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Refrigeration Chiller
Air Condition Chiller
Gas Compressor
Water Management:
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Flood Pumping
(il Field:
Pump Jacks
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Generator:
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Prime Power
Base Load/Continuous
Peak Shaving
Co-Generation
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Foreword

This manual is applicable to the GTA14 Spark Ignited
Engines currently being produced by Cummins Natural
(Gas Engines, Inc. (CNGE}. It contains instructions for oper-
ators that will enable them o get the best service from their
engines. Before operating the engine become familiar with
the procedures described.

The maintenance section is for the people who are respon-
sible for the upkeep and availability of the engine on the job.
The maintenance program is simple, realistic, easy to con-
trol and a profitable one o practice.

Repair operations on CNGE engines should be performed
by specially trained personnel. Contact your local Cummins
Distributor for a list of authorized CNGE repair locations in
your area.

Cumming Natural Gas Engines, Inc.

8713 Airport Freeway, Suite 316
Fort Worth, Texas, U.S.A., 76180

A Cumming Company.
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Section 1
Introduction

About the Manual

This manual contains information needed to correctly
operate and maintain your engine as recommended by
Cummins Natural Gas Engines, Inc. Additional service
literature, such as the Operation & Maintenance
Manual, Shop Manual, Troubleshooting & Repair
Manual for the Cummins N14 Diesel Engine are avail-
able. These books contain information that will be help-
ful and can be ordered from your local CUMMINS
Distributor.

This manual does not cover equipment mainte-
nance procedures. Consult the equipment manu-
facturer for specific maintenance recommendations.

Both metric and U.5. customary values are listed in this

manual. The metric value is listed first, followed by the
U.S. customary in brackets.

Abbreviations Used in this Manual

A . Aftercooled

AFC Air Fuel Control

API American Petroleum Institute

ASTM American Society of Testing and
Materials

BHP Brake Horsepower

BTU British Thermal Units

CAC Charge Air Core

°C Degrees Celsius

CCW Counter Clockwise

C.LD. Cubic Inch Displacement

cm Centimeter

¢St Centistokes

Cw Clockwise

cu. Cubic

DBTDC Degrees Before Top Dead Center

DCA Diesel Coolant Additive

ECM Electronic Control Module

ECS Emission Control Sensor

°F Degrees Fahrenheit

FCV Fuel Control Valve

FTM Federal Test Method

ft. Feet

ft-Ib Foot Pound

FSov Fuel Shut-Off Valve

"G Ground

“Gll
Gal

e
Hg
HHV
HP
hr.
H20

iCM
ISCV
in.
in-1o
kPa

llL!!
LE

Ib.
LHY
max.
min.

mm
Mpa

NA
NG
Nem
OEM
ppm
psi
PWB

qt.
RP

SAE

Si
ST

™

us.
“vs"
WB

WF

Gas-Spark Ignited
Gallon ,

High

Mercury

High Heat Value
Horsepower
Hour

Water

Ignition Control Module
Idle Speed Control Valve
Inch

Inch Pound

Kilograms
Kilopascal

Low

Low Emission
Liter

Pound

Lower Heat Value

Maximum
Meter
Minimum
Millimeter
Megapascal

Newton

Naturally Aspirated
Natural Gas
Newton-meter

Oxygen
Original Equipment Manufacturer

Parts Per Million
Pounds Per Square Inch
Parts Warranty Bulletin

Quart
Revaolutions Per Minute

Society of Automotive Engineers .
Spark Ignited
Service Tool

Turbocharged
Trademark

United States
Valve Set
Warranty Bulletin

Water Column
Water Filter
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Safety Precautions & Warnings

Improper practices or carelessness can cause burns,
cuts, mutilation, asphyxiation or other bodily injury or
death.

Read and understand all of the safety precautions and
warnings before performing any repair. This list contains
the general safety precautions that must be followed to
provide personal safety. Special safety precautions have
been included in the procedures when they apply.

Note: It is not possible for Cummins Natural Gas
Engines, Inc. to anticipate every possible circumstance
that can involve a potential hazard.

» Make sure that the work area surrounding the product
is dry, well lit, ventilated, frea of clutter, loose tools,
parts, ignition sources and hazardous substances. Be
aware of hazardous conditions that can exist.

+ Always wear prolective glasses and protective shoes
when working.

* Rotating parts can cause cuts, mutilation or strangula-
tion. ‘

« Do not wear loose-fitting or torn clothing. Remove alf
Jjewelry when working.

= Do not work on anything that is supported ONLY by
lifting jacks or a hoist. Always use blocks or proper
stands to support the product before performing any
service work.

+ Disconnect the batteries negative (-) and positive (+)
cables and discharge any capacitors before beginning
any repair work. Disconnect the air starting motor, if
equipped, to prevent accidental engine starting. Puta
“Do Not Operate” tag in the operator’s compartment
or on the controls.

« Do not connect the ground cable of any welder to the
ignition or governor components or leads. Attach the
welder ground cables as close as possible to the part
being welded.

» Do not connect the jumper starting or battery charg-
ing cables to any ignition or governor control wiring.
This can cause electrical damage to the ignition gen-
erator or governor.

+ The natural gas exhaust system normally operates at
a higher temperature than similar diesel exhaust sys-
tems. To avoid burns, do not touch exhaust compo-
nents. Do not route lines or hoses which can deterio-
rate from heat near the exhaust gas components.

* To prevent suffocation and frositbite, wear proteciive
clothing and ONLY disconnect fuel or liquid refrigerant
(freon) lines in a well ventilaled area. To protect the
environment, liquid refrigerant systems must be prop-
erly emplied and filled using equipment that prevents
the refease of refrigerant gas (fluorocarbon) inta the
atmosphere. Federal law requires capture and recy-
cling refrigerant.

To avoid personal injury, use a hoist or get assistance
when lifting components that weigh 23 kg 50 b] or
more. Make sure hooks are positioned correctly.
Always use a spreader bar when necessary. The lift-
ing hooks must not be side-loaded.

Always shutdown your CNGE Spark-ignited engine
by either using an automatically operated fuel shut-
down valve as close to the engine as possible or by
shutting off the manual shutoff valve upstream of the
gas flow pressure requiator and allowing the engine to
burn off all residual fuel-gas. CNGE recommends that
all fuel-gas be shut-off before furning off the ignitich
switch.

Always close fuel line manual fuel shut-off valve
before disassembly of engine or engine compaonenis.

»

Use ONLY the correct crankshaft barring techniques
for manually rotating the crankshaft. Do not atiempt io
rotate the crankshalt by pulling or prying on the fan or
vibration damper. This practice can cause serious
personal injury, property damage, or damage to the
fan blade(s), causing premature fan failure.

If an engine has been operaling, and the coolant is
hot, aflow the engine to cool before you slowly loosen
the filler cap and relieve the pressure from the coofing
system.

To avoid burns, be alert for hot component parts just
after the engine has been shut off and hot fluids in
fines, tubes and compartments.

»

Relieve all pressure in the air, fuel, oil, and cooling sys-
tems before any lines, fittings, or related items are
removed or disconnected. Be alert for possible pres-
sure when disconnecting any device from a system
that uses pressure. Do not check for pressure leaks
with your hand. High pressure oil or water can cause
personal injury.

Corrosion inhibitor contains alkali. Do not get the sub-
stance in your eyes. Avoid prolonged or repeated con-
tact with skin. Do not swallow internalfy. If skin is con-
tacted, immediately wash with soap and water. If the
eyes are contacted, immediately flood with large
amounts of water for a minimum of fifteen minutes.
IMMEDIATELY CALL A PHYSICIAN. KEEP OUT OF
REACH OF CHILDREN.




* Always use tools that are in good condition. Make Notes:
. sure you understand how to use them before perform-
ing any service work.

» Always use the same fastener part number (or equiv-
alent} when replacing fasteners. Do not use a fasten-
er of lesser qualily if replacements are necessary.
Always torque fasleners and fuel connections o the
required specifications.  Over-tightening or under-
tightening can allow leakage.

« Never use gasoline or other flammable materials to
clean parts. Always use approved cleaning solvent.
Naphtha and Methy! Ethy! Ketone (MEK) are flamma-
ble materials and must be used with caution. KEEP
OUT OF THE REACH OF CHILDREN.

+ Use caution when working around a spark-ignited
CNGE engine. Never expose the engine to an open
flame or spark,

+ Never use alcohol or gasoline based starting aids.
Engines in proper tune require no intake spray starting
aids. The uncontrolled use of spray starting aids may
lead to fire or explosion of the air/fuel mixture in the

. Intake manifold,

* Some stale and federal agencies in the United States
of America have determined that used engine oif can

be carcinogenic and can cause reproductive toxicity.
Avoid inhalation of vapors, ingestion, and prolonged
contact with used engine oil.

» The CNGE spark ignited engine ignition system pro-
duces high voltage when the engines are operaling.
Do not touch any ignition wiring or components while
the engine is operating unless you use suitably insu-
lated tools. Failure to comply with this warning can
cause serious shock.
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Section 2

Engine & Component
Identification

ENGINE DATA-PLATE

Refer 1o the enclosed illustration for the data-plate location.

Photo #2-01 - Engine Data-plate

Note: The engine data-piate must not be changed
unless approved by CNGE. -

The engine data-plate shows specific information about
your engine, such as;

|

* Model Type. Photo #2-02 - GTA14 Engine
Engine Serial Number.

Date of Manufacture.

Date of Defivery.

Configuration No. Turbocharger Data Plate.
* Advertised HP (Horsepower). :
* HRated RPM (Revolutions Per Minute).
* Piston Part Number,

* Compression Ratio.

* Camshaft Part Number.

» Turbocharger Part Number.

The date of delivery will be used as a starting point
to measure warranty for the end user customer.

How to Identify Your Engine

The model name provides the following data:

- GTA14
| I—Displacemenil (Liters)
Aftercooled
Turbocharged

Gas Engine-Spark Ignited Photo #2-03 - Turbocharger Data Plate




2-2
. External Engine Components

The illustrations that follow show the locations of the major external engine components, filters and other service and
maintenance points. Some external components will be at different locations for different engine models.

Note: The iflusirations are only a reference to show a typical engine.

GTA14 - Aftercooler Side

Alternator (Not Shown).
Aftercooler.
Ignition Generator.
tgnition Coils.
Governor.
Throttle Butterfly.
Vibration Damper {Behind Wire Guard).
Gas Regulator.
9. Fuel Shut-off Valve.
10. By-pass Lube Qil Filter-LF750 (Not Shown).
11. Qil Pan.
12. . Aftercooler Inlet.
13. Aftercooler Outlet.

14, Air Filter.
. 15, Engine Blow-by Hose,

o N @ oW
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Photo #2-04 - GTA14 Aftercooler Side

GTA14 - Exhaust Side

Turbocharger.
Oit Cooler.
Coolant Inlet.
Coolant Qutlet.
Thermostat Housing.
Coolant Filter.
Lubricating Oil Combination Filter-LF3000.
Dipstick Location.
9. Starter.
10. Carburetor.
11. Aftercooler Pump (Auxiliary Pump).
12. Woet Exhaust Manifold.
13. Qil Fill Tube and Cap.

i B T o

Photo #2-05 - GTA14 Exhaust Side
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Section 3

Operating Principles &
Systems Information
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Operating Principles & Systems
Information

Operating Principles

The most satisfactory service can bé expected from a
Cummins Natural Gas Engine, Inc. (CNGE) spark ignit-
ed engine when the operation procedures are based
upon a clear understanding of the engine working prin-
cipals. Each part of the engine affects the operation of
every other working part and of the engine as a whole.

The CNGE Gas Engine
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Compression Stroke

The compression stroke starts at the end of the intake
stroke. The intake valve(s) close and the piston starts
upward on the compression stroke. The exhaust valves
remain closed.

By the end of the compression stroke, the air and fuel
mixture in the combustion chamber has been forced
by the piston to occupy space significantly smaller
than the volume occupied at the beginning of the
stroke. This change in space is known as the com-
pression ratio.

Power Stroke

Near the end of the com-

CNGE Gas Engines de-

. . . Skatch #3-01 - Intake Stroke
scribed in this manual are

Sketch #3-02 - Compression Stroke

pression stroke, the fuel is

four-stroke-cycle engines that
burn a spark-ignited, con-
trolled mixture of natural gas
and air. The fuel-gas may be
a pipeline guality of natural
gas or a liquid propane gas
(HD-5) or in some cases a
“field” gas.

INTAKE STROKE

Caution: Different fuel gases
may require a change in

ignited by the spark piug.
During the power stroke with
both the intake and exhaust
valve(s) closed, the burning
fuel causes an increase in
pressure above the piston.
The increased pressure
pushes the piston downward
and adds impetus to the
crankshaft retation.

hardware and plumbing of
the fuel system to the engine

as well as physical changes
in hardware on and in the
engine.

The CNGE Cycle

It is easier to understand the
function of the engine parts if
it is known what happens in
the combustion chamber

E£XHAUST STROKE Exhaust Stroke

During the exhaust stroks,
the intake valve(s) are
closed, the exhaust valve(s)
are open and the piston is on
its upstroke.

Burned gases are forced out
of the combustion chamber

during each of the four pis-

ton strokes of the cycie. The Skoteh #3:05 - Power Stroke

through the open exhaust
valve port(s) by the upward

Sketch #3-D4 - Exhaust Stroke

four strokes and the order in
which they occur are intake
Stroke, Compression Stroke, Power Stroke, and
Exhaust Strake.

Intake Stroke

During the intake stroke, the piston travels downward per-
mitting air and fuel mixture from the carburetor to enter the
combustion chamber through the open intake valve(s}.

The CNGE Cycle

travel of the piston.

Just slightly before the end of the exhaust stroke and at
the very beginning of the intake stroke, the intake
valve(s) open and a few degrees later the exhaust
vaive(s) will close. This is known as valve cverlap and is
required to remove the last of the remaining exhaust
gases during that cycle.
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The Fuel-Gas & Carburetion System

Type of Fuel-Gas

Fuel should be clean and must be free of acids, sulfur &
halogen compounds, water, pipe scale and other foreign
materials which could cause corrosion or abrasion of the
cylinder liners, bearings and internal engine parts. Dry
processed natural gas usually has the liquids removed
and contains primarily methane and a small percent of
ethane gases. This type of fuel gas is generally about
905 BTU/cu.ft. L.H.V. (Low Heat Value) and can be used
in all CNGE engines that have been structured to run on
“Dry Pipeline Natural Gas".

The application of CNGE engines on HD-5 liguid
propane or propane vapor and non-processed gas
requires careful gas analysis of the fuel to decide the
proper compression ratio selection. Check with your
local CNGE dealer or Cummins distributor for proper
compression ratio and power rating for individuai appli-
cations.

CNGE engines are primarily specified to run off a good
pipeline gquality of dry processed natural gas. With the
correct configuration, CNGE engines can be specified to
also run off LPG (HD-5) propane gas. With pre-approval
from the CNGE factory these engines can be adjusted
to run off digester gas and field gas.

Engines that are run off “landfill” gas, require that the
gas be run through a scrubber to remove any sulfur and
other corrosive compounds and a drier to remove any
moisture such as water. In addition, a high ash multi-vis-
cosity oil may be required to combat contaminants that
will get into the engine lubricating cil from “blow-by”
gases,

Note: All “Landfill” gas applications require factory
approval,

Located between the gas supply line and the engine
intake manifold are the following components that make
up the fuel system for a turbocharged GTA14 engine.

Low Pressure Natural Gas System

. Gas Filter.

. Pipeling Flexible Connection.

. Manual or Automatic Gas Shut-Off Valve.

Engine Mounted Pressure Regulator.

. Carburetor {Before Turbacharger on TA Engine).

. Charge Air Core (CAC) on an Air-to-Air TA System.

. Throttle Butterfly Valve (After Turbocharger and CAC
on TA Engine).

N@O s N =

Note: On a turbocharged engine the carburetor power
valve and the carburetor air mixer valve are mounted
upstream on the low-pressure side of the turbocharger.
Downstream of the turbocharger will be an air-to-air after-
cooler with a charge air core (CAC) prior to the throttle
butterfly valve. On a water-to-air system the intercooler
will be after the throttle butterfly in the intake manifold.

Low Pressure Propane Gas System
(Liquid) - Unique Components

. Flexible Fuel Line

Engine Mounted Solenoid Shut-Off Valve.

. Liguid Propane Filter.

. Liguid Propane Converter.

. Carburetor (Before Turbocharger on TA Engine).

. Charge Air Care {CAC) on an Air-to-Air TA Engine.
. Throttle Butterfly Valve (After Turbocharger & CAC on
TA Engine).

NO o AW =

Low Pressure Propane Gas System
(Vapor) - Unique Components

. Gas Fiiter.

. Flexible Connection.

. Engine Mounted Manual or Automatic Shut-Off Valve.
. Engine Mounted Gas Regulator.

. Carburetor {Before the Turbocharger on TA Engine).
. CAC (After the Turbocharger on TA Engine}.

. Throttle Butterfty (After Tutbocharger & CAC on TA Engine).

MmO AWM =

Low Pressure Natural Gas
Components

Manual Gas Shut-Off Valve

This valve, on a dry pipeline natural gas system, will gen-
erally be found upstream of the main line gas flow regu-
lator and is normally supplied by the local gas utility.

On propane systems this valve will be found at the
propane supply tank and will be on the top of the tank
for a propane vapor system and on the bottom of the
tank for a propane liquid system.

Caution: Operators should always know the |ocation of
the manual gas shut-off valve. In cases of an emer-

Photo #3-01 - Manual Gas Shut-Off Valve




Main Line Gas Flow Regulator

The main line gas flow regulator is required to reduce
the gas pressure from its main line pressure down to a
maximum of 125 psi or less. The minimum pressure will
depend on the pressure drop between the main line gas
flow regulator and the engine mounted gas flow regula-
tor. The CNGE engine mounted gas flow regulator
requires an inlet pressure between 10 to 20 inches of
W.C.(water column) pressure at maximum full load oper-
ating conditions.

Note: At times there may be a requirement for a sec-
ondary gas flow regulator to be installed between the
main line gas flow regulator and the on-engine gas flow
regulator in order to step down the gas pressure. The
maximum allowable pressure to the on-engine gas flow
regulator is 20 inches of W.C. (water column) pressure.

Photo #3-02 - Line Pressure Regulator

Pipeline

The pipeline must be sized so that the required maxi-
mum fuel-gas flow is supplied to the on engine gas flow
regulator. The pipeline system should be capable of
producing the required amount of gas flow, at a mini-
mum of 10 inches of water column pressure under full
load condition. Refer to the appropriate engine data-
sheet for the correct minimum pipe size at the engine,
and the maximum amount of fuel-gas required.

Note: The number of elbows, bends and long pipe runs
can introduce sufficient pressure losses to effect the gas
fiow through the pipeline. For proper sizing contact the
local gas utility and advise them on the maximum
required gas flow and the minimum required gas pres-
sure to be supplied to the engine.
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Gas Filter

The CNGE gas filter is a single pass element made of
fiberglass and is capable of filtering down to 10-micron
particle size. The filter should be inspected on a regular
basis and replaced when necessary. Refer to the appro-
priate maintenance chart for your respective CNGE
engine modsl.

The filter may plug prematurely if subjected to liquid con-
taminants in the fuel-gas causing a restriction of gas flow.

Caution: It is important that the filter is installed with the
gas flow going from the outside of the element towards
the inside of the element.

CNGE recommends that the gas fuel filter be installed
before the engine mounted regulator and supported by
the incoming fuel line. The inlet fuel pressure should be
at a maximum of 100 psi to the filter or less. CNGE also
recommend that a gas flow shutoff valve (manual or
glectric) be installed between the line gas flow regulator
and the gas filter.

Photo #3- 03 - Gas Filter
Flexible Fuel-gas Pipeline Connection

The fuel-gas pipeline must be connected to the engine
fuel inlet systems by means of a flexible, reinforced and
fire resistant hose. The hose should be of the same size
1.D. as the pipeline and must meet all local codes.

Manual or Automatic Gas Shut-Off Valve

A gas shut-off valve must be mounted between the line
pressure regulator and the gas filter to assure a positive
gas shut-off. The valve may be operated manually, elec-
trically, or actuated from the ignition system or from any
shutdown safety device such as low oil pressure or low
water level, etc.

Caution: When installing the gas shut-off valve, it is
important to check that the arrow ({if equipped) is point-
ing in the direction of gas flow.

Caution: Do not mount gas shut-off valve between the
engine-mounted regulator and the carburetor.

Warning: DO NOT OPERATE A GAS ENGINE WITH-
OUT A GAS SHUT-OFF VALVE.




Photo #3-04 - Automatic & Manual Gas Shut-Off Valves

Engine Mounted Gas Flow Regulator

The engine mounted gas flow regulator will reduce the
gas pressure at the engine down to a working pressure
at the carburetor of three to six inches of W.C. {water
column). Refer to Table 3 -01 Gas Pressure Regulators.

Effective 3/01/91 CNGE began installing an engine
mounted regulator that requires a minimum gas pres-
sure to the regulator after the filter, shutoff valves, and
line pressure drops of 10 in. H,O at full load conditions.
For CNGE engines manufactured before that date,
CNGE used various pressure regulators.

Table 3-01 - Gas Flow Regulators

Engine Model Regulator Max. Gas Flow
cu ft./hr.

GTA14 RvV81 3358 @ 1800 RPM

Note: All gas regulators have been sized for a gas flow
with a Low Heat Value (LHV) of 905 BTU at 0.6 specific
gravity @ 16° C (60° F).

Photo #3-05 Gas Pressure Regulator - Englne
Mounted

Carburetor

The air-gas valve controls gas-flow through the carbure-
tor. The air-gas valve meters both air and gas in proper
proportions at any throttle setting. It also seals off gas
flow when the engine is shut down and provides auto-
matic choke action for starting.

The working parts consist of an Air Measuring Valve
{Bullst Valve) mounted on a diaphragm. Mounted with-
in the cup of the Air Measuring Valve is the Gas
Metering Valve. A metering spring is mounted above the
valve assembly. The Models # 600 & # 600 VF (vari-fuel)
carburetors do not have .a closed position and as such
require that the engine have a shut-off valve. The shut-
off valve can be either manual or automatic.

As air is drawn through the carburetor into the engine,
the metering spring causes a pressure drap below the
Air Measuring Valve. The pressure drop is transferred to
the top of the diaphragm. The lowered pressure above
the diaphragm allows the atmospheric pressure below
the diaphragm to raise the assembly a distance that is
directly proportional to the volume of air passing through
the carburetor, thus making the assembly an Air
Measuring Device. The Gas Metering Valve that is con-
nected to the assembly will also rise and will measure
the correct amount of gas for any height that the Air
Measuring Valve rises.

The carburetor inlet gas pressure should be between
four to six inches of WC (water column} fram no lead to
full load condition when operating with dry processed
natural gas fuel.

When operating with a propane (HD5) fuel the carbure-
tor will be under a negative pressure from -1.5to a -4.0
inches of water column and on a Bi-fuel system the
propane will go to a negative - 8.5 in. of water. column
vacuum.

Photo #3-06 - Carburetor




Adjustment of Carburetor Air-Gas Power
Valve

Impco Models # 600 & # 600VF (Vari-Fuel)
Carburetors

On the modet 600 & BOOVF the power valve can be
identified as a hex-head screw with a spring on the side
of the carburetor. The adjustment would be to turn the
screw in a clockwise "CW” direction to adjust toward the
lean mixture and counterclockwise “CCW" to adjust rich.

The adjustment is made with the engine under a full
load ¢ondition and together with the utilization of an oxy-
gen meter used to measure the excess oxygen in the
exhaust system. The measurement of excess oxygen is
taken downstream of the turbocharger exhaust gas out-
Ist or downstream of the exhaust manifold outlet flange
on a naturally aspirated engine.

For additional information on how to measure the excess
oxygen refer to the technical specification section.

Photo #3 - 07 - Power Valve - Impco Model 600 VF
(Vari-Fuel) '

Throttle Butterfly -

The last component of the fuel system is the throttle but-
terfly. This assembly consists of a flat round plate
mounted on a shaft inside of a throtlle bedy housing.
The shaft is connected to a series of levers and linkages
that connect to the engine governing assembiy. As the
engine load increases or decreases the engine gover-
nor can control the position of the butterfly causing a
change in the amount of fuel gas that can enter into the
intake manifold. .

CNGE carburetors will vary between engine models.
Refer to Table # 3-02 for the appropriate carburetor for
your specific engine.
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Photo #3-08 - Throttle Butterfly

Table #3-02 - CNGE Carburetors

Engine Model Carburetors
GTA14 600 VF (Vari-Fuel)
GTA14 600

Low Pressure Propane Gas System
Components ( Liquid ) - Unique to L.P.

Manual Liquid Gas Shut-Off Valve

On propane systems this valve will be found at the
propane supply tank and will be on the top of the tank
for a propane vapor system and on the bottom of the
tank for a propane liquid system.

Engine Mounted Solenoid Valve

The engine mounted solenoid valve is a 2-way normally
ciosed internal pilot-operated solenoid valve. The valve
is closed when the solenoid is de-energized and open
when energized. The solencid valve is mounted on the
engine, before the engine mounted pressure regulator.

Photo #3-09 - Engine Mounted Solenoid Valve
Liquid Propane Filter

Any CNGE engine using HD-5 liquid propane fuel
requires a liquid propane filter before the liquid propane
converter. CNGE recommend that the filter be checked
and replaced on an annual basis if necessary.



Photo #3-10 - Liquid Propane Filter

Liquid Propane Converter

When CNGE engines are using a liquid propane fuel
- {HD-5), a “converter” is used in order ta allow the liquid
propane to convert to a vapor at atmospheric conditions.

When propane in a liquid state is released to a low-
pressure area, the sudden change to a gas causes a
refrigeration process. The gas will enter the vaporizer
ata -42° C [-44° F]. To compensate the engine jacket
coolant is plumbed to the vaporizer to raise the HD-5
gas temperature up to 4° C [40° F].

Photo #3-11 - Liquid Propane Converter

Low Pressure Propane Gas System
Components [Vapor] - Unique to Propane
Vapor

In those cases where propane vapor is available from
the propane storage tanks in sufficient quantities that
will handle the specific propane engine, a converter will
not be necessary.

When using a straight propane vapor from the top of a
storage tank, it is important to insure that the vapar does
not carry condensate or propane “droplets” of liquid
propane. It may be necessary to install a separate
heater to increase the temperature of the propane vapor.

Caution: Check with the tocal authorities for the correct
type and correct installation of any propane heater.

Propane will generally cause higher Exhaust Gas
Temperatures {EGT) and has a lower critical tempera-
ture point, therefore CNGE requires that All CNGE
Turbocharged engines be applied at a C.R. of 8.5:1
when using propane as a fuel. At times, it may be nec-
essary 10 reduce engine power due to elevated EGT
when using propane as a fuel.

Caution: Propane as a gas is generally heavier than air
and will tend to fall rather than rise like methane gas.
When using propane as a fuel, one needs to be aware
and cautious at all times.

Engine Mounted Gas Regulator

The propane vapor will flow through a pressure regu-
lator, a shutoff valve and then to an engine-mounted
regulator that has been inverted with the internal
spring removed. The engine will then create a vacu-
um at the carburetor that will pull the propane vapor
from the regulator in the desired quantities.

Photo #3-12 - Engine Mounted Gas Regulator -
Propane Vapor '

The Ignition System

CNGE uses ignition systems supplied by ALTRONIC
and Fairbanks Morse.

ALTRONIC V

The ALTRONIC V unit is a self-powered, low tension,
capacitor discharge ignition system consisting of an 8-
pole permanent magnet alternator, timing & distribution
circuits. A wiring harness and one ignition coil per cylin-
der complete the system.




R

Photo #3- 13 - Altronic V
Fairbanks Morse Mddel 3000

Fairbanks Morse 3000 Ignition Generator is a self-con-
tained, breaker-less, capacitor discharge ignition gener-
ator. The 3000 Ignition Generator has a negative ground
{-), therefore, the primary output is positive {+) with
respect to ground.

A four-pole permanent magnet rotor generates the igni-
tion power, for the FM3000, with a four-pole stator. The
unigue winding design allows the four-stator coils to per-
form different functions. One coil furnishes high voltage
for starting, two other coils provide most of the voltage
for high speed running and the fourth stator coil is elec-
trically independent from the others serving as a trigger
voltage for the ignition triggering circuit.

Poto #3-1 4;Fa|rbanks Mors Model FM30

Table #3- 03 - Ignition Systems

Engine Model ALTRONIC Fairbanks Morse
GTA14 Vv 3000

Table #3- 04 - Ignition Timing Values

Timing (DBTDC)
Natural Gas Propane
Compression Ratio  8.5:1 11011 8.5:1

Engine Model GTA14  20-22 18-20 18-20
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Note: The above timing is at CNGE'S plant tocation in
Clovis, New Mexico @ 4200 it altitude with a fuel-gas at
a low heat value (LHV)} of 305 BTU. Your engine may
have to have the timing either retarded or advanced
depending on your operating load, temperatures, LHV of
your fuel-gas and your altitude. Refer to Section # 7,
page 7-15 for ignition timing adjustment procedure.

The Lubrication System

CNGE engines are pressure lubricated. The pressure is
supplied by a gerotor lubricating oil pump.

A pressure regulator is mounted in the lubricating oil
cooler. When the regulator is open some of the oil will
be by-passed to the oil pan. When the vaive is closed
all of the oil will be supplied to the oil cooler.

On the GTAS8.3 the oil flow is through the oil cooler and
on to the oil filter. The GTA8.3 uses an LF3000 full flow/
by-pass combination element.

The oil then flows to the main oil rifle and throughout the
various drillings and passages in the engine. Qil to the
turbocharger is taken off of the top of the full flow filter
directly to the turbocharger.

Some applications will aiso require a supplemental oil
system to increase the oil capacity for extended oil drain
periods.

Caution: Extension of cil drain periods should be done
by using a good oil analysis program. The addition of
more oil will not necessarily allow for oil drain extension.

A by-pass valve is provided in the full flow oil filter as
insurance against interruption of oil flow by a dirty or
clogged element.

Engine Lubricating Oil

The use of a high quality lubricating oils combined with
appropriate oil drain and filter change infervals is a critical
factor in maintaining engine performance and durability.

Recommended Oil Specifications

Cummins Natural Gas Engines, Inc. recommends the
use of a high quality SAE 15W40 heavy duty natural
gas engine oil that meets the American Petroleum
Institute {API) performance classification CD.

A maximum sulfated ash limit of .85 mass percent or
below is suggested for optimum valve and piston deposit
and oil consumption control. A minimum ash content of
.15 mass percent is required for CNGE spark ignited

engines.




Qil Pump

To Lubricating Oil Cooler
From Lubricating Qil Cooler
Piston Cooling Nozzle

Main Qil Rifle

Cam Bushings

To Overhead

Main Bearing

© PN TR wN =

Connecting Rod Drilling
. Rifle Pressure Signal Line

-t b
-

. Suction Tube

Lubricating Oil System Flow Diagram 1

Caution: Some catalytic manufacturers require that
the sulfated ash content not exceed .5 mass per-
cent. Also certain additives can be harmful to the prop-
er operation of a catalyst. Contact your respective cat-
alytic manufacturer for operation & maintenance
requirements as well as ash limit & other restrictions.

Arctic Operation

If an engine is operated in ambient temperatures consis-
tently below -23° C {-10° F) and there are no provisions
to keep the engine warm when it is not in operation, use

a CE/SF engine oil with adequate low temperature prop-
erties such as a synthetic 5W-20 or 5W-30.

The oil supplier must be responsible for meeting the per-
formance specifications required for natural gas engines.

Caution: The use of synthetic base oil does not justify
extended oil change intervals. Extended oil change
intervals can decrease engine life due to factors such as
corrosion, deposits, and wear.

Lubricating Qil System Flow Diagram 2

From Oil Pump

Qil Cooler Thermostat

Oil Cooler

Combination Full Flow/Bypass
Lube Qil Filter

Il ol

. To Main Rifle
TJurbocharger Qil Supply
Turbocharger Drain

Qil Filter Bypass Valve

© ® N o o

. From Oil Cooler

10. Bypass Filter Oil to Sump




New Engine Break-in Lubricating Qils

Special “break-in” engine lubricating ocils are not recom-
mended for new or rebuilt CNGE engines. Use the
same type of oil during the “break-in” period that is used
in normat operation.

Caution: Operation of CNGE engines with concentra-
tions of Sulfur above 10 PPM will require the use of high
sulfated ash oils. Higher ash cils can cause short
spark plug life; valve or piston damage, deposit buildup
- on electronic sensors and can lead to excessive oil con-
sumption.

Additionai information regarding lubricating oil avaitability
throughout the world is available in the E.M.A. Lubricating

Qils Data Book for Heavy Duty Automotive and Industrial

Engines. The data book may be ordered from:

Engine Manufacturers Association
One lllinois.Center

111 East Wacker Drive

Chicago, Ill. U.S.A. 60601
Telephone: (312} 644-6610

The Cooling System -

On the GTA14, a belt driven centrifugal-type water pump
circulates coolant. The water pump is mounted directly
in the front of the ¢ylinder block. The coolant flows past
the oil cooler, past the cylinders, and on to the cylinder
head. The coolant flows from the cylinder heads to the
thermostat housing. At this point the coolant may be re-
circulated back to the water pump and to the radiator or
heat exchanger as the thermostat opens.

Cooling System Flow Diagram
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On engines with a water-cooled exhaust manifold, the
water flow is from the cylinder heads to the manifold and
then to the thermostat housing.

Coolant Recommendations

Cummins engines require a balanced coolant mixture of
water, antifreeze, and supplement coolant additives.
This can be best accomplished by using Fleetguard's
Compleat™. Compleat™ comes in either a concentrat-
ed mixture that is used with high quality water or in a
premix, where no additional water is required. .Drain and
replace the mixture every two years or 6000 hours,
whichever occurs first.

When not using Fleetguard's Compleat™, CNGE rec-
ommends the following:

1. DCA4™ s recommended for use in all Cummins
engines.

2. Inclimates where the temperature is above -37° C [-34° F],
use a cooclant mixture that contains 50 percent
antifreeze. Antifreeze is essential in any climate. It
broadens the operating temperature range by lowering
the coolant freeze point and by raising its beiling point.

Do not use more than 50 percent antifreeze in the
mixture unless additional freeze protection is
required.

Caution: Never use more than 68 percent antifreeze
under any condition.

Water Pump

Oil Cooler

Water Manifold

Qil Cooler Supply

Oil Cooler Return

Thermostat

Bypass

To Radiator

Water Pump Inlet

Coolant Filter Head Shutoff Valve

O ®w @ NN
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3. Use low silicate antifreeze that meets Engineering
Standard GM 6038-M or that contains no more than
0.1 percent anhydrous alkali meta-silicate and meets
either Engineering Standard GM 1825-M or GM
1899-M that are performance specifications.

4. Use soft water in the coolant mixture. Contaminants
in the hard water neutralize the corrosion inhibitor
components. Water must not exceed 300 ppm hard-

ness or contain more than 100 ppm of either chicride

or sulfate.

5. Maintain supplemental cootant additive levels at T unit
of DCA4™ per 3.8 liters [1 U.S.Gallen] of coolant by
changing the coolant filter at each lubricating oil and

. filter change interval.

Cummins recommends the use of DCA4™ for the fol-
lowing reasons:

1. Improved cbmpatibiiity with high-silicate antifreezes
to minimize hydro-gel formation if over-concentration
occours.

2. Provides engine protection in the following areas:

* Solder corroston/bloom.

¢ Qil Fouling.

* Aluminum cavitation corrosion.

* Copper corrosion/erosion/stress cracking.
* Liner cavitation/corrosion.

* Seal and gasket degradation.

Irrigation Applicatidn

The cooling system on some irrigation engines consists of
a cooling coil in the product water discharge line. This
enables the engine to have a cooling system without the
use of a radiator. A de-aerating expansion tank is required.

Aftercooler Circuit- Water to Air

Whenever water-cooled aftercoolers are used on tur-
bacharged Cummins Natural Gas Engines, an auxiliary
water pump circulates water through the aftercooler and
its separate heat exchanger or radiator core. A de-aer-
ating expansion tank with a separate section for the
aftercooler circuit is aiso required,

Cummins Natural Gas Engines, Inc. recommends that
all cocling systems used on CNGE engines be of a
design that offers a de-aerating feature with properly
designed radiator top tanks or through the addition of
auxiliary surge tanks.

Both systems should contain fill lines to the suction side
of the engine water pump and vent lines from the highest
point of the engine cooling system before the thermostat.

Photo #3-15 - Aftercooler Heat Exchanger - Water -to-Air

Aftercooler Circuit- Air-to-Air

Several models of CNGE engines use an aftercooler
section that uses an air-to-air CHARGE AIR CORE
(CAC) section of the engine radiator package.

Photo #3-16 - Aftercooler Charge Air Core (CAC) -Air-to-Air

The Air Intake System

The required function of the air intake system is to supply
clean dry air to the engine without excessive restriction and
at a temperature consistent with good engine efficiency.

The total system design should provide minimum intake
restrictions to maintain an adequate airflow to the engine
for good air-fuel mixture. Refer to your engine datasheet
for allowable intake restriction and CFM of airflow.

The air cleaner is generally mounted on the engine and can
be either a single stage or a two-stage dry type paper ele-
ment with a safety element depending on the application.

Air is routed from the air cleaner directly to the carburetor
where it mixes with a metered amount of fuel gas and is
dispersed into the irtake manifold and on to the cylinders.

On the turbocharged model with a low-pressure system the
air will be mixed in the carburstor before the turbocharger.




Caution: Spark-lgnited gas type engines are more crit-
ical on the air cleaner restriction than diesel engines. As
the air cleaner restriction increases the air-fuel mixture
will become rich, increasing the combustion & exhaust
gas temperature,

The Exhaust System

The GTA14 turbocharger is & top mount with front out
exhaust. The turbocharger outlet stack has been pro-
vided with the necessary openings for recording excess
oxygen and exhaust gas stack temperature in the
exhaust gas stream.

Some locations and applications may require the use of
catalytic converters, mufflers, silencers or flame arrestors.

Caution: The additions of exhaust silencers, cafalytic
converters, long runs of piping, and 90 degree elbows
may require that the inside diameter of the exhaust pipe
size be increased along with the Turbo Outlet Flange
Connection in order to avoid excessive Turbocharger
Back-FPressure.

Many locations will, by local code, require the use of a
Catalytic Converter to be placed in the exhaust system to
help in exhaust emission contral. When this occurs, it may
be necessary to lower the power requirement on the
engine to avoid excessively high exhaust gas temperature.

CNGE engines are factory set with a Stoichiometric
Air/Fuel ratio toward the “lean” side of Stoichiometry for the
express purpose of providing the lowest possible exhaust
Qas temperature required for exhaust valve durability.

e,
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The use of a Catalytic Converter will generally require
that the Air/Fuel ratio be set to the “rich” side of
Stoichiometry. When this occurs the exhaust gas tem-

perature will elevate to a higher level that may reduce
exhaust valve life.

Caution: Seme manufacturers of catalytic converters
reguire that the engine oil have a sulfated ash content of
no more than .5% mass of sulfated ash. In addition there
may be restrictions placed on the amount of phospho-
rous and zinc that can be allowed in the additive pack-
ages that are used in some natural gas engine oils.
Under no circumstances should the levels of zinc and
phosphorous fall below the minimum required level for
proper operation of the GTA14 engine.

The Electrical System

The electrical systerri consists of 24 VDC batteries, 24 V
electrical starters, and 24 V alternators on some appli-
cations and various wiring diagrams such as;

Starter - Drawing # 10423551

Manual Start - # 91001034

Automatic Start - # 91001029

Kim Hotstart - # 10900011

Altronic V - # 90810137

Bi-Fuel w/o Control Panel - # 90521070
5 Gauge Instrument Panel - # EG1025
6 Gauge Instrument Panel - # EG1024
Single 6 Wiring w Options - # 110106808

Notes:
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Manual Start - # 91001034
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Wiring Diagrams

O TR0 AW 0@ i LW 5Y vk 2 TN oW

SRIVELY 304 TDI00LE SHIVN0 01 34N

10M W)
ocLinois i gy b
HO WAL S rwem e
Howso 2o | oW s TR WLIE DU S 0N UH
<jefofofof
o o
= o
n e o
o

(i)
WO ST 0L O I O

028 o
-]

91001034

¢ i oo - [HEREEE

RS RRE et

S

[T]

00 ECKA R




3-15
Section 3

Automatic Start - # 91001029

Wiring Diagrams
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Section 4
Installation Instructions

Remave all tape and plastic covers from cooling, fuel,
lubricating oif, exhaust and air intake connections.

Locate unit on a. firm base and secure in desired posi-
tion with anchor bolts and shock mounts. Check align-
ment of engine with driven unit; shim as necessary to
obtain desired alignment. Allow for sufficient space {0
provide access to all sides of unit. If radiator cooled be
aware of prevailing winds and position unit in the proper
direction (blower fan away from prevailing winds & suck-
er fan facing prevailing winds).

On installations with external coolant lines, such as cool-
ing towers and heat exchangers, install piping with flexible
connections to reduce stress on rigid piping due to engine
vibration. If using raw water for both engine and aftercool-
er system from same pipe, always plumb through afier-
cocler circuit first and engine circuit last it plumbing in
series. If plumbing in parallel be sure to install a raw water
flow control valve in order to balance the flow between the
aftercooler circuit and the engine circuit.

Provide for outside venting of exhaust gas if unit is
installed in an enclosed area; also, venting of radiator
cooling air must be provided.

Connect your gas supply piping and observe all required
local codes. Be sure to install the correct pipe size ID; if
possible, consider increasing the size for the last four to
six feet of pipe to help in providing sufficient gas when a
sudden increase in load is required.

install a flexible connection between your gas supply

line and the engine mounted gas shut-off valve. Insure - ...

that the flexible connection meets all required local
codes for gas plumbing.

Caution: Do not use rubber hose for flexible connection.

Inspect unit for damaged or missing parts. Check all
boits and nuts for tightness; replace as necessary.

Inspect all wires for cut or frayed insulation; replace all
-damaged wiring.

Check the throttle control to see if you have free travel;
COITECT AS necessary.

Note: Application Engineering Bulletins, Installation
Guidelines are available in-the form of Instailation
Requirements Bulletins (IRB’'S) from your local
Cummins distributor.

Note: CNGE installation drawings and wiring diagrams
are also available from your local Cummins Distributor.

If not sure about your installation, contact the local
Cummins distributor and ask for an installation review.
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Operating Instructions

General - All Applications

Correct care of your engine will result in longer life, bet-
ter performance, and more economical operation,

Follow the maintenance guidelines referred to in the
maintenance section of this manual.

Check the oil pressure indicators, temperature indica-
tors, warning lights, and other gauges daily to make
sure that they are operational.

WARNING: Do not operate a natural gas engine in loca-
tions where there are or can be combustible vapors in
the atmosphere. These vapors can be sucked through
the air intake system and cause the air/fuel ratio to
become excessively rich, which could elevate combus-
tion & exhaust gas temperature (EGT) and cause
engine over-speed situations. CNGE recommends the
use of safety shutdown devices such as, but nat limited
to: over-speed and high EGT safety devices.

Initial Inspection and Start-Up

The responsibility for an initial inspection and proper
new engine start-up rests with the end user customer.
CNGE recommends that all new CNGE engines have
an initial inspection & start-up by either the local
Cummins distributor or an authorized CNGE dealer. This
presents to the end user of the CNGE engine, the
opportunity to insure that the engine is properly adjust-
ed for the on-site conditions. Proper start-ups and
adjustments will generally avoid having unnecessary
premature failures. :

In addition, it offers an opportunity for the end user oper-
ator to become familiar with the proper start-up and
operation of the equipment. It also allows the end user
to establish a source for proper supply of genuine ser-
vice parts and maintenance supplies.

The Cummins distributor or dealer service representa-
tive will generally give the engine and its related sys-
tems a visual inspection, looking for any items that will
need to be adjusted or corrected before starting the unit.

The service technician will check to insure that all fluids
such as lubricating oil, engine coolant, aftercooler
coolant, etc. are at their proper levels. All belts wili be
checked for proper adjustment.

The engine will then be instrumented with the necessary
gauges to measure some key parameters for future ref-
erence. The technician will start the unit following the
instructions covered in this section and will make final
adjustments to the engine.
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Final adjustments include, but are not limited to:

1. Confirming that the on-site load is within the range of
the specific engine.

2. Confirming with the customer that the engine rating is
at the proper level for the type of fuel being used and
for the specific altitude at the job-site.

3. Measuring & adjusting ignition timing to the specific
load, altitude and type of fuel used.

4. Adjusting the air/fuel ratio for the proper gas mixture
required for the lowest exhaust gas temperature
{EGT) within the proper load & speed range.

5. Confirming that all equipment supplied by CNGE is
working and that the following baseline readings will
be recorded if the engine is equipped with the
required gauges. .

Gas prassure to regulator.

(Gas pressure to carburetor.

Ignition timing.

Oil pressure at idle rpm.

Qil pressure at rated rpm.

Engine coalant cylinder block pressure at load.

Engine coolant top tank temperature at loaded

conditions.

* |ntake manifold vacuum/pressure and tempera-
ture at idle and at load.

» Excess Oxygen reading in exhaust gas at rated
load and rpm.

* Exhaust gas temperature at manifold outlet at

rated load and rpm

Engine rpm at idle and at load.

Hour-meter reading.

Ambient temperature.

Altitude.

6. If equipped with Safety Shutdowns the service tech-
nician will confirm the set points and correct if
. required and if applicable.

Water temperature.

Water pressure.

Oil pressure.

Intake manifold vacuum/pressure.
Intake manifold temperature.
Over-speed device.

a« & a s 8 @

Note: All safety shutdowns are set for running at
rated speed and load.

7.The Engine data-plate will be stamped with the
inspection date.

At the conclusion of the inspection the service techni-
cian will supply the customer a copy of the inspection
report that will later be filed with CNGE.

All end user customers should give strong consideration
to having the local distributor or authorized dealer per-
form a new engine start-up & inspection. The cost is a
minor investment when compared to the major expense
from failures that are the result of either no inspection or
an improper inspection.

Note: CNGE does not require an initial ingpection to
stari the end user’'s warranty coverage. For warranty
details refer to the warranty certificate.

New Engine Break-In

CNGE engines are run in on engine dynamometers
before being shipped from the factory and are ready to
be put to work in applications such as emergency stand-
by generator sets.

Caution: All CNGE engines require an on-site adjust-
ment at time of installation and at the initial start-up.
Refer to the Start-Up and Inspection.

In other applications, the engine can be put to work after
the start-up & inspection, but the operator has an oppor-
tunity to establish conditions for optimum service life
during the initial 20 hours of operation by: )

1. Warm up the engine before placing it under any load.

2. Operate the unit at no more than 75% of its rated load.

3. Do not cperate the engine at idle or at full lead for
mare than 5 minutes.

4. Observe lubricating oil pressures and temperatures and
engine coolant temperatures. Reduce the engine load if
the oil temperature reaches 121° C [250° F] or the
engine coalant temperature reaches 91° G [195° F].

5. Check oil and coolant levels frequently during the
break-in period.

Starting Procedure

Priming the Lubrication System

A dipstick oil gauge is located on the side of the engine.
The dipstick supplied with the engine has a “H” (high)
and “L” {low) level mark to show proper operating oil
tevels, The dipstick supplied with the engine is not inter-
changeable with other dipsticks supplied with similar
engines for similar oil pans.

Always check the oil level when the engine has been
stopped and sufficient time has passed for the oil to
drain back to the engine crankcase.




1. Fill crankcase to the “H” (high) mark on the dipstick.

2. Crank the engine for 15 seconds (with the ignition in
the “OFF" position) until oil pressure appears on the
gauge or the warning light goes out.

Caution: Do not engage starter motor for more than
30 seconds at a time. Wait for two minutes between
each start.

3. Refill crankcase to the “H” (high) mark on the dipstick.

Caution: After the engine has run for several minutes
it will be necessary to add lubricating.oil to compen-
sate for the pil that is absorbed by the filter element(s)
and oil cooler.

Check Hydraulic Governor

Many engines used in stationary power applications are
equipped with hydraulic-governors that use lubricating
cit as an energy medium. The GTA14 uses the engine oil

Photo #5-01 - Hydraulic Governor
Check Air Connections

Check the air connections 10 any air equipment, if used,
and to the air cleaners and air crossovers to assure that
they are all secure and have no damage.

Photo #5-02 - Air Connections

Check Engine Coolant Supply

" 1. Remove the radiator or expansion tank cap and check

the engine coolant supply. On systems with a sepa-
rate reservoir(s} for the aftercooler water circuit check
to see that they are properly filied. Add coolant to
both systemns as needed.

2. Make a visual check for leaks and open the water fil-
ter shut-off valves.

Photo #5-03 - Radiator & Expansion Tank Caps

Starting the Engine

Starting requires only that clean air and fuel are sup-
plied to the combustion chamber in proper gquantities
and are spark-ignited at the correct time.

Photo #5-04 - Start-Stop Button or Switch

Normal Starting Procedure (Above 0° C [32° F])

Warning: Before starting be sure that everyong is clear
of the engine and the equipment.
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If the engine is equipped with an over-gpeed stop, push
the “Reset” button before attempting to start the
engine.

1. Check the lubricating oil and engine coolant levels.
2. Set the throttle for idle speed.

3. Disengage the clutch (if equipped) or open the main
circuit breaker on generator set applications.

4. Open the gas supply shut-off valve.

5. If equipped with fuel shut-off valves with a manual
reset, return manual reset to open position before
cranking engine. The lever will lock in the open posi-
tion. After the engine starts and oil pressure begins
to rise the shut-off valve will return to its normal oper-
ating position.

6. Push the “reset” button on the instrument panel.

7. Hald in the safety switch override button and push the
start button,

Caution: To prevent electric cranking motor damage,
do not crank the engine for more than 30 seconds at
a time. If the engine fails to start in the first 30 sec-
onds, wait for two minutes before attempting to crank
the engine again.

Caution: When using jumper cables to start the
engine, make sure to connect the cables in Parallel
positive {(+) to positive (+) and negative (-} to negative
{(-). When using an external Electrical source to start
the engine, turn the "disconnect switch” to the "OFF"
position. Remove the key before attaching the jumper
cables to prevent unintentional starter engagement.

Note: Engines equipped with air-gas starting motors
allow a maximum of 1035 kPa [150 psi] inlet pressure.

PARALLEL 12V SERIES 24V

Sketch #5-01 - Battery Connections - Proper Hook-Up

Warning: Caution should be taken when operat-
ing starters on gas because of the danger of fire,
explosion or inhalation.

B. Release the override button when the oil pressure
gauge shows an increase in oil pressure. Qil pres-
sure must be indicated within 15 seconds after start-
ing. If oil pressure has not registered within 15 sec-
onds, shut off engine immediately to avoid engine
damage. Check engine oil level.

9. Engage the clutch, if equipped, and run the engine
at just above idle to allow the engine coolant to
warm up. When starting a cold engine, increase the
engine speed (RPM) slowly to provide adequate
lubrication to the bearings and to allow the oil pres-
sure to stabilize.

Caution: Do not idie the engine for excessively long
periods of time. Long periods of time {more than 10
minutes) can damage an engine.

10. Idle the engine no more than 3 to 5 minutes at 1000
RPM before applying the load or until the engine
water temperature reaches 60° C (140° F). If the
application permits, run the engine for the next 10 to
15 minutes or until the water terperature reaches
71° to 73.9° C (160° to 165° F) at a reduced load
before applying full load.

Caution: Continuous operation with low coolant tem-
perature below 60° C [140° F] or high cooclant temper-
ature above 100° C [212° F] can damage the engine.

Cold-Weather Starting

Note: A jacket water and oii heater is recommended for
stand-by emergency generator set applications installed
in cold climate locations.

Engine Warm-Up

When the engine is started, it takes a while to get the
lubricating oil film reestablished between the shafts and
the bearings and between the pistons and liners. The
most favorable clearances between the moving parts
are obtained only after all engine parts reach normal
operating temperature,

Avoid seizing pistons and running dry shafts in dry bear-
ings by bringing the engine up to operating speed grad-
ually as it warms up.

On some emergency equipment warm-up may not be nec-
essary due to the equipment being housed inside a heat-
ed building. For an engine starting with a parasitic load,
such as an emergency stand-by generator set, the coolant
temperatures must be at a minimum of 49° G [120° F].




Operate by the Instruments

Instrument Panels

Whatever the application, the operator must use the
panel board instruments. The.instruments show at all
times the engine's operating characteristics.

. Tachometer

Governed engine speed is the maximum rated RPM that
a properly adjusted governor will allow the engine to
turn under a full load. Never over-ride the governor
under normal operation or allow the engine to exceed
the rated RPM during operation.

Photo #5-05 - Tachometer

Water Temperature

A water temperature of 71 to 93° C {160 to 200° F] is the
best assurance that the working parts of the engine
have expanded evenly 1o the most favorable oil clear-
ances. MAXIMUM engine coolant top tank temperature
should not exceed 93° C [200° F].

Keep thermostats in the engine always, summer and
winter, and avoid long periods of idling.

Never operate the engine at temperatures below 71° C
[160° F]. If necessary in cold weather, use radiator shut-
ters to assist in preventing overcooling.

Overheating conditions indicate the need for mechanical
correction. Excessive temperatures may be due to loose
water pump belts, clogged radiator or heat exchanger
cooling systems, excessive concentration of antifreeze
in the coolant mixture or just insufficient cooling capaci-
ty for the operating load and associated ambient condi-
tions. Report all cases of over-heating to the mainte-
nance department for corrections.

2y
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Photo #5-06 - Water Temperature Gauge - Thermo-
stat Housing QOutlet

Aftercooler Coolant Inlet Temperature

On water-to-air systems the aftercooler coolant inlet
temperature to the aftercooler coolant pump must be
maintained at a maximum of 32° C [90° F] on systems
with 11.0:1 compression ratio (C.R.) pistons. With a
C.R. equal to 8.5:1 the water inlet temperature to the
aftercooler coolant pump must be maintained at or
below 54° C [130° F] at all times and during all ambient
weather conditions.

Photo #5-07 - Aftercooler GCoolant Temperature
Gauge

Qil Temperature

The oil temperature gauge should read between 82° C
[180° F] and 107° C [225° F] for best lubrication. Under -
full load conditions a temperature of 116° C [240° F] tor
a short period is not to be considered a cause for alarm.

Caution: Any sudden increase in oil temperature that is
not caused by an increase in load is a warning of possi-
ble mechanical faflure and should be investigated at once..

During the warm-up pericd, apply the load gradually
until the oil temperature reaches the 140° C {140° F].
While the cil is cold it does not do a good job of lubri-
cating. Continuous operaticn or long periods of idle with
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cil temperatures below 80° C [140° F} may cause water
and acid forrmation in the crankcase that wili quickly
accelerate engine wear.

Photo #5-08 - Oil Temperature Gauge

Qil Pressure

The oil pressure gauge indicates the operating pressure
in the lubricating oil system. Any sudden drop in oil
pressure shows a mechanical malfunction in the Iubri-
cating oil system. The operater should take note of the
ioss of oil pressure and shut down the engine before
mgjor damage oceurs.

Photo #5-09 - Qil Pressure Gauge

Intake Manifold Air-Gas Temperature

The intake manifold air-gas temperature must be held to
a temperature well below the point of detonation. For
the air-to-air aftercooler systemn, the cooling air to the
remote charge air core {CAC) must be held to 100° F or
lower for engines operating with 11.0:1 compression
ratio pistons and to a temperature of 130° F or lower for
engines operating with 8.5:1 compression ratio pistons.

The maximum intake manifold air-gas temperature
under full operating load conditions can never be higher
than 125° F for engines operating with 11.0:1 compres-
sion ratio pistons and 140° F. for engines operating with
8.5:1 compression ratio pistons.

L3

Photo #5-10 - Intake Manifold
Gauge

Aif-Gas Temperature

Intake Manifold Boost Pressure
(Turbocharged Models)

The engine intake manifold boost pressure needs to be
maintained at a level betow 16 psi. -
Caution: As the engine fue! air ratio is leaned the turbo
boost pressure will rise.

‘ ‘{:’E;WQ“% ‘
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Photo #5-11 - Intake Manifold Boost Pressure Gauge

High Altitude Operation - De-Rating
Requirements

Turbocharged Engines

The engine may be operated at the MAXIMUM or EMER-
GENCY STAND-BY RATING up to 914 m [3000 fi] alti-
tude and 38° C [100° F] iniet air temperature, and at the
CONTINUQUS or PRIME POWER RATING up to 1524
m [5000 fi] altitude and 38° C [100° F] inlet air tempera-
ture. For sustained operation at high load factors at high-
er altitudes and temperatures, please consult the factory.




Altitude and temperature de-rating factors are to be con-
sidered as additive when temperatures exceed 100° F
and when altitudes are over 3000 ft.

Photo #5-12 - Start-Stop Switch - “OFF” Position

Engine Shut-Down Procedure

Let the engine idle a few minutes before shutting it down.

Idie the engine 3 to 5 minutes before shutting it down to
allow lubricating oil and water to carry heat away from
the combustion chamber, bearings, shafts, efc.

Turn off the fuel-gas with either the automatic or manu-
al shut-off valve and allow the engine to come to a com-
plete stop. Next, turn the Ignition Switch To “OFF”
Position.

The engine can be shut down by turning off the ignition
switch on those engines equipped with a gas shut-off
valve that is aciuated by the ignition sysiern. When the
ignition switch is moved to the “OFF” position, the igni-
tion system also will close the gas valve shutting off the
gas supply to the carburetor.

Caution: Always know the location of the manual fuel
shut-off valve in the event of an emergency or while ser-
vicing the engine.

Stop the Engine Immediately If Parts Fail.

Practically all failures give some warning to the operator
before the parts fail and ruin the engine. Many engines
are saved because an alert operator heeds warning
signs and immediately shuts down the engine. Some
changes to look for are as follows:

* Increase in oil consumption. ¢ Smoke.

= Increase in fuel consumption. * Vibration.

* Unusual engine noise. * Engine misfires.
* Fuel gas, oil, or coolant leaks. * Loss of power.

* Sudden changes in operaling.
temperature or oil pressure.
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A delay of ten seconds after a bearing failure may result
in a ruined crankshaft or allow a block to be destroyed
from a broken connecting rod.

Never continue to operate the unit after the engine indi-
cates that something is wrong.

For operations that will not have an operator, the
engines should be specified with the appropriate safety

- shutdown devices to protect the engine from unneces-

sary progressive damage. Consult your local Cummins
Distributor for details,

Cold Weather Protection

For cold weather protection, use g proper antifreeze and
soft water mixture. CNGE recommends the use of
Fleetguard's “Compleat"™ or a proper DCA4™ -
Antifreeze & Water package.

If an engine is to be shut down for an extended petiod
during winter operating conditions, it is important to
drain the engine cylinder heads, cylinder block, oil cool-
er, aftercooler cooling system {if used) and other water
cooled accessories if used. Open all vent cocks and all
petcocks on the top and side of the engine.

Oil coolers may have to be removed to drain the cooler
completely. Failure to drain any of these units may lead
to serious freeze damage.

Caution: On CNGE Water-to-Air Aftercooler systems
the aftercooler must be drained separately from the
engine since it is a separate system. The aftercooler
system also will need to be properly treated for freeze
and carrosion protection.

Immersion-type water and oil heaters are available for
engines used in cold-weather operations and to main-
1ain temperatures 1o permit the engine to operate at full
load at start-up.

Engine Operation in Cold Weather

Satisfactory performance of a CNGE engine operating
in low ambient temperature conditions requires modifi-
cation of the engine, surrounding eguipment, operating
practices and maintenance procedures. The colder the
temperatures encountered, the greater the amount of
maodification required, and yet with the modifications
applied, the engine must stili be capable of operation in
warmer climates without extensive changes. The fol-
lowing information is provided to engine owners, opera-
tors, and maintenance personnel on how the modifica-
tions can be applied to get satisfactory performance
from their natural gas engines.
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There are three basic objectives to be accomplished:

1. Heasonable starting characteristics followed by prac-
tical and dependable warm-up of the engine and
equipment.

2. A unit or installation that is as independent as possi-
bie from external influences.

3. Modifications that will maintain satisfactory operating
temperatures with a minimum increase in the mainte-
nance of equipment and accessories,

If satisfactory engine temperature is not maintained,
higher maintenance costs will result due to increased
wear, poor performance and formation of excessive
carbon, varnish and other deposits.

Special provisions to overcorme low temperatures are
definitely necessary. However, a change to warmer
climate should normally require only a minimum of
revision. Most of the accessories should be designead
so that they can be disconnected so there is little
effect on the engine when they are not in use.

Two of the most commonly used terms associated
with low temperature operation are “Winterizing”
and “Arctic” specifications.

Winterizing

Winterizing of the engine or components so starting and
operation are possible in the lowest temperature to be
encountered requires:

1. Use of correct materials.

2. Proper |ubrication and use of low temperature lubri-
cating oails.

3. Protection from low tempetrature air. The rate of heat
dissipation is affected by low temperature air.

4. Heating to be provided to increase the engine cylinder
block and component temperature to a minimum of -
32° C [-25° F] for starting in Jower temperatures.

5. Proper external heating source.

6. Electrical equipment capable of operating in the low-
est expected temperature.

Arctic Specifications

Arctic Specifications refer to the design material and
specifications of the components necassary for satisfac-
tory engine operation in extreme low temperatures to -
54° C [-65° F]. Contact Cummins Natural Gas Engines,
inc. or the equipment manufacturer to obtain the special
items required.
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Engine Specifications
GTA14 Specification Sheet
Refer to Enclo;ure.

GTA14 Datasheets

Refer to Enclosure.

GTA14 Performance Curves

Refer to Enclosure.

Fuel-Gas Specifications
Fuel-Gas

Dry Natural Gas

CNGE recommends the use of a dry processed natural
gas, sometimes called “pipeline” natural gas.
Commercial gases in this category should have less
than 10 PPM of H.S {Hydrogen Sulfide}. Gas with more
than 10 PPM of H,S is considered a high sulfur fuel.

Dry natural gas will contain Methane (CH,4), and Ethane
{CoHg). In some areas the gas may contain up to 5 %
of Propane and a small amount of Butane. Refer to
page 6-5 through 6-6 for the maximum permissible com-
bustibles allowed in a CNGE engine before Fuel De-
ration of the engine is required.
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CNGE published data is based on a dry processed nat-
ural gas fuel with 805 BTU per standard cubic foot
{33.72 kJ/L) lower heating value.

Propane

Propane processed to HD-5 specification standards of
95% propane purity with the remaining 5% not heavier
than butane may be used for non-lug applications only.
Refer to the correct compression ratio for HD-5 propane.
Reference Chart # 1 on Page 6-5.

Caution: Since prapane is heavier than air, engine
room ventitation becomes a serious consideration.
CNGE recommends that the local building codes should
be checked when considering propane as a fuel. Many
areas prohibit the use of liquid propane within the con-
fines of a building and require that the liquid propane
vaporizer be installed outside the engine room.

Note: Some commercially bottled gases calied “liguid
propane” or “liguid bottled gas™ will not meet the HD-5
specification.

CNGE requires that ALL OTHER GASES have a Gas
Analysis made to decide if they are suitable for use
in a CNGE engine.

Examples of gases are:

Field Gas

Field gas is generally available at the wellhead in a gas
field. Sometimes field gas is called “wellhead” gas. Due
to the wide variation in gas fields, this gas will always
" require an analysis to decide its acceptability for use.

Sour Gas

This is a specific field gas that contains sulfur com-
pounds such as hydrogen sulfide. When water vapor
and sulfur oxides are present during combustion, sulfu-
ric acid compounds will form. This condition will short-
en the life of all internal components, specifically piston
rings, cylinder liners, valve guides and bearings.

Sour gas fuels will generally need to be treated to
remove all presence of water vapor. [n addition, if the
hydrogen sulfide content is above 24 ppm, the sour gas
will need to be treated to remove the hydrogen sulfide.

The use of sour gas as a fuel will require high ash oil not

more than .85% of sulfated ash with a high TBN number .
that meets a CD API specification be used to help neu-
tralize the acid.

Digester Gas

This gas is a by-product of digester tanks where various
materials are going through a bio-degrading process,
such as sewage, animal waste, vegetable waste, etc.

This type of gas will be low in heat value.

Langfill Gas

Landfill operations due to the variety and quantity of
organic materials c¢an produce large quantities of
methane gas. The gas is generally of a low heat value
and requires treatment of the gas. A filter capable of
removing 99.5% A.C. fine dust is required in the fuel line.
to remove the abrasive material associated with landfill
operations. In addition, a complete fuel gas analysis will
be required to determineg the specific treatment required
for the gas. As a minimum, the fuel should be treated
similarly to "sour gas”.

Landfills may come under EPA jurisdiction and may
require emission controls. '

Gas Measurement Conversion Factors

Example:

Methane Gas at 60° F

1 MCF = 1000 Cubic feet.

1 Decatherm = 1000 feet.

1 Decatherm = 10 Therms.

1 Therm = 100 cubic feet,

1 Therm = 101,200 BTU (HAHV).
1 cubic feet =1,012 BTU (HHW).
100 cubic feet = 101,200 BTU (HHV).
100 cubic feet = 91,080 BTU (LHV).

Utility companies will talk in terms of Therms of gas at
HHV levels. The engines will actually use only the LHV
of the gas to produce power. The balance of the energy
(10%} is consumed in the removal of water from the
combustion cycle (Latent heat of vaporization).




Table #6-01- Fuel Gas BTU Content

Chemical BTUperft3
Gas Farmula Vapor HHV
Methane CHy 1012
Ethene CoHy 1601
Ethane CatHg 1783
Propene CsHg 2335
Propane CgHMg 2558
{SO-Butane C4Hqg 3354
Butene-1 CaHg 3084
ISO-Butene CaHg 3066
N-Butene C4H1g 3368
ISO-Pentane C5H12 4003
Pentene-1 CsHip 3829
N-Pentane CgHyo 4015
Hexane CgHi4 4756
Heptane Cs7Hqg . 5503
Octane CgH1g 6250
Carbon Monoxide co 321
Carbon Dioxide © COs 0
Hydrogen H 324
Hydrogen Sulfide HoS 672
Oxygen Qs 0
Nitrogen N> 0
Air - 0
Water H.O 0

FUEL, ALTITUDE & TEMPERATURE -
DE-RATING FACTORS

Cummins Natural Gas Engines, Inc, (CNGE) engines
are capable of carrying standard published ratings when
operated on clean “dry processed natural gas” fuels and
on other combustible fuel mixtures. When low BTU con-
tent is determined, there may be a requirement to de-
rate the engines.

The purpose of this Section is to define those factors of
Altitude, Inlet Air Temperature, Choice of Compression
Ratio, and Fuel Content that will affect engine performance
as required by CNGE for proper engine application.

When engines must be operated beyond standard rating
conditions, consideration must be given to the reduced
breathing capacity and resultant power loss caused by
lower air density, or to possibilities of engine damage by

detonation resulting from the lower octane ratings of the .

higher hydrocarbon fuels. When either of these condi-
tions oceur, de-rating factors must be applied. In addi-

6-3
tion, there alsc may be a requirement to change to a
lower compression ratio piston.

Caution: Improper fuel and incorrect compression ratio
application may lead to burnt or detonation failures of
pistons, valves and cylinder heads. Failures of this
nature are not considered to be of a warrantable nature.

Altitude De-Rating Requirements

Turbocharged Engines

The engine may be operated at the MAXIMUM RATING
up to 914m [3,000 ft.] altitude and 38° C [100° F] inlet air
temperature, and at the CONTINUGOUS RATING up to
1542m [5,000 ft.] altitude and 38° C [100° F] inlet air
temperature. For sustained operation at high ioad fac-
tors at higher aititudes and temperatures please consult
the factory.

Altitude and temperature de-rating factors are to be con-
sidered as additive when temperatures exceed 38° C
[100° F] and when altitudes are over 914m [3000 ft.].

Fuel De-Rating Requirements

Fuel de-rating factors are based on percentages of each
hydrocarbon constituent, as a portion of the total com-
bustibles in the fuel gas.

Inert gases such as nitrogen (N), carbon dioxide (CO,)
or water vapor (H;Q), etc., have no effect on engine per-
formance except where they occur in sufficient percent-
ages to lower the heat content of the fue! below the nor-
mal 1000 BTU per standard cubic feet of processed nat-
ural gas.

Chart # 1 Maximum Permissible Combustibles

This chart shows in percent (%) the maximum altowable
fuel combustibles contents of the various hydrocarbons
that can be present in the fuel.

Chart # 2 Starting Point for De-Rating

This chart shows the maximum allowable fuel com-
bustibles in percent (%) that can be present in the fuel,
before the beginning of any de-rating of the engine due
to that specific fuel combustible.




6-4
Chart # 3 De-Rate Percentages

This chart shows the percent of de-rate that is to be
applied on a “per percent” of the specific combustible.

Water Vapor Content & Liquid Combustibles

Fuel gas must be as dry as possible. All liquid and
droplets in the fuel MUST BE REMOVED from the fuel
before the first pressure regulator. Condensation from
water vapor in the fuel piping can cause engine dam-
age. Liguid fuel droplets can cause uncontrelled fuel
burning, detonation, etc., leading to engine damage.

EXCEPTION - HD-5 PROPANE

Propane processed to HD-5 specification standards of
95% propane purity with the remaining 5% not heavier
than butane may be used for nen-lug applications only.
Refer to the correct compression ratio for HD-5 propane.

Only de-rating due to altitude & inlet air temperature will
apply. The fuel de-rating is already built into the CNGE
specification for HD-5 propane.

Special Notes:

1. Naturally aspirated low compression ratio pistons
should be specified only in cases where the fuel qual-
ity is beyond the limits of acceptability for use in
engines with higher compression ratio pistons.
Operation with lower compression ratio pistons will
provide a lower level of maximum power available
and less fuel economy and with an increase in
exhaust gas temperature.

2. High compression ratio pistons for both naturally aspi-
rated and turbocharged engines are extremely sensi-
tive to fuel anti-knock characteristics, therefore a
lower level of the maximum permissible percentages
have been placed on the higher hydrocarbon con-
stituents. if the percentage of any single constituent
exceeds the maximum permissible figure, then the
only alternative is to change to a lower compression
ratio piston or a more suitable fuel.

3. Liquid water is not allowed to enter the engine intake
system. The dew point of fuel gas should be at least
.20° F below the minimum ambient temperature at the
application site.

4. Hydrogen sulfides above the level of 10 ppm in the
fuel can cause corrosive attack of internal engine
components. When hydrogen sulfides are present
the need for a high ash natural gas lubricating oil
should be considered.

When the H,5 is above 24 PPM the gas is described
as a sour gas and a treatmeant facility will be required
to remove the hydrogen sulfides.

5. Chiorinated hydrocarbons (halogenated hydrocar-
bons) can cause corrosive damage to the engine.
Acceptable levels are similar to hydrogen sulfides,
i.e., 10 to 24 PPM.

6. Fuel gas should be fitered to a 10-micron level to
eliminate dust or foreign particles.

Calculations

1. First compute the amount of de-rating required due to
Altitude and Inlet Air Temperature.

2. Recalculate each fuel constituent with percentages
for the Inert gases removed considering only 100 per-
cent of the combustibles. This step is required before
the de-rating factors can be applied.

3. Compute the amount of de-rating required for each
fuel hydrocarbon present.

4. Sum the de-rating percent for sach fuel hydrocarbon
to obtain the required de-rate due to the fuel con-
stituents.

5. Compare the amount of de-rating due to Altitude &
Temperature against the amount of de-rating due to the
fuel hydrocarbons and use the HIGHER of the two.

Noles:
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Timing & Excess Oxygen Specifications
Ignition Timing - Checking/Adjusting

Engine timing is not a fixed value but depends upon the
load, type & quality of the fuel, altitude and the rated
speed {RPM) of the engine.

Therefore, it is important, that the adjustment for excess
Oxygen, is made by a qualified. CNGE distributor or
CNGE authorized dealer service technician at the time
of engine inspection and start-up.

Set initial engine timing to the appropriate value listed in
Table # 6-02

Caution: CNGE sets all engines ai Clovis, New Mexico
conditions of 4200 feet altitude and to the limits in Table
# 6-02 for the initial engine timing.

Timing will have to be readjusted due to altitude, tem-
perature, load, type of fuel and the airffuel excess
Oxygen setting.

Table #6-02 - Initial Engine Timing
{@ 4200 fi. Clovis, N.M.)

Model Timing Range (DBTDC}
. Natural Gas Propane(HD-5)
8.5:1 11.0:1 851 11.01
GTA14 20-22 18-20 18-20 NA

Note: The above timing is at CNGE’S plant location in
Clovis, New Mexico @ 4200 ft. altitude with fuel-gas at

a low heat vaiue (LHV) of 905 BTU. Your engine may .

have to have the timing either retarded or advanced
depending on your operating load, temperatures, LHV of
your fuel-gas and for your altitude. Refer to Section 7,
page 7-15 For ignition timing adjustment procedure,

Final timing adjustments are made in connection with
the adjustment of the power screw on the carburetor. In
addition there is a requirement to hold the excess
Oxygen reading in the exhaust gas to a predetermined
level. This establishes the Air/Fuel ratio. All of this is
done while searching for the lowest possible Exhaust
Gas Temperature and lowest intake manifold vacuum on
naturally aspirated models or lowest manifold boost
pressure on turbocharged models without sustaining a
power or RPM loss.
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Carburetor - Excess Oxygen - Adjustment
The air-gas “power valve” on the carburetor should be

adjusted for the specific engine model's excess oxygen
requirement. Refer to Table # 6-03.

Table #6-03 - Excess Oxygen - Without Catalytic
Convertor

02 Reading - %

Engine Model Application
. Stand-By Prime Industrial
GTA14 3.0-3.5 3.5-4.0 3.5-4.0

Caution: When making the adjustment, it may be nec-
essary to readjust engine ignition timing.

Caution: CNGE sets alfl engines at Clovis, New Mexico
conditions of 4200 feet altitude.

Lubricating Qil Specifications
Functions of Lubricating Oil

The lubricating oil used in a CNGE engine must be
multi-functional. It must do the primary functions of:

* Lubrication by providing a film between the moving
parts to reduce wear and friction.

» Cooling by serving as a heat transfer media to carry
heat away from critical areas.

* Sealing by filling in the uneven surfaces in the cylinder
wall, valve stems and turbocharger oil seals.

* Cleaning by holding contaminants in suspension to
prevent a build up of deposits on the engine surfaces.

In addition, it also must provide:

» Dampening and cushioning of components that oper-
ate under high stress, such as gears and push tubes.

* Protection from oxidation and corrosion.

+ Hydraulic Action for components such as Governors
and various hydraulic controls.

Engine lubricating oil must be changed when it can no
longer perform its functions within an engine. Qil does
not wear out, but it becomes contaminated to the point
that it can no longer satisfactorily protect the engine.
Coniamination of the oil is a normal result of engine
operation. During engine operation a variety of contam-
inants are introduced into the oil. Some of these are:

* Byproducts of Engine Combustion - oxides of nitrogen,
carbon, soot, acids from partially burned fuel-gas &
lubricating oil.
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= Acids, varnish and sludge that are formed because of
oxidation of the oil as it breaks down or decomposes.

= Dirt entering the engine through the combustion air,
fuel-gas, or while adding or changing lubricating oil.

The oil must have an additive package to combat these
contaminates. The package generally consists of:

= Detergents/Dispersants that keep insoluble matter in
suspension until they are filtered from the oil or are
removed with the oil change. This prevents sludge
and carbon deposits from forming in the engine.

« Inhibitors to maintain the stability of the oil, prevent
acids from attacking metal surfaces and prevent rust
during the periods the engine is not operating.

« Other Additives that enable the cil o lubricate highly
loaded areas, prevent scuffing and seizing, control
foaming and prevent air retention in the oil.

Qil Performance Classification System

The American Petroleum Institute (API), The American
Society for Testing and Materials (ASTM) and the
Society of Automotive Engineers (SAE) have jointly
developed and maintained a system for classifying tubri-
cating oil by performance categories. For more informa-
tion contact the APl, ASTM, SAE or EMA.

Engine Manufacturers Association - EMA

The Engine Manufacturers Association (EMA) publishes
a book entitted “EMA Lubricating Qils Data Book”.
Copies may be purchased from:

Engine Manufacturers Association
One lllinois Center

111 East Wacker Drive

Chicago, IL 60601/USA

This book lists commercially available oils by oil compa-
ny and brand name with the API performance categories
met by each brand.

0Oil Performance Recommendations

CNGE does not recommend the use of any specific
brand of engine lubricating oil. CNGE does recommend
for the GTA14 the use of natural gas oil that meets the
following specifications.

API CD Quality
SAE Viscosity 15W40
Sulfated Ash Between .15 and .85%

Note: When operating with a cataiytic converter the sul-
fated ash may have to be held to a maximum of .5%.
Contact your catalytic converter manufacture for the
reguired limits.

Sulfated Ash Limit

A sulfated ash limit has been placed on lubricating cil for
use in CNGE engines. Experience has shown that oils
with a high ash content may produce deposits on valves
that can progress to guttering and valve burning. A max-
imum sulfated ash content of .B5% is recommended.

CNGE does not recommend the use of ash-less oils for
natural gas engines. When the ash content is below .15
mass percent, the ash should represent organo-metallic
anti-wear additives, provided such additives do not con-
tain barium or magnesium. .

Break-in-Oils

Special “break-in” lubricating oils are not recommended
for either new or rebuilt CNGE engines. Use the same
lubricating oils used in normal engine operation.

Viscosity Recommendations

The viscosity of oil is a measure of its resistance to flow.
The Society of Automotive Engineers has classified
engine oils in viscosity grades. CNGE recommends the
use of a high quality SAE 15W-40 multi-viscosity heavy-
duty natural gas engine oil that meets the AP| perfor-
mance classification CD.

Multi-grade ocils are generally produced by adding vis-
cosity index improver additives to retard thinning effects
that a low viscosity base oil will experience at engine
operating temperatures. Multi-grade oils that meset the
requirements of the API specifications are recommend-
ed for use in CNGE engines.

Cummins have found that the use of multi-grade lubri-
cating oil improves oil consumption control, improved
engine cranking in cold conditions while maintaining
lubricating at high operating temperatures and may con-
tribute to improved fuel consumption. CNGE does not
recommend the use of single grade lubricating oils. In
the event that the recommended muiti-grade oil is not
available, single grade oils may be substituted.

Caution: When the ambient temperature drops below
the minimum value for the specific oil being used, drop
one viscosity grade. Reference Table # 6-04.




Table #6-04 - Viscosity Grade vs Ambient
Temperature

SAE Viscosity Ambient

Grade. Temperature
10W-30 -25° Cto 35° C [-13" F to 5° F]
15W-40 -10° C & above [14° F & above]
20W-40 0° C & above [32° F & abave]

Oil Analysis Procedures
Laboratory Analysis

Laboratory analysis of engine oil can be used to estab-
lish oil drainffilier change intervals if a properly
designed test and evaluation program is carried out.
New oil must be analyzed before being put into an
engine to establish haseline data. This il must then
be analyzed at 150 hours, 250 hours and then at 50-
hour intervals not to exceed the maximum point of 400
operating hours.

If any of the samples show that the oil has faifed to
pass any of the ASTM test criteria, then the oil and fil-
ters in that engine need to be changed. Under no cir-
cumstance does CNGE approve extended oil change
intervals that would exceed the maximum point of 400
operating hours.

The laboratory test should be repeated if either the
brand of oil or type of oil is being changed, or if engine
operational conditions change.

Following is a listing of the tests that must be per-
formed and the guideline limits that must be followed.
These tests were established by the American Society
for Testing and Materials, ASTM.

The most CRITICAL TEST for Natural Gas or Propane
Engines is the TAN number.

Table #6-05 - Qil Analysis Test
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In addition CNGE recommends that the following
infrared analysis be used when measuring either
Nitration or Oxidation of the Qil.

Nitration. The maximum for nitration should not exceed
25 absorbance units/cm at a wava number of
1630.

Oxidation. The maximum for oxidation should not
exceed 25 absorbance units/cm at a wave number of
1710.

SPECIAL NOTE: The guideline limits specified in Table
#6-05 should be used to decide the useful life of the spe-
cific oil under test. This group of analyses and the meth-
ods recommended are not generally part of the oil
analysis offered by most commercial laboratories.

Oil analysis is not a low cost test and can run to a very
high level of cost on an individual sample basis.

High Nitration or Oxidation will cause an oil degradation
to occur that generally leads to the oil becoming thicker,
forming lacquer and maroon-colored deposits. In both
cases the oil change interval must be lowered or the vol-
ume of oil in the engine must be increased by the addi-
tion of by-pass filters. In the case of high nitration, the
air-to-fuel ratio may have to be adjusted. Engines that
have been optimized for the maximum fuel economy will
be running at an air-to-fuel ratio that will tend to produce
higher nitraus oxide (NOx).

Adjustments to the air-fuel ratio should be done with
caution since changes to reduce NOx may lead to &
reduction of power or an increase in Exhaust Gas
Temperature affecting service life of the Engine.

Spectrographic {Spectrochemical) Analysis

Spectrographic analysis determines only the wear met-
als and particulate matter level in |ubifcating cil.
Therefore, Spectrographic analysis alone should not be
used to decide the oil change interval.

Change the oil and the filters to remove the contami-
nants suspended in the oil.

P

Property : ASTM Method
Viscosity @ 40° & 100° C D445

Sulfated Ash D874
Insolubles D8I3/GCM35S
Total Acid Number (TAN) D664

Total Base Number (TBMN) D og4

Water Content D95

Additive Reduction AES or AAS

CNGE Qit Guideline Limit

+0r-1 SAE Grade

.85 % Max. .15 % Min.

1.0 % Max.

2.5 Number Increase above new qil,

2.5 Minimum or 50 % reduction of new oil value or
equal to TAN, whichever is reached first.

2 % Max.
25 % Max. of new oil
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Synthetic Lubricating Qil

Synthetic oils for use in natural gas engines are primar-
ily blended from synthesized hydrocarbons and esters.
These base oils, are manufactured by chemicaily react-
ing lower molecular weight materials to produce a lubri-
cant that has planned predictable properties.

Synthetic oil was developed for use in extreme environ-
ments where the ambient temperature may be as low as
-45° G [-50° F] and extremety high engine temperatures
at.up to 205° C [400° F]. Under these extreme condi-
tions, petroleum base stock lubricanis {mineral oif) do
hot perform satisfactorily.

CNGE recommends synthetic lubricating ail for use in
CNGE engines operating in areas where the ambient
temperature is consistently lower than -25° C [-13° F].

Table #6-06 - Arctic Oil Recommendations

Synthetic lubricating oils may be used at higher ambient
temperatures provided they meet the appropriate AP!
Service categories, viscosity grades and minimum addi-
tive package reguirements.

CNGE recommends the same oil change interval be fol-
lowed for synthetic lubricating oil as that for petroleum
based (ubricating oil,

Arctic Operations

For engine operation in areas where the ambient tem-
perature is consistentty below -25° C [-13° F] and
where there is no provision to keep the engine warm
when it is not operating, the lubricating oil should meet
the requirements in the following table.

Oils meeting these requirements usually have synthetic
base stocks. SAE 5W viscosity grade synthetic oils may
be used provided they meet the minimum viscosity
requirement at 100° C [212° F].

Parameter Test Method

Performance Quality Level

Viscosity
Pour Point (ASTM D-27)

Sulfated Ash Content (ASTM D-874)

Specifications
AP classification CC/SC & CC/CD

10,000 mPa’s Max. @ -35° C [-31° F]
4.1 mm2/s Min. at 100° C [212° F] ~

Min. of 5° C [9° F] Below the Lowest
Expected Ambient Temperature

.85% by Weight Maximum Content
.15% by Weight Minimum Content

Lubricating Oil System Flow Diagram

. From Qil Pump

. il Cooler Thermostat
. Oil Cooler

. Combinatioﬁ Full Flow/Bypass Lube Qil Fiiter
. To Main Rifle

. Turbocharger Oil Supply
. Turbocharger Drain

. Qil Filter Bypass Valve

O M~ BN ¢ H W by o

. From QOil Cooler
. Bypass Filter Qi to Sump

—
(=]




Water Pump & Fan Hub Lubricanis
Grease

Caution: Do not mix brands of grease. Damage to the
bearings may result. Excessive lubrication is as harm-
ful as inadequate lubrication. After Iubricating the fan
hub, replace both pipe plugs. Use of fittings will allow
the lubricant to be thrown out due to rotating speed.

CNGE recommends use of grease meeting the specifi-
cations of Mil-G-3545, excluding those of sodium or

soda thickeners. Contact the Mlubricant supplier for
grease mesting these specifications.

Grease Test Specifications
Test - Test Pracedure

High-Temperature Performance

Dropping point,® F ASTM D 2265
350 min.
Bearing life, hours *FTM 331 at 300° F
10,000 rpm 600 min.
Low-Temperature Properties
Torgue, GCM ASTM D 1478
Startat 0° F 15,000 max.
Runat0° F 5,000 max.
Rust Protection and Water Resistance
Rust Test ASTM D 1743
Pass
Water resistance, % ASTM D 1264
20 max.
Stability
Oil separation, % FTM 321
30 hours @ 212° F 5 max.
Penetration
Worked ASTM D 217
250-300
Bomb Test, PSI Drop ASTM D 942
100 hours 10 max.
500 hours 25 max.
Copper Corrosion *FTM 5309
Pass
Dirt Count, Particles/cc *FTM 3005
25 Micron+ 5,000 max.
75 Micron+ 1,000 max.
125 Micron+ None
Rubber Swell *FTM 3603
10 max.

* Federal Test Method Standard No. 791a.
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Coolant Specifications

Water should be clean and free of any corrosive chemi-
cals such as chloride, sulfates and acids. It should be
kept slightly alkaline with a pH value range of 8.5 to
10.5. Any water that is suitable for drinking can be treat-
ed as described in the following paragraphs for uge in an
engine. .

Heavy-duty CNGE engines require a balanced coolant
moisture of water and antifreeze. Drain and replace the
mixture every 2 years or 6000 hours of operation
(whichever occurs first) to eliminate buildup of harmful
chemicals.

Antifreeze Is essential in any climate. [t broadens
the operating temperature range by lowering the
coolant freezing point and by raising its boiling point.
Do not use more than 50 percent antifreeze in the mix-
ture unless additional freeze protection is required.
Never use more than 68 percent antifreeze under any
condition.

Use soft water in the coolant mixture. Contaminants in
hard water neutralize the corrosion inhibitor compo-
nents. Water must not exceed 300 ppm hardness, or
contain more than 100 ppm of either chloride or sulfate.

Specifications - Use low-silicate antifreeze, which
meets ASTM4985 test (GM603SM spec.) criteria.

Concentration - Antifreeze must be used in any climate
for both freeze and boiling point protection.

CNGE recommends a 50 percent concentration
level (40 percent to 60 percent range) of ethylene
glycol or propylene glycol in most climates.
Antifreeze at 68 percent concentration provides the
maximum freeze protection and must never be exceed-
ed under any condition. Antifresze protection decreas-
es above 68 percent.
Ethylene Glycol Propylene Glycol
40% = -23° C[-10° F]
50% = -37° C [-34° F)
60% = -54° C [-65° F]
68% = -71°C [-90° F]

40% = -21° C [-6° F]
50% = -33° G [-27° F]
0% = -49° C [-56° F]
8% = -63° C [-82° F]

Concentration Testing - Antifreeze. concentration
must be checked using a refractometer (such as
Fleetguard Part No. CC2800). “Floating ball” type den-
sity testers or hydrometers are not accurate enough for
use with heavy duty spark ignited cooling systems.

CNGE recommends that the cooling system be
maintained by using Fleetguard’s™ DCA4™ Water
Filter Element.
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Maintain the Fleetguard™ DCA4™ Water Filter on the
engine. The filter bypasses a small amount of coolant
from the system via a filtering and treating element that
must be replaced periodically.

1.In summer or winter select an antifreeze with the
proper mixture as described above.

Note: Some antifreeze contain anti-teak additives
such as inert inorganic fibers, pelymers particles or
ginger root. These types of antifreeze should not be
used together with the water filter. The filter element
will filter out the additives or become clogged and
ineffective.

2. Install or replace the DCA4™ water filter as follows.

New Engines Going into Service Equipped with
DCA4™ Water Filters.

1. New engines shipped from CNGE are equipped with
water filters containing a DCA4™ Recharge element.
This element is compatible with plain water or all per-
manent-type antifreeze except Methoxy Fropanaol.

2. At the first oil change period the DCA4™ pre-charge
element should be changed to a DCA4 service ele-
ment. Spe Table # 6-07.

3. Replace the DCA4 Service Element at each suc-
ceeding oil change period.

a. If make-up coolant must be added between ele-
ment changes, use coolant from a pretreated sup-
ply, such as the Fleetguard “Compleat™™.

b. Each time the system is drained; pre-charge per
coolant specifications in Table #6-07.

4. The service element change point may be extended
to the next service interval if the DCA-4L direct chem-
ical additive is added {o the cooling system at each
oil change period. One bottle of direct additive
should be used for every 10 gallons of cooling system
capacity.

5. To ensure adeguate corrosion profection, have the

coolant checked at each third element change or
maore often.

Table #6-07 - DCA4™ Coolant Filter Service Chart

DCA4™ Unit Maintenance Guide

Use supplemental coolant additives (corrosion
inhibitors) to protect the engine cooling system from cor-
rosion. Antifreeze alone does not provide enough cor-
rosion protection for a heavy-duty natural gas engine.

Supplemental corrosion protection must be supplied
through periodic additions of supplemental coolant addi-
tives to the coolant,

To protect against corrosion, a new coolant charge must
be brought up to 0.26 DCA4™ unit per liter [one
DCAA™ unit per U.S. Gallonj of coolant {initial charge).
Maintain the correct DCA4™ concentration by changing
the maintenance coolant filter at each oil drain interval.

Each time the coolant is drained and replaced, the
ceolant must be recharged with supplemental coolant
additives. Use the appropriate DCA4™ spin-on filter
listed in Table # 6-07. The mixture must be drained and
replaced every two years or 6000 hours of operation,
whichever first occurs.

When using other supplemental coolant additives, refer
to the manufacturer's instructions. :

Torque Specifications

The GTA14 series engine uses parts that are U.S.
Standard. The Holset turhocharger used on the GTA14
engine uses Metric cap-screw dimensions.

Always use caution to be sure that cap-screws from the
engine are put back in their proper locations.

When replacing cap-screws, always use a cap-screw of
the same measurement and strength as the cap-screw
being replaced. Incorrect cap-screws can result in
engine damage.

Liters[Galions] SCA Units
To Be Serviced 250 Hrs 500 hrs

19 - 38 [ 6-10] 2 4

42 - 57 [11-15] 4 6

60 - 76 [16-20] 6 12

79 - 114 [21-30] 10 15

117 - 189 [31-50] 15 25

DCA4™ Filter(s)

750 Hrs 250 Hrs 500 Hrs 750 Hrs

6 WF2070 WF2071 WF2072

10 WF2071 WF2072 WF2074

18 WF2072 WF2074 WF2076

20 WF2074 WF2075 WF2076
35 WF2075 WF2075(2) WF2076(2)
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Metric Capscrew Nomenclature Mg X 125 - 25

‘ |—Leng!h of stem and threads in millimeters.
Capscrew Markings and Torque Values - Distance between threads in millimeters.

Metric Major thread diameter in milliliters.

Cap-screw Markings and Torque Values - U.S. Standard

Current Usage Much Used Much Used Used at Times Used at Times
Minimum Tensile To %-69,000 [476] To %-120,000 [827] To 5/8-140,000 [965] 150,000 [1034]
Strength PSI To %-64,000 [421] To 1-115,000 [793] To %-133,000 {917}

Mpa To 1-55,000 [379]

Quality of Material indeterminate Minimum Commercial . Medium Commercial Best Commercial
SAE Grade Number 1or2 5 Gor7 &

Capscrew Head Markings o

Manufacturer's marks k*' 3
May vary \‘. 4’

~ i

These are all SAE 4 \ -

Grade 5 (3 line) a

& A

Wy

Capscrew Body Size Torque Torque Torque Torque

(Inches) — (Thread) Ft-tbs [N=m) Ft-Lbs [N-m] Ft-Lbs [Nm] Ft-Lbs [N+m)]

My — 20 5[7] 81{11] 10 [14] 12[16]
— 28 6(8) 10 [14] . 14 [19]

15118 — 18 11 [15] 17 [23] 19 [26] ' 24[33)
— 24 13[18] 19 [26] 27 [37)

38 — 18 18 [24] 31 [42) 34 [46] 44 [60]
- 24 20 (27] 35 [47) 49 [66]

7/i6 — 14 28 {38) 49 [68] 55 [75] 70 [95]
— 20 30 {41] 55 [79] 78 [106]

Vs — 13 381{53] 75[102] 85(119] 105[142)
— 20 41 {56] 85 [119] 120 [163]

1B — 12 51 {69] 110 [149] 120 [163] 155 [210]
— 18 55[75] 120 [163] 170 [231]

58 — 1t 83{113] 150 [203] 167 {226] 210 [285]
— 18 95 [129] 170 [231] 240 [329]

-3y — 10 108 [142] 270 [366€] 280 {380] 375 [508]

— 18 115 [156] 295 (4001 420 [569]

78 — 9 160 [217] 395 [538] 440 {597} 605 [820]
— 14 ' 175 [237) 435 [590] 675]915]

1 — 8 235 [319} 590 [800] 660 (895} 910[1234)
— 14 250 [339] 660 [895] 990 [1342

Notes:

1. Always use the torque values listed ahove when specific torque values are not available.

2. Do not use above values in place of those specified in other sections of this manual: special attention should be obseirved when

using SAE Grade 6,7 or 8 capscrews.

The above is based on use of clean, dry threads.

Reduce torque by 10% when engine oil is used as a lubricant.

Reduce torque by 20% if new plated capscrews are used.

Capscrews threaded inte aluminum may require reductions in torque of 30% or more of Grade 5 capscrew forque and must attain
two capscrew diameters of thread engagement.

O

Caution. If replacement capscrews are of a higher grade than originally supplied, adhere to torque specifications for that placement.

Additional torque values can be found in Cummins N14 Series Shop manual, bulletin # 3810487.
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Specialized Service Tools

Customer Tools
CNGE offers the following service tools required for a

customer to do basic maintenance and some limited
checking of the engine.

Tool
Part Number Description

10113858 Q2 Meter Carrying Case

91372621 Qs Meter
Does not include copper tubing & filter media.
Recommend 10 {o 15 feet of 3/8” copper or
stainless tubing. Filter Media Recommend
Aquarium Filter Media.

91400206 Laser Heat Gun & Carrying Case

91400207 Volt Meter & Hertz Meter

91400208 Timing Light

91400202 Carrying Case Digital Manometer (Each)

91400203 Digital Manometer 0 to 30 psi

31400204 Digital Manometer 0 to 19.99 WG

81400211 Digital Manometer 0 to 199.9 WC

81400205 Hand Held Digital Thermometer with Case

91400037 Thermocouple for Digital Thermometar (Each)
Recommend a minimum of 6.

91400039 Fitting 1/8 npt Thermocouple (Each)
Recommend a minimum of 12.

60210006 Pliers for Ignition Wire Crimping

60210007 Spark Plug Removal 13/16 inch

60210008 Spark Plug Adapter Removal 2 & 4 slot

60210018 Spark Plug Adapter Removal - Hex

91372624 Spark Plug Gap Tool

60110001 Compression Tester

60810002 Set of Feeler Gauges

3375049 Qil Filter Wrench

3375208 DCA4™ Test Kit.

61210002 Tachometer Hand Held

60210002 Seat Sander

91400210 Carrying Case Small

91400909 Carrying Case Large

CNGE Specialty Tools

The following tools are recommended for proper opti-
mization of the air/fuel gas ratioc and for keeping the
engine in a proper balance for emissions and also to
allow an engine to operate with the lowest possible
exhaust gas temperatures.

91372621 Oxygen Meter - 320 P/D

91372622 Max 5 Oxygen Analyzer

PERCENT OXYGEN

@ @

\ PORTABLE OXYGEN AMALYIER
L—

Oxygen Meter Modet 320 P/D
Oxygen Meter Supplemental Instructions

Operating the Teledyne Model 320 P or 320 P/D
Oxygen Meter

These suggestibns are not intended to replace or to
amend the instruction manuals issued with the meters
from the manufacturer.

1. Read & follow the manufacturer’s manuals, to decide
the correct procedure for initial startup of the meters.

2. Test the condition of the batteries before each use.
if low (below 500 for the 320F/D or out of test limits
for the 320P) then the unit must be recharged before
use. It is recommended that the charge should be
overnight for 14 hours.

3. Check the condition of the filter material on the back
of the unit. Change it if it is wet or dirty.

4. Remove the cell saver cap, check the oxygen cali-
bration with non-tainted or -polluted ambient air
(20.9%} with the 320P on the high range scale. The
320P/D will auto-range. Adjust with the span dial as
necessary. Then install the flow through adapter cap
on the Q2 fuel cell holder.

5. Connect the temperature reducing tubing to the
engine exhaust system.

A. Turbocharged engines have a 1/4” npt fitting in
the exhaust elbow after the turbocharger and
naturally aspirated engines have a 1/4" fitting in
the exhaust manifold. Use 10 to 15 feet of 3/8”
tubing (Copper or Stainless Steel) and connect to
the 1/4” fitting.




NOTE: If their is no fitting then the tubing should
be inserted into the exhaust stack so it is at the
halfway point when measuring the distance from
the engine to the end of the stack.

B. Insure that the tubing is coiled several times or at
the minimum has a dip sufficient to act as a water
trap.

C. Hook the other end of the tubing to a piece of
hose that can be connected to the inlet of the
analyzer filter/water trap.

The purpose of this tubing is to lower the exhaust
temperature down to a safe range to avoid dam-
age to the meter.

. With the tube attached to the engine exhaust sys-
tem,depress the pump button on top of the unit to
pull in the exhaust sample. Change the range
switches as needed on the model 320P. The model
320P/D is automatic.

. Draw the exhaust sample for no longer than 5 min-
utes. The temperature of the sample into the unit
should be held close to the ambient temperature of
the area where the unit is being operated,

. Remember that the water trap will need to be
cleared every 10 minutes. Excess moisture or tem-
perature in the sample will damage the 02 cell. The
CO2 in the exhaust gas will shorten the O2 cell life
when run through the unit for extended periods.

. The backpressure in the exhaust system may be
sufficient to allow use of the 320P/D without using
* the pump. Due to this pressure caution should be
. taken to assure that the unit is not left hooked up to
the exhaust system for more than 5 minutes when
not in use or it wili shorten the O2 cell life.

Notes:

10.

11.
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After each 5-minutes of sampling, purge the unit with
clean ambient air until the reading is close to 20.9%
Oxygen. Do not recalibrate at this time. The unit is
now ready for continued use.

When not in use the unit should be turned off and
the cell saver cap should be reinstalled. Alf moisture
shoutd be removed from the cooling tube after each
operation.

e

Adjustinent of the CNGE Engine

1.

2.

Allow a minimum of 30 seconds for the gas sample
to reach the meter and be analyzed.
Adjust the power valve on the carburetor.

Turbocharged Engines
Excess Oxygen reading should be from 3.0% - 3.5%

for stand-by or maximum power and 3.5 % to 4.0 %
for prime or continuous power,

. After each adjustment of the power valve it will be

necessary for a time delay to occur prior to reading
the meter. This is required for the gas sample to
reach the meter and for gas analysis to occur. This
may take from 15 to 45 seconds depending on the
length of the gas sample tube.

. All adjustments should be made at the intermittent

rating with the inlet gas pressure to the carburetor
set at 3" to 5” of water column. (For propane vapor
the carburetor should be measuring a vacuum
between 1.5 to 8.5 inches of water (negative pres-
sure)).

. All adjustments for excess Oxygen are to be made

with the engine set at its published ignition timing for
the appropriate model.
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7-3
Maintenance Instructions

General

Maintenance is the key to lower operating costs. A
CNGE engine requires regularly scheduled mainte-
nance to keep it running efficiently. Good preventive
maintenance will help in reducing unnecessary repair
costs for repairs that occur because of either poor or no
maintenance.

Upon investigation of successful operations where gas
engines are used, you will find good, regularly sched-
uled maintenance programs in effect.

Scheduled Maintenance

Preventive maintenance is the key to long engine life
and low operating expense. If the engine is properly
maintained, most potential problems can be corrected
before causing a major unscheduled breakdown of the
engine.

Accessories must be included in a maintenance program.
Accessory failures may put an engine out of operation.

Maintenance Schedule

Use the enclosed maintenance schedule as a guide to
establish your specific maintenance program.

Engines operating in ambient temperatures consistently
below 18° C [0° F] ¢or above 38° C [100° F] should have
maintenance performed at shorter intervals than those
listed in these schedules. Shorter maintenance inter-
vals are atso required if the engine is operated in a dusty
environment or if frequent starts & stops are made. Also
extended periods of idle may dictate the need for more
frequent maintenance,

Extending The Maintenance Schedule

Extending maintenance intervals should be based on
previous operational experience with the engine and
through a good oil analysis program. Without these fac-
tors, caution should be used in extending maintenance
intervals. More details on Qil Analysis are covered
under Engine Specifications.

Service Tools or Specialized Mechanics

Some maintenance procedures require special tools
and should be performed by qualified personnel. These
procedures and tools will be covered in your various
engine shop manuals. CNGE uses the Cummins Diesel
Shop Manuals where appropriate.

Notles:




A - Maintenance Check - Daily
General Information

Preventative maintenance begins with day-to-day
awareness of the condition of the engine and its
systems. Before starting the engine, check the oil
and coolant levels. Look for:

* Leaks.

* Loose or damaged parts, especially in fuel or
exhaust systems.

* Worn or damaged belts.

* Any change in engine appearance.

* Odor of fuel-gas.

Check Operator’s Report or Log-sheet

The engine must be maintained in top mechanical
condition if the operator is to be safe and get opti-
mum satisfaction from its use. The maintenance
department needs daily running reports from the
operator to make necessary adjustments in the
time allotted and to make provisions for more
extensive maintenance work as the reports indi-
cate the necessity.

Comparison and intelligent interpretation of the
daily report along with a practical follow-up action
will eliminate most failures and emergency repairs.

Report to the Maintenance Department

Any of the following conditions:

» Low lubricating oil pressure.

* Low power.

* Power increases or governor surge.

* Abnormal water or oil temperature.

» Unusual engine noise,

* Smoke.

= Excessive use of coolant, fuel or lubricating oil.

* Any fuel, exhaust, cootant, or lubricating oil
leaks.

* Fuel-gas odor.

« Erratic or no throttle control or response.
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. Check and Bring to Proper Level

» Engine Qil Level - Checking

Never operate the engine with the oil level below the
“L” (Low) mark or above the “H” (High) mark. Wait
at least 5 minutes after shutting off the engine to
check the oil level. This allows time for the oil 1o drain
to the oil pan. The cil level should be as close to the
“H” mark as possible.

Note: The engine must be level when checking
the oil level to make sure the measurement is cor-
rect.

Low Mark to High Mark OQil Capacity:

30.28 - 35.96 litres {32.00 - 38.00 U.S. Quarts]

Photo #7-01 - Dipstick - “L’(Low) & “H”(High)
Marks

Use high quality oil blended for natural gas
engines. Refer to the Specifications and
Lubricating Qil System Sections for the correct
lubricating oil specifications.

¢ Engine Coolant Level - Checking

Warning: Do not remove the radiator cap from a
hot engine. Wait until the temperature is below
50° C [120° F] before removing the pressure
cap. Failure to do so can result in personal
injury from heated coolant spray or steam.
Remove the cap slowly to relieve coolant sys-
tem pressure.
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Note: Never use a sealing additive to stop leaks in the
cooling system. This can result in cooling system plug-
ging and inadequate coolant flow causing the enging to
overheat.

Caution: Do not add cold coolant t0 a hot engine.
Engine castings can be damaged. Allow the engine to
cool to below 50° C [120° F] before adding coolant,

Fill the cooling system with cooclant to the bottom of the
fill neck in the radiator fill or expansion tank. Do not fill
the radiator fill tank above the bottom of the fill neck.

Note: Some radiators have two fill necks, both of which
must be filled when the cooling system is drained.

Fill the cooling system with the correct mixture of
antifreeze, water, and the correct number of DCA4™ units.

i
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Photo # 7-02 - Sight Glass - High & Low - Engine
Coolant Recovery Tank & Aftercooler Coolant Fill Line

» Aftercooler Coolant Level - Checking

On turbocharged engines with a water-tg-air cooling
system a separate cooling system must be maintained.
Check the coolant level daily. Use the same coolant mix-
ture as in the engine jacket systems. Add coolant as
needed.

<y ARG s el W)
Photo # 7-03 - Sight Glass - High & Low - Aftercooler
Coolant Recovering Tank & Engine Coolant Fill Line.

Check for Gas Leaks and Correct

Check for evidence of gas leakage at the gas pressure
regulator and at all pipe connections.

1. Apply liquid soap around the regulator to check for
leaking gaskets and ruptured diaphragms.

2. Check for leaks at all line connections by applying lig-
uid soap.

3. On CNGE turbocharged engine mode's, check the thrat-
tle shaft seals for leaks with the engine at rated power.

e

Photo # 7-04 - Applying Liquid Soap




'. Check Governor

Many engines used in stationary power applications use
hydraulic governors. For proper maintenance refer to
the specific governor manufacturer's recommendations.

Photo #7-0 - Checking Govemr -
Visually Inspect Engine

* The engine should be inspected daily for engine
damage, and for air, oil, fuel gas, and coclant exter-
nal leakage. Check for loose or frayed beits, loose
or damaged hoses, and loose clamps. Take the
required corrective action.

. Photo #7-06 - Visual Inspection -'Engine

Belt - Inspection

Visually inspect all belts. Check the belts for intersect-
ing cracks. Transverse (across the belt width) cracks are
acceptable. Longitudinal (direction of belt length) cracks
that intersect with transverse cracks are not acceptable.
Replace the belts if frayed or if belt material is missing.

Adjust belts that have a glazed or shiny surface, indicat-
ing belt slippage. Correctly installed and tensioned belts
will show even pulley wear and belt wear patterns.

Belt damage can be caused by:

* Incorrect tension.

= Incorrect size or length.

¢ Pulisy misalignment.

* Incorrect installation.

» Severe operating environment.

All new belts will loosen during use. They must be
adjusted to the values listed in the Belt Tension Chart.

Note: A belt is considered used if it has been in opera-
tion for 10 minutes or longer.

Photo #7-07 - Belt Inspection
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Belt Tension - Checking

Use & belt tension gauge to measure the tension of the
belt. Refer to Table # 7-01 for the appropriate tool. An
alternate method (deflection method) can be used to
check belt tension by applying 110 N (25 Ibs.) of force
between the pulleys on the v-belts. [f the deflection is
more than one (1} belt thickness per foot of pulley cen-
ter distance, the belt must be adjusted.

.

It Tension Checking
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Photo # 7-08 -

Tabile # 7-01 - Belt Tension Tools

Part No. Description

571138 Use on v-belts ( 11/16 to 7/8)

5T1293 Use on v-ribbed belts.

3822524 Use on v-belts ( 3/8 to 7/8)
and v-ribbed belts with 5 ribs
or less.

3822525 Use on v-belts larger than 7/8
in. and v-ribbed belts with 6 or
mare ribs.

Fan Drive Belt - Adjustment

The fan drive belt uses an automatic belt tensioner. No
adjustment is required.

’

Photo # 7-09-Fan Drive Belt

Engine Water Pump Drive Belt - Adjustment

1. Loosen the lock nut that secures the idler puiley to the
water pump.

2. Turn the adjusting screw to adjust the v-ribbed belt
tension to 623 N (140 Ib.)

3. Rotate the crankshaft one revelution to allow the bslt
to stretch, and check the fension again.

Note: Do not adjust belt tension to full value with the
adjusting screw. Belt tension can increase when the
lock nut is tightened and reduces belt and bearing life.

4, Secure the idler pulley in position by tightening the
lock nut.

Torque Value: 70 Nem [50ft-Ib]
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Photo # 7-10 - Engine Water Pump Drive Belt

Aftercooler Auxiliary Water Pump Drive
Belt - Adjustment

Take special care when tightening the beit for the engine
mounted aftercooler auxiliary water pump. CNGE
believes it is best accomplished by insuring that the
deflection measures a minimum of 1 inch with 25 Ibs. Of
force apptied between the pulleys. Qver-tightening of
this belt may cause aftercooler auxiliary water pump
seal and bearing failures

= i f A
Photo # 7-11 - Aftercocler Auxiliary Water Pump
Drive Belt




Alternator Drive Belt - Adjustment

Measure the belt tension. Refer to the alternator manu-
facturer's maintenance recommendations or refer to
Table # 7-02 for the appropriate information.

& i)

Photo # 7-12 - Alternator Drive Beit

Drive Belts - Replacement

Mote: When a drive uses two or more belts, replace the
belts as a complete set,

Loosen the adjusting mechanism and move the pulley
centers as close as possible. The belts can then be
installed without excessive force.

To prevent damage,-do not roll a belt over the pulley or
pry it on with a tool.

Refer to the Table # 7-02 -Belt Tension Chart to select
the correct gauge and tension specifications.

Pulley misalignment must not exceed 6 mm for each
meter [1/16 in. for each 12 inches] of distance hetween
the pulley centers.

Belts must not touch the bottom of the pulley grooves
nor must they protrude over 3 mm [3/32 in.J above the
top edge of the groove.

When a drive uses two or more belts, the belt riding
depth must not vary over 2 mm [1/16 in.] between belts.
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Table # 7-02 - Belt Tension Chart ( Pounds)

Belt New Belt *Used Belt
Width Belt Tension Tension -

(inches) Gauge Min. - Max. Min. - Max.
.380 ST-1274 130 - 180 80-120
440 130 - 150 80 - 120
500 130 - 160 80 - 120
6875 130 - 150 80 -120
750 ST-1138 130 - 150 80 -120
.875 130 - 150 80 - 120
4 Rib 130 - 140 80 - 120
5 Rib 3822524 190 - 210 80 - 120
610 12 Rib 3822525 190-210° 155 - 165
* Adjust used belts to the vaiues in this column.

Note: Any belt in use with more than 10 minutes is con-
sidered USED.

Visually Inspect Radiator & Charge Air
Core Externally

The radiator or aftercooler core must be inspected daily
for external damage and contamination. Blow out all
insects, dust, dirt and debris such as leaves, bits of
paper, rags, etc. that may be on the front of the radiator
or aftercooler core or lodged between the radiator/after-
cooler and the cooling fins and tubes. Contamination of
the radiator/aftercooler cores will affect the ability of the
cooling system to transfer heat and properly cool the
engine and intake manifold.

Caution: The aftercooler coolant temperature must be
maintained below 32° C [90° F] with an 11:1 compression
ratio and below 54° C [130° F] with an 8.5:1 C.R. pistons.

= i
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Photo #7-13 - Radiator & CAC (Charge Air Core)
External Inspection
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Visually Inspect Cooling Fan

Warning: Personal injury can result from a fan blade
failure. Never pult or pry on the fan. This can damage
the blade(s) and cause a fan faiture.

Note: Manually rotate the crankshaft by using a wrench
on the accessory drive pulley nut.

A visual inspection of the cooling fan is required daily.
Check for cracks, loose rivets, bent or loose blades, and
for contact between the fan blade tips and the fan
shroud. Check the fan to make sure it is securely
mounted. Tighten the cap-screws if necessary. Replace
any fan that is damaged.

Photo #7-14 - Cooling Fan Inspection

B - Maintenance Check - 250 Hours
or 6 Months

Change / Replace

« Lubricating Oil and Filter - Changing

Caution: Some state and federal agencies in the United
States of America have determined that used engine oil
can be carcinogenic and can cause reproductive toxici-
ty. Avoid inhalation of vapors, ingestion, and prolonged
contact with used engine oil.

Pratect The Environment: Handling and disposa! of
used engine oil may be subject to federal, state and
local law and regulation. Use authorized waste dispos-
al facilities including civic amenity sites and garages
providing authorized facilities for receipt of used oil. If in
doubt, contact your state and local environmental
authorities or the Environmental Protection Agency for
guidance as to proper handling and disposal of used
engine oil.

General information

Lubricating Qil and Filter Change Interval

Engine oil becomes contaminated and essential oil
additives are depleted with use. The amount of conta-
mination is related to the total amount of fuel-gas and oil
consumed.

There are two methods available to decide the oil drain
interval.

1. Fixed number of hours or calendar time, whichever
comes first as shown on the maintenance schedule.

Note: CNGE recommends the fixed ocil change
method for deciding the oil change period.

2. Utilization of a detailed oil analysis program.

As the engine oil becomes contaminated, essential oil
additives are depleted. Lubricating oils protect the
engine as long as these additives are functioning prop-
erly. Progressive contamination of the oil between oil
and filter change intervals is normal. The amount of
contamination will vary depending on the type of opera-
tion of the engine, the fuei-gas being consumed and the
hours of operation.

Caution: Under no circumstances can the oil drain inter-
val extend beyond 500 hours of operation or 6 months,
whichaver occurs first without the addition of more
capacity and filtration.

Extended oil drain intervals can decrease engine life
due to factors such as corrosion, deposits and wear.

Refer to the Specifications section for more information
on oil analysis.

Lubricating Qil and Filter - Changing

Change the lubricating oil and filter(s) at every ail
change.

Note: Oil for natural gas engines does not darken and
lock as dirty as diesel oil does. Use the recommended
maintenance intervals to determine the oil change
requirement, not the oil's appearance.

Note: If the engine is in service then the oil change
interval of 250 hours or 6 months should be observed,

Change the oil and filters to remove the contaminants
suspended in the oil.

Note: Drain the cil only when it is hot and the contami-
nants are in suspension.




Caution: Hot oil can cause personal injury.
1.Operate the engine until the water temperature
reaches 60/ C [140] F]. Shut the engine off. Remove
the oil drain plug. Use a 17-mm wranch or socket.

Note: Use a container that can hold at least 41.64
liters [44 U.S. gts.] of oil.

2. Clean the area around the lubricating ol filter head.
Remove the filter using a 118 to 131 mm Filter
Wrench. Clean the gasket surface on the filter head.

Note: The o-ring can stick on the fiiter head. Make
sure it is removed before installing the new fifter.

3. Make sure that the correct ol fitter is installed.
Note: CNGE GTA14 engines use a LF 3000 oil filter.

4. Fill the ol filter with clean lubricating oil. The lack of
lubrication during the delay until the filter is pumped

full of oil is harmful to the engine.

5. Apply a light film of lubricating oil to the gasket seal-
ing surface before installing the new filter.

Caution: Mechanical over- tightening ¢an distort the
threads or damage the filter element seal.

6. Install the filter as specified by the filter manufacturer.

7. Check and clean the oil drain plug threads and seal-
ing surface.

8. Install the oil drain plug.
Torgque value is 88 Nsm [65 ft-Ib].
Note: Use high quality oil blended for natural gas
engines. Choose the correct oil as outlined in the
specifications section and in the Lubricating system
section of this manual.

9. Fill the engine to the proper levels.

* Pan Capacity

* Filter Capacity
+ Total System capacity

36.00 litves [ 38.0 U.S. Quarts]
2.70 litres [ 2.8 U.S. Quarts]
41.64 litres [ 44.0 U.S. Quarts]

MNote: Capacities assume the standard oil pan. Total
_system capacity assumes the standard oil pan.

Some GTA14 applications use a larger oil pan capac-
ity as well as separate by-pass filter canisters in order
to increase the capacity for extended drain intervals.
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10. Operate the engine to idle to inspect for leaks at the
filters and drain plugs.

Note: Engine oil pressure must be indicated on the
gauge within 15 seconds after starting. If oil pres-
sure is not registered within 15 seconds after start-
ing, shut off the engine immediately to avoid
engine damage. Confirm the correct cil level in the
cil pan. '

11. Stop the engine. Wait for approximately 5 minutes to
let the oil drain from the upper parts of the engine.
Check the oil level again.

12. Add oil as necessary to bring the qil level to the “H”
(High) mark on the dipstick.

Check Following

* Check Engine Crankcase Breather.

Inspect the crankcase breather tube for sludge or debris
on or in the tube. Inspect the tube more frequently dur-
ing icy conditions.
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* Engine Coolant DCA4™ Concentration Level.

Add makeup DCA4™ if required. Refer to Table # 7-03
-as a reference guide.

DCA4™ Unit Maintenance Guide

Use supplemental coolant additives (corrosion inhibitors)
to protect the engine cooling system from corrosion.
Antifreeze alone does not provide enough corrasion pro-
tection for a heavy-duty natural gas engine.

Supplemental cofrosion protection must be supplied
through periodic additions of supplemental cociant addi-
tives to the coolant.

To protect against corrosion, a new coolant charge must
be brought up to 0.26 DCA4™ unit per liter [one
DCA4™ unit per U.S. Gallon] of coolant (initial charge).
Maintain the correct DCA4™ concentration by changing
the maintenance coclant filter at each oil drain interval.

Each time the coolant is drained and replaced, the
coolant must be recharged with supplemental coolant
additives. Use the appropriate DCA4™ spin-on filter
listed in Table # 7-03. The mixture must be drained and
replaced every two years or 6000 hours of aperation,
whichever first occurs.

When using other supplemental coolant additives, refer
to the manufacturer’s instructions.

= Coolant Filter Replacement
General Information

Change the coolant filter at every oil change and filter
change interval.

The correct coolant filter to be used is determined by the
total cooling system capacity and the cil drain interval.
Extended drain intervals may require a modification to
the engine for dual coolant filters or a reduced change
interval for the cooling system. Refer to Table # 7-03 for
the correct filter.

Table #7-03 - DCA4™ Coolant Filter Service Chart

A manual shutoff valve is provided to prevent coolant
leakage while changing the coolant filter.

With the valve in a vertical position, the coolant flows to
and from the coolant filter. In the horizontal position, the
coolant flow is cut off to and from the coolant filter.

Warning: Do not remove the radiator cap from a hot
engine. Hot steam will cause serious personal
injury. Remove the coolant system pressure cap and
close the coolant filter head shutoff valve before
removing the coolant filter. Failure to do so can
cause personal injury from heated coolant spray.

Turn the coolant shutoff valve to the "Off” position

Remove and discard the coolant filter. Clean the gasket
surface on the filter head. Apply a ilight film of
Lubriplate® 105 or its equivalent to the coolant filter
gasket sealing surface before installing the coolant filter.

Install the filter as specified by the manufacturer.

Note: Mechanical over-tightening can distort the
threads or damage the filter head.

Open the shut-off valve and install the coolant system
pressure cap.

Caution: Severe engine damage will result if the valve
is left in the closed position.

Operate the engine until the coolant temperature is
above 82° C [180° F] and check for leaks.

After the air has been purged from the system, check
the coolant level.

s Air Intake System - Inspection

Every 250 hours or six months, whichever occurs first,
inspect the intake piping for cracked hoses, loose
clamps, or punctures that can allow dirt and debris to
enter the engine.

Liters[Galions] 8CA Units

19 - 38 [6-10) 2 4
42 - 57 [11-15] 4 6
60 - 76 [16-20] 6 12
79 - 114 [21-30] 10 15
117 - 189 [31-50] 15 25

To Be Serviced 250 Hrs 500 Hrs 750 Hrs

6
10
18
20
35

DCA4™ Filter(s)

250 Hrs 500 Hrs 750 Hrs.
WE2070 WF2071 WF2072
WE2071 WF2072 WF2074
WEF2072 WF2074 WF2076
WF2074 - WF2075 WF2076
WF2075 WF2075(2) WF2076(2)




Tighten or replace parts as necessary to make sure the
air intake system does not leak,

Check for corrosion of the intake system piping under the
clamps and hoses. Corrosion can allow corrosive prod-
ucts and dirt to enter the intake system. Disassemble
and clean as required.

Check the Charge Air Core (CAC} piping and connec-
tions for any leakage and correct.

+ Air Cleaner Restriction - Checking

Every 250 hours or six months, which ever occur first,
check the air cleaner restriction.

Turbocharged engines need to be operating at rated
RPM and full load to check the air cleaner element when
the restriction reaches the maximum allowable limit.

Note: Follow the manufacturer's instructions when
cleaning or repiacing the air cleaner element.

Check the air cleaner service indicator, or gauge, if
equipped.

Change the filter element when the red indicator flag is
at the raised position in the window.

After the air cleaner has been serviced, reset the button
in the end of the service indicator.

Caution: The settings used on air cleaner indicators for
diesel engines will be too high for spark ignited
engines. Check with your supplier to insure that you
have an indicator that has been set for CNGE

engine settings. The maximum intake air restriction with
a dirty element is 635 mm H20 [25 in H20).

Caution: Never operate the engine without an air clean-
er. Intake air must be filtered to prevent dirt and debris
from entering the engine and causing premature wear.

' Fi Ly s

Photo # 7-18 - Air Cleaner ﬁestriction - Checking

* Check Governor
= Linkage

CNGE gas engines use a butterfly type of throttle valve
in the carburetor. The linkage will have to be "Non-
Linear”.

With the linkage in a no-load position, the lever attached
to the governor and the connecting link must be “in-line”
with the governor output shaft and the point of attach-
ment of the connecting link to the butterfly valve. The
butterfly lever must be at 90 degrees with the connect-
ing link.

Note: When using the Woodward “Flo-Tech™ governor,
there will be no linkage adjustment for the throttle body.

Phato # 7-19 - Governor Linkage - Non Linear

= Governor Adjustments

CNGE engines may be eguipped with hydraulic gover-
nars. For proper operation & maintenance of the
hydraulic governor, please refer to the manufacturer's
manuals.
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+ [dle Speed Adjustment

After the installation of the governor lever and linkage to
the carburetor throtile, check carburetor throttle for idle
position against the throttle stop pin. If the throttie plate
idle adjustment screw does not rest against the stop pin,
adjust linkage length until the screw rests against the
stop pin.

Manually fift the governor lever through the carburetor
throttle travel range and check for linkage bind, If neces-
sary, adjust linkage length and carburetor throttle lever
position ta eliminate any binding through the thrattle trav-
el range. Tighten the linkage and lever assemblies.

Start the engine and adjust the low-speed stop screw on
top of the governor head for the desired idling speed,
approximately 800-RPM for CNGE engines.

= Speed Droop Adjustments

Adjustments for Speed Droop require that the governor
top cover be removed in order to expose the speed
droop mechanism. Movement of the speed droop
bracket can then adjust speed droop either toward the
front of the engine for less droop or toward the rear for
more droop.

Since there is no calibration for speed droop, the acfual
setting requires a trial and error procedure on the
engine or adjustment by the use of a dial indicator on
the speed droop lever while the governor terminal shaft
is being “manually” rotated.

For additional instructions, please refer to the manufac-
turer’s instruction manual.

*» |sochronous Control of Electric Governor -
Adjustments

Adjustments of these types of governors should be
made with a clear understanding of the operation of the
electronic governor. CNGE recommends that if your
engine is equipped with an electronic governor then you
refer to that specific manufacturer’s operation & mainte-
nance instructions for proper adjustment.
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Photo # 7-20 - Controller Adjustments

+ Woodward Flo-Tech Actuator & Flo-Tech Speed
Control

CNGE also uses a Flo-Tech Actuator & Flo-Tech Speed
Control governing system. The Flo-Tech Actuator is an
electrically operated throttle valve. This valve operates
as an air/gas control valve for gas engines. The Flo-Tech
Actuator receives changes in electrical impulses from
the Flo-Tech Speed Control allowing the actuator to
maintain basic isochronous speed control,

Throttle linkage is not required when using the
Woodward Flo-Tech Actuator and Flo-Tech Speed
Control on the GTA14 engine.

Refer to the manutacturer's literature for comrect installation,
operation, calibration, and troubleshooting procedures.

Photo # 7-21 - Woodward Flo-Tech Actuator
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Photo #7-22 - Woodward Flo-Tech Speed Control

Adjust Following

» Intake & Exhaust Valve Procedure

General Information

Note: The first intake & exhaust valve adjusiment
should take place at the 250 hour service interval. After
that point check exhaust valves at the C2 check or 1500
hours or 2 years whichever comes first.




Note: Read the entire procedure for the overhead
adjustment before attempting to perform this operation.

Valves must be correctly adjusted for the engine to oper-
ate efficiently. Valves must be adjusted using the values
listed in this section.

Adjust the valves at the first oil change period of 250
operating hours and then at the C2 interval of 1500
hours or every 2 years whichever comes first. Check the
valves after every major repair.

If the valves are checked during troubleshoaoting or before
scheduled maintenance interval, adjustment is not
required if measurements are within the recheck limits.
1. Disconnect the battery.
2.Remove the rocker housing covers. The rocker
housing cover gaskets can be used again if they are
not damaged.
Note: Do not use sclvent to clean the rocker hous-
ing cover gasket. Solvent will damage the o-ring
material and cause it to swell.
3. Tighten the rocker lever shaft cap-screws.

Torque Value: 156 Nem [115 ft.-lb.].

4. Tighten the rocker lever housing cap-screws in the
sequence shown (1 through 6).

O _Q Q

Torque Value: 115 Nem [ 85 ft.-Ib.].

5. Tighten the rocker lever housing cép-screws in the
seqguence shown (7 and 8). !

Torque Value: 47 Nem [35 ft.-Ib.]).

10.

11.
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The valve set marks are located on the accessory
drive pulley. The marks align with a pointer on the
gear cover.

Warning: Do not pull or pry on the fan to manually
rotate the engine. To do so can cause damage to
the fan blades. Damaged fan blades can cause pre-
mature fan failures that can result in serious person-
al injury or property damage.

.Use the accessory drive shaft nut to rotate the

crankshaft. The crankshalt rotation is clockwise
when viewed from the front of the engine.

The cylinders are numbered from the front of the
engine. The firing order is 1-5-3-6-2-4.

Each cylinder has two rocker levers. The two levers
closest to the center of each rocker housing are the
intake levers. The two levers closest to the ends of
the rocker housing are the exhaust levers.

. The valve adjustment markings are on the accesso-

ry drive pulley. Two revolutions of the crankshaft
are required to adjust all valves.

. Rotate the accessory drive in the direction of engine

rotation. The accessory drive will rotate clockwise
on a right hand engine. Align the “1-6 ¥S” mark on
the accessory drive pulley with the pointer on the
gear cover.

. Check the valve rocker levers on Cylinder Number 1

to see if both valves are closed.

Note: Both valves are closed when the rocker levers
are Joose and can be moved from side to side. If
both valves are not closed, rotate the accessory
drive one more complete revolution; and align the
“1-8 V8" mark with the pointer again.

If the valve rocker lever adjusting screws have been
loosened and not yet adjusted, watch the valve
push tubes as the engines rolls upon the “1-6 VS~
mark. Both valve push tubes will have moved to
the downward {valve closed) position if the engine is
on the correct stroke,

With the “1-6 VS” set mark aligned with the pointer
on the gear cover and both valves closed on cylinder
No. 1, loosen the lock nuts on the intake and the
exhaust valve adjusting screws.

Select a feeler gauge for the coirect valve lash
specification.




Photo # 7-23 - Valve Lash

12.

13.

14.

15.

a7
Adjustment

Intake Valve Lash -------—--- 0.35 mm [0.014 inch]
Exhaust Valve Lash-~—-—--- 0.85 mm [0.033 inch]

Insert the feeler gauge between the top of the
crosshead and the rocker lever pad.

Two different methods for establishing vailve lash
clearance are described helow. Either method can
be used; however, the torque wrench method has
proven to be the most consistent.

Torque Wrench Method: Use the inch pound
torque wrench, Part No. 3376592, and tighten the
adjusting screw. :

Torque Value: 0.56 - 0.68 Nem [5-6 in-lb]

Feel Method: Tighten the adjusting screw until a
slight drag is felt on the feeler gauge.

Hold the adjusting screw in this position. The adjusting
screw must not turn when the lock nut is tightened.

Torque Value: With torque wrench adapter,
Part No. ST-669 54 N*m [40 ft-Ib]
Without adapter 68 Nem [50 ft-1b]

After tightening the lock nut to the correct torque
value, check to make sure the feeler gauge will slide
backward and forward between the crosshead and
the raocker lever with only a slight drag.

If using the feel method, attempt to insert a feeler
gauge that is 0.03 mm [0.001 inch] thicker between
the crosshead and the rocker tever pad. The valve
lash is not correct when a thicker feeler gauge will fit.

After adjusting the valves on Cylinder No. 1, rotate
the accessory drive; and align the next valve set
mark with the pointer. Repeat the process to adjust
all valves in the following sequence. Set valves in
order of the firing order of 1-5-3-6-2-4.

18. Install the rocker lever covers.

Torque Value: 12 Nem [ 105 in-Ib]
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C1 - Maintenance Check - 750 Hours
or 6 Months

Check/Clean/Replace
Ignition Timing

All Turbocharged Matural Gas Engines are presently
itended for heavy duty application and, as such,will
normally operate over their RPM range of 1200 - 1800
RPM. Engine timing must be adjusted to maximize
engine efficiency to the particular load and speed
required at the job site,

Engine timing is not a fixed value but depends upon the
load, type & quality of the fuel, altitude, temperature,
rated speed (RPM) of the engine, and the air/fuel ratio.
The air/fuel ratio is measured by the amount of excess
Oxygen in the exhaust gas. The most critical of these
would be the fuel and the change in altitude.

It is therefore important that the adjustment, is made by
a CNGE distributor or CNGE authorized dealer service
technician at the time of engine installation and initial
start-up.

Timing Adjustment Procedure

1. Gas Adjustment - install your water manometers on
the on-engine gas flow regulator and at the carbure-
tor to ensure that the gas pressures are correct. The
gas pressure to the on-engine gas flow regulator
should be between 10 and 20 inches of water column
pressure at full load operating conditions with a gas
pressure at the Carburetor of between 4 to 6 inches
of water column pressure.




2. Engine Timing - Since engine timing is not a fixed
value, it is the single most important adjustment made
on each engine installation. Set the initial engine tim-
ing to the appropriate value listed in Table # 7-04 for
your specific compression ratic and fuel-gas as a
starting point and foliow the adjustment procedures.

Caution: CNGE sets timing on all engines at Clovis,
New Mexico conditions of 4200 feet aftitude and to
the limits in Table # 7-04 for the initial engine timing.
Your timing may need to be adjusted to a different set-
ting due to a different altitude, operating load and
temperature conditions.

Generally the timing is retarded or advanced by 4
degree for every 5000 feet of altitude change for nat-
ural gas. The change may be less when using
propane gas.

Table # 7-04- Initial Engine Timing
(@ 4200 ft. Clovis, N.M.)

Model C.R. Timing Range
(DBTDC)
Nat. Gas LPG Gas (HD-5)
GTA14 111 18-20 NA
GTA14 8.5:1 20-22 18-20 .

3. Proceed to fine Tune the Engine as follows:

A Install a pyrometer in the 1/4” pipe tapped hole
below the turbo mounting flange. '

B. Install a 0-30 psi gauge on the intake manifold.

C. Install an Oxygen meter exhaust gas pickup con-
nection in the 1/4" pipe tapped hole in the tur-
hocharger outlet pipe

D. Connect a low and high-tension timing light to the
# 1 cylinder. (Follow the procedures for connect-
ing the timing light and adjusting timing).

E. With the engine running under full load condi-
tions, adjust the power valve on the carburetor to
obtain the lowest possible exhaust temperature
while observing the excess Oxygen reading. This
can best be obtained by turning the power valve
closed (clockwise for a iean mixture) until the
engine staris loosing RPM, then turn the power
valve open or out (counterclockwise for a rich
mixture) until the exhaust temperature reaches
the lowest reading.
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If the power valve is opened beyond the ultimate
point, the mixture will become too rich and the
exhaust temperaiure will start to increase. It may
be necessary to perform this adjustment two or
three times to cobtain the proper point of air/ffuel
ratio which will result in the coolest possible
exhaust temperatures.

F. Retard and advance the timing by two degree
increments and repeat Step E. to determine if the
lowest possible exhaust temperature and lowest
boost pressure has been obtained without loos-
ing engine RPM. Repeat and confirm your read-
ings several times.

Note: On ALTRONIC Ill, V, the adjustment is
made by loosing the two mounting cap-screws in
the ignition drive mounting slots and rotating the
ignition generator in either a clockwise (advanc-
ing) or counterclockwise {retarding) direction. If
the slots do not allow enough movement for
adjusting the timing to the required level, contact
your local CNGE distributor. The back cover plate
will need to be removed and an internal adjust-
ment will be required on the drive to driven gear.
This adjustment needs to be made by a qualified
ignition specialist.

Note: On the ALTRONIC CD1, the adjustment is
made on the CD1 solid-state control box. The
adjustments can be moved from a setting of ¢ to
7. This provides for a total range of 13 degrees.
Caution should be used in making a change to
the settings. CNGE recommends that the adjust-
ment be made by one number either advanced or
retarded. An increase in the number will advance
the timing and a decrease in the number will
retard the timing.

Note: Lower BTU fuels may reguire higher main line
pressure to obtain proper pressure to the carburetor
mixer valve. Do not exceed 20 inches of water to the on-
engine gas flow regulator or hard starting could result.

. Power Valve - On turbocharged engines, the power

valve shoutd be turned in until the engine begins to
lose power, then moved counterclockwise one turn. A
more desirable method of adjustment is with the
exhaust temperature pyrometer. Adjust the carbure-

tor until the coolest exhaust temperature is reached.
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Connecting the Timing Light and Adjusting the
Timing

1. Gonnect the timing light induction pick-up clamp
around the spark plug secondary wire for # 1 cylinder.

2. Connect the red power lead to the positive post (+} of
the battery and the black wire to the negative post (-)
of the battery.

Caution: Make sure that the voltage of the timing light
has the same voltage requirement as the battery
power source or you will damage the timing light.

3. Point the timing light toward the back side of the
accessory drive pulley. The timing mark will light up
showing the amount of degrees before top dead cen-
ter {DBTDC) that the engine firing is taking place.

4. If the engine timing needs to be adjusted, loosen the
two mounting cap-screws on the ignition generator.
To advance the timing, rotate the ignition generator
clock wise. To retard the timing, rotate the ignition
generator counter-clockwise.

5. Tighten the two mounting cap-screws.

Note: The wires for the ignition generator to the igni-
tion coils are called primary wires. The wires from the
ignition coils to the spark plugs are called secondary
wires.

Alternative Method for Timing the Engine

As an alternative method, one can follow the following
procedure:

1. Adjust the Power Valve as described in the previous
procedure searching for lowest EGT

2. Advance the timing 2 degrees at a time until the
engine begins to detonate. Record the timing and
retard timing until out of detonation.

3. Now retard the timing 2 degrees at a time until the
engine begins to detonate. Record the timing and
advance timing until out of detonation.

4. This should establish a timing window of opportunity.

5. Now adjust the timing within this window while
observing the exhaust gas temperature (EGT) and
the intake manifoid air-gas temperature. Try and
locate the lowest EGT within this timing window. This
is where your eéngine needs to be timed.

8. Fine tune the adjustment of the Power Valve.

Caution: The engine may need to be re-timed if there is
. a sudden change to the ambient conditions.

Final timing adjustments are made in connection with
the adjustment of the power screw on the carburetor. In
addition, there is a requirement to hold the excess
Oxygen reading in the exhaust gas to a predetermined
level. This establishes the Air/Fuel ratio. All of this is
done while searching for the lowest possible Exhaust
Gas Temperature and lowest intake manifold vacuum on
naturally aspirated models or lowest manifold boost
pressure on'turbocharged models without sustaining a
power or RPM loss.

Refer to Carburetor Adjustment in this manual.

rel

Photo # 7-24 - Timing Light

= Engine Cylinder Compression Check

Caution: Before starting this check it is important to ver-
ify that your batteries have a full charge.

CNGE recommends the following steps when checking
cylinder compression.

1. Locate and shut off the gas fuel valve and tag the
valve with a DO NOT OPEN tag.

2. Ground the ignition “G” lead to prevent any ignition
spark.

3. Remove spark plug probes from the spark plug
wells. Check for oil or water contamination and clean
before continuing.

4. Remove the spark plugs from ALL cylinders using a
proper spark plug removal tool.

5. Block the engine throttle wide open.

6. Install a compression gauge in # 1 cylinder.

7.Crank the engine with the starter until the engine
has rotated 6 to 8 revolutions. The compression
gauge should be at a stable reading and not moving.

8. Record the reading in pounds per square inch.

9. Release the gauge pressure and remove the gauge.

10. Repeat steps 6 through 9 for each cylinder.




All cylinder pressures should be within a 10 percent vari-
ance. Recheck any cylinder that is not within this limit.

The engine must be turning over at the same speed for
each individual ¢ylinder during testing.

If outside this limit, contact your local Cummins distribu-
tor or authorized CNGE dealer for further assistance.

* Spark Plug Wire - Inspection

Inspect the condition of the spark plug wires. Replace
any damaged wires.

Visually inspect the spark plug wires for corrosion, evi-
dence of cracking, worn spots caused by rubbing, or
arcing evidenced by burnt spots. Replace as necessary.

» Spark Plug Removal

1. Disconnect the wire assembly from the ignition coil
end first and then from the spark plug end.

2. Remove the rubber insert from the spark plug type
sockets to prevent contamination of the spark plugs
with dirt or oil.
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3. Using a 15.875 mm (5/8 in.) deep-well rubber insert
spark plug socket, lgosen the spark plug with the
extension and socket. Turn the plugs counterclock-
wise to loosen.

4. Continue to turn counterclockwise until the threads
are no longer engaged. ‘ '
5. Lift the spark plug cut of the adapter, being carefu not
to drop the spark plug. Mark or tag the spark plugs
with the cylinder number from which they are

removed.

6. Visually inspect the plug wires, extenders and con-
nections for corrosion, damage or arcing.

[

Photo # 7-27 - Spark Plug Removal
* Checking Spark Plug Well(s).

A visual inspection of the spark plug, well for traces of
water, oil & antifreeze should be made. If water or
antifreeze is present inside the well and cylinder, then
the spark plug adapter “O” rings and the adapter gasket
must be replaced. Removal of the spark plug adapter
requires the use of a special tool. Contact your local
Cummins Distributor or Authorized CNGE Dealer for
assistance.

It oil is present in the spark plug adapter well, then
replace the "Q” rings on the spark plug adapter tube
extension.

Photo # 7-28 - Spark Plug Well - Inspection
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= Spark Plug(s) - Inspection.

Careful examination of the spark piug(s) can be very
helpful in preventing future damage to your engine.
Examples:

1. Orange colored residue may indicate a cooling sys-
tem additive in the combustion chamber and serious
cooling system problems.

2. A molten center electrode is an indication of temper-
atures more than 2800° F and could be signs of pre-
ignition or detonation.

3. Crusty white ash deposits may indicate excessive
barium or calcium in the oifl and usuaily occur due to

a “high-ash” oil. '

4, Black carbon deposnts may suggest a rich air/fuel

ratio.

Photo # 7-29 - Spark Plug Inspection
» Spark Plug Gap - Checking

CNGE recommends that the spark plug gap of all CNGE
engines should be set at .020 in. The measurement
should be made with a spark plug gap wire gauge.
CNGE recommends the Snap-On GA461b or equivalent.

Spark Plugs used in CNGE engines should not be
re-gapped.

Photo # 7-30 - Spark Plug Gap

» Spark Plug Installation

Caution: Spark plug life is largely dependent on clean-
liness of the plug’s porcelain. Dirt, oil and finger prints
reduce the seal strength between the spark plug boot
and the porcelain. Do not touch the porcelain arsa on
the spark plug. If cleaning on porcelain is required, use
rubbing alcohol and a lint free cloth.

Caution: Mechanical over-tightening can damage the
spark plug and cylinder head.

Check plug socket to make sure it is not a source of dirt
and oil.

Install & new spark plug in the ¢ylinder head. Make sure
that the spark plug insulator porcelain is clean. Use an
extension and magnetic spark plug socket (Snap-On
PN. S971KA} and thread in by hand to make sure that
the threads are smooth and the plug is not cross thread
ed. Turn the plug clockwise to tighten.

Use a torque wrench to complete the installation.

Torque Value: 35 to 41 N*m [26 to 30 ft-1h.]

Photo # 7-31 - Spark Plug Installation

Apply a small amount of di-electric grease inside the
gpark plug boot and outside of the spark plug boot.

Carefully place plug boot onto the top of the spark plug
terminal. Firmly press each plug boot down until a snap
is felt. This snap is the terminal clip being completely
pushed over the plug terminal.

Photo # 7-32 - Di-Electric Grease




lgnition Coil Check
Preparatory Steps:

1. Turn engine to the off position and disconnect the bat-
teries.

2. Visually check coil for cracks in the housing, carbon
tracking (indication of coil arcing) and other physical
damage.

3. Disconnect wiring to the coil and remove the coil wires
that connect to the coil from the ignition generator,

4, Cannect an ohmmeter to the positive and negative
terminals of the coil.

5. Read the scale.

A. An infinite reading indicates an open primary
winding. Replace the coil,

B. The correct ohmmeter reading should be .2 to .3
ohms.

6. Connect the chmmeter to the coil positive terminal
and to the high-tension coil wire terminal and read the
scale of the ohmmeter.

A, An infinite reading indicates an open secondary
winding. Replace the coil.

B. The correct chmmeter resistance reading should
be between 6K ohms and 11K ohms. [f not,
replace the coil.

7. Connect all wiring connections and recennect the bat-
teries.

Ignition Coil Voltage - Check - ALTRONIC cD1
Ignition System

input Voltage
Preparatory Steps:

1. Connect the positive lead of the “Peak Hold" voltmeter
to the positive terminal of the coil.

2. Disconnect and ground the coil high-tension lead wire
from the ALTRONIC wiring harness to prevent the
engine from starting.

3. Turn the ignition start switch to the start position and
begin cranking the engine.

4. Observe the voltage while cranking.

5. The correct voltage should be 180 volts of DC pulsat-
ing voltage.

6. If the voltage is low, check the battery, starter current
draw, ignition switch and ignition unit.

Photo # 7-33 - Ignition Coi! Voltage Check
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C2 Maintenance Check - 1500 Hours
or 1 Year

Adjust Following
« intake & Exhaust Valve Procedure
General Information

Note: The first intake & exhaust valve adjustment
should take place at the 250 hour service interval. After
that point check exhaust valves at the C2 check or 1500
hours or 2 years whichever comes first.

Note: Read the entire procedure for the overhead
adjustment before attempting to perform this operation.

Valves must be correctly adjusted for the engine to oper-
ate efficiently. Valves must be adjusted using the values
listed in this section.

Adjust the valves at the first oil change period of 250
operating hours and then at the C2 interval of 1500
hours or every 2 years whichever comes first. Check the
valves after every major repair.

If the valves are checked during troubleshooting or before

‘'scheduled maintenance interval, adjustment is not

required if measurements are within the recheck limits,

1. Disconnect the battery.

2. Remove the rocker housing covers. The rocker
housing cover gaskets can be used again if they are
not damaged.

‘Note: D¢ not use solvent to clean the rocker hous-
ing cover gasket. Solvent will damage the o-ring
material and cause it to swell.

3. Tighten the rocker lever shaft cap-screws.

Torque Value: 156 Nem [115 ft.-Ib.].

4. Tighten the rocker lever housing capscrews in the
. sequence shown {1 through 8).

o o q

Torque Value: 115 Nem [ 85 ft.-1b.].
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5. Tighten the rocker lever housing cap-screws in the
sequence shown (7 and 8).

Torque Value: 47 Nem [35 ft.-Ib.].

The valve set marks are located on the accessory
drive pulley. The marks align with a pointer on the
gear cover.

Warning: Do not pull or pry on the fan to manually
rotate the engine. To do so can cause damage to
the fan blades. Damaged fan blades can cause pre-
mature fan failures that can result in serious person-
al injury or property damage.

.Use the accessory drive shaft nut to rotate the
crankshaft. The crankshaft rotation is clockwise
when viewed from the front of the engine.

The cylinders are numbered from the front of the
engine. The firing order is 1-5-3-6-2-4.

Each cylinder has two rocker levers. The two levers
closest to the center of each rocker housing are the
intake levers. The two levers closest to the ends of
the rocker housing are the exhaust levers,

. The valve adjustment markings are on the accesso-
ry drive pulley. Two revolutions of the crankshaft
are required to adjust all valves.

. Rotate the accessory drive in the direction of engine
rotation. The accessory drive will rotate clockwise
on a right hand engine. Align the “1-6 VS” mark on
the accessory drive pulley with the pointer on the
gear cover.

. Check the valve rocker levers on Cylinder Number 1
to see if both valves are closed.

Note: Both valves are closed when the rocker levers
are loose and can he moved from side to side. If
both valves are not closed, rotate the accessory
drive one more complete revolution; and align the “1-
6 VS mark with the pointer again.

. |f the valve rocker lever adjusting screws have been

10.

11,

| @\ ' W=

Photo # 7-34 - Valve Lash Adjustment -

12.

loosened and not yet adjusted, watch the valve
push tubes as the engines rolis upon the *1-6 V5"
mark. Both valve push tubes will have moved to
the downward (valve closed) position if the engine is
on the correct stroke,

With the "1-6 VS” set mark aligned with the pointer
on the gear cover and both valves closed on cylinder
No. 1, foosen the lock nuts on the intake and the
exhaust valve adjusting screws.

Select a feeler gauge for the correct valve lash
specification.

(B -

0.35 mm [0.014 inch]
0.85 mm [0.0G33 inch]

Intake Valve Lash
Exhaust Valve Lash

Insert the feeler gauge bstween the top of the
crosshead and the rocker lever pad.

Two different methods for establishing valve lash
clearance are described below. Either method can
be used; however, the torque wrench method has
proven to be the most consistent.

Torque Wrench Method: Use the inch pound
torque wrench, Part No. 3376592, and tighten the
adjusting screw.

Torque Value: 0.56 - 0.68 Nem [5-6 in-Ib]

Feel Method: Tighten the adijusting screw until a
slight drag is felt on the feeler gauge.

Hold the adjusting screw in this position. The adjusting
screw must not turn when the lock nut is tightened.

Torque Value: With torque wrench adapter,
Part Mo. ST-669 54 N=m [40 fi-Ib]
Without adapter 68 N=m [50 ft-Ib]




13. After tightening the lock nut to the correct torque
value, check to make sure the feeler gauge will slide
backward and forward between the crosshead and
the rocker lever with only a slight drag.

14, If using the feel method, attempt to insert a feeler
gauge that is 0.03 mm [0.001 inch] thicker between
the crosshead and the rocker lever pad. The valve
lash is not correct when a thicker feeler gauge will fit,

15. After adjusting the valves on Cylinder No. 1, rotate
the accessory drive; and align the next valve set
mark with the pointer. Repeat the process to adjust
all valves in the following sequence. Set valves in
order of the firing order of 1-5-3-6-2-4.

16. Install the racker lever covers.

Torque Value: 12 N*m [ 105 in-lb]

Check/Clean/Replace

+ Gas Fuel Filter
Gas Filter - Replace

CNGE recommends that the gas fuel filter be installed
before the engine mounted regulater. The inlet fuel
pressure should be at a maximum of 100 psi to the filter.

CNGE supplies a filter as a kit option that is capable of
filtering down to 10 microns.

CNGE recommends that the gas fuel filter should be
checked every 1500 hours or 1 year, whichever occurs first.

Caution: When replacing the element, specific attention
needs to be placed on the gas flow to insure that the fil-
ter is reassembled with the fiiter installed in the proper
direction.

Photo # 7-35 - Gas Fuel Filter

» Gas Pressure to On Engine Gas Regulator

Every 1500 hours or 1 year, check the gas pressure to
the on engine regulator. Use a water manometer or
gauge that measures in inches of water column. This
reading is taken on the upstream side at the on engine
gas regulator and should be between 10 and 20 inches
of water column pressure at full lead conditions.

= el

Photo # 7-36 - Gas Pressure at Gas Regulator (On
Engine) - Checking

* Gas Pressure to Carburetor

Every 1500 hours or ¥ year, whichever occurs first, the
gas pressure to the carburetor should be checked and if
required the gas regulator adjusted to insure that the
required minimum pressure is being supplied.

Refer to Fuel specifications for fuel pressure require-
ments. Natural gas will require 4 to 6 in. of Hy0 column
pressure. Propane will be under a negative pressure
{vacuum), anywhere from 1.5 to 8 in. of Hy0.

o - -’f;m B PEY

Phato # 7-37 - Gas Pressure to Carburetor - Checking
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* Carburetor Adjustment for Excess Oxygen
The air-gas “power valve” on the carburetor should be

adjusted far the specific engine model’s excess-oxygen
requirement. Refer to Table # 7-05.

Photo # 7-38 - Power Valve - IMPCQ 600 Vari-Fuel

Table # 7-05- Excess Oxygen - Without Catalytic

0O, Reading - %
Application
Engine Model Stand-By Prime
(Maximum} (Continuous)
GTA14 3.0-47 30-47

Caution: When making the adjustment, it may be nec-
esgsary to readjust engine ignition timing.

Caution: CNGE sets all engines at Clovis, New Mexico
conditions of 4200 feet altifude and to the specifications
listed in Table # 7-05. Your adjustments may be slightly
different due to altitude and operating load conditions.

Adjustment of Air-Gas Power Valve -

The power valve location will vary depending on the car-
buretor model.

IMPCO Model # 600 VF (Vari-Fuel)

On the model 600 VF (Vari-Fuel) the power valve can be
identified as a hex-head screw with a spring on the side
of the carburetor. The adjustment would be to turn the
screw in a clockwise “CW” direction to adjust toward the
lean mixture and counterclockwise “CCW?™ to adjust rich.

* Antifreeze Concentration - Checking

Use the Fleetguard® refractometer, Part No. CC-2800,
to check the antifreeze concentration.

Check the antifreeze concentration. Use a mixture of 50 per-
cent water and 50 percent ethylene-glycol base antifreeze to
protect the engine to - 37° C [-34° F] year around.

Photo # 7-39 - Fleetguard™ Refractometer
{P.N. CC-2800)

D - Maintenance Check - 6000 Hours
or 2 Years

Inspect/Replace
» Spark Plug Wire - Replacement.

Caution: To prevent damage to the spark plug wires
during removal, do not pull on the wires.

Remove the coil end first, then remove the spark plug end.

Note: Replace the spark plug wires one cylinder at a
time to prevent crossing the wires across cylinders.
Move hack and forth while pulling upward to remove the
wire from the coil or distributor cap and spark plug.

Apply a small amount of dielectric grease inside of the
spark plug boot and on the outside of the spark plug boot.

Firmly press on the boot until a snap is heard and felt as
the boot seats on the spark plug. Install the coil or dis-
tributor cap end.

Exchange/Rebuild
* Engine Water Pump - Inspection and Replacement

Every 6000 hours or two years, whichever first ocours,
inspect the water pump idler pulley assembly for free-
dom of rotation and for cracked, chipped, or broken pul-
ley grooves. Repair or replace the idler pulley assembly
if it does not rotate freely or if damage is found. Refer to
the N14 Troubleshooting and Repair Manual, Bulletin
No. 3666142, for removal and replacement instructions.

Inspect the water pump for seal leakage or for freedom
of movement. If the water pump needs to be replaced
refer to the N14 Troubleshooting and Repair Manual,
Bulietin No. 3666142, for removal and replacement
instructions.




Preparatory Steps

1,
2
3
4,
5.
8.

7.

10.

11.
12,

13.

14.
15.
16.

Drain the coclant.

Unplug the coolant heater (If so equipped)

Remove the water pump drive belt.

Remove the fan hub and water pump idler pulley
assembly.

Remove the coolant inlet transfer connection from
the water pump.

Remove the six mounting cap-screws from the water
pump. :

Remove the water pump.

Note: The water pump must be removed carefully to
prevent damage to the impeller.

. Remove the water pump out and in a downward direc-

tion to clear the dowel pin and disconnect the water
transfer tube attached to the thermostat housing.

. Clean the water pump gasket surface.

Caution: The water pump must have a dowel pin
locating hole and il cooler return passage. Engine
damage will occur due to a lack of coolant flow
through the oil cooler, if this oil cooler return pas-
sage does not exist.

Install the water transfer tube attached to the ther-
mostat housing in the water pump.

Inspect the transfer tube o-ring. Replace if necessary.
Install the water pump to the block using the six
mounting cap-screws. Tighten the cap-screws to the
following torque values:

Step 1 Tighten to 15 N=m [ 10 ft.-Ib]

Step 2 Tighten to 30 N*m [ 20 ft.-Ib]

Step 3 Tighten to 47 Nem [ 35 fi.-Ib]

install the coolant inlet transfer connection and a
new gasket on the water pump. Tighten the cap-
screws to 47 Nem [ 35 ft.-lb]

Instafi the fan hub and the water pump idler assemblies.
Install and adjust the water pump drive belt.

Fill the engine with coolant, start the engine and
check for leaks.

Photo # 7-40 - Water Pump

7-24

= Fan Hub (Belt Driven) - Inspection

Every 6000 hours or two years, whichever first occurs,
inspect the fan hub for wobble and grease leakage.
Replace with a new or rebuilt unit as necessary. Refer
to the N14 Engine Series Troubleshooting and Repair
Manual, Bulletin # 3666065, for removal and replace-
ment instructions.

Preparatory Steps

o~

9.
10.

Remove the fan.

Note: Do not discard the fan spacers. The spacers
provide for the thickness needed to install the fan in
the correct position.

.Turn the adjusting screw counterclockwise to

release tension. Remove the adjusting screw and
remove the belts.

. Remove the cap-screws and the fan hub.
. Remove the fan drive belts.
. Inspect the fan hub for the following:

Freedom of rotation,

Cracks.

Grease Seal Leakage

Note: Repair or replace the fan hub if the fan hub
does not rotate freely or if there is evidence of cracks
or grease seal leakage.

-Measure the fan hub end clearance. Refer to the

Troubleshooting and Repair Manual for correct spec-
ifications. The end clearance is dependent on fan
huby style.

. Install the fan hub and cap-screws.
.Install the fan drive belts on the fan hub and the

accessory drive pulley.

Install the fan.

Adjust and tighten the fan drive belts. Tighten the
fan mounting cap-screws.
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« Aftercooler Water Pump - Inspection

Follow the manufacturer's recommendations for proper
maintenance of the auxiliary water pump used on the
aftercocled engines with the water-to-air aftercooling
cooling systems. '

Photo # 7-42 - Aftercocler Water Pump

= Turbocharger - Inspection

If the engine is equipped with a turbocharger(s), inspect
the turbocharger{s) every 6000 hours or two years,
whichever occurs first. Remove the air intake and the
exhaust piping. Check the turbocharger as follows:

Look for damaged or cracked compressor or turbine
blades.

Check to see that the turbocharger shaft spins freely.

Note: If visual inspections or dimensional checks indi-
cate a problem, contact a Cumminsg Authorized Repair
Location for assistance. Refer to the model number on
the turbocharger data-plate.

Photo # 7-43 - Turbocharger

Table #7-06- Axlal Clearance (Measure end to end)

Turbocharger Dimension
Model No. Min. Max.
HZ 03m {1001 in.] 10mm[ .004 in.]

Rebuild or replace the turbocharger if axial clearance is
greater than specified. Refer to the Cummins
Troubleshooting and Repair Manual for removal proce-
dures and to the Cummins Turboecharger Shop Manual,
Bulletin # 3810321, for rebuild procedures.

Photo # 7-44 - Axial Ciearance - Checking

Measure Radial Clearance (Side to Side).

Note: Hold the shaft toward the feeler gauge to check
the dimension.

Table # 7-07 - Radial Clearance

Turbocharger Dimension

Model No. Min. Max.

HZ

Compressor Wheel 18 mm [ .Q07 in)] A6 mm [ .318in.]
Turbine Wheel 25 mm[.010in.] B3amm[ 021 in.)

Photo # 7- 45 - Radial Clearance Checking




 Viscous Damper - Inspection

Every 4500 hours or 2 years inspect the viscous damper.

1. Clean the damper with a solvent cleaner.

2. Appiy a small spray of Spotcheck develpper, type
SKD-NF, or equivalent on the damper. Put the
damper in an oven heated 1o 200° F [83° C). Let the
damper reach the temperature inside the oven, and
then remove the damper.

3. Inspect the damper for oil leaks. Discard the damper
if any leaks are seen.

4. Remove the paint from four equally spaced areas [90
degree intervals] on both sides of the damper. Use
these areas o check for movement of the damper.

5. Use a micrometer tc measure the thickness at each of
the four areas. Measure at approximately 0.125 inch
[3.18 mm)] from the outside diameter of the damper.

6. Replace the damper if the difference in measure-
ment between any two areas is more than 0.010
inch [0.25 mm].

The VIBRATION DAMPER should be replaced at 15000
hours of operation if not replaced at earlier inspections.

Photo # 7-46 - Vibration Damper

Check
+ Cooling System Maintenance
» Coolant Draining

Caution: Avoid prolonged and repeated skin contact
with used antifreeze. Such prolonged and repeated
contact can cause skin disorders or bodily injury.

= Avoid excessive contact - wash thoroughly after
contact.
» Keep out of reach of children.

Protect the Environment: Handling and disposal of
used antifreeze can be subject to federal, state, and
local law regulation. Use authorized waste disposal facil-
ities, including civic amenity sites and garages providing
authorized facilities for the receipt of used antifreeze. If
in doubt, contact your local authorities or the EPA for
guidance as to proper handling of used antifresze.
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Caution: Check the coolant level only when the engine
is stopped. Wait until the coolant temperature is below
50° € [120° F] before removing the pressure cap.
Failure to do 50 can cause persanal injury from heated
coofant spray.

Drain the cooling system by opening the radiator cap on
the radiator and removing the plug in the bottom of the
water inlet or in the bottom of the radiator. A drain pan
with a capacity of 121 liters [32 LJ.S. gallons] will be ade-
guate in most applications.

Check for damaged hoses and loose or damaged hose
clamps. Replace as required. Check the radiator for leaks,
damage and build up of dirt. Clean and repair as required.

Photo # 7-47 - Draining Cooling Systeri'\
 Cocling System Flushing

Caution: During filling, air must be vented from the
engine coolant passages. The system must be filled
slowly to prevent air locks, Wait 2 to 3 minutes to allow air
to be vented, then add mixture to bring the level to the top.

Fill the system with a mixture of sodium carbonate and
water or a commercially available equivalent.

Note: Use 0.5 kilograms [1.0 1b.] of sodium catbonate
for every 23 liters [6.0 U.S. Gallons] of water.

Caution: Do not install the radiator cap. The engine is
to be operated without the cap for this process.

Caution: Do not use caustic cleaners in the cooling sys-
tem. Aluminum components will be damaged.

Operate the engine for 5 minutes with the coolant tem-
perature above 80° C [176° F].

Shut the engine off and drain the cooling system.

Fill the cooling system with clean water.
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Note; Be sure to allow the engine to vent for complete fill-
ing. Do not install the radiator cap or a new filter if equipped.

Operate the engine for 5 minutes with the coolant tem-
perature above 80° C [176° F).

Shut the engine off and drain the cooling system.

Note: If the water being drained is still dirty, the system
must be flushed again until the water is ciean.

Photo # 7-48 - Flushing Cooling System

= Coolant System Filling

The system has a maximum fill rate of 14 liters/min. (3.5
US. Gal./min.]. Do not exceed this fill rate.

Caution: The system must be filled slowly to prevent air

locks. During filing, air must be vented from the engine

coolant passages., Wait 2 to 3 minutes to allow air to be
vented, then add mixture to bring the leve! to the top.

Caution: Never use water alone for coolant. Damage
from corrosion can be the result of using water alone for
coolant.

Use a mixture of 50 percent water and 50 percent ethyl-
ene glycol antifreeze to fill the cooling system.

The system capacity for the engine is 19 liter [20 U.S.qt]

install the pressure cap. Operate the engine until it
reaches a temperature of 80° C [176° F].

Check the coclant level again to make sure the system
is full of coolant, or that the cooclant level has risen to the
hot level in the recovery bottle on the system, if so
equipped.

Warning: Before removing the pressure cap, walit until the
coolant temperature is below 50° C [120° F]. Failure to do
S0 can cause personal injury from heated coolfant spray.

™

Photo # 7-49 - Filling Cooling System

Annual
* Steam Clean Engine

Steam clean the engine annually. Steam is the best
method of cleaning a dirty engine or piece of equipment,
If steam is not available, use a cleaning solvent 1o wash
the engine.

Protect all electrical components, openings, and wiring .
from the full force of the cleaner spray nozzle.

Photo # 7-50 - Steam Clean Engine
* Turbocharger Mounting Nuts - Check Torque

If the engine is equipped with a turbocharger(s), check
the turbocharger mounting nuts annually.

Tighten the mounting nuts, .
Torque Value: 68 Nsm [50 ft.-Ih.]




Photo # 7-51 - Tu‘rl‘)ocger Mounting Nuts -
Checking Torque

» Engine Mounting Bolts - Check Torque

Check the torque on the nuts and bolts annually.
Tighten any that are loose. Inspect the rubber for dete-
rioration and age hardening. Replace any broken or lost
bolts, capscrews, or damaged rubber.

Photo # 7-52 - Engine Mounting Bolts - Checking
Torque

« Hoses - Checking and Replacement

Hoses & hose connections should be checked daily for
leaks. Annually inspect the cooling system hoses and
hose connections for leaks and deterioration. Particles
of deteriorated hose can be carried through the cooling
system and slow or partially stop circulation.

Photo # 7-53 - Hose Inspection
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Inspect/Replace All Drive Belts

Maintenance Check

Visually inspect the belts daily. Replace belts that are
cracked or frayed. Adjust belts that have a glazed or
shiny surface which indicates belt slippage. Correctly
installed and tensioned belts will show even pulley and
belt wear.

Belt damage can be caused by:

Incorrect tension

Incorrect size or length

Pulley misalignment

Incorrect installation

Severe operating environment

QOil or grease on the belts

Clean Cooling System (Internally and
Externally)

& & & » & @ @

Caution: Do not use caustic cleaners in the cooling
system. Aluminum components wil! be damaged.

Every 2 years or 6000 hours change the coolant or
antifreeze.

The cooling system must be cleaned to work correctly.
Drain the system and flush with clean water. If the sys-
tem shows mineral build-up, scale, rust, or oil, ¢clean with
a heavy duty engine coolant cleaner and follow the man-
ufacturer's directions.

« Change Coolant and Antifreeze (Every 2 Years)

Fill the coocling system with the correct mixture of
antifreeze, water, and the DCA4™ units as outlined ear-
lier in this section.

Warning: Check the coolant level only when the engine
is stopped. Wait until the coolant temperature is below
50°C [120°F] before removing the pressure cap. Failure
to do so can cause personal injury from heated coolant
spray.

Operate the engine and check for coolant leaks,

After the air has been purged from the system, ¢check
the coolant level again.

* Cooling Fan - Inspection

Warning: Personal injury can result from a fan blade
failure. Mever pull or pry on the fan. This can damage
the fan blade{s) and cause fan failure.

Note: Rotate the crankshaft by using the crankshaft
barring tools relsased and recommended by Cummins
Engine Co.
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A visual inspection of the cooling fan is required daily.
Check for cracks, loose rivets, and bent or loose fan
blades. Check the fan to make sure it is securely mount-
ed. Tighten the cap-screws to the recommended cap-
screw torque as listed in the Technical Specifications in
this mariual, Replace any fan that is damaged.

+ Shutterstats and Thermatic Fans - Checking
Check the shutterstats and the thermatic fans annually.

= Shutterstats and the thermatic fan controls must oper-

ate in the same temperature range as the thermostat

with which they are used.
* Thermostats and Seals - Checking/ Replacing

Remove the thermostats from the thermostat housings
and check for praper opening and closing temperature.

All CNGE engines are equipped with a modulating
range thermostat. It is considered a good practice to
check the thermostat for opening and closing in the fall
of each year.

Byl R A TS
Photo # 7-54 - Thermostat & Seal

Thermal Control Settings

Table # 7-08 - Thermal Control Settings

Control Settings With Thermostat

160/175 170/185 180/195
0 C 0 cC o0 C
Thermatic Fan 185 170 190 182 — —-

Shutterstat 180 172 185 177 195 187

Modulating 175 185 195
Shutters Open

Special Notes

1. The maintenance intarval may be adjusted based on
a good oil analysis program.

2. At each scheduled maintenance interval, perform all
checks in addition to the ones specified.

3. Replace the Vibration Damper at 15,000 hours.

4. Follow the manufacturers recommended mainte-
nance procedures for the starter, alternator, genera-
tor, batteries, electrical connections, magnetos or
Ignition generators, carburetors, gas regulators, gov-
ernors, ang any other accessory item that may be
supplied with your CNGE engine.

5. CNGE recommends that a daily log is maintained
showing all maintenance performed.

6. Storage for Engines Out of Service
If the engine will be out of service ionger than 6
months, take special precautions to prevent rust.
Contact the nearest Cummins or CNGE authorized
Repair Location, or consult the Cumming Engine
Shop Manual for information concerning engine stor-
age procedures

Flame Retarder

Flame Retarders are special components that are
mountad between the intake manifold and the cylinder
head at each intake port opening. The purpose of the
Flame Retarder is to assist in stopping any backfire from
entering the intake system and beyond. This device is
made of a special honeycomb material with a finite num-
ber of small openings that will tend to snuff out the fiame
and prevent it from entering the intake manifold.

Backfire relief valves are not required when using Flame
Retarders

Adjustment,
Procedure

Replacement: & Repair

* Alr System Repair
Turbocharger Replacement
Preparatory Steps

1. Remove the oil supply and the oil drain connections
from the turbocharger.

2. Remove the exhaust pipe from the turbacharger.

3. Remove the CAC piping from the turbocharger.

4. Remove the four mounting nuts.

5. Hemove the turbocharger and gasket.

6. Install 2 new gasket and apply anti-seize compound,
Part No. 3823097 to the mounting studs.
Note: Use only anti-seize compound compatible
with oxygen sensors.




9.

10.

11

12,

13.

install the turbocharger and a new gasket.

Torque Value: 68 Nem [50 ft-1b]

Instali the drain tube and gasket on the turbocharger.
Torque Value: 44 Nem [32 ft-Ib].

Caution: To prevent bearing damage, new tur-
bochargers must be pre lubricated before start-up.

Pour 50 to 60 cc [ 2 to 3 ounces] of clean engine oil
into the supply fitting. Rotate the turbine wheel to
allow the oil to enter the bearing housing.

Install the oil supply line.
Torque Value: 30 Nem [ 22 ft-Ib]

Install the charge air core and exhaust piping.

Operate the engine and check for leaks.

» Cooling System Repair

Drive Belt - Replacement

1.
2. Loosen the idler pulley shaft lock nut.
3.

6.

10.

11.
12.

13.

Remove the fan drive belt.

Turn the adjusting screw counterclockwise to
release tension and remove the water pump belt.

. Visually inspect the idler and the water pump pulleys

for cracks or broken grooves. Replace if necessary.

. Visually inspect and replace the belt for the following

characteristics:

» Cracks

» (Glazing

» Tears or cuts.

Visually inspect the pulley alignment. Pulley mis-
alignment must not exceed 0.5 mm per cm [ 1118
inch per foot] of distance between the pulley centers.

. Replace the idler pulley or the water pump if they are

not in alignment.

. fnstall a new belt on the pulleys.
. Turn the adjusting screw to adjust belt tension.

Note: Belt tension can increase when the fock nut is
tightened. Do not adjust belt tension to full value
with the adjusting screw.

Use Part No. ST 1293 (Borroughs) or 3822525
(Click-Type) Belt Tension Gauge to measure six rib
belt tension.

New Belt Tension 710 N [160 Ib]

Used Belt Tension 290 to 580 N [65 to 130 Ib]

A belt is considered used if it has operated for 10
minutes or longer. '

If used belt tension is below the minimum, tighten to
the maximum value.

Tighten the idler pulley shaft lock nut to 68 Nem [50 fi-lb].
Loosen the adjusting screw 1/2 turn to prevent
breakage.

Measure the belt tension again. Adjust if necessary.
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Thermostat Replacement

Preparatory Steps

1.
2.

3.

4

n

W~ M

10.

11,

12.

13.

14

15.

16.

Disconnect the negative battery cable. ‘
Drain the cooling system to a level just below the
thermostat housing.

Remove the four capscrews that attach the thermo-
stat housing to the rocker housing.

.Remove the thermostat housing from the water

transfer tube.

. Remove the four thermostat cover cap-screws and

disassemble the thermostat housing.

. Remove the thermostat from the cover.

. Inspect the thermostat seal and the cover gasket.

- Install the thermgstat in the cover.

. Clean the gasket surfaces. Install a new gasket on

the thermostat housing.

Install the thermostat cover and four mounting cap-
SCrews.

Tighten all cap-screws.

Torque Vaiue: 47 Nsm [35 fi-Ib].

instali the thermostat housing assembly and mount-
ing gasket on the racker lever housing and onto the
water transfer tube.

Inspect the transfer tube o-ring. Replace if necessary.

. Install the four mounting cap-screws and washers.

Tighten the cap-screws.

Torque Value: 47 Nem [35 ft-Ib].

Install the upper radiator hose and tighten all hose
clamps.

Fill the engine with cooclant, start the engine and
check for leaks.

Aftercooler Pump - Replacement

Preparatory Steps:

1.

Disconnect battery ground cable from engine to pre-
vent starting of the engine.

2. Drain all coolant from the aftercooler cooling system.
3. Disconnect both the pressure line and the suction

N oo A

O o

10.

1.
12.

line from the auxiliary aftercooler water pump.

. Remove both inlet and outlet fittings.

.Loosen and remove the 4 mounting belts and nuts.
. Remove the drive belt.

. Remove the auxiliary aftercooler drive pulley from

the pump.

. Install a new pump.
.Install the 4 mounting bolts and nuts and do not

tighten at this time.

Install the inlet and out let fittings. Use a thread
sealant on the pipe threads.

Install drive pulley and belt.

Align the drive pulley and belt to the engine front
crankshaft pulley. And tighten the mounting boits.
Torque Value: 44 Nem (32 ft-Ib).
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Note: The aftercooler drive belt must have a mini-
mum of 1 inch belt deflection at the mid-point
between the two pulleys to insure that the aux. after-
cooler water pump does not exceed the side load
pressure limitations.

13. Install both the pressure and suction lines to the
pump connections.

14. Re-Service the system with treated coolant and vent
the system.

15. Reconnect the battery ground cable.

16. Start the engine and vent the system of any
entrapped air.

* Electrical System Repair
Alternator - Replacement
Preparatory Steps

1. Disconnect the ground cable from the battery terminal.

2. Remove and identify each electrical connection from
the alternatar and tag indicating location.

3. Loosen the alternator to alternator support nut and
cap-screw.

4. Loosen the adjusting link cap-screw.

5. Push the alternator toward the engine to release
tension on the alternator belt, and remcve the
belt(s).

6. Remove the adjusting link cap-screw and the adjust-
ing link.

7. Remove the alternator mounting cap-screws.

8. Remove the alternator.

9. Positicn the alternator on the bracket and secure it
with the mounting cap-screws.

Note: Do not tighten at this time.

10. Connect the alternator link to the alternator and fin-
ger tighten.
Note: Make sure the alternator link is properly posi-
tioned for correct belt alignment.

11. Install the belt and adjust beit tension.
New Belt Tension: 620 N [140 Ib]
Used Belt Tension: 270 to 490 N [60to 110 Ib]

12. Tighten the alternator adjusting link capscrew to the
following torque value (Grade 5 or higher):

Bolt Size Thread Size NM FT-LB
5/16 18 20 [15]}
7/16 14 34 [25]
1/2 13 68 [50]

13. Tighten the alternator to alternator support cap-
screw and nut to the following torque value:

Bolt Size Thread Size NM FT-LB
3/8 16 41 [30]
716 20 88 [65]

1/2 13 108 [80]

14. Install and tighten the electrical connections to the
alternator.

15. Install and tighten the electrical connections to the
battery.

Starter - Replacement
Preparatory Steps

1. Disconnect the ground cable from the battery.
2. Identify the electrical wire with a tag indicating focation.
3. Remove the battery cable from the solenoid.
4. Remove the starting motor.
5.Install the starting motor in the reverse order of
removal.
Torque Value: 176 N*m [130 fi-Ib]

* Lubricating Systemn Repair

Refer to the N14 Troubleshooting and Repair Manual,
Bulletin No. 3666065, for the proper procedure.

Notes:




Section 8
Compressed Air/Gas
System

Compressed Air System
Air Starting

Air starting is available as an engine option for most
CNGE engine models and is acceptable for use on all
Cummins engines. |t provides a generally higher crank-
ing speed than electric starting motors and the com-
pressed air source suffers less energy loss at iow ambi-
ent temperatures than electric storage batteries.

Air-Gas Starters

The air-gas starter system (tanks, line sizes, and valves)
is designed and installed by the original equipment man-
ufacturers and the starter suppliers. Refer any ques-
tions about air starting systems to the manufacturer.

Photo # 8-01 - Air-Gas Starter

Air Starters - Maintenance

Do not operate air starting motors with air pressure
lower than 480 kPa (70 psi).

Air-Gas Starters - Maintenance

Do not operate air-gas starting motors with air-gas pres-
sure lower than 490 kPa (70 psi).

Special Note:

Refer to the original equipment manufacturers and start-
ing motor manufacturer manuals for specific information
regarding the starting motors, valves, and systems.

Lubricator - Air-Gas Starter

CNGE pre-lubes the lubricator and then ships the unit in
adry state. Itis therefore necessary to add a clean non-
detergent Iubricant, preferable an SAE 10 {903SU), or
lighter. The rate of il delivery is adjusted by turning the
adjusting screw either clockwise for less oil or counter-
clockwise for more cil delivery.

CNGE recommends that you follow the manufacturer's

instructions for proper operation and maintenance of the
“Economist” lubricator.

--

1o HI L
“"'Nl) awal

Photo # 8-02 - Econemist Lubricator
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Section 9
Troubleshooting

Procedures and Techniques

This guide describes some typical engine operating
problems, their causes and some acceptable correc-
tions to those problems. Unless noted, the problems
listed are those that an operator can diagnose and
repair. See a CNGE authorized repair location for diag-
nosis and repair of problems not listed. Follow the sug-
gestions below for troubleshooting:

= Study the problem thoroughly before acting.

+ Refer to the engine system diagrams.

» Do the easiest and most logical things first.

* Find and correct the cause of the problem.
Instructions

Read each row of blocks from top to bottom. Follow the
arrows through the chart to identify corrective action.

Symptoms Listing

Engine WIll Not Crank ... e 9-2
Engine Cranks But Will Not Star...........ccvvieciieieen, 9-2
Hard To Start - Long Cranking Time .........cccccoveernnrnns 9-2
Engine Surge at Low ldie, Engine

Shaking or Rough Idle ... 9-3
Engine Runs Rough or Misfires............cocoeeeeeniiennenes 9-3
Engine Noisg EXCESSIVE ..o vt e 9-4
Engine Will Not Shut Off ... 9-4
Lubricating Qil Pressure LOW _.......ccoovvvnvncnceenicceeene 9-4
Lubricating Qil Pressure Too High ........coenvvinieenenn 9-4
Lubricating Oft Consumption EXCeSSIVE .......ccveereeen. 9-5
Co0lant LOSS ...t 9-5
Coolant Temperature Above Narmal ..., 9-5
Coolant Temperature Below Normal ..., 9-6
Coolant Contaminated ............cccoriineicreeneeees 9-6
Engine Vibration EXCESSIVE ..o oiev e 9-6
Check Ignition SYStem ... 9-7
Check Fuel-Gas System ............... e 9-7
Check Prassure Regulator..........ccovivinrecsnnerninces 9-7
Check Air Intake System ... e 9-7
Check Individual GyliNders ..ot 9-7

Governor INStability ... 9-7

Noles:
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Section 10
Component Manufacturers

Note: The following list contains addresses and telephone
numbers of suppliers of accessories used on Cummins
Natural Gas Engines, Inc. engines. Suppliers may be contact-
ed directly for any specifications not covered in this manual.

Air Heaters

Fleetguard, Inc.

1200 Fleetguard Road
Cookeville, TN 38502
Telephone - (931) 526-9551
Telephone - (800) 223-4583
FAX - (800) 899-8664

Alir Starting Motors

Ingersoll-Rand Engine
Starting Systems

888 Industrial Drive
Elmhurst, IL 60126
Telephone - (615) 672-7664
FAX - (615) 672-0805

Air-Gas Starting Motors

Ingersoll-Rand Engine
Starting Systems

888 Industrial Drive
Elmhurst, 1L 60126
Telephone - {615) 672-7664
FAX - {615) 672-0805

Alternators

Delco-Remy

E.Q. Box 2439

Anderson, TN 46018
Telephone - (765) 778-8588
FAX - (765) 778-6566

Robert Bosch Ltd.

P.O.Box 96

Broadway Park

North Orbital Road

Denham

Uxbridge

Middlesex

UD9 5HG

England

Telephone - (01895) 833633

Auxiliary Water Pumps

Crane Deming

TP Pump

Telephone - (505) 247-4036
Fax - (505) 243-0308

Belis

Dayco Mfg.

Belt Tech. Center

1955 Enterprise

Rochester Hills, Ml 48309
Telephone - (800) 848-7902
FAX - (704) 452-9777

Carburetors

Impco Technelogies Inc.
16804 Gridley Place
Cerritas, CA. 90701
Telephone - (582) 860-6666
FAX - (562} 860-3088

Coolant Heaters

Fleetguard, Inc.

1200 Fleetguard Road
Cookeville, TN 38502
Telephone - (800) 223-4583
FAX - (800) 999-8664

Kim Hotstart, Inc.

E. 5724 Broadway
Spokane, WA, 99212
Telephone - (508) 534-6171
FAX - (800) 224-5550

Electric Starting Motors

Delca-Remy

PO.BOX 2439

Anderson, IN 46018
Telephone - (765)778-6588
FAX - (765) 778-6566

Fans

Hayes-Albion

1399 Wildwood Avenue
Jackson, M| 49202
Telephone - (517) 782-9421

Brookside

PO. Box 30

McCordsville, IN 46055
Telephone - (317) 335-2014

Filters

Fleetguard, Inc.

1200 Fleetguard Road
Cookeville, TN 38502
Telephone - (800)223-4583
FAX - {800) 999-8664

Gas Regulators

Fisher Mig.

Silver Star Supply

14004 Canyon Dr.

Amarillo, TX 79110
Telephone - (808) 622-2166
FAX - (BOB) 622-2057




Maxitrol Co.

F.O.Box 2230

Southfield, MI 48037
Telephone - (248) 356-1400
FAX - (248) 358-0829

Gauges

Frank W. Murphy Mig.
P.O.Box 470248

Tulsa, OK 74147
Telephone - (218) 627-3550
FAX - (918)\664-6146

The Nasson Co.

RO.Box 505 -

West Union, SC 29696
Telephone - (864) 638-9521
FAX - {864) 838-7903

Governors

Woodward Governor Co.
1000 E. Drake Road
PO.Box 1519

Fort Collins, CO B0&22
Telephone - (970) 498-3539
FAX - (970) 498-3086

Barber Colman Co.

1354 Clifford Ave.
Rochford, tL 61132
Telephone - (815) 877-0241
FAX - (815) B77-0150

Heat Exchangers

Modine Mfg. Co.

1500 DeKoven Ave.
Racine, W! 53401
Telephone - (414) 636-1200
FAX - (414) 636-1424

Young Radiator Co.

2825 4 Mile Road

Racine, Wl 53404
Telephone - (414) 639-1011
FAX - (414) 639-1013

Ignition Systems

Altronic, Inc.

1200 Stambaugh Bldg
Youngston, OH 44501
Telephone - (330) 545-9768
FAX - (330) 545-4446

Fairbanks Morse
Engine and Accessory Operations
6402 Rockton Reoad
Bosco, 1L 61073
Telephane - (815) 389-4906
FAX - (815) 389-1770

Qil & Coolant Heaters

Fleetguard, Inc.

1200 Fleetguard Road
Cookeville, TN 38502
Telephone - (B00)223-4583
FAX - (800} 999-8664
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Kim Hotstart Co.

West 917 Broadway
Spokane, WA 99210
Telephone - (50%) 534-6171
FAX - (800) 224-5550

Radiators

GTI

General Thermodynamics Inc.
190 W. Marquette Ave.

QOak Creek, WI 53154
Telephone - (414) 764-5600
FAX - (414) 764-5630

Radiator Specialties
F.O.Box 28698

Sacramento, CA 95828
Telephone - (916) 381-4790
FAX - (816) 381-8943

G &QO.

160 Gando Drive

New Haven, CT 06513
Tetephone - (203) 562-5121
FAX - (203) 789-8760

Spark Plugs

Champion Spark Plug Co.
910 Upton Ave.

Toledo, OH 43607
Telephone - (419} 535-2458

Stitt Spark Plug Co.

P O.Box 327

Conroe, TX 77305
Telaphone - (409) 756-7796
FAX - (409) 539-9762

Shut -Off Valves

Automatic Switch Co.
PO.Box 135681

Newark, NJ (7188
Telephone - (714) 937-0811
FAX - (714) 937-1390

L.P.Gas & Equipmant Co.
3216 S. Nordic Road
Arlington Heights, IL 60005
Telephone - (708) 437-2345

Tachometers

Altronic, Inc.

1200 Stambaugh Bldg.
Youngston, Ohio 44501
Telephone - (330) 545-9768
FAX - (330) 545-4446
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Section 11
Service Assistance

Service Assistance
Emergency Service Assistance

If you should require emergency service assistance, check
the yellow pages for the nearest Cummins distributor.

Should you be unable to reach the local distributor in the
above manner, Cummins Engine Company has estab-
lished a 24 hours a day, toll free number for service assis-
tance. In 48 states, you can call Cummins Customer
Relations toll free by dialing 800-343-7357. In Alaska,
Hawaii, and Canada, call collect 812-379-6115.

Cummins Owner Assistance

Cummins Natural Gas Engines backs its engines with
expert service and complete parts support through the
Cumming Distributor Network on a worldwide basis.
Cummins people are trained to provide the CNGE owner
with sound advice, expert service and professional treat-
ment at all Cummins locations.

Any problem that you may have in connection with the sale,
opetation or service of your CNGE engine can be handled
at the nearest Cummins location. Occasionally, you may
feel a problem has not been handled to your satisfaction. At
those times, we urge you to pursue the problem until you
are satisfied.

Many probiems resuft from a breakdown in communica-
tions and can often be solved by bringing in a third party as
a mediator. Bring your problem to the next higher authority
to discuss.

CNGE recommends:

1. If a problem originates with a salesperson or service
technician, talk to the sales or service manager.

2. If a problem originates with a sales or service man-
ager, talk to the owner of the service location.

3.If a problem originates with a CNGE authorized
dealer, talk to the Cummins distributor with whom
the dealer has a service agreement.

4. If a problem originaies with a distributor, please call
the nearest CNGE Regional or Divisional office. The
majority of problems can be solved below the divi-
sional office level. However, before you call, write
down the following information and have it ready:

A. Name and location of the Cummins distributor or
dealer.

B. Type and make of equipment.

C. CNGE engine model and serial number.

D. Total number of hours of operation,

E. Nature of problem.

F. Summary of the current problem arranged in the
order of occurrence.

If you still have problems please write:

Customer Relations
Cummins Natural Gas Engines, Inc
8713 Airport Freeway, Suite 316
Fort Worth, Texas 76180

or
Customer Relations
‘Cummins Engine Company, Inc.
Box Number 3005
Columbus, Indiana 47202-3005

We do request that the above steps be followed in order.
Most of the actual work on an engine can be performed
at the original location, so please give them a chance to
satisfy you first.

CNGE Regional Offices

Representatives for the following regions are located at
CNGE Headquarter Office in Fort Worth, TX, U.S.A.

Canadian Region
Central Region
Eastern Region
Western Region
International Region

Cummins Natural Gas Engines, Inc
8713 Airport Freeway, Suite 316
Fort Worth, TX 76180

Telephone (817) 581-7575

Fax: (817) 581-4548

Cummins Natural Gas Engines, Inc
Parts Distribution Center

409 South MNotrris Street

Clovis, NM 88109

Telephone: {505) 769-2173

Fax: (505) 762-4203




Cummins Distributor Service Assistance

Cummins Distributors in Canada, Puerto Rico and in the
United States are listed in the U.S. and Canadian Sales
and Service Directory. For Directory Assistance, call
1-800-DIESELS.

International Distributor locations are contained in an
International Sales and Service Directory Bulletin
#3382133.

Notes:
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