. i
the problem recurs, replace the suspect ECM with
“Engine Overcrank Time" the test ECM.

“Engine Speed Drap Time”

“Cycle Crank Time"

Note: If the parameters cannct be read from the
“Engine Pre-lube Time Out Period” suspect ECM, the parameters must be obtained
from records or from the factory.

Monitoring and Protection

“High inlet Air Temp Engine Load Set Point” Perform the following procedure 1o replace the ECM.

information for the Electronic Control Module (ECM) 1. Use the "Service/Copy Configuration/ECM

“Engine Serial Number” Replacement” tunction of the Caterpillar
Electronic Technician (Cat ET).

“Equipment D"

*Customer Password #17 Save the file. You can select “Load from ECM”.
- - You may also select the "Print” function in order
Customer Password #2 to obtain a paper copy of the parameter settings.

“Tolal Tatt'etale”

Note: Before you replace an ECM, record all of the

_ . , _ logged events.
For detaled informaticn on the configuration

parameters and for recommendations cn a. Connect Cat ET with the communications
programming Qf the parameters, refer to S_yslems adapter. Select the "Service/Copy a
Operation/Testing and Adjusting, “Electranic Contro! Configuration/ECM Replacement" screen from ¢
System Parameters™. the pull-down menu.
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c,

Note:

Cat ET will load the configuration parameters
and the monitoring system parameters of the
suspect ECM.

. Select “Load from ECM" from the Cat ET

screen. Select the suspect ECM and select
"OK".

After the loading is complete, Cat ET will
display this message: “The data has been
successfully loaded from the ECM". Select
"OK".

Select "File/Disconnect F8” from the pull-down
menu.

Do not terminate Cat ET.

2. Replace the ECM.

Turn the engine control switch to the
“OFF/RESET" position.

JFJ.

b.

o g SSR6 Y
4 Ly .
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; ‘lll.ustr_ation 23 gooB42215

- {1) ECM Cannector P2
© - (2) ECM Connector P

< {3) 16
-, (4} Mounting nut
. {5) Ground Skap

Amp Circuit Breaker

Switch the 16 amp circuit breaker (1) for the

‘I__ECM to the OFF position.

.

‘Use a 4 mm Allen wrench 1o disconnect

-, connectors {P1) and (P2).

. Remove mounting nut (2) in order to
- dls_connect. the ground strap (3). Remove the
- three remaining mounting nuts.

Note: Rubber grommets behind the ECM are held in
place by the mounting studs. The grommets help to
reduce vibration. The grommets may fall when the

ECM is removed. Be sure not to lose the grommets.

e.

Remove the ECM from the terminal box.

3. Install the replacement ECM.

Use the mounting hardware to install the
new ECM. Use a mounting nut to fasten the
ground strap for the ECM to the upper left
mounling stud. Then install the other three
mounting NUts.

Check the mounting hardware and the

ECM for correct installation. A correctly
installed ECM will move slightly on the rubber
grommets. If the ECM cannot move slightly
on the grommets, check that the washers,
spacers, and grommets are positioned
correctly.

. Use a 4 mm Allen wrench to connect the P1i

and P2 connectors to the ECM. Tighten the
screws to a torque of 6 + 1 N-m {55 + 9 Ib in).

. Program the configuration parameters and

the monitoring system parameters into the
replacement ECM.

b.

Switch circuit breaker (1) to the ON position.

Turn the engine control switch to the "STOP”
position.

. Select "File/Select ECM™ from the pull-down

menu.

. Select the replacement ECM and click "OK”.

. Select “Service/Copy Configuralion/ECM

Reptacement” from the pull-down menu. Click
"OK"™ on the window.

Select “Program ECM"” from the screen. Select
the replacement ECM and click *OK". If the
correct ECM s shown, select "Yes”.

. After the loading is complete, a window with

the message "Programming Conflict Warning”
will appear. Select "OK".

. A window with the message “Program ECM

Resulis" will appear. Select "OK".

Note: When you program a new ECM, tactory
passwords are not required for the first hour of
operation. After one hour, factory passwords are

required for changing the parameters that are
normally protected with factory passwords.
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01754163

Replacing the ICSM
SMCS Code: 1901-038

The Integrated Combustion Sensing Module (ICSM)
contains No moving parts. Failure of the ICSM is
unlikely. Replacement of the ICSM can consume
much time. Before you replace an ICSM, follow the
troubleshooting procedures in this manual in order
io be sure that replacement of the ICSM will carrect
the proclem.

Use the following guidelines to verify that the
suspect {CSM is the cause of the problem:

Install a test ICSM in place of the suspect ICSM.
Transfer the software from the suspect ICSM to
the test ICSM. Program all the parameters for the
test ICSM in order ta match the -parameters of the
suspect ICSM. The parameters must match. Refer
to-the following steps for details on programming
the parameters.

If the test ICSM resolves the problem, reconnect
the suspect ICSM. Verify that the problem recurs.
if the problem recurs, replace the suspect ICSM
with the test ICSM.

Use the following procedure to replace the ICSM:

Note: if the parameters cannct be read from the
suspect ICSM, the parameters must be obtained
from records or from the factary.

1. Use the “Service/Copy Configuration/ECM
Replacement” function of the Caterpillar
Eiectronic Technician (Cat ET) in order to fransfer
the scftware from the suspect ICSM,

You may also select the "Print” function in order
to obtain a paper copy of the parameter settings.

Note: Before you replace an ICSM, record all of the
logged events.

a. Connect Cat ET with the communications
adapter. Select “Service/Copy
Configuration/ECM Replacement” from
the pull-down menu.

Cat ET will load the configuration parameters
and the monitoring parameters from the ECM.

b. Select “Load from ECM” in the tower left
corner of the screen. Select the suspect ICSM
and select “OK".

After the loading is complete, Cat ET will
display this message: "The data has heen
successfully loaded from the ECM". Select
"OK".

¢. Select “File/Disconnect F8” from the puil-down
menu.

Note: Do not exit from Cat ET.
2. Replace the ICSM.

a. Turn the engine control switch to the
"QFF/RESET" position.

—

IMustration 24 GO0B42289 )
16 amp circuit breaker for the ECM

b. Switch the 16 amp circuit breaker for the ECM.
to the OFF position., 1

1 \%\rm\ru#\ﬂi
N

iﬂ:&gﬁ_
g00842252 ii _‘

e. Disconnect P72 connector (1) and P73
connector (2) from the ICSM. Remove four
bolts (3) in order o remove the cover.

{Hlustration 25

(1} 20 pin P72 connector
{2} 14 pin P73 connector
{3) Bolt
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Note: Rubber grommets for the ICSM are held in
place on the mounting studs. The grommets heip to
reduce vibration. The grommets may fall when the
iCSM is removed. Be sure not to iose the grommets.

-

Note: A ground strap is connected with one of the
mounting bolls.

;D -, . -

- liustration26 g00842267

" " (4) Connectors for the sensors
" {5) Mounting bolts
(6} Ground strap

d. Disconnect connectors (4) for the sensors
. from the ICSM. Remove four mounting bolts
. {5). Detach ground strap (6).

- 3. Install the replacement ICSM. Orient the 20 pin
. J72 connector to the upward position.

g

¢

- a. Use the mounting hardware to install the hew
: ICSM. Be sure to install ground strap (6).

iz

Check the mounting hardware and the

ICSM for correct installation. A properly
installed ICSM will move slightly on the rubber
grommets. If the ICSM cannot move slightly
o on the grommets, check that the washers and
"~ grommels are posilioned correctly.

b. Connect connectors (4) for the sensors to
- the ICSM.

g mm

€. Connect P72 connector (1) and P73 connector
- (2) to the ICSM.

: d. Install the cover and four boalts (3).

o .P"OQram_ the configuration parameters and
t_he monitoring system parameters into the
replacement ICSM,

a. g\l’\:}itch the 16 amp circuit breaker for the ECM

. Turrj,ﬁhe engine control switch to the “STOP"
. position.

¢. Select “File/Select ECM" from the pull-down
menu of Cat ET.

d. Select the “Replacement ICSM" and click
“CK",

e. Select “Service/Copy Configuration/ECM
Replacement” from the pull-down menu. Click
"OK" on the window.

f. Select "Program ECM" from the lower left
corner of the screen. Select the replacement
ICSM and c¢lick "OK".

g. Alter the toading is complete, a window with
the message “Programming Complete” wi
appear. Select "OK".

Note: When you program a new ICSM, factory
passwords are not required. Also, the ICSM does
not require calibration.

01784002
Troubleshooting Data Sheet
SMCS Code: 1901-038
To help troubleshoot a gas engine, complete the

information in Tabie 6. Be sure to include the units
of measurement.
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Table 6

Data Sheet for Troubleshooting

Customer and installation

Engine modet and driven equiprment

Engine serial number Application
Service Compression Altitude “Fuel Quality”
hours ratio setting (LHV}
Fuel Fuet Fuel Pressure to the gas
LHV methane number rate regulator
Fuel Air Brand of il
flow flow type of oil
Engine Percent Detonation Air
rpm load level restriction
Inlet manifold air pressure inlet manifold air temperature Actual airffuel ratio
Desired inlet manifold air pressure Desired airffuei ratio
Desired combustion burn time
Engine oif pressure Turhocharger exhaust | left Exhaust stack
R temperature - prassure
right
Fuel Air choke Wastagate
command command command
Exhaust stack % O, PPM of NO, PPM of CO Brand of exhaust
temperature analyzer
Cylinder exhaust (1} 3 (5) (7) (9) {11) {13) {15)
ort temperatures

portlemp (2) (4) (6) (8) (10) (12) (14) (16)
Needle valve (1) {3) {5) (7) (8) (11) (13) (15)
sedtin

9 (2) {4) 1 (6) {8) (10) (12) (14) {16
Cylinder (1) (3) {5) 7 (@) (1 (13) {15)
combustion burn time

(2} (4) {6) (8) {10} (12} (14) {16)
Aftercooler water in Jacket water in Engine oil in
temperature temperature temperature
out out out

Comments
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- Service information
ﬁécessfully repaired the engine,
good infarmation about
topics are recommended

e SUCLE:
tant to provide
The following

Include a description of the customer’s
in the report.

rovide a specific description of the cause
Taiure. Include the method that was used
to diagnose the problem. It diagnostic
‘avent codes were generated, include all
odes and the stalus of the codes. Indicate
termination of the probtem. For example,

e ‘performed a diagnostic functional 1est,
ég'ptify the test procedure. For example, a visual

pection revealed abrasion of a wire in a harness.
SR specific: dynamometer testing of the engine
produced power below speciftcations at 1000 rpm
e 1o the loss of an ignition transformer,

Tif‘r-‘.l‘apair - Explain your repair of the problem. For
example, you may have installed a new wiring
harness. You may have reptaced the ignition
ransformer per instructions from the factory.

he providing of complete, accurate information will
elp Caterpillar to provide better service to you and
olthe customer.
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SERVICE SCHEDULE
CATERPILLAR GS3600
ICE PLANT
PUENTE HILLS LANDFILL

Maintaining the engine in proper running condition is essential in meeting emissions limits.
LACSD maintains our G3616 engines according to the recommended service intervals found in
the Caterpillar service manual. A summary of the maintenance is listed below.

When Required

Actuator Control Linkage - Replace

Barring Device - Lubricate

Cooling System Coolant Sample (Level 2) - Obtain

Engine Air Cleaner Element (Single Element) — Clean/Replace
Engine Air Pre-cleaner - Clean

Engine Oil - Change

Engine Oil Filter - Change

Overhaul Considerations

Valve Stem Projection — Measure/Record

Daily

Control Panel - Inspect

Cooling System Coolant Level - Check

Driven Equipment - Inspect/Replace/Lubricate
Electro-hydraulic System - Inspect

Engine Air Cleaner Service Indicator - Inspect
Engine Oil Level - Check

Fuel System Fuel Filter Differential Pressure - Check
Walk-Around Inspection

Every 125 Service Hours

Engine Oil Sample - Obtain
Every 250 Service Hours

Battery Electrolyte Level - Check
Cooling System Coolant Sample (Level 1) - Obtain
Cooling System Supplemental Coolant Additive (SCA) — Test/Add

Initial 1000 Service Hours

Crankcase Blow-by - Measure/Record

Cylinder Pressure - Measure/Record
Electro-hydraulic System Oil Filter - Change
Engine Crankcase Breather - Clean

Engine Protective Device Connections - Inspect
Engine Speed/Timing Sensor — Clean/Inspect
Engine Vaive Lash - Inspect/Adjust

Engine Valve Rotators - Inspect

Valve Stem Projection - Measure/Record




Every 1000 Service Hours

Actuator Control Linkage -Lubricate
Combustion Sensor — Clean/Inspect/Replace
Hoses and Clamps - Inspect/Replace
Ignition System Spark Plugs - Replace
Pre-chamber Check Valves - Clean

Every 2000 Service Hours

After-cooler Condensation - Drain

Cooling System Coolant Sample (Level 2) - Obtain
Crankshaft Vibration Damper - Inspect

Cylinders - Inspect

Engine Crankcase Breather - Clean

Engine Mounts - Check

Engine Valve Lash — Inspect/Adjust

Engine Valve Rotators - Inspect

Valve Stem Projection — Measure/Record

Every 5000 Service Hours

Cooling System Level Switch - Inspect
Crankcase Blow-by — Measure/Record
Cylinder Pressure — Measure/Record

Driven Equipment - Check

Electro-hydraulic System - Check/Adjust
Electro-hydraulic System Qil - Change
Electro-hydraulic System Oil Filter - Change
Engine Protective Device Connections - Inspect
Engine Protective Device - Check

Exhaust Bypass - Recondition

Gas Shutoff Valve - Inspect

Inlet Air System - Inspect

Inlet Gas Manifold and Piping - Inspect/Replace
Pre-chamber Check Valves - Replace

Starting Motor - Inspect

Turbocharger - Inspect

Between 10 000 and 14 000 Service Hours

Gas Admission Valve Seals — Inspect/Replace
Overhaul (Top End)
Pre-chamber - Clean/Inspect

Every 10 000 Service Hours

Cooling System Water Temperature Regulator - Replace
Electro-hydraulic Actuator - Inspect

Engine Oil Temperature Regulator - Replace

Engine Speed/Timing Sensor — Clean/Inspect

Exhaust Shields - Inspect

Gas Pressure Regulator — Inspect/Replace

Pre-lube Pump - Inspect

Water Pump - Inspect



Every 20 000 Service Hours or 3 Years
Cooling System Coolant (NGEC) - Change
Between 27 000 and 33 090 Service Hours

Electro-hydraulic Actuator - Recondition
Gas Admission Valve - Recondition
Overhaul (In-Frame)

Between 36 000 and 44 000 Service Hours

Gas Admission Valve Seals — Inspect/Replace
Overhaul (Top End)

Between 52 000 and 54 000 Service Hours
Overhaul (Major)

Overhaul

Connecting Rod Bearings - Inspect/Replace




