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Foreword

This manual contains information for the correct operation and maintenance of your Cummins
engine. It also includes important safety information, engine and systems specifications,
troubleshooting guidelines, and listings of Cummins Authorized Repair Locations and component
manufacturers.

Keep this manual with the equipment. If the equipment is traded or sold, give the manual to
the new owner.The information, specification, and recommended maintenance guidelines in this
manual are based on information in effect at the time of printing. Disel Engine plant of DongFeng
Automobile Co, Ltd.reserves the right to make changes at any time without obligation. If you find
differences between your engine and the information in this manual, contact us.

The latest technology and the highest quality components were used to produce this engine.

When replacement partsare needed, we recommend using only genuine Cummins exchange parts.
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Important Reference Numbers

Fill in the part name and number in the blank spaces provided below. This will give you a
reference whenever service or maintenance is required.

Engine Model

Engine Serial Number

Engine Specification Number

Fuel Pump Part Number

Filter Part Numbers:

* Air Cleaner Element

* Lubricating Oil

 Fuel

*  Fuel Water sparator

Belt Part Number
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Section 1-Introduction
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To The Owner and Operator

Preventative maintenance is the easiest and least expensive type of maintenance. Follow the maintenance
schedule recommendations Outlined in Maintenance Guidelines (Section 2).

Keep records of regularly scheduled maintenance.

Use the correct fuel, oil and coolant in your engine as specified in Engine Specifications (Section V).

About the Manual

This manual contains information needed to correctly operate and maintain your engine as
recommended by Dongfeng Cummins Engine Co., Ltd. Additional service literature (Shop Manual,
Troubleshooting and Repair Manual, etc.) can be ordered by filling out and mailing the Literature order
Form located in Service Literature. This manual does not cover vehicle or equipment maintenance
procedures. Consult the vehicle or equipment manufacturer for specific maintenance recommendations.
Numerous illustrations and symbols are used to aid in understanding the meaning of the text. Refer to
page i-5 for a complete listing of symbols and their definitions.

Each section is preceded by a “Section Contents” to aid in locating information more quickly.

How to Use the Manual

This manual is organized according to intervals at which maintenance on your engine is to be
performed. A table which states the required intervals and the checks to be made is located in Section 2.
Locate the interval at which you are performing maintenance then follow the steps given in that section
for all the procedures to be performed. In addition, all the procedures done under previous maintenance
intervals must be performed.

Keep a record of all the checks and inspections made. A record form for recording date, mileage /
kilometer or hours, and which maintenance checks were performed is located in Section 2.

Refer to Section T for a guide to troubleshooting your engine. Follow the directions given on page T
— 2 to locate and correct engine problems.

Refer to Section V for specifications recommended for your engine. Specifications and torque

values for each engine system are given in that section.
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Symbols

The following symbols have been used in this manual to help communicate the intent of the
instructions. When one of the symbols appears the meaning defined below:

WARNING-Serious personal injury or extensive
property damage can result if the warning

instructions are not followed.

PERFORM a mechanical or time MEASUREMENT.

LUBRICATE the part or assembly.

Indicates that a WRENCH or TOOL SIZE will be

CAUTION-Minor personal injury can result or a
part, an assembly, or the engine can be damaged
given.

if the caution instructions are not followed.

K [F] &

TIGHTEN to aspecific torque.

@@ Indicates a REMOVAL or DISASSEMBLY

step.

PERFORM an electrical MEASUREMENT.

bav Indicates an INSTALLATION or ASSEMBLY
step.

Refer to another location in this manual or

another publication for additional information.

INSPECTION is required.
F-) The component weighs 23 kg [50 Ib] or more. To

g/ avoid personal injury, use a hoist or get
CLEAN theart or assembly. assistance to lift the component.

) e

[llustrations

Use the illustrations in this manual as a guide to
perform the action or the repair described. Many
illustrations are generic and will not look exactly like
the engine or the parts used in your application. In
order to provide clarity to illustrations, some
illustrations show parts removed that are not related
to the specific parts given in the text.

Most of the illustrations contain symbols to indicate
an action required or to indicate an acceptable (OK)
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General Safety Instructions

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 are included in the procedures when they apply.

NOTE: It is not possible for Cummins Engine Company, Inc.to anticipate every possible circumstance
that can involve a potential hazard.

Warning: Disconnect the battery and discharge any capacitors before beginning any repair work.
Disconnect the air starter, if equipped, to prevent accidental engine starting. Put a “Do Not Operate” tag
in the operator's compartment or on the controls.

Warning: Use ONLY the correct engine barring techniques for manually rotating the engine. Do not
attempt to rotate the engine by pulling or prying on the fan. This practice can cause serious personal
injury, property damage, or damage to the fan blade (s), causing premature fan failure.

Warning: If an engine has been operating and the coolant is hot, allow the engine to cool before you
slowly loosen the filler cap and relieve the pressure from the cooling system.

Warning: Do not work on anything that is supported ONLY by lift jacks or a hoist. Always use blocks
or correct stands to support the product before performing any service work.

Warning: To avoid burns, be alert for hot component parts just after the engine has been shut off and
for hot fluids in lines, tubesand compartments.

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

Warning: To prevent suffocation and frostbite, wear protective clothing and ONLY disconnect liquid
refrigerant (freon) lines in a well ventilated area. Use a freon capture system to prevent leakage to the
atmosphere. If in doubt, contact your state and local environmental authorities or the Environmental
Protection Agency (EPA) for guidance as to proper handling of freon.

Warning: Corrosion inhibitor contains alkali. Do not get the substance in your eyes. Avoid prolonged
or repeated contact with skin. Do not swallow internally, in case of contact, immediately wash skin with
soap and water. In case of contact, immediately flood eyes with large amounts of water for a minimum of
15 minutes. IMMEDIATELY CALL A PHYSICIAN. KEEP OUT OF REACH OF CHILDREN.

Warning: Always use proper tools that are in good condition. Make sure you understand how to use
them before performing any service work.
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Warning: Always use the same fastener part number (or equivalent) when replacing fasteners. Do not
use a fastener of lesser quality if replacements are necessary.

warning: Never use gasoline or other flammable materials to clean parts. Always use approved cleaning
Solvents.

Warning: Avoid prolonged and repeated skin contact with used engine oils Such prolonged and repeated
contact may cause serious skin disorders or other serious bodily injury.

--- Avoid excessive contact.wash thoroughly after contact.
---Keep out of reach of children.

PROTECT THE ENVIRONMENT: Handling and disposal of used engine oils may be subject to federal,
state and local law and regulation,. Use authorized waste disposal 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.

Dispose of antifreeze properly. Handling and disposal of antifreeze can be subject to Federal, State and

Local regulation. If in doubt, contact your state and local authorities or the Environmental Protection
Agency (EPA) for guidance as to proper handling and disposal of used antifreeze.

Definition of Terms

AFC Air Fuel Control H20 Water

API American Petroleum Institute in-b Inch Pound

ASA Air Signal Attenuator kg Kilograms

ASTM American Society of Testing andMaterials km Kilometers

C Celsius km/1 Kilometers per Liter

CAC Charge Air Cooled kPa Kilopascal

CARB California Air Resources Board KSB Cold Start Advance

C.1.D. Cubic Inch Displacement I Liter

Cm Centimeter LDA Air-Fuel Control

CPL Control Parts List m Meter

csT Centistokes mm Millimeter

DCA Diesel Coolant Additive MPa Megapascal

E.C.S Emission Control System MPH Miles Per Hour

EPA Environmental Protection Agency MPQ Miles Per Quart

F Fahrenheit Nem Newton-meter

ft-1b Foot Pound OEM Original EquipmentManufacturer
GVW Gross Vehicle Weight ppm Parts Per Million

Hg Mercury psi Pounds Per Square Inch
HP Horsepower RPM Revolutions Per Minute

14/ 167
pages




2 - EHETEFAEHERAR
c’AnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Section 2-Engine and Component Identification
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Industrial Engine Nomenclature

The model name for Industrial engines provides
the following engine data:

4 BTA 39

— Displacement in Liters
Aftercooled oo
Turbocharged
Engine Series
umber of Cylinders

General Specifications (Non-Automotive Engines)
GENERAL ENGINE DATA 4B3.9 4BT3.9 . 4BTA3.9 6B5.9 6BT5.9 6BTAS.9
Bore-mm [in].....ccc......... s 102 [4,02)
Stroke-mm [inl................. 120 [4.72]
Disp;acement_liler [in. 3]”“ .............. 3_9 [239] e s 5.9 [359] [——
Engine Weight (Dry) Less
Flywheel and Electricskg
lbs.]........ 308 [680] 320 {705] 329 [725] 388 [855] 399 [880] 411 [905]
F“-Ing Order ____________________ 1342 15.3_62.4
Valve Clearances

-Intake-mm [in.l.............. . 25 [0.010]

-Exhaust-mm [in].......... . 51 {. 020]
Compression Ratio........ 185: 1 175:1 16.5: 1 18.5: 1 175:1 16.5: 1
Rotation, viewed from the
Front of the Engine........... Ciockwise
Aspiration x _ X

-naturally Aspirated........ X x X X

-Turbocharged................. X x

-Aftercooled...................

-Charge Air Cooled......

NOTE: See additional pages for Automotive Specifications.
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LUBRICATION SYSTEM kPa [psi] 4B3.9 4BT3.9 4BTA3.9* 68B5.9 6BTE.9 6BTAS.9°
Minimum Allowable Oil Pressure@idle 69 [10] 69 [10] 69 {10] 69 [10] 69 [10] 69 [10!
Minimum Allowabls Oil Pressure@Rated 207 [30] 207 [30] 207 [30] 207 {30] 207 [30] 207 [30]
Regulated Pressure 449 [65] 449 [65] 449 [65] 449 [65] 449 [65] 449 [65]
Differantial Preasure to Open Filter Bypass 138 [20] 138 [20] 138 [20] 138 {20] 138 [20] 138 [20]
Oil Capacity L [QT]
Standard Pan Only 9.5 [10] 9.5 [10] 9.5 [10] 14.2 [15] 14.2 [15] 14.2 [15]
Total System (Pan, Filter, Lines) 109 [11.5] 11 [11.6] 11 [11.6] 16.3[17.2] 16.4[17.3] 16.4 [17.3}
No.QTS From*“L"to “H”on Dipstick [1] 1] 1] (2] [2] [2]
COOLING SYSTEM L [QT]
Engine Coolant Capacity 70741 70(74] 7910[84] 9.01[95 901[95 9.9 {10.5]
Thermostat Modulating Range *C[°F1  83-95 83-95 83-95 B3-95 83-95 83-95
(181-230] [181-203] [181-203] [181-203] [181-203] [181-203]
Pressure Cap kPa [psil |
104 °C [220 °F] 103 [15] 103 [15] 103 [15] 103 [15] 103 [15] 103 [15]
99 °C [210 °F] 48 [7] 48 (7] 48 [7} 48 (7] 48 [7] 48 [7]
* Jacket-water aftercooled
INTAKE AIR, EXHAUST
AND FUEL SYSTEM 483.9 4BT3.9 4BTA3.9 6B5.9 6BT5.9 6BTAB.9
Maximum Allowable intake
Restriction at Rated Speed and
Load with Dirty Speed  Fiter El-
ement-mm H,0
line MOl 508 [20} 635 [25] 635 [25] 508 [20] 635 [25] 635 [25]
Maximum Allowable Exhaust
Restriction at Rated Speed and
Load-mm Hg
[in. Hg} .............................. 76.2mm [3 in]
Maximum Fuel Pressure Drop
Across Filters
kPa [psil......ccooveveeeen. 34mm [5]

Maximum Allowable Return Line
Restriction-mm Hg [in. Hg]....

Maximum Inlet Restriction
to fuel transfer pump-
mm Hg [in. Hgl

100 [4]

518mm [20.4 in]
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ELECTRICAL SYSTEM 4B3.9 4BY3.9 4BTA3.9 685.9 6BT5.9 6BTAE.9

Minimum Recommended Battery Capacity-
With Light Accessorige”

-12 V Starter............oooeveee 625CCA 625CCA 625CCA 800CCA 80CCCA 800CCA

24V Starter.........oooooe 312CCA 400CCA 400CCA 400CCA 400CCA 400CCA
With Heavy Accessories™ -

12V Starter.........cocooeene 800CCA 800CCA 800CCA 950CCA 950CCA 950CCA

-24 V Starter.........coccceeenn 400CCA 400CCA 400CCA 475CCA 475CCA 475CCA
Maximum Allowable Resistance of Starting

Circuit _

-With 12 V Starter-Ohms........ . 0012

-With 24 V Starter-Ohms........ . 0020

*Typical light accessories include alternator, small steering pump, and disengaged clutch.
**Typical heavy accessories include hydraulic pump and torque converter.

Batteries (Specific Gravity)

Specific Gravity at 27°C [80° F] State of Charge
1.260-1.280 100%
1.230-1.250 75%
1.200-1.220 50%
1.170-1.190 25%
1.110-1.130 Discharged
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External Engine Components

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

different engine models.

Engine Air Inlst

High Pressure Intake Ajr Preheater

Fuel Lines {optional)
Inline Fuel Fuel Filtert
Injection Pump Water Separator
Air Compressor 3/4 NPTF (inch)
Air Intake Water (Heater)
1/4 NPTF (inch)
Fuel Inlet Connection
. Magnetic Pickup Location
=1 3/4-16 UNF
Air Compressor & o ~'\
1 J Fuel Lift Pum
'\~.\
Engine Date Plate r J
! L— Dipstick
1/8 NPTF (inch)
Qil Pressure
Rear Engine Turbs Exhaust Qutlet

Lifting Brocket

Fuel Return Connaction

Flexplate Mounting
Heles

Flywheel

Flywheel Housing

Rear View
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Fuel Injection Nozzles Turbo Wactegate

Git Fill
Fromt Engine
Lifting Bracket

Water Outlet

Lubricationg Oil Filter

Lubricationg Qil Gooler

o} o W
Starter Motar Ty ® ater Inlet
and Solenoid °E 2 ® @ 1/2 NPTF Water
h e {Heater Return)

Provision for Gil = ; =

Immersion Heater B |

Oil Drain

=
Twibocharger Side View
Tubo Air Inlet : Turbo Air QOutlet
Automatic Belt Engine Air Inlet
Tensioner : '
Fan Pulley
Altemator Fuel Pump Drive Cover
Water Pump
Water |nlet ————"" Air Compressor
Air Qutlet

Vibration Dampe Front Gear Cover

Fan Drive Belt

b e —

Front View
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Section 3-Operating Instructions
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General Information

Correct care of your engine will result in longer life, better performance, and more economical operation.
*Follow the daily maintenance checks listed in Maintenance Guidelines,Section 2.

*Check the oil pressure indicators,temperature indicators,warning lightsand other gauges daily to make
sure they are operational.

Warning: DO NOT OPERATE A DIESEL ENGINE WHERE THERE ARE OR CAN BE COMBUSTIBLE
VAPORS. These vapors can be drawn through the air intake system and cause engine acceleration and
over-speeding, which can result in a fire, an explosion and/or extensive property damage. Numerous
safety devices are available, such as air intake shutoff devices,to minimize the risk of over-speeding
where an engine,due to its application,might operate in a combustible environment, such as due to a fuel
spill or gas leak. Remember, Cummins has no way of knowing the use you have for your engine. THE
EQUIPMENT OWNER AND OPERATOR ARE RESPONSIBLE FOR SAFE OPERATION IN A
HOSTILE ENVIRONMENT CONSULT YOUR CUMMINS AUTHORIZED REPAIR LOCATION FOR
FURTHER INFORMATION.

Starting Procedure

Automotive- (Bosch VE and P-Pumps with RQV-K Governor) above 16 “C [60 °F]
Foot off throttle. The VE pump has an internal starting circuit to provide starting fuel delivery. The inline
pump delivers sufficient fuel to start engine with throttle at idle.

Automotive- (Bosch VE and P-Pumps with RQV-K Governor) below 16 'C [60 °F]

Foot at full throttle while cranking. The VE pump has an internal circuit to provide starting fuel delivery,
and open throttle helps keep the engine operating, once started. The inline pump requires open throttle
to position and hold the rack in the maximum fuel position.

Industrial/Marine- (Bosch VE, Lucas DPA, Stanadyne DP4, Nippondenso EP-9) above 0 °C [32 °F]

Foot off throttle. The VE pump has an internal starting circuit to provide starting fuel delivery. The DPA
pump has a metering valve which will remain in start position if cranking speed does not approach idle
speed. The EP-9 pump has a “Start Spring” which automatically moves the rack to the start fuel position.

Industrial/Marine

(Bosch VE)below 0 °C [32 °F]

Foot at full throttle while cranking.The VE pump has an internal circuit to provide starting fuel
delivery.and open throttle helps keep the engine operating,once started.

(Lucas DPA,Stanadyne DP4 and Nippondenso EP-9)below 0 “C [32 °F]

Foot off throttle.The DPA pump has a metering valve which will remain in start position if cranking speed
does not approach idle speed.The EP-9 has a“startSpring” which automatically moves the rack to the
start fuel position.
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Starting Procedure Matrix

Idle Throttle Full Throttle
Automotive
All pumps-above 16°C [60°F] ......ccooiiiii e, X
All pumps-below 16°C [B0°F] ..o e X
Industrial/Marine
All pumps-above 0°C [32°F] oo, X
All except Bosch VE-below 0°C [32° F] ..o X
BOSCh VE-DEIOW 0%C [B2°F ] ettt ittt et e e e e e et e et et et et et et e e aeeneaes X

® Disengage the driven unit,or if equipped,put the transmission in neutral.
® Position the fuel shut-off,electrical switch or mechanism control to the RUN position.

Caution: To prevent damage to the starter, do not engage the starting motor more than 30
seconds. Wait 2 minutes between each attempt to start (electrical starting motors only).

® |If the engine does not start after thereattempts,check the fuel supply system. Absence of blue or
white exhaust smokeduring cranking indicates no fuel is being delivered.

® Move the throttle position to idle as the engine starts.

Engine oil pressure must be indicated on the gauge within 15 seconds after starting.

® \When starting a cold engine,increase the engine speed (RPM) slowly to make sure adequate
lubrication is available to the bearings.

Caution: Do not idle the engine for excessively long periods. Long periods of idling (more than
10 minutes) can damage an engine because combustion chamber temperatures drop so low the
fuel will not burn completely. This will cause carbon to clog the injector spray holes and piston
rings, and can cause the valves to stick. If the engine coolant temperature becomes too low
(60 °C [140 °F]), raw fuel will wash the lubricating oil off the cylinder walls and dilute the
crankcase oil; therefore, all moving parts of the engine will not receive the correct amount of
lubrication.

® |dle the engine 3 to 5 minutes before operating with a load.

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.
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Cold Weather Operation

Starting Aid Requirements
Use the following chart as a reference for required cold weather starting aids:
Operation in ambient temperatures below 0°C [32°F] can require special consideration be given to
engine starting. At temperatures below 0°C [32°F], operate the engine at moderate speeds for 5 minutes
before full loads are applied.

OIL PAN AND
STARTING AIDS BLOCK HEATERS BATTERY CAPACITY
0\ 1
UNAIDED UNAIDED STANDARD
o°C I2°F — I — - - == ——T ————————————————
SUGGESTED SUGGESTED
- 12°C 10F -6 — Y- — - - —[- == — - pil Sl
¥ EXTRA CAPACITY
— 18°C 0°F REQUIRED SUG(;S::ESTED
— 24°C —10°F —m — = - mm - —-—_ e — - - - = - i ————————

_ EXTRA CAPACITY
REQUIRED  prquiRED (180-200%)

Winterfronts

Winterfronts can be used on a vehicle equipped with
charge air cooling (CAC), but must be designed to partially
cover the frontal area of the cooling system. A minimum of
120 square inches (11 in x 11 in) of frontal area must be left
open to air flow for the CAC to function correctly.

Shutters

Installations of CAC engines with shutters also requires an
intake manifold air temperature switch to open the shutters
to prevent excessive intake manifold temperatures. This
prevents engine damage due to high intake manifold
temperatures as a result of blocked air flow across the CAC.
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Cold Weather Starting
Using Starting Fluid With Mechanical or Electrical Metering Equipment

Set the throttle at half speed.

Disengage the driven unit,or if equipped,put the transmission in neutral.

Activate the switch to open the fuel pump shut-off valve.

While cranking the engine,inject metered amounts of starting fluid.

Engine oil pressure must be indicated on the gauge within 30 seconds after starting.

Warning: Never use starting fluid near an open flame, or with a preheater or flame thrower equipment.
This combination can cause an explosion.

Warning: Do not breathe starting fluid fumes. Starting fluid fumes can be harmful to your health.

Caution: Do not use excessive amounts of starting fluid when starting an engine. The use of too much
starting fluid will cause engine damage.

® Spray starting fluid into the air cleaner intake while another person cranks the engine.

Warning: Do not ues volatile cold starting aids in underground mine or tunnleoperatons due to the
potential of an explosion. Cheak with the local U. S. Bureau of Mines Inspector for instructions.

Starting Procedure-After Extended Shutdown or Oil Change

Complete the following steps after each oil change, or after the engine has been shut off for more than 7
days to make sure the engine receives the correct oil flow through the lubricating oil system:

® Disconnect the electrical wire from the fuel pump solenoid valve.

® Rotate the crankshaft, using the starting motor,until oil pressure appears on the gauge, or the
warning light goes out.

® Connect the electrical wire to the fuel pump solenoid valve.

Start the engine; refer to Normal Starting Procedures in this section.

® Refer to Fuel System-Bleeding, Section 5, for instructions to vent the fuel system.
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Operating the Engine

® Do not operate engine at full throttle below peak torque engine speed (1100 to 1600 RPM.dependent on
engine rating) for extended periods (more than 1 minute) of time.

® Allow the engine to idle 3 to 5 minutes before shutting it off after a full load operation.

® Monitor the oil pressure and coolant temperature gauges frequently.Refer to Lubricating Oil System or
Cooling System,Section v,for recommended operating pressures and temperatures.Shut off the
engine if any pressure or temperature does not meet the specifications.

Caution: Continuous operation with low coolant temperature (below 60°C [140° F]) or high
coolant temperature (above 100 °C [212 °F]) can damage the engine.

® |f an overheating condition Starts to occur, reduce the power output of the engine by releasing the
throttle pressure or shifting the transmission to a lower gear,or both,until the temperature returns to
normal operating range.If engine temperature does not return to normal, shut off the engine.and
refer to Troubleshooting,Section T,or contact a Cummins Authorized Repair Location.

® Most failures give an early warning.Look and listen for changes in performance,sound,or engine
appearance that can indicate service or engine repair is needed.Some changes to look for are as
follows:

— Engine misfires — Excessive smoke

— Vibration — Loss of power

— Unusual engine noises— An increase in oil consumption

— Fuel, oil, or coolant leaks — An increase in fule consumption
-— Sudden changes in engine
operating temperature or oil pressure

Engine Operating Range

Caution: Cummins engines are designed to operate successfully at full throttle under transient conditions
down to peak torque engine speed (RPM). This is consistent with recommended driving practices for
good fuel economy. Excessive full throttle operation below pead torque RPM (peak torque RPM varies
from 1,100 RPM to 1,600 RPM, depending upon rated engine speed) will shorten engine life to overhaul,
can cause serious engine damage, andis considered engine abuse.

Caution: Operation of the engine below peak Torque RPM can occur during gear shifting due to different
of ratios between transmission Sears, but engine operation must not be sustained more than 1 minuteat

full throttle below peak torque RPM.

Caution: Operating the engine beyond high idle speed can cause severe engine damage. When
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descending a steep grade, use a combination of transmission gears and engine or service brakes to
control the vehicle and enginespeed.

Engine Shut-down

® Allow the engine to idle 3 to 5 minutes after a full load operation before shutting it off. This allows the
engine to cool gradually and uniformly.

® Turn the ignition key switch to the OFF position.
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Section 4-Maintenance Guidelines
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General Information

Cummins Engine Company, Inc. recommends that the engine be maintained according to the
Maintenance Schedule in this section.

If the engine is operating in ambient temperatures consistently below-18°C [0°F] orabove38°C [100°F],
perform maintenance at shorter intervals. Shorter maintenance intervals are also required if the engine
is operated in a dusty environment or if frequent stops are made. See your Cummins Authorized Repair
Location for recommended intervals.

Use the chart provided at the end of this section as a convenient way to keep a record of maintenance
performed.

Tool Requirements

In the text, a symbol followed by the wrench size or tool description in used to identify the tooling
required to perform each step. A list of wrench sizes and descriptions indicate more than one tool is
needed.

Sockets Wrenches Other Tools
19mm 19mm Fuel line nuts
17mm 17mm Filter Wrenches (75-80mm and 90-95mm)
15mm 15mm Ratchet (1/2 inch drive)
14mm Torque Wrench
13mm Flat Blade Screwdriver
10mm 5/16 Allen Wrench

Feeler Gauges (0.25 mm and 0.51 mm)
Engine Barring Gear Part NO. 3377371.
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Maintenance Schedule

Daily or Refueling Every 10,000 Km Every 19,000 Km Every 38,000 Km Every 77,000 Km
[6,000 Mi], 250 [12,000 Mi], 500 [24,000 Mi] 1000 [48,000 Mi], 2000
Hours or 3 Months Hours or 6 Months  Hours or 12 Months Hours or 2

Years

Check >>>>>>>>>>>>>>>>>>>>>>>>>>Change/Rep|ace<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

« Oil Level * Lube Oil ® * Lube Oil * Lube Oil * Lube Ol

+ Coolant Level * Lube Filter * Lube Filter * Lube Filter * Lube Filter
* Fan-Inspection * Fuel Filter® * Fuel Filter * Fuel Filter

»  Drive Belt-Inspection * Antifreeze J

*  Fuel Water Trap
SOSSSSSDSSDSDSDSDOSSOSOSSOS>> AdjuSt<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
 Valve Lash? Clearance

>>>>>>>>>>>>>>>>>>>>>>>>>> Check/ Inspect <<<<<<<<<<<<<<<<<<LLLILLLLLLLLL LKL

* Air Cleaner +Air Cleaner «Air Cleaner +Air Cleaner
Intake System Intake System Intake System Charge Air Cooler®
*Charge Air Cooler *Antifreeze ® *Charge Air Cooler eIntake System
» Charge Air Cooler *Antifreeze *Fan Hub
*Fan Hub * Belt Tensioner
*Belt Tensioner Bearing
Bearing *Belt Tension
*Belt Tension *Damper

®Refer to the Oil Change Interval chart given in Section 4 to find the specific oil change interval for your application.

@]Initial valve lash clearance adjustment, subsequent adjustments to be performed at 77,000 Km [48,000 mile] or every

4th oil change for automotive engines and, 2000 hour, 2 year intervals.

® Must use a heavy duty year around antifreeeze that meets the chemical composition of GM6038M.
The change interval is 2 years or 320,000 Km [200,000 MiJ, whichever occurs first. Antifreeze is
essential for freeze, overheat and corrosion protection.

@Service interval is 2 years or 320,000 Km [200,000 Mi], whichever occurs first.

® Service internal is every other oil change or 19,000 Km [12,000 miles], 500 hours or 6 months.
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Maintenance Record From

Maintenance Record

Engine Serial No.

Engine Model

owner's Name

Equipment Name/Number

Km (Miles), Actual Km Maintenance Check
Date Hours or Time | (Miles) or Check Performed Comments
Interval Hours Performed By
Km (Miles), Actual Km Maintenance Check
Date Hours or Time | (Miles) or Check Performed Comments
Interval Hours Performed By
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Section 5-Daily Maintenance Procedures
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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
® |oose or damaged parts
® Worn or damaged belts

® Any change in engine appearance

Fuel-Water Separator

Draining
Draing the water and sediment from the separator
daily. Shut off the engine. Use your hand to open the
drain valve. Turn the valve counterclockwise
approximately 1 1/2-to 2 turns until draining occurs.
Drain the filter sump of water until clear fuel is 3l
visible. ( 5

Caution: Do not overtighten the valve.
Overtightening can damage the threads.

Turn the valve clockwise to close the drain valve.

C

Oil Level

Check
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 o
check the oil. This allows time for the oil to drain to
the oil pan.

NOTE: The engine must be level when checking the
oil level to make sure the measurement is correct.

Low Mark To High Mark Oil Capacity
4 Cylinder-0.95 Liter [1.0 U.S. Quart]
6 Cylinder-1.89 Liter [2.0 U.S. Quart]
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Coolant Level

Check

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
filler cap slowly to relieve coolant system
pressure.

NOTE: Never use a sealing additive to stop leaks
in the coolant system. This can result in coolant
system plugging and inadequate coolant flow
causing the engine to overheat. The coolant level

must be checked daily. 50%
WATER

. , 50%
Caution: Do not add cold coolant to a hot engine. ANTIFREE2E
Engine castings can be damaged. Allow the engine
to cool to below 50 °C [120 °F] before adding \ -
coolant.
NOTE: On applications that use a coolant recovery
system, check to make sure the coolant is at the

appropriate level on the coolant recovery tank
depending on engine temperature.

Fill the cooling system with coolant to the bottom of the fill |
neck in the radiator fill or expansion tank.

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

Inspection

Visually inspect the belt. Check the blet for intersecting
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 belt if it is frayed or has
pieces of material missing. Refer to Adjustment and @

Replacement (Section A).

Cooling Fan

Inspection

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

NOTE: Rotate the crankshaft by using the engine
barring gear.

x A visual inspection of the cooling fan is required
daily. Check for cracks, loose rivets, and bent or
loose blades. Check the fan to make sure it is
securely mounted. Tighten the capscrews if
necessary. Replace any fan that is damaged.

36/ 167
pages




2 - EHETEFAEHERAR
CFAnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Section 6-Maintenance Procedures at 10,000 Kilometers

[6,000 Miles], 250 Hours or 3 Months
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General Information

All checks or inspections listed under daily or previous maintenance intervals must also be performed at
this time in addition to those listed under this maintenance interval.

Lubricating Oil and Filter Change Interval

Refer to the following flow chart to determine the maximum recommended oil and filter change intervals
in kilometers, milse, hours or months; whichever comes first.

Lubricating Oil and Filter

Changing
Caution: Avoid prolonged and repeated skin contact with used engine lubricating oils. Such prolonged
and repeated contact may cause skin disorders or other bodily injury.

— Avoid excessive contact-wash thoroughly after contact.

— Keep out of reach of children.

PROTECT THE ENVIRONMENT: Handling and disposal of used engine lubricating oil may be subject to
federal, state and local law and regulation.Use authorized waste disposal facilities, including civic
amenity sites and garages providing authorized facilities for receipt of used lubricating 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.

NOTE: If the engine is service, the oil drain interval of
10,000 Km [6,000 miles]250 hurs or 3 months (or
approved extended interval from the Chart on Page 4-3)
must be observed.

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

NOTE: Drain the oil only when it is hot and the
contaminants are in suspension.
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17mm

Caution: Hot oil can cause personal injury

Operate the engine until the water temperature
reaches 60°C[140°F].Shut the engine off. Remove

the oil drain plug.

NOTE: Use a container that can hold at least 20
liters [15 U.S. gts.] of ail.

R

A
R

upipgma

90 to 95 mm Filter Wrench

Clean the area around the lubricating oil filter head.
Remove the filter. Clean the gasket surface of the filter
head.

NOTE: The o-ring can stick on the filter head. Make
sure it is removed before installing the new filter.

Make sure the correct oil filter is used.

The filter for the six-cylinder engine is longer than the
filter for the four-cylinder engine.

A = Standard for four-cylinder applications.

B = Standard for six-cylinder applications.

NOTE: A 6 cylinder oil filter can be used on a 4 cylinder
engine. Do not use a 4 cylinder oil filter on a 6 cylinder
engine.
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NOTE: Fill the filters with clean lubricating oil before

installation.

Apply a light film of lubricating oil to the gasket sealing
sur- face before installing the filters.

I18athe

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

Install the filter as specified by the filter manufacturer.

H3stht

17 mm

Check and clean the oil drain plug threads and sealing
surface.

Install the oil drain plug.Torque Value: 80 N*m [60
ft-Ib]

OGBH® K]

NOTE: Use high quality multi-grade lubricating oil
meeting the American Petroleum Institute (API)
classification of CE/ SG as outlined in Specifications
and Torque Values (Section V).

9

NOTE: CD/SF oil can be used in areas where CE/SG
oil is not yet available.

If CD/SF oil is used, change the oil at one-half the
recommended intervals.

pIOge
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Fill the engine with clean oil to the proper level.

Four Cylinder Six Cylinder
Pan Capacity 9-5 Liters 14.2 Liters

[10U.S. Qts] [15U.S. Qts]
Total System 10.9 Liters 16.3 Liters
Capacity [11.5U.S.Qts] [17.2 U.S. Qts]

NOTE: Capacities assume standard pan. Total system
assumes standard pan plus filter.

Some 6B applications use a reduced capacity pan 10.4 Liters
[11 U.S. Qts] and some have increased capacity of 16 liters
[17 U.S. Qts]. Fill quantities must be adjusted accordingly.

Operate the engine at idle to inspect for leaks at the filters and
the drain plug.

let the oil drain from the upper parts of the engine.
Check the oil level again.

Add oil as necessary to bring the oil level to the "H"
(High) mark on the dipstick.

Stop the engine. Wait approximately 5 minutes to

41/ 167
pages




2 - EHETEFAEHERAR
c’AnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

42/ 167
pages




2 -0 EETEASHERAT
c’dnGL’n SINOMACH CHANGLIIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Air Intake System

=
Inspection

Inspect the intake piping for cracked hoses, loose clamps,
or punctures which can allow dirt and debris to enter the
engine.

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

Charge Air Cooler

Inspection

If the engine experiences a turbocharger failure or any
other occasion where oil or debris is put into the CAC, the
CAC must be cleaned.

Remove the CAC from the vehicle. Refer to the vehicle
manufacturer's instructions.

T

Ll

CaR00ke

Visually inspect the CAC for cracks, holes or damage.
Inspect the tubes, fins and welds for tears, breaks or other
damage.

Refer to Section A to find the leak check procedure.

Cleaning
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Cleaning

Flush the CAC internally with solvent in the opposite direction of
normal air flow Shake the CAC and lightly tap on the end tanks with a
rubber mallet to dislodge trapped debris. Continue flushing until all
debris or oil is removed.

Caution: Do not use caustic cleaners to clean the CAC.
Damage to the CAC will result.

After the CAC has been thoroughly cleaned of all oil and
debris with solvent, wash the CAC internally with hot soapy
water to remove the remaining solvent. Rinse thoroughly
with clean water.

Blow compressed air into the CAC in the opposite direction
of normal air flow until the CAC is dry internally.

Refer to the vehicle manufacture's instructions for installation
procedures.
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Air Cleaner Restriction

Check

Maximum intake air restriction is 635 mm [25.0 in.] of =————ru

— .
water for turbocharged engines. Naturally aspirated \ j \
engines have a maximum restriction of 510 mm [20.0 \ — —
in.] of water.

Turbocharged engines must be operated at rated RPM —
and full load to check maximum intake air restriction.
Replace the air cleaner element when the restriction
reaches the maximum allowable limit or clean according
to the manufacturer's recommendations.

achetrne

NOTE: Follow the manufacturer's instructions when
cleaning or replacing the air cleaner element.

Check the air cleaner service indicator, if equipped.
Change the filter element when the red indicator flag (2)
is at the raised position in the window. (1)

After the air cleaner has been serviced, push the button
(3) to reset the service indicator.

NOTE: Never operate the engine without an air cleaner.
Intake air must be filtered to prevent dirt and debris from
entering the engine and causing premature wear.
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Section 7-Maintenance Procedures at 19,000 Kilometers

[12,000 Miles], 500 Hours or 6 Months
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General Information

All checks or inspections listed under daily or previous maintenance intervals must also be performed at

this time in addition to those listed under this maintenance interval.

Fuel Filter

Replacement

75-80 mm and 90-95 mm

Clean the area around the fuel filter head. Remove the
filters. Clean the gasket surface of the filter head.

Replace the o-ring.

Fill the new filter (s) with clean fuel and lubricate the o- ring

seal with clean lubricating oil.

Standard filter - used as secondary filter in dual filter
applications.

*Fuel water separator - used as primary filter in dual filter
applications.

Caution: Mechanical tightening will distort the threads, filter
element seal or filter can.

Install the filter as specified by the filter manufacturer.

L

A

HBethe
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Fuel System

Bleeding

Controlled venting is provided at the injection pump
through the fuel drain manifold. Small amounts of
air introduced by changing the filters or injection
pump supply line will be vented automatically, if the
fuel filter is changed in accordance with the
instructions. No manual bleeding of fuel lines is
required.

NOTE: Manual bleeding is required if:

*The fuel filter is not filled prior to installation.

*Injection pump is replaced.

*High pressure fuel line connections are loosened or lines replaced.

*Initial engine start up or start up after an extended period of no engine operation.

*Vehicle fuel tank has run empty.

Venting
8mm
open the vent screw.

Operate the plunger on the lift pump until the fuel
flowing from the fitting is free of air.

Tighten the bleed screw.

Torque Value: 9 NMTI [7 ft-Ib]

ligpgve

Injection pump
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Venting 8 mm
Bleed the Lucas CAV pump at the location shown in
the illustration.

Air/fuel can be pumped from this location with the hand L
lever on the lift pump if the fuel solenoid valve is | ==
energized.

(M.

ipRiven

Air can be vented from both pumps through the fuel drain manifold line by operating the starting motor.

Caution: When using the starting motor to

vent the system, do not engage it for more A
than 30 seconds at a time: Wait 2 minutes
between engagements.

Warning: It is necessary to put the engine in A
the “Run” position. Because the engine may

start, be sure to follow all the safety

precautions. Use the normal engine starting
procedure.
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High Pressure Lines (Rotary and- In-line Pumps)

Venting
17 mm, 19 mm
Warning: The pressure of the fuel in the line is sufficient
@ to penetrate the skin and cause serious bodily harm.
A Venting is accomplished by loosening one or more

fittings at the injectors and cranking the engine to allow
entrapped

Re-Tighten Line Fittings

Torque Value: 30 N*m 122 ft-1b]

Warnig: Do not bleed a hot engine as this could cause
fuel to spill onto a hot exhaust manifold creating a
danger of fire.

Start the engine and vent one line at a time until the
engine runs smoothly.

Antifreeze Concentration

Check

Check the antifreeze concentration. Use a mixture of 50
percent water and 50 percent ethylene-glycol base
antifreeze to protect the engine to -37°C [-34°F] year
around.

Antifreeze is essential in any climate.

It broadens the operating temperature range by lowering

the coolant freezing point and by raising its boiling point.

The corrosion inhibitors also protects the cooling system
components from corrosion and provides longer
component life.

50/ 167
pages




2 - EHETEFAEHERAR
c’AnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Section 6-Maintenance Procedures at 38,000 Kilometers

[24,000 Mi.], 1000 Hours or 1 Year
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General Information

All checks or inspections listed under daily or previous maintenance intervals must also be performed at
this time in addition to those listed under this maintenance interval.

The procedures given in this section for valve lash adjustment are to be performed at the initial 38,000
km [24,000 mi] adjustment. Subsequent adjustments are to be performed at 77,000 km [48,000 mi]
intervals.

Valves

Adjustment

15 mm
Remove the valve cover.

1/2 Inch Drive, 3377371 Engine Barring Gear
Locate Top Dead Center (TDC) for Cylinder
Number 1 by barring engine slowly while pressing
on the engine timing pin.

bcspiu'i

Camshaft When the pin engages the hole in the camshaft gear, cylinder
Goar Number 1 is at TDC on the compression stroke.

Engine

Timing Pin

Y
e
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5 Caution: To prevent damage to the engine or pin, be
sure do disengage the pin after locating TDC.

Feeler Gauge

Intake Clearance: 0.254 mm [0.010 IN]
Exhaust Clearance: 0.508 mm [0.020 IN ]
Check/set valves with engine cold-below
60°C [140°F].

NOTE: The clearance is correct when some
resistance i “felt” when the feeler gauge is
slipped between the valvi stem and the
rocker lever.

Four Cylinder Engine Adjustment

14 mm, Flat blade Screwdriver

Locate Top Dead Center (TDC) for Cylinder Number 1.

Check / adjust the valves as indicated in the illustration (1 =
Intake; E = Exhaust).

Tighten the locknut and measure the valve lash again. Torque
Value: 24 N*m [18 ft-Ib]
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Mark the pulley and rotate the crankshaft 360 degrees.
Caution: To prevent engine or pin damage, be sure timing
is disengaged.

@ 14 mm, Flat blade Screwdriver

Adjust the valves as indicated in the illustration.
Tighten the lock nut and measure the valve lash again.
Torque Value: 24 N*m [18 ft-Ib]

Six-Cylinder Engine Adjustment

14 mm, Flat blade Screwdriver

Locate Top Dead Center (TDC) for Cylinder
Number 1. Check / adjust the valves as
indicated in the illustration (I = Intake; E =
Exhaust).

OO®

Mark the pulley / vibration damper and rotate

the crankshaft 360 degrees.

Caution: To prevent engine or pin damage,

be sure timing pin is disengaged. :

dafshwa
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Adjust the valves as indicated in the illustration.
@ Tighten the lock nut and measure the valve lash
again. Torque Value: 24 N*m [18 ft-Ib]

15 mm
Install the valve covers and tighten capscrews.
Torque Value: 24 N*m [18 ft-Ib]

Drive Belt Tension

Check

Measure the belt deflection at the longest span
of the belt. Maximum Deflection: 9.5 to 12.7
mm [3/8 to 1/2 inch]

NOTE: The Cummins belt tension gauge, Part m
No. ST-1293 can be used.
Gauge Value: 267 to 578 N [60 to 130 ft-Ib]

Tastogs
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fagblsn

Drive Belt Inspection

Inspection
3/8 Inch Square Drive, 13 mm

Remove the drive belt.

Lift the tensioner to remove and install the belt.
NOTE: After the tensioner has been raised to
remove/in- stall the belt, check the torque of the
tensioner cap screw.

Torque Value: 43 N*m [32 ft-Ib]

Inspect the belt for damage.

Transverse (across the belt width) cracks are
acceptable. Longitudinal (direction of belt length)
cracks that intersect with Transverse cracks are not
acceptable.

Replace the belt if is has unacceptable cracks, if
frayed or has pieces of material missing.
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Section8-Maintenance Procedures at 77,000 Kilometers

[48,000 Mi.], 2000 Hours or 2 Year
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General Information

All checks or inspections listed under daily or previous maintenance intervals must also be performed at
this time in addition to those listed under this maintenance interval.

Cooling System Maintenance

Coolant draining

Caution: Avoid prolonged and repeated skin contact
with used antifreeze. Such prolonged repeated contact
can cause skin disorders or other bodily Injury. ﬁ

*Avoid excessive contact-wash thoroughly after
contact.
*Keep out of reach of children.

e sy
) el | m r—} . T (8800Ca

S iy

Protect the environment: Handling and disposal of
used antifreeze can be subject to federal, state, and
local law regulation. Use authorized waste disposal
facilities, including civic amenity sites and garages
providing authorized facilities for the receipt of uesd
antifreeze. If in doubt, contact your local authorities or
the EPA for guidance as to proper handling of used
antifreeze.

Caution: Wait until the temperature is below 50 °C
[120 °F] before removing the coolant system pressure ﬁ cap. Failure to do so can cause personal
injury from

heated coolant spray.
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Drain the cooling system by opening the drain valve
@@ on the radiator and removing the plug in the bottom of

the water inlet. A drain pan with a capacity of 20 liters

[5 U.S. gallons] will be adequate 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.
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Cooling System Flushing

Caution: During filling, air must be vented from the
engine coolant passages. Open the engine
venting pet- cock and the petcock on the
aftercooler for aftercooled engines. 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 kilogram [1.0 pound] of sodium
carbonate 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.

A

A

Operate the engine for 5minutes with the
coolant temperature above 80°C [176°F].

Shut the engine off and drain the cooling
system.

Fill the cooling system with clean water.
NOTE: Be sure to vent the engine and
aftercooler for complete filling.

NOTE: Do not install the radiator cap or
the new coolant filter.
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Operate the engine for 5 minutes with the coolant
temperature 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
clean.

Coolant System Filling

The system has a maximum fill rate of 14 liters per - >\
LX)

minute [3.5 U.S. Gallons per minute]. Do not exceed "’.r{ “
& L)

oA O8
this fill rate. A d

Caution: The system must be filled slowly to prevent
air locks. During filling, air must be vented from the
engine coolant passages. Be sure to open the
petcock on the aftercooler for aftercooled engines.
Wait 2 to 3 minutes to allow air to be vented, then
add mixture to bring the level to the top.

Use a mixture of 50 percent water and 50 percent

50% 50% ethylene glycol antifreeze to fill the cooling system.
WATER WATER
50% 50% Coolant Capacity (Engine Liter
ANTIFREEZE | ANTIFREEZE Only) [U.S. Quarts]
4B3.9 6B5.9
: O 4BT3.9 4BTA3.9% 6BT5.9 6BTA5.9%
/ 70[74] 7984] 9[9.5] 9.9 [10.5]
£
2 e *4BTAand 6BTA engines use a jacket-water
h n l aftercooler. If a Charge Air Cooler is used, the
H nraBOOwn coolant capacity is the same as the naturally

aspirated or turbocharged only engines.

Caution: Never use water alone for coolant.
Damage from corrosion can be the result of using
water alone for coolant.
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Intall the pressure cap. Operate the engine until it reaches a temperature of 80°C [180°F], and check for
coolant leaks.

is full of coolant, or that the coolant level has risen to

the hot level in the recovery bottle on the system, if so /—
equipped.

Check the coolant level again to make sure the system G
D!
23,

Warning: Before removing the pressure cap, wait until n
the coolant temperature is below 50 °C [120°F]. Failure
to do so can cause personal injury from heated coolant

spray.

Vibration Damper (Rubber)

Inspection

Check the index lines (A) on the damper hub (B) and

the inertia member (C). If the lines are more than 1.59
mm [1/16 inch] out of alignment, replace the damper.

Inspect the rubber member for deterioration. If pieces of
rubber are missing or if the elastic member is more than
3.18 mm (1/8 inch] below the metal surface, replace the
damper.

NOTE: Also look for forward movement of the damper
. ring On the hub. Replace the damper if any movement is

Q detected.
dudries

62/ 167
pages




2 - EHETEFAEHERAR
c’AnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

63/ 167
pages




2 - EHETEFAEHERAR
c’AnGL'n SINOMACH CHANGLIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Section 9-System Diagrams
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General Information

The following drawings show the flow through the engine systems. Although parts can change between

different applications and installation, the flow remains the same. The systems shown are:
*  Fuel System

*  Lubricating Oil System

*  Coolant System

* Intake Air System

*  Exhaust System

Knowledge Of the engine systems can help you in troubleshooting, service and general maintenance of

your engine.

Fuel System

1. Fuel from Supply Tank

2. Pre-Filter or Screen

3. Lift Pump

4. Fuel/Water Separator

5.Fuel Filter

6. Low Pressure Supply Line

7. Turbo Boest Control Line
8.Robert Bosch P7100
Injection Pump

8A. Nippondenso EP9
Injection Pump

9. Fuel Drain Manifold

10. High Pressure Manifold
11.Robert Bosch, 17mm Closed-
Nozzle, Hole Type Injectors
12.Fuel Return to Supply Tank
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Hydraulic Cold Start Injection Advance (Rotary Automotive Pumps Only)

A hydraulic cold start injection advance (KSB) device is used on 1988 and later certified engines for
white smoke control during cold starting.

When the engine is cold, the KSB cauese the injection timing mechanism to be fully advanced at low
speeds. When the engine reaches normal operating temperature, the KSB is deactivated and injection
timing is then advanced proportionally to increased engine speed.

Deactivation of the KSB is controlled by a temperature sensor switch located in the engine air intake
manifold. A wiring

Deactivation of the KSB is controlled by a temperature sensor switch located in the engine air intake
manifold. A wiring harness connects the KSB and temperature switch. If the wiring is disconnected, the
KSB remains activated and the injection timing is fully advanced.
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Lubricating Qil System

Lubricating Oit

Cooler(3); P
Full Flow Main Oii Closed

Filter{4) _E:__:EL

Gerotor OE pen
Lubricating

Oil Pump (1} Fiter Bypass
Valve (5)

3
To Cooler

Pressure Reguilating
Valve (2)

Lubricating for the Turbocharger
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Lubricating for the Power Components

Main Qil

;.-;-. =4 / ?m@r‘»

éﬁ ”} PO

To Piston
Cooling Nozzle

From Oil Cooler

Crankshaft
Main Journa
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Lubricating for the Overhead

Qil Cooler

Cylinders

Head

Cylinder Block
1.Coolant Inlet
2.Pump Impeller
3.Coolant Flow Past
4.Coolant Flow Past

5. Coolant to Cylinder

L7
Cylinder Head :
1.Coolant Flow from Cylinder Block
2.Coolant to Thermostat Housing

1. Coolant Flow Past Injector
2. Thermostat

3.Coolant By-Pass Passage
4. Coolant Flow to Pump Inlet

5.By-Pass Closed
6.Coolan Flow Back to
Radiator
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Air System

6.Exhaust Valve
7.Exhaust Manifold (Pulse Type)
8.Dual Entry Turbocharger

9. Turbocharger Exhaust Outlet

Intake System
1.Intake Air Iniet to Turbocharger
2. Turbocharger Air to Charge Air Cooler
3.Charge Air Cooler
4.Intake Manifold
{Imegrat part of Cylinder Head)
5. Intake Valve

Air System-Intake Air

4. Intake Manifold
5.Intake Valve

Naturally Aspirated Tubrochatred
) Y . Intake System
1.Intake Air Inlet
2. Intake Manifold 1. Intake Air Iniet
3.Intake Valve to Turbacharger
- 2. Air to Intake Manifold
3. Intake Manifold
4.Intake Valve
5. Intake Valve
Turbocharged-Aftercooled Turbocharged-Aftercoolec
(Waterjacket) Charge Air-Cooled 2
1
Intake System Intake System
1. Intake Air inlet 1. Intake Air Inlet
to Turbocharger to Turbocharger
2. Turbocharger Air 2. Turbocharger Air ‘
to Aftercooler to Charge Air Cooler| ™
3. Aftercooler 3. Charge Air Cooler

4. Intake Manifold
5. Intake Valve
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Air System-Exhaust Air

Naturally Aspirated

Exhaust System
1.Exhaust Valve
2. Exhaust Manifold

Turbocharged

Exhaust System

1.Exhaust Valve

2. Exhaust Manifold

3.Turbocharger Inlet

4. Turbocharger Exhaust
Outlet
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Section 10-Troubleshooting
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Troubleshooting Procedures and Techniques

This guide describes some typical engine operating problems, their causes, and some acceptalbe
corrections to those problems. Unless notes otherwise, the problems listed are those which an operator
can diagnose and repair See a Cummins Authorized Repair Location for diagnosis and repair of
problems not listed.

Follow the suggestions below to develop good troubleshooting procedures:

* Study the problem thoroughly before acting.

* Do the easiest and obvious things first.

* Find and correct the basic cause of the problem.

Troubleshooting Symptoms

Use the charts given on the following pages to help find the cause and correction of a malfunction. Read
each row of blocks from top to bottom. Follow the arrows through the chart to identify corrective action.

Engine Will Ngt Crank or Cranks Slowly

Cause Correction Cause Correction
Engine Drive Units Disengage driven units and Solenold or Starting
==  check for loading from Replace starting motor.
Engaged malfunctioning Motor Malfunction eplace starting
OK accessories. OK
Crankshaft Rotation  |---| Rotate the crankshaft to Starting Motor Operating Remove the starting
Restricted check fof rataionai But Not Cranking the motor and check for
resistance. Engine broken teeth on the
fiywheel or broken
O'K OK starting motor spring
Starting Circuit -1 ‘
Conneégtions Loose Check and tighten
or Corroded connections. Contact an Authorized
OK Repair Facility
Battery Charge Low Check battery voltage.
O'K
No Voltage to Starter i Check voitage to
Solenoid solenoid.
¥
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Engine Hard to Start or Will Not Start (Exhaust Smoke Present)

oK
\

Cause Correction Cause Correction
Incorrect rti Refer To The Starti . Verify by operating
"S"mdus..ﬁ "8 == | Proceduer Matrix p'?.‘;e Fuel Contaminated [---| engine from a temporary
1-2 supply tank.
T F
- - | Cheak engine crank
Engine Cranking Speed |~ | RpM Refer lo"Engir:;g ] i
too Slow Will Not Crank or Cranks Injection Pump Timing |-~ Gheck injection pump
OK Slowly Incorrect timing.
—_Y OK
Starting Aid Needed for |__ | Check-repair or replace ¥
cold Weather or is Not cold starting aid, if
Working Properly necessary Valves Incorrectly -
6? Adjusted b= Adjust valves
Y | Bieed the fuel system OK
Air in the Fuel System and che?k f:srsucuon Y
ea
One or More Injectors [~ Check/replace
O'K Worn or Malfunctioning injectors
Fuel Supply Restricted [~ | Clean or replace pre-filters O'K
and screens and check
OK fuel lines for restrictions. Contact an Authorized
v Repair Facility
Intake Air System | __{  Check intake system.
Restricted
O'K
Engine Cranks But Will Not Start (No Smoke From Exhaust)
 Cause Correction Cause Correction
Incorect Starting | Refer To The Starting Fuel filter Plugged With Drain fuel-water
Procedure r===1 Procedure Matrix Page Water or Other — separator or replace
1-2 Contamination fuel filter.
OK
(4 oK
No Fuel In Tank I-——--l Add fuel. Loosen the high pressure
l OK Worn or Malfunctioning  f----- line at two injectors and
v Injection Pump d:l;summ;dc fue'ing
heck for loose wires and very crank
Electrical or Manual &%a that solem‘:é is ? OK the engine. Replace the
Fuel Shutdown Not  |**==1 functioning.Check to be pump if fuel is not baing
Open sure manual shut-off lever delivered.
is in the"Rub"position.
O'K isin ub"pasition
jection Pump Timin -
If the Condition Occurs S AL .| Check e njecion
During Initial Start, Bleed the fuel system ~ pump timing.
Fallowing an Extended T ) OK
Period of Non Use or v
After Replacement of a
Fuel System Component, Contact an Authorized
Air in the Fuel System Repair Facility
OK Loosen the bleed plug at
¥ the filter head end.
Operate the hand primer
If Previous Engine on the lift pump to check
Operation Had Been .—-..| forfuel.Clean-replace lift
Narmal, Injection Pump pump if necessary.
Not Getting Fuel
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Engine Starts But will Not Keep Running

Cause Correction Cause Correction
. Clean or replace
Idte S i Toolow - Adjust idle speed. Fuel Supply Restricted pre-filters and screens
and check for fuel line
OK ov K restrictions.
. . . . Disengage driven units Verify by operating
Engine Driven Units and check for loading Fuel Contaminated engine from a temporary
Engaged from malfuncioning supply tank.
accessories.
C%K OK
Malfunctioning Engine | | M?:?,:;‘f;:#:‘:gw"
Shut Down Device 100 500N Injection Pump Timing Check injection pump
- Incorrect timing.
oK
A 4 OK
- Bleed the fuel system
Air in the Fuel System and check for suction
ieak
ears Contact an Authorized
OK Repair Facility

Fuel Filter Plugged or
Fuel Waxing Due to Coid

Drain fuel-water separator
or replace filter. Check for
fuel waxing in cold

Weather weather.
QK
\J
Engine Will Not Shut Off
Cause Correction

Electrical or Manual fuel

Verify the solenoid is not

i | being energized by a
Shutoff Not Closing short in the wiring. Check
the linkage to the shutoff
OK lever for binding. Cheak

for the ability of the spring

in the pump to pull the

lever to the shutoff
position.

Engine Running on
Fumes Drawn into Air

locate and isolate the

Intake source of fumes.
¥
- -
Fuel Leaking to Intake Check for porosity

Manifold

OK
¥

between the fuel filter
mounting to the intake
manifold.

Contact an Authorized
Repair Facility
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Rough Idle, Warm Engine

Cause Correction Cause Correction
Check/adjust low idie e | Injection Pump Malfunc- Remove injection pump.
ldie Speed Too Low |- ?sgreszuestti:: tioning or Worn. Check pump calibration.
¥ ki
Bleed the fuel system c .
o ! - ontact an Authorized
Air in Fuel System and c?:actsl?r suction Repair Facility
OK
¥
Injection Pump Timing "T™7| Check/correct injection
Incorrect pump timing
C‘K
Injector Nozzles - Replace Injcators.

Plugged or Inoperative

N

Broken Engine Mounts Replace mounts.

(%K

Engine Surges at Idle

Cause Correction Cause Correction
] ‘ Lo g Remove pump. Have
Low Fu(a_lr Le:el inthe | __ Fill supply tank, —> *nlet?t:':: F'umve. ;\nalfunc pump recalibrated or
an ) foning or vvorn. replace injection pump.
O'K O'K
|-~ Check/adjust low idle C Authori
Idle Speed too Low ontact an Authorized
pe scraw. Repair Facility
OK
4
. == Bleed the fuel system
Air in the Fuel System and check for suction
leaks.
OK
4
Clean or replace
Fuel Supply Restricted [...| pre-filters and screens
and check fuel lines for
OK restriction.
Malfunctioning | . Checkireplace
Injectors injectors
O'K
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Lubricating Oil Pressure Low

Cause Correction Cause Correction
. . Loose or Missing Pipe Check for external leak at
- Add or drain engine
Incorrect Qil Level - rear of cylinder head.
oil. e Plug along fuel pump side of
block, oil cooler cover and
(%K O'K gear housing
Qil Diluted With Fuel Remove and check lift il Viscosity Low Due to Refer to"Coolant
But Engine Operation }--| PumP plunger seal. Operating Above Normal Temperature Above
Normal Replace leaking pump. Coolant Temperature Normal'chart.
OR Change oil. Range of 100 Degrees C
(212 Degrees F)
Qil Diluted With Fuet -=|  Check for a stuck injector OK
Accompanied by Rough nozzie. If injectors are
Engine Operation or Low okay, check/repair injection
Power pump. Change oil. Check oil pressure
B Qil Pressure Gauge gauge.
OK Malfunction
' Check for missing rain
| caps, ol fil caps, OK
Oil Diluted With Water dipstick, etc, Change oil.
OK Regulating Valve Stuck gg:‘;‘ 02"8‘;;:?:;
Open or Broken Sprin
- Check oil be pring broken.
Oil Specifications specifications. OK
Incorrect
. OK ‘ (Continued)

\/

Lubricating Oil Pressure Low (Continued)

Cause Correction

Change ol and replace
filter.

Oil Filter Plugged =]

oK
\J

Cc;ntact an Authorized
Repair Facility
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Lubricating Oil Pressure Too High

Cause Correction
Oil Pressure Gauge | __| Check oil pressure
Malfunctioning gauge.
O'K
Refer to Troubleshooti
Engine Running Too |-+ ° Eo;icrfg:'c::zl:rg "
cold Temperature Below
Normal.
¥
Oil Specifications 7 Check oil
Incorrect specification.

¥

Pressure Relief Valve
Stuck Ciosed

Checl/replace valve.

OK
Y

Contact an Authorized
Repair Facility

Lubricating Oil Loss

Cause Correction Cause Correction
External Leaks - wsual::',:'_’w for ol if Equipped, Air Com- check/raplace air
pressor Pumping Oil compressor
OK
v OVK
; | _._| Verify that the dipstick is
Crarg;::?rﬁl Eglng marked. - — Check the breather tube
High Blowby Forcing Oil area for signs of oil loss.
Out the Breather Measure the blowby and
OK perform the required
\ OK repairs.
. 5 . Check oil
Oil Specification - f
Inco specification.
Look fo
visc?;.;:"ty fﬁo'ﬁ,d;‘ﬁﬁf'bn Turbocharger Leaking Oil Inspect the turbo-
with fuel. to the Air Intake or charger inlet and outlet
Exhaust for evidence of cil
transfer.
Review/reduce the oil OK
change intervals. v
Contact an Authorized
Cil Cooler Leak -~ Check for oit in the Repair Facility
coolant.
C;K
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Coolant Temperature Above Normal

Cause Correction Cause Correction
Coolant Level Low |- Add coolant. — Fan Not Engaging ——- Check fan sensor.
¥ ¥
Radiator Fins ) -
Damaged or Obstructed [~ 'fgggﬁl;fe':g: ?fm- Incorrect or Malfunction- [----1 c::;% tgg larzglia'tor
with Debris necessary. ing Radiator Cap necessary.
X oK
Y
Radiator Hose -~ Inspect hoses. Replace " Inspect the shutters.
Collapsed if necessary. o Comeratiyor [ Repar orveplecait
oK Cold Weather Radiator cover.
¥ Cover Closed
Incorrect Oil Level "l Add or drain engine oil, OK
Or Temperature Gauge  {----. Test the gauge-repair or
Malfunction replace if necessary.
Cooling Fan Shroud |- .
Damaged or Missing Inspect shroud; repair- O#(
repiace or install.
OK
L Incorrect Thermostat |~ g';"nd“g:t::‘”
. . | Check the beit
Loose Fan Drive Belt tensioner. OK
T ¥ (Continued)
\J
Coolant Temperature Above Normal (Continued)
Cause Correction Cause Correction
Overfueled Injection | | Remove injection pump. Plugged Cooling Pas- Flush the cooling
Pump Check calibration. sages in Radiator, — system, fill with
OK (=== | Cylinder Head, Head new coolant
Gasket or Cylinder Block
. ——- Reduce load or use OK
Vehicle Overloaded lower gear.
OK Contact an Authorized
(] Repair Facility
- Measure cylinder block
Water F_’url:ap ™ coolant pressure.
Malfunctioning
OK Check/replace water
pump.
. . Check hose clamps for
Airin Cooling System | ___, leaks on the suction side
of the pump.
OK
Check for compression
leak through cylinder
head gasket.
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Coolant Loss

Cause Correction Cause Carrection
: Visually inspect the If Equi d With a Wat
Radiator or Cab Heater ; quipped With a Water Check for coolant in the
Leaking | radiator heater, hoses and Cooled Air Compressor, |...d oil. Chackireplace head
connections to locate the Leski Kat
leak. esking Head or Head or gasket.
K Gasket.
If oil is present in the
coolant, check for a OK
transmission or lube oil '
cocler leak. -
‘ Lube Oil Cooler Leak ol Lok tor cotant
i Visually inspect the ube cooler. r coolant in
EXteral Engine Leak || radiator heater, hoses and the ol
connections to locate the
OJ( leak. %K
Overmoar ook Review the operation for
verneating or Leaking == overheating and low i
Compression Gases power. (Refer to Trouble- C;gla;tr ?:r;g?gmnzed
Resulting in Loss "z['lociting#ogic ft':n"tju P
Through the Radiator oolant Temperature
Overflow Above Normal")
OK Check for mixing of
coolant ancfi' u;nsrnission
If Equipped, Transmis- |7~ uid
sion Cooler Leak
OK
Coolant Temperature Below Normal
Cause Correction Cause Correction
: Ins; the shutters.
Rag!la(t)or Sh;tte? Stuck | ___ Re%:?: or replace If The;ﬂm?rstats_ Incorrect or Check thermostats and
n Open Position necessary ) alfunctioning === replace if necessary.
%K oK
— Check fan for continu- '
Fan malfunction ous operation. Contact an Authorized
Repair Facility
OK
L 4
Checl/clean sensor and
Temperature Sensor  [=="
Malfunction coolant passage.
OK
Test/replace sensor.
Temperature Gauge Test the gauge-repair
Malfunction and or replace if necessary.
oK
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Coolant Contaminated

Cause Correction
Rusty Coolant, Operation Drain and flush the
Without Correct Mixture [--]  cooling system. Fill with
of Antifreeze and Water. correct mixture of anti-
freeze and water.
OK
Review the coolant
change interval.
. -] Check/replace oil cooler.
If Equipped, Leaking {Refer to Equipment
Transmission Oil Cooler Manufacturer's
O'K
Qil Leaks From Qil
Cooler,Head Gasket, |7 Refer to Troubleshooting
Head and Cylinder Block Logic ferLubicating Oil
OYK
Contact an Authorized
Repair Facility

Lubricating Oil Contaminated

Cause Correction Cause Correction
Coolant in the Oil, L Rffgmmhtf%‘gé?:;‘f“m Worn Injection Pump Remove injection pump.
Internal Engine Compo- Loss”. — Plungers Check pump calibration,
nent Leaks
v \
—— Review oil and filter .
. i i Contact an Authorized
Excessive Oil Sludge change intervals. Repair Facilty
OK Make sure the correct
l oil is being used.
. . i Troubl i
Fuel in the Gil,Engine | me::efm.mcgnf::twmg
Operating too Cold Temperature Below
Normal"
O'K
Lift Pump Seal — Replace lift pump.
Leaking
Injector Needle Valves L. Locate and replace
Not Seating malfunctioning injector.
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Fuel or Oil Leaking from Exhaust Manifold

Cause Correction
Intake Air Restriction -~ C"?',;’,,’?g,l?_“ filter
OK
Review operation for
excessive idling.
Injector Needle Valve |- Locate and replace
Stuck Open malfunctioning injector.
O'K
Obstructed Turbo- . Check/clean li
charger Drain Line sckiciean line.
O'K
Turbocharger Seals Check/replace
Leaking Qil | turbocharger
%K
Contact an Authorized
Repair Facility

Exhaust Smoke Excessive Under Load

Cause Correction Cause Correction
f Remove and have
. ; Injcetor Nozzle e les tasted. Repl
Lugging Engine L. Use lower gear. Malfunctioning ocion l.f:‘eée:sl;;'?
¥ oK
Air in Fuel System Bleed fuel system and
y =1 check for suction leaks. Turbocharger Replace turbocharger.
q( Malfunctioning
OK
Air Cleaner Plugged Inspect air cleaner. ¥
— Cleanandreplace. | [ . Check thermostat and
O'K EngineCR}.gming Too cooling system.
ol
Injection Pump Timing | Check injcetion pump OK
Incorrect timing. !47
O'K AFC Malfunction/ .
Injection Pump |----] Remove injection pump.
Air Leak Between Overfueled Check pump calibration.
Turbocharger and Intake |___ Correct leak.
or Exhaust Manifold O'K
OK -
. 4 Contact Authorized
More Than One Seal Romove oxra Repair Facility
N Y
WasherN lizgleer Injector  |--- washers.
O' K
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Engine Will Not Reach Rated Speed When Loaded

Y

Cause Correction Cause Correction
Vehicle Overloaded | __ Reduce load or use 3 High Speek Screw | | Check/adjust high
T lower gear Incorrectly Adjusted speed screw
r OK
Throttle Linkage Check throttle linkage '
Adjustment Wrong — adjustment for full .
0 travel to the high idle Partially Engaged Check/adjust shutdown
J( slop screw. Shutdown Lever lever.
Tachometer OK
Malfunctioning Check with hand or ¥
=== digital tachometer.
CV( . Fuel Transfer Pump [ CheckTepiace fuel
Air fuel Control Tube Malfunctioning P
Leaking and/or _--| Tighten fittinges. Replace
Restricted tube if necessary. OK
4
i Injection Pump Remove injection pu
Air Flow Restricted | ] Malfunctioning — Check cajlibmtioﬁ. P
Through Charge Air ~ |--- it °‘r’°""g fins.
Cooler lean or replace. OK
B3 =
ontact Authorized
gar:(g;l tl;tla fuel filter and Repair Facility
: _— eck fuel line, pre-filter
Fuel Supply Restricted | ond Screens tor
O'K
Power Output Low
Cause Correction Cause Correction
. Air Flow Restricted
Vehicle Overloaded |___ Reduce load or use Through Charge Air  [---- In?:p::tnl?;olsi:ﬂ e
lower gears pa
OK : Cooler
. ¥
Lubricating Oil Level Too o
High .| Drainoltoproper Air Leak Between |
OK Turbocharger and Intake [~ Correct leak.
' Manifold
Throttle Linkage Check and adjust OK
. . throttle linkage for full
Ad]uStrr(l;nKt Wrong travel of the fuel control Exhaust L vk Botw
leval xhaust Leak Between |---
¥ Turbocharger and Correct leak.
p Exhaust Manifold
Mechanical Shutoff
Lever Partially - Chec"l"::g':ﬂ shutoff OK
Engfged L
OK . Bleed the fuel system
L4 - Air in the Fuel System  [----, and check for suction
Intake or Exhaust cm;ek Imf:,:fe al:q ?haug _leaks.
| systems for restrictions —_—
System Restticted """ Inspect air filter and OK
replace as necessary. '
OJ( Verify by operating engine
Fuel Quality Poor - f"r:)rln a t?;?po;zd tafunkl
Air Fuel Control Tub: at contains d fuel
Iiefjn c::,&]oor ube __.| Tighten fittings. Replace and refer to fuel oil
es?ricted tube if necessary. OK specifications.
OK (continued)
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Power Output Low (Continued)

Cause Correction Cause Correction
: Clean per-filters and Check/replace sensing
Fuel Supply Restricted | | =0 periiors and Turb‘;:;‘l?sggtrig:asmgam ----{ line for damage or leaks.
line for restriction. Replace Check/adjust wastegate
v fuel filter. OK control rod.
Injection qup Fuel Check fuel return line v
Return Line o from pump to tank for
Restricted damagel/restriction, Turbocharger Worn or  |---4{  Replace turbacharger.
OK Replace line. Malfunctioning
L
Lift Pump Check/replace lft O'E
Malfunctioning e pum: -
- Valves Not set . Adjust Valves.Inspect
(%K Properly T push rods, spring, etc.
High Intake Air Tempera- Use outside air to OK
ture-17 Deg.C[30 Deg.  |-=- turbocharger in warm Y
F] Above Ambient weather. -
Injector Nozzles
OK Malfunctioning Remove nozzles. Test
' OK ----- and repair.
High Fuel Temperatures | Fill tanks, turn off fuel (A
(Above 71 Deg.C[160 heater.
Deg.F] Injcetion Pump Wom or
OK Malfunctioning Remove injection pump,
! %L( Check calibration.
Injcetion Pump Timing  |--—- Ch“kﬁm?‘cﬁm pump
Incorrect g Contact an Authorized
OvK Repair Facility
Engine Misfiring
Cause Correction Cause Correction
Verify by operating Injection Pump Timing Check injecti
. . f eck lln]lBCtIOﬂ pump
Fuel Contaminated ﬁvsr;lp; | fggﬁfaw incorrect timing.
Q'K OK
Bleed fuel system v
Airin Fuel System  }---| and check for suction Contact an Authorized
leaks. Repair Facility
g
Fuel Injection Lines — Inspect and replace
Leaking broken lines.
O'K
Fuel Transfer Pump ———— Check/replace fuel
Malfunctioning transfer pump.
i
Incorrect Valve Inspect P“:“ ';,dsi
: springs and adjus
Adjustment valves.
OK
Y

Injector Nozzles
Plugged or Inoperative

" Replace injectors.

OK

\
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Fuel Knock
Cause Correction
Engine Overloaded |.. Use lower gear.
CK

Y

Fuel Quality Poor

¥

Drain tank; fill with
correct fuel.

Air in Fuel System

Bleed fuel system and
check for suction leaks.

¥

Incorrect Injection Pump
Timing

Check pump timing

OK
L

Incorrect Nozzies
Malfunctioning

Remove nozzies. Test
and repair.

OK
Y

Contact an Authorized
Repair Facility

Fuel Consumption Excessive

Cause

Correction

Fuel Injection Pump
Timing Incorrect

Cause Correction
- Check/correct the
Fuel Leak source of the leak
O'K
f Check/repair accessories
Addiﬂt;Tfa:}nigiao%?‘g From |- and vehicle components.
A ories (Refer to the Equipment
coess Manufacturer's Proce-
OK dures).

¥

Check the injcetion

Verify by operating engine

pump timing.
Q’K
Worh or Malfuctioning Remove injectors.
Injectors Test/repair.
OK
Valves Not Seating Check/adjust valves.

OK

{

¥

. --| from a temporary tank
Fuel Quality Poor that contains good fuel
and refer to fuel oil
OK specifications
 J
* Operator Technique |- Review operation for
pe Incorrect correct gear shlftls.‘
deceleration, and idling.
OK

Contact an Authorized
Repair Facility

Excessive Intake Air or
Exhaust Restriction

Refer to Troubleshooting
Logic for"Excessive
Exhaust Smoke"

OK

\j
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Vibration Excessive

Cause Correction
Engine Not Running Refer to Troubleshooting
Smoothly -~ Logic for"Rough Idle,
Warm Engine”.
C‘K
Check/repla i
Engine Mounts Loose or |___ etr:norue:ts (cr.;'::gon;e
Broken Equipment Manufacturer's

¥

Damaged Fan or

Service Instructions).

Checlk/replace the vibration

ioni - component(refer to
hﬁiﬁ:g:gzg:g Equipment Manufacturer's
Service Instructions).
O'K
. ; Inspect/replace the
Vibration Damper --- TPECY
Malfunctioning vibration damper.
O"K
Alternator Bearing Worn |___ Check/replace the
or Damaged alternator.
OK
L 4
Contact an Authorized
Repair Facility

Engine Noises Excessive

Cause Correction Cause Correction
. Check the tensioner and Check turbocharger
P":%B,en S_?U‘*a_'- ---=1  inspect the drive belt. n > Turbocharger Noise | ___| impeller and turb'?ne
nsufficient Tension or Make sure water pump, wheel for housing
Abnormally High Loading tensioner pulley, fan hub OK contact.
and alternator turn freely.
OK L4
Check the tension of :
accessory drive belts. Gear Train Noise |-  C"ecphiace vibration
(Refer to the Equipment
Manufacturer's Proce-
dures). Make sure the oK
accessories turn freely. t
Refer to Troubleshooting Cogt:pcat;;:cl::l?; rized
Intake Air Exhaust [~ _ Logic for'Exhaust
Smoke Excessive Under
Leaks Load".
C%K
Adjust valves, Make sure
: the push rods are not
Vaive Lash Excessive f—-| o0 ine rocker levers
are not severely worn.
QK

v
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Alternator Not Charging or Insufficient Charging

Cause Correctionh
Battery Connetions Clean/tighten battery
Loose or Corroded [ connections.

(%K
Alternator Belt - Check/replace belt
Slipping tensioner.
Alternator Pulley Loose | __ Tight ley.
on Shaft anien putey
Check/replace the
Guage or Lamp == .
Malfunction Gl o lomp
OVK
Alternator - R ltemator.
Malfunctioning . epiace a "
OVK
Contact an Authorized
Repair Facility

White Smoke Excessive During Cold Start

Cause Correction Cause Correction
7 Temperature Switch for Check voltage to KSB.
Improper Starting ] | Veriy proper starting the KSB has Electrical | ----1  Replace temperature
rocedure procedure. Short or Closes too switch if voltage is
present before coolant
¥ soon. temperature reaches
160°F
Coolant Temperature Refer to Troubleshooting O' K
Too Low - L_?glc Cha;l for"BC?olant
emperature Below —
OK P Normar KSB Pressure Holding [ -eee- Remove the njecton
Valve Open pump. Have the
' oo " repaired or replaced.
Intake Air Temperature Rﬂ‘;’;ﬁa‘l’?m' P an oK
Too Low ~"| operation. Check intake [
OK air heater operation (if - -
epuipped) Injector Installed With More [ | Remove extra washer.
v Than One/Or Check for: proper
" Verify by operating Wrong Size Sealing washer.
Fuel Quality Poor .| engine from a temporary Washer
tank with good
OK quality fuel. OK
¥ v
jecti imi Injectors | ____| Remove nozzles. Test
Injection Pump Timing . Malfunctioning and repair.
Incorrect - Check/time pump.
oR ¥
' Coolant Leaking Refer to
Into Combustion | ---- Troubleshooting Logic
Chamber for Coolant Loss
w (Continued}
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White Smoke Excessive During Cold Start (Continued)

Cause Correction
i Remove pump. Have
Injection Pump - calibration checked.
Malfuctioning
OK
Contact an Authorized
Repair Facility
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Section 11-Adjustment, Replacement and Repair
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Repair Tools Required

Sockets Wrenches Other

10 mm Allen Wrench (8 mm)

12 mm 8 mm Breaker Bar (1/2 in. Sq. Drive)

13 mm 10 mm Flat Screwdriver

15 mm 13 mm Ratchet (3/8 in. Sq. Drive)

17 mm 15 mm Ratchet (1/2 in. Sq. Drive)

18 mm 17 mm (open end) Filter Wrenches (75-80 mm and 90-95 mm)
19 mm 19 mm Drill Motor (1/4 inch)

22 mm 22 mm Drill Bit (3 mm)

27 mm 24 mm Slide Hammer

Flat Chisel T-Bar Puller (75mm)
Sheet Metal Screw (#10) Torque Wrench Pliers
Engine Barring Gear 3377371

Cooling System Repair Summary

Component To Be Replaced | Tools Preparatory Steps'
Drive Belt Breaker Bar (3/8 inch Square drive)
Belt Tensioner Ratchet (3/8 inch drive) Remove Drive Belt
15mm Socket and Torque Wrench
10 mm Socket/Wrench Remove Drive Belt and Pulley
10 mm Socket/Wrench Drain Coolant and Remove Drive
Belt
10 mm, 18 mm and 19 mm | Drain Coolant, Remove Drive
Socket/Wrench Belt, Loosen Alternator Link,
Remove Alternator Mounting
Cap screw, Remove Thermostat
Housing
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Belt Tensioner-Replacement

Preparatory Step:
* Remove the drive belt.

13 mm
Remove the belt tensioner from the bracket.

Cooling System Repair
Drive Belt-Replacement

3/8 Inch Square Drive
Lift the tensioner arm and pulley to remove and install
the belt.

The belt tensioner winds in the direction that the spring
tang is bent over the tensioner body. To lossen ten
tensior on the belt, rotate the tensioner to wind the
spring tighter.

Applying excessive force in the opposite direction
of windup or after the tensioner has been
wound-up to the positive step can cause the
tensioner arm to break.
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Fan Pulley-Replacement

Preparatory Steps:
* Remove the drive blet.

NOTE: Loosen the capscrews before removing the belt

installed.

10 mm and 13 mm

Remove the four capscrews, fan and spacer.
Replace the fan pulley.

Torque Values:

8 mm Capscrews-24 N « m [18 ft-Ib]
10 mm Capscrews-43 Nem  [32 ft-Ib]

Water Pump-Replacement

Preparatory Steps:
*Drain the coolant.
*Remove the drive belt.

&Y
R
®

13 mm
Install the belt tensioner.

Torque Value: 43 N*'m  [32 ft-Ib]

and torque the capscrews after the belt is
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10 mm
@ Remove the water pump.

&

E Clean the sealing surface on the cylinder block.

Install a new o-ring into the groove in the water pump. Ay
&5

wpiriha

10 mm
Install the water pump.
Torque Value: 24 N*m  [18 ft-Ib]
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ap
‘%V belt.

fabbima

"1

Close the drain valves. Fill the cooling system with a mixture of
50% water and 50% ethylene-glycol type antifreeze. This will
provide freeze protection to -37°C [-34°F],

Coolant Capacity Liters
(Engine Only) [U.S. Quarts]
4B3.9 6B5.9
4BT3.9 4BTA3.9* 6BT5.9 6BTA5.9*
7.0 [7.4] 7.9 [8.4] 91[9.5] 9.9[10.5]

Lift the tensioner arm and pulley to install the drive

Caution: The system must be filled slowly to prevant
air locks. During filling, air must be vented from the
engine coolant passages. Be sure to open the petcock
on the aftercooler for aftercooled engines.

The system has a maximum fill rate of 14 liters per
minute [3.5 U.S. gallons per minute]. Do not exceed
this fill rate. Wait 2 to 3 minutes to allow air to be
vented. Then add coolant to bring the level to the top.

S0%
WATER

50%
ANTIFREEZE

50%
WATER

50%
ANTIFREEZE

4

¢

T

i ﬂraaOOwn

d

0

ol i
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Thermostat-Replacement

Preparatory Steps:

* Disconnect the negative battery cable.

* Drain 2 liters (2.1 U.S. Quarts) of coolant.

* Remove the radiator hose from the outlet connection.
* Remove the drive belt.

14 mm, 16 mm

Loosen the lower alternator link cap screw.
Remove the upper alternator mounting cap screw.

hoeama

Lower the alternator.

10 mm @
Remove the thermostat housing, lifting bracket,
thermostat and thermostat seal. @@

Clean the gasket surfaces.
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\ Clean the gasket surfaces.
NOTE: Do not let any debris fall into the thermostat
cavity when cleaning gasket surface.

A Caution: Always use the correct thermostat and
never operate the engine without a thermostat. An
incorrect thermostat can cause the engine to
overheat or run too cold. The engine will overheat if
operated without a thermostat because the coolant
flows back to the inlet of the water pump instead of
through the radiator for cooling.

Assemble the removed parts in the reverse order of .Gy
O
removal. IV

Make sure the gasket is aligned with the cap screw
holes. Install the cap screws and use your fingers to
tighten.

The notched end of the rubber thermostat seal points
away from the cylinder head.

10 mm
Tighten all Cap screws.
Torque Value: 24 N*m [18 ft-Ib]
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Fill the cooling system. Operate the engine and
check for leaks.

Caution: Be sure to vent the engine and after
cooler during filling, to remove air from the
coolant system or over-heating will result.

14 mm, 16 mm

Position the alternator and install the mounting
capscrew. Torque Value:

(A) 24N-m [18ft-Ib]

(B) 43 Ne m [32 ft-Ib]

13 mm

Install the drive belt.

NOTE: After the tensioner has been raised to
remove/in- stall the belt, check the torque of the
tensioner cap screw. Torque Value: 43 Ne m [32 ft-Ib]
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Fuel System Repair Summary

Component To

Be Replaced Tools Preparatory Steps
Lift Pump 13,14 and 17 mm Wrenches Clean debris.
) ) 13 mm Socket, 14,17, and 19mm Open End Wrenches and )
High Pressure Lines Clean debris.

a Torque Wrench

Injector Fuel Drain

10 mm and 19 mm Open End Wrenches, 10 Manifold mm
and 13 mm Sockets, and a Torque Wrench.

Manifold mm and 13 mm Sockets, and a Torque Wrench
Disconnect the
high pressure
Injectors Ratchet, 24 mm Socket (deep well), and a Torque Wrench lines Wrench and
fuel drain
manifold.
10 mm Wrench, Ratchet, 22 mm Socket, 75 mm T-Bar | Remove high

Injection Pump

Puller (w/2 8 mm cap screws) 1/2 in. open end wrench flat
Screwdriver 13 mm Socket, 13 mm Wrench, Hammer, flat
Chisel and a Torque Wrench.

Robert Bosch 24 mm Wrench, Lucas CAV 22 mm Wrench

pressure lines,
supply line and
return line.
Remove the AFC
air line, oil line (s),
fuel shutoff
solenoid and
control linkage.

Fuel Solenoid

Robert Bosch 24 mm Wrench, Lucas CAV 22 mm Wrench

Label and
disconnect wiring.

Fuel Filter Head

24 mm, 75-80 mm and 90-95 mm Filter Wrench

Clean debris.

Fuel System Components-Cleaning

Thoroughly clean all fittings and components
before removal. Make sure that the debris, water,
steam, or cleaning solution does not reach the
inside of the fuel system.
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Low Pressure Fuel Line-Replacement

Preparatory Step:
* Clean all debris from around the fittings.

14,17 mm

pump.

D& K

Fuel Filter Head Adapter-Replacement

Preparatory Steps:
* Clean debiris.
* Remove fuel filters.

14 mm, 17 mm

Disconnect the fuel line from the lift pump and filter
@ head. Use two wrenches to disconnect the line from
the lift pump.

(%b Install the fuel line to the lift pump and filter head.
Use two wrenches to tighten the connection to the lift

NOTE: Do not over tighten the connection. Fuel
leaks can result from over tightening.
Torque Value: 24 N m  [18 ft-Ib]

24 mm
Remove the retaining nut, filter head adapter and BJ
sealing washers.
Install in the reverse order of removal. @@
Tor Value: 32 N*m [24 ft-I

orque Value: 3 [24 ft-Ib] {%3

Lift Pump-Replaecement Preparatory Steps:

pages
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Lift Pump-Replacement Preparatory Steps:

* Clean debris from around the lift pump.

10 mm
Remove the lift pump and clean the mounting
surface the cylinder block.

10 mm
Install the lift pump and a new gasket.
Connect the fuel lines.

Torque Value: 24 N*m [18 ft-Ib]

14 mm, 17 mm
3 Disconnect the fuel lines.

A%
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High Pressure Fuel Lines-Replacement Preparatory Steps:

* Clean all debris from around the fittings.

17 mm
m NOTE: If individual lines are to be replaced, remove
the support clamp from the let of lines containing the
@@ line to be replaced.

17 mm

Disconnect the line (s) from the fuel pump.
Install protective covers to the injectors and

delivery valves to prevent the entry of dirt into @@
the system.

position and, to prevent damage from high
frequency vibration, make sure the lines have

not been bent or do not contact each other or ®
another component.

Caution: Install the support clamp in original G
(23

NOTE: To prevent damage to the fuel lines,

they must be connected to the injectors and

fuel injection pump in a free state without

forcing the connecting nuts. The fuel lines are correctly sized for each application and bending the lines
is not acceptable.

Install the lines in the reverse order of removal.

Torque Value:

(Line Fittings)30 N em  [22 ft-Ib]

(Support Clamp)6 N « m [4 ft-Ib]

(Support Bracket)24 N « m [18 ft-Ib]
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Fuel Drain Manifold-Replacement

Preparatory Steps:
* Clean debris.

] 10 mm
Remove the cap screw from the hold-down clamp.

&

10 mm
Remove the banjo fitting screws and washers.

17 mm
Disconnect the drain line fitting from the BJ ' S \
injection pump.
\
0
 Zransy
. s ;
2 NS
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. *

Zi

(%3 NOTE: Use new seals and sealing washers.
Assemble the drain line and fuel drain manifold in the
reverse order of removal.

Torque Value:

(Banjo fitting screw)

(Banjo fitting)
(Clamp screw)

15 Nem [11 ft-Ib]
9Nem [7 ft-Ib]
24N m [18 ft-Ib]

(agtiha

Injection Pump Supply Line-Replacement

17 mm
Remove the bleed screw banjo fitting.

14 mm, 16 mm, 17 mm

Remove the supply line (Bosch Injection Pump).

Replace the seals (1) in the fittings if the line is
disassembled.

Tadtemi

14,16,19 and 24 mm

The Lucas CAV pump has two fittings for the supply
line.

Replace the seals in the fittings if the line is
disassembled. Replace banjo fitting sealing washers (1)
and ferrules (2) each time they are removed.

Torque Value: 32 N*m [24 ft-Ib]

tedaamn
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17 mm

E‘ Engines rated at 2500 RPM and above require
additional fuel line support. Install as illustrated.
Torque Value: 24 Ne m [18 ft-Ib]

Injectors-Replacement Preparatory Steps:

*  Thoroughly clean around the injectors.
*  Disconnect the high pressure fuel lines.
* Disconnect the fuel drain manifold.

16 mm, 24 mm Box Wrench El
Caution: The injector must not rotate in the bore of the
cylinder head. This will damage the cylinder head. A

Remove the injectors. @@

Hold the injector body with the 16 mm wrench while you
loosen the hold-down nut with a 24 mm box end wrench.

Clean the injector nozzle bore using Service Tool No. '\ I
3822509.

1%ooua
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Remove the injector hold-down nut and apply a coat
'] of anti-seize compound to injector surface (A). Avoid
getting anti-seize compound in the fuel drain hole

(B).

fi#numa

Install the hold-down nut on the injector body.

fignuha

Install a new o-ring into the recessed groove
on the top of the hold-down nut. Make sure the

o-ring is not cut or wisted when installing
(BOSCH and Stanadyne). CAV injectors retain

the o-ring inside the hold-down nut.

Apply a coat of anti-seize compound to the
threads of the injector hold-down nut.

tignywe
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2\  Assemble the injector and new copper washer.
o>
&Y Use only one copper washer.
Service Tip: A light coat of clean 15W40 engine oll
between the washer and injector can help to keep
the washer from falling during installation.

1 24 mm
Install the Injectors
Gl The protrusion on the side of the nozzle fits into a
¥/ notch in the head to orient the injector.
Tighten the injector nozzle nuts.
-_——-' Torque Value: 60 N-m [44 ft-Ib]

lighdoa -

10 mm
Install the fuel drain manifold.
Torque Value: 9 N-m [7 ft-Ib]

17 mm
Install the high pressure fuel lines. m ! =
Torque Value: 30N* m [22ft-Ib] T |

oll) Prr=e=

ap) ‘

z 0

— R e
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Fuel Shut Off Solenoid-Replacement

Preparatory Steps:
* Label and disconnect the wiring.

] Bosch and CAV
22 mm-CAV 24 mm-Bosch
Clean around the valve.
WHEN REMOVING THE VALVE, BE CAREFUL
& NOT TO DROP THE PISTON AND SPRING.

Replace the valve and connect the electrical wire.

Stanadyne DB4

* Remove the electrical wiring.

*  Remove the fuel drain line.

*  Remove the throttle shutoff linkage.

* Remove the fuel injection pump top cover.

* Disassemble the fuel injection pump top cover.

5/16 Inch
Install new insulating tubes onto the terminals on the |§J

terminal studs of the new solenoid.
Install the valve into the cover.

Torque Value :14 Nem [12 in-Id]
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5/16 Inch
Install the cover and gasket onto the fuel injection

pump.

NOTE: Extreme care must be taken in assembling the
cover to a fuel injection pump to make sure the shutoff
arm is in proper with the linkage hook tab.

Install the cover to pump at a downward angle from
the drive shaft end of the fuel injection pump, then
slide the cover horizontally into position.

Torque Value: 4.6 N*m [41 in-Ib]

KSB Replacement T30 TORX, 12 mm

Disconnect the wiring harness from the KSB solenoid
(1). Disconnect the fuel lines (2). Replace the KSB,
fuel lines and wiring harness.

Torque Value:

Fuel Line Banjo Fittings: 12 N*m [9 ft-Ib]

KSB Mounting Nuts 9 N*m  [7 ft-Ib]

KDB Temperature Switch Replacement

27 mm

Disconnect the KSB (1) wiring harness (2) from
the switch (3). Replace the temperature switch.
Install the wiring harness.

Torque Value: 24 N*m [18 ft-Ib]

Fuel Pump-Replacement

Preparatory Steps:
* Remove all fuel lines.
* Remove control linkage.

*  Remove fuel shut off solenoid.
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NOTE: A diesel engine cannot tolerate dirt or water

. B in the fuel system. A tiny piece of dirt or a few drops
- of water in the injection system may stop your unit.

R Clean all external surfaces of the injection pump,

= e (e including all line connections and fittings that are to

oy 3 i | be disconnected. Clean the area around the

C ) r :of injection pump gear cover to prevent dirt from
N -—QI-J-“W entering the crankcase.

Removing the Fuel Pump

Locate TDC for cylinder number 1. Push the
TDCpin into the hole in the camshaft gear while
slowly barring the engine.

To prevent damage to the timing pin, be sure to
disengage the pin after locating TDC.

14 mm | N ( .~1
Loosen the CAV injection pump lockscrew and
position the special washer, then tighten the
lockscrew against the pump drive shaft. ®

Torque Value: 7 N » m [5 ft-Ib]

Brmall Opendy
cl \ l:woun
3/8 Inch
Loosen the Stanadyne DB4 fuel injection pump lock Locked
screw and position the special washer. Tighten the lock @ <
screw until contact is made with the fuel injection pump
drive shaft. @ v
Torque Value: 12 N « m [9 ft-Ib] ®
o
iphwahe
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] 10 mm

The special washer on the Bosch injection pump must
be removed so the lockscrew can be tightened against
the drive shaft.

Torque Value: 30 N*m [22 ft-Ib]

BJ 22 mm

Remove the gear cover access cap.
Remove the nut and washer from the fuel pump shaft.

geloams

75 mm T-Bar Puller m

Pull the fuel pump drive gear loose from the shaft. @@ f

Isligema

Caution: Do not remove the control lever. The lever is
indexed to shaft during pump calibration. Removal of the
lever will alter the fuel pump calibration and effect engine
performance.
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13 mm

BJ NOTE: Do not drop drive gear key when removing
pump. Remove the three mounting nuts.

@@ Remove the fuel pump.

Installing the Fuel Pump

Make sure the engine has cylinder number 1 at TDC.
The keyway in the shaft of new and reconditioned
pumps will be locked in a position corresponding to
the keyway in the drive gear when cylinder number 1
is at TDC on the compression stroke.

c@ After verifying that Cylinder Number 1 if at TDC,
install the pump. Make sure the key does not fall into
fa3hete the gear housing.
S0

Attach the pump by finger tightening the three N
mounting nuts. The pump must be free to

move in the slots.

22 mm (CAV Stanadyne), 24 mm (Bosch)

Attach the pump drive shaft nut and spring
washer. The pump may rotate slightly due to gear
helix and clearance. This is acceptable providing
the pump is free to move on the flange slots and
the crankshaft does not move.

NOTE: Do not overtighten. This is not the final
torque. Torque Value: 15t0 20Nm [11 to 15
ft-Ib]

1egnunb
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13 mm
B_‘ If reinstalling the removed pump, install the pump
onto the engine. Rotate the pump to align the scribe
marks. Tighten the three mounting nuts.
Caution: The pump shaft must be unlocked after
® installation to prevent pump damage.
Torque Value: 24 Nem  [18 fi-Ib]

| 13 mm
If installing a new or rebuilt pump without scribe

marks,take up gear lash by rotating the pump against
the direction of drive rotation.

Tighten pump retaining nuts.

Torque Value: 24 N « m [18 ft-Ib]

If a new or rebuilt pump is being installed,
permanently mark the injection pump flange
to match the mark on the gear housing.

14 mm BJ
Loosen the CAV pump lockscrew and position

the special washer behind the lockscrew head.
Tighten the pump lock screw.

Torque Value: 20N * m [15 ft-Ib]

o
N

A

tapioud
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Unlocked O 3/8 Inch
Loosen the Stanadyne DB4 fuel injection pump lock

screw and position the special washer behind the lock
screw head.
Tighten the lock screw.

10 mm

NOTE: On the Bosch pump, the special washer is wired
to the pump and must be installed under the lockscrew.
Tighten the pump lockscrew.

Torque value: 13 N *m [10 ft-Ib]

NOTE: Be sure to disengage the timing pin.

10 mm m
Install the injection pump support bracket.

Finger tighten all cap screws before final
tightening. N
NOTE: Tighten the bracket to block
mounting cap screw before tightening the
bracket to injection pump cap screws.
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Torque Value: 24 N « m [18 ft-Ib]

El 22 mm
Tighten the drive gear mounting nut.

@ Install the access cap.

D>

&Y Torque Value: Bosch 60 Nem [48 ft-Ib]
® Stanadyne 65N- m [48 ft-Ib]

8 mm
Install the solenoid wiring and all fuel lines.

NOTE: When connecting the cable/rod to the control lever,
adjust the length so the lever has stop-to-stop movement.
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NOTE: Similarly adjust the length of the cable/rod to the
mechanical shut down lever so there is a stop-to -stop
movement.

Bleed all air from the fuel system.

If necessary, adjust the idle speed.

Fuel System Repair-In-Line Pump

Fuel system Components-£leaning

Thoroughly clean all fittings and components before
removal. Make sure that the debris, water, steam or
cleaning solution does not reach the inside of the
fuel system.
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Low Pressure Fuel Line-Replacement

Preparatory Step:

* Clean debris from fittings

. 14 mm, 17 mm, 20 mm
Disconnect the fuel line from the lift pump and filter head.
@ Use two wrenches to disconnect the line from the lift

pump.

14 mm, 17 mm, 20 mm

Install the fuel line to the lift pump and filter head. Use two
wrenches to tighten the connection to the lift pump.

Torque Value: 24 N*m [18 ft-Ib]

Fuel Filter Head Adapter-Replacement

Preparatory Steps
* Clean debiris.
*  Remove fuel filters.
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@ 24 mm
Remove the retaining nut, filter head adapter and sealing

@ washers.
Install in the reverse order of removal.
@@ Torque Value: 32 N*m [24 ft-Ib]

ap
&

Lift Pump-Replacement Preparatory Steps:
* Clean debris
* Disconnect the fuel lines.

10 mm
Remove the lift pump.

Clean the mounting surface on the cylinder block.
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10 mm

As the capscrews are tightened, the fuel transfer

@ Caution: Alternately tighten the mounting capscrews.
ﬁ pump plunger is pushed into the pump. Failure to

tighten the capscrews in an even manner can result in
@(ﬂ the plunger being bent or broken.

Install the pump.

Torque Value: 24 Nem  [18 ft-Ib]

High Pressure Fuel Lines-Replacement

Preparatory Steps:

Clean debris.

8 mm, 17 mm, and 19 mm @

NOTE: If individual lines are to be replaced, remove the
support clamp from the set of lines containing the line to be @@
replaced.

Disconnect the line (s) from the injectors.

19 mm

Disconnect the line (s) from the fuel pump. BJ
NOTE: If removed, reinstall the support clamp in the
original position and make sure the lines do not contact @@
each other or another component. Install a protective cover Gl

on the injectors and fuel delivery valves to prevent the

entry of dirt into the system.

Install the lines in the reverse order of removal. ®
Torque Value:

(Line Fittings)30 N+ m [22 ft-Ib]

(Support Clamp)6 N « m [4 ft-Ib]

(Support Bracket)24 N » m [18 ft-Ib]

Fuel Drain Manifold-Replacement Preparatory Steps:
122/ 167
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Fuel Drain Manifold-Replacement

Preparatory Steps:
* Clean debris.

= v 10 mm

¥ BJ Remove the drain line banjo capscrew from the
fuel filter head. Remove the capscrew from the

bracket on the intake cover.

S TIL
r F— — -—f:;-»‘|Lﬁ‘-n: l'

{6}

N v o ey W

'

{

-— ]
.

Remove the banjo capscrews from the injectors.

NOTE: Use new seals and sealing washers.
Assemble the drain line and fuel drain manifold in the
reverse order of removal.

Torque Value:

(Banjo fitting screw) 15 Nem [11 ft-Ib]
(Banjo fitting) 9Nem [7 ft-Ib]
(Bracket Capscrew) 24 N-em  [18 ft-Ib]
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Injectors-Replacement

Preparatory Steps:

*  Thoroughly clean around the injectors.
*  Remove the high pressure fuel lines.
*Remove the fuel drain manifold.

| 24 mm
Remove the injectors.

&

Injector Bore Brush BJ

N
Clean the injector nozzle bore, using Service Tool No. .
3822509.

Lubricate the sealing lips of the sleeve with anti-seize
compound. Package the injector, sealing sleeve, a new
copper sealing washer and the hold down clamp.

Use only one washer

Service Tip: A light coat of clean 15W40 engine oil between
the washer and injector can help to keep the washer from
falling during installation.
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Install the injector package into the injector bore. The
&Y/ injector leak off connection must be away from the valve

cover.

_/ : Y
24 mm
/ Tighten the injector nozzle nut. The protrusion on the
. &) side of the nozzle fits into a notch in the head to orient
\ ® the injector. .
[ _j Torque Value: 60 N *m [44 ft-Ib]
- fifhdan

10 mm
Install the fuel drain manifold.

Torque Value: 9 N m [7 ft-Ib]

1 1] i
17 mm, 19mm e
Install the high pressure fuel lines. ng N — S
Torque value: 30 N*m [22 ft-Ib] QY i
—
——— l m ﬁ Nt
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Fuel Shutoff Solenoid-Replacement Preparatory Steps:

* Label and disconnect the wiring.

RQVK Governor Shutoff Solenoid

10 mm

Remove the hitch pin clip, mounting capscrews and
<8 the fuel shutoff solenoid.

L | \ , Install the new solenoid in reverse order of removal
= JL and connect the wires.
i Torque Value: 10 N*m [89 in-Ib]
5]
Lﬂhﬂ

10 mm, 16 mm - —

Adjust the solenoid linkage as necessary so that the

plunger is magnetically held in with the shutoff lever in P

the absolute full run position. Turn the large hex on the

end of the plunger to make adjustments.

S o :
—_ )
m-—.—.
© o 1 )
— /| Hipgus

injection Pump-Replacement

Preparatory Steps:

¢ Clean debris.

* Remove all fuel lines.

* Remove control linkage.

*  Remove fuel shutoff solenoid.

* Remove AFC air line

* Remove oil line(s)
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NOTE: A diesel engine can not tolerate dirt or water

in the fuel system. A tiny piece of dirt or a few
drops of water in the injection system may stop
your units.
Clean all external surfaces of the injection pump,
including all line connections and fittings that are to
be disconnected. Clean the area around the
injection pump gear cover to prevent dirt from
entering the crankcase.

Injection Pump-Removal 3377371

Engine Barring Gear

Locate TDC for cylinder No. 1. Push the TDC pin
into the hole in the camshaft gear while slowly
barring the engine.

NOTE: Be sure to disengage the pin after locating
TDC.

10 mm
Remove the fuel pump mounting bracket.

-[I_ 1 ',/"-'
30 mm (P7100 Pump) - R
Remove the gear cover access cap. @@ \

Remove the nut and washer from the fuel pump ,“ 8 A .
shaft. @ @ 6
1l ®-
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m 75 mm T-Bar Puller
Pull the fuel pump drive gear loose from the shaft.

s

15 mm
Remove the four mounting nuts.
Remove the fuel pump.

Injection Pump-Installation BJ
3377371 Engine Barring Gear

Make sure the engine has cylinder No. 1 at
TDC.

Injection Pump-Timing

The injection pump also has a timing pin,
located in the governor housing, to position
the pump shaft to correspond with TDC for
cylinder No. 1.
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| 24 mm
Remove the access plug.

e

(s @@ Remove the timing pin.

If the timing tooth is not aligned with the timing pin hole,
rotate the pump shaft until the timing tooth aligns.

Reverse the position of the pin so the slot of the pin @@
will fit over the timing tooth in the pump.
Install and secure the pin with the access plug.
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15 mm
Install the mounting nuts.
Torque Value: 43 N-m [32 ft-Ib]

30 mm (P7100 Pump)
Install the retaining nut and washer.
Torque Value: 10to 15N+ m [7 to 11 ft-Ib]

NOTE: Do not exceed the torque value given. This is

not the final torque value for the retaining nut.

Lubricate the mounting flange of the fuel injection
pump with clean engine oil.

Caution: The fuel pump drive gear inside diameter and
the shaft outside diameter must be clean and dry
before installing the shaft into the gear.

NOTE: The P7100fuel injection pump driveshaft has a
provision for a Woodruff key, however, it is not
required. Timing mark alignment is not required for the
P7100 drive gear.

Slide the pump shaft through the drive gear and
position the pump flange onto the mounting studs.
Push the pump forward until the mounting flange and
o- ring are properly fitted into the gear housing bore.

ap
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Disengage the engine timing pin.

24 mm
Remove the fuel pump timing pin plug. Reverse the
position of the pin and install the pin, plug, and
@ sealing washer.
Torque Value: 15N « m [11 ft-Ib]

QP
O30,

22 mm or 27 mm

Tighten the fuel pump drive nut. BJ
Torque Value: b‘):'b
P7100 Pump, 165 N>m [122 ft-Ib] %
Install the gear cover access cap hand tight. ®

10 mm

Install the fuel pump mounting bracket capscrews finger
tight.

To make sure the alignment is correct, tighten the ng
support mounting capscrews. QD

Torque Value: 24 N+ m [18 ft-Ib]
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. . 10 mm Hex Drive
J". @ Caution: If a replacement or repaired pump was

X installed, be sure to fill the governor housing with

engine oil before starting the engine. Failure to do

so will result in damage to the governor fly weights.
| Remove the access plug.

ol ‘- Oil Capacity

D

I

) S A
f@_ (=]
= _ | |] e RQVK Governor 750 ML [0.71 Q]

& fp900b Install the access plug.
: p90oba Torque Value: 28 N-m [21 ft-Ib]

Injection Pump-Idle Speed Adjustment

RQVK Governor

10 mm Screwdriver and Tachometer

Idle adjustment on automotive pumps requires
setting of the stop screw.

Loosen the locknut and turn the screw
counterclockwise to raise the RPM; clockwise to
decrease the idle speed Tighten the lockscerw.
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Air System Repair Summary

Component To
Be Replaced Tools Preparatory Steps*

Air Crossover Tubing 8 mm and Common Screwdriver
and Torque Wrench

Intake Manifold Cover 10 mm Socket Remvoe high pressure fuel lines, disconnect cold
and Gasket starting aid , if used, and air crossover tubing.
Aftercooler and Gasket 8 mm, 10 mm Socket Disconnect Cold Starting aid if used, remove air

crossover tube and drain coolant.

Tubocharger  and/or 10 mm, 15 mm, 16 mm, 7/16- Disconnect intake and exhaust piping and remove

Gasket Inch Wrenches crossover tubing.
Exhaust Manifold 15 mm Socket Disconnect intake and exhaust piping, remove air
and/or Gasket crossover tube and remove the turbocharger.

*Removal of some chassis parts may be necessary to gain access to some engine components. Follow the equip-
ment manufacturer's procedures and precautions for removing chassis parts.

Air System Repair
Air Crossover Tube-Replacement

8 mm or Screwdriver
Lossen the hose clamps and position the hose so
the crossover tube can be removed.

8 mm or Screwdriver

Use new hose and clamps as required to install the
crossover tube.

Torque Value: 8 N « m [6 ft-Ib]
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Intake Manifold Cover and Gasket-Replacement

Preparatory Steps:

*  Remove the high pressure fuel lines.

* Disconnect the cold starting aid,if used.

* Remove the air crossover tube(Industrial).

10 mm
Remove the manifold cover and gasket. g]
& e
./-n
—————
i
= =
g LF
=-° o \wl___" macvma

Clean the sealing surface.
NOTE: Keep the gasket material and any
other material out of the air intake.

NOTE: The holes shown in the illustration are
drilled through and must be sealed by
applying liquid teflon sealant to the capscrews.
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10 mm
Install the cover and a new gasket.
Torque Value: 24 N*m [18 ft-Ibl

Assemble the intake piping and connect the cold pav —

starting aid if used.

.
B
d J
@ _ ==
¢ 1
<@ s Ll
L . t (™ )
- W = cidling

Install and bleed the high pressure fuel lines.

Jacket-Water Aftercooler and Gasket- Replacement

Preparatory Steps:

Disconnect the cold starting aid , if used.
Remove the air crossover tube.

Remove high pressure fuel lines.

Drain 2 liters (2.1 U.S. Quarts) of coolant.
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Remove the coolant supply tube (1) and the m

coolant return tube (2).

Remove the high pressure fuel lines

atdhsms

]

(K9

10 mm
Remove the aftercooler housing and gasket.

Clean the sealing surface.
NOTE: Keep the gasket material and any other
material out of the air intake.
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10 mm

NOTE: The holes shown in the illustration are @
drilled through. Apply liquid teflon sealant to the Ay
capscrews. Install the aftercooler housing and a %
new gasket.

Torque Value: 24 N*m[18 ft-Ib]

@&

8 mm
Install the coolant supply tube (1) and coolant BJ
return tube (2). Install the air crossover tube (3).
S
QL
Reinstall and bleed the high pressure fuel lines.
Torque Value: 8 N*m [6 ft-Ib] ®

Caution: The system must be filled slowly to prevent
air locks. Be sure to open the engine and aftercooler
vents to allow air to escape as the system is filled.

Fill the coolant system with a mixture of 50% water and
50% ethylene-glycol type antifreeze.

Charge Air Cooler-Leak Check

NOTE: The long term integrity of the charge air cooler
system is the responsibility of the vehicle and component
manufacturers: however, the following symptoms can be
checked by any Cummins Authorized Repair Location:
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Intake Manifold Pressure-Check

Install pressure gauge, Part No. ST-1273, to the fitting in
the turbocharger outlet.

Install another pressure gauge, Part No. ST-1273, in the
intake manifold. /4
Operate the engine at rated RPM and load. Record the e ﬁ:\g— 't v 21KPa
readings on the two gauges. i == ],‘fri:.\ f [3psi]
If the differential pressure is greater than 21 kPa [3 psi], S Max
check the charge air cooler for plugging. Clean or
replace if necessary

Intake Manifold Temperature-Check

Install a temperature gauge in the intake manifold.

Lock the fan drive in the ON mode to prevent erratic test
results. This can be done by installing a jumper across @
the temperature switch or supplying shop air to the fan .

Refer to the fan drive manufacturer for lock-up
procedure.

<L
(]
o=/

NOTE: Some trucks have a manual switch that

will lock on the fan.

Operate the engine at rated RPM and load.
Record the intake manifold temperature.
Measure the ambient temperature at least two
feet in front of the vehicle.

The maximum temperature differential must not

be greater than 25°C [45°F]

If the temperature differential is greater than
25°C [45°F] check the charge air cooler for dirt and
debris on the fins, and clean as necessary. If the
problem still exists, check the cooler for internal
contamination or plugging.

To check the charge air cooler or cracked tubes or

header, remove the inlet and outlet hoses from the

cooler.

Remove the charge air cooler.

Install a cap over the outlet side of the cooler.

Install a pressure gauge and a shop air supply line

to the inlet side of the cooler.
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Apply 276 kPa [40 psi] of air pressure to the cooler. If

the pressure drop is 35 kPa [5 psi] or less in 15
seconds, the cooler is okay.

If the pressure drop is greater than 35 kPa [5 psi] in 15
seconds, the charge air cooler must be repaired or
replaced. Refer to the CAC manufacturer for repair <= X
instructions.

NOTE: A leak tank can be used to locate the air leak.

cn200kd

Turbocharger-Replacement

Preparatory Steps:
* Remove the air crossover tube.
* Disconnect the intake and exhaust piping.

10 mm
Remove the capscrews from the oil drain tuble.

=

y 16mm

R

Remove the oil supply line.
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If equipped with a wastegate turbocharger, remove the
intake manifold pressure supply line from the boost capsule.

15 mmand 11 mm m

Remove the exhaust clamp, turbocharger, and gasket. @@

\_| Clean the sealing surface. Inspect the sealing

surface and mounting studs for damage.

NOTE: If the turbocharger is not be immediately
replaced, cover the opening to prevent any
material from falling into the manifold.
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Install a new gasket and apply anti-seize compound to the mounting studs.

ap
o
15 mm
Install the turbocharger and a new gasket.
Torque Value: 32 N « m [24 ft-Ib]
13 mm

If required, bend the lockplates back and loosen the
turbine housing capscrews and position the bearing
housing to install the turbocharger drain tube.

13 mm
Install the hose and clamps on the turbocharger
drain tube loosely. Install the drain tube and gasket

on the turbocharger.
Torque Value: 24 N *m

Screwdriver
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Position the turbocharger drain hose to connect the
drain tubes; tighten the clamps.

13 mm. Punch, Hammer

If loosened, tighten the turbine housing capscrews.
Bend the lockplates onto the flats to prevent
loosening.

Torque Value: 11.3 N+ m [8 fi-Ib]

10 mm
If required, loosen the compressor housing and

position the housing to align with the crossover

tube.
Torque Value: 5.7 N*m [50 in-Ib]

11 mm, plastic Hammer

Tighten the band clamp to 5.7 N « m [50 in-Ib].

Tap around the clamp with a plastic hammer and tighten
againto 57Nem [50 in-Ib].
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Caution: To prevent bearing damage A
newtubochargers must be prelubricated before
start-up.

Pour 50 to 60 [2 to 3 ounces] of clean engine oil

into the oil supply fitting. Rotate the turbine wheel

to allow the oil to enter the bearing housing.

Install the exhaust oulet connection.

Do not tighten the two mounting capscrews until
the band clamp has been tightened. |
Torque Value: Band Clamp-8 N * m [6 ft-Ib] QL

Capscrews - 43 N*m [32 ft-Ib]

16 mm
Install the oil supply line.
Torque Value: 15N*m [11 ft-Ib]

. If equipped with a wastegate turbocharger, install
D%g the intake manifold pressure supply line from the
boost capsule.
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Install the air crossover tube, inlet and exhaust
piping. Operate the engine and check for leaks. AV

Exhaust Manifold and Gaskets -Replacement

Preparatory Steps:

* Remove the air crossover tube.

* Disconnect the air intake and exhaust piping.
* Remove the turbocharger, if used.

15mm
Remove the exhaust manifold and gaskets.

&%

Clean the sealing surfaces.

nIbasn
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15 mm

Install the exhaust manifold and new gaskets. BJ
Torque Value: 43 N*m [32 ft-Ib]

Follow the tightening sequence shown in the Q%g
illustration Then, follow the same sequence and
tighten the capscrews again to the same torque
values.

Install the parts previously removed. Operate the
engine and check for leaks.

Lubricating System Repair

Lubricating System Repair Summary

Component To Be Replaced Tools

Preparatory Steps

Oil Pressure Regulator Valve and/or | Ratchet, 22 mm Socket and Torque
Spring Wrench

Clean debris

Oil Cooler Element and/ or Gaskets 16 mm Wrench, Ratchet, 10 mm
Socket and Torque Wrench

Drain Coolant, Remove

the oil filter.

Oil Pressure Regulator, Valve and Spring Replacement.

Preparatory Steps:
* Clean debris.

146/ 167
pages




A CFANGLiNn ENETERARKBRAA

SINOMACH CHANGLIN COMPANY LIMITED
EMET

www.changlin.com.cn

22 mm

Remove the plug and regulator
valve.

R

il

Q,_'ﬂ legtres

22 mm
Clean and inspect the bore and regulator valve

before assembly.

Caution: In order to regulate the oil pressure, the
@ valve must move freely in the bore.

Torque Value: 80 N*m [60 ft-Ib]

Install the regulator and spring.
ap
&

Oil Cooler Element and Gasket-Replacement Preparatory Steps:

* Drain The coolant.
*  Remove the oil filter.

Clean all debris from around the oil cooler.

)
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16mm

Remove the turbocharger oil supply line from the
oil filter head.

10 mm
@ Remove the oil cooler cover, element and

gaskets.
s

l\ I Clean the sealing surfaces.

Pressurize the element to 690 kPa [100 psi] to
check it for leaks.
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10 mm

Assemble the oil cooler gasket, element, cooler cover m
gasket and cooler cover to the cylinder block.

NOTE: Be sure to remove the shipping plugs (A) from
the new cooler element.

Torque Value: 24 N*m [18ft-Ib] ®

16 mm
Connect the turbocharger oil supply line.
(%3 Torque Value: 15 N*m [11 ft-Ib]

bg,b Install a new oil filter.
Follow the manufacturer's instructions for tightening.

Caution: The system must be filled slowly to
prevent air locks. Be sure to open the aftercooler A
vents to allow air to escape as the system is filled.
Fill the coolant system and operate the engine to
check for leaks.

Stop the engine and check the coolant and oil
level.
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Electrical System Repair

Electrical System Repair Summary
, » and Torque Wrench

Component To Be Replaced Tools Preparatory steps
Ratchet, 17 mm Socket, 14 mm | Disconnect ground cable to
Wrench battery

Alternator Ratchet, 8 mm, 14 mm and 16 mm | Disconnect ground cable to

Socket and torque Wrench, 1/2 | battery and remove drive belt
inch Square Drive Breaker Bar

Starting Motor-Replacement

Disconnect the ground cable from the
battery.

Identify each electrical wire with a tag
indicating location.

wdsome

14 mm
Remove the battery cable from the solenoid.
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14 mm
Remove the capscrew from the alternator link.

16 mm
Remove the alternator mounting
capscrews. Remove the alternator.

10 mm
m Remove the starting motor.

@@ Install the starting motor in the reverse order or
removal. Torque Value: 43 N*m [32 ft-Ib]

Alternator-Replacement

Disconnect the ground cable from the battery terminal,
identify each electrical wire with a tag indicating
location. Remove the drive belt.

R

R

Position the alternator on the bracket and secure it with the mounting capscrews.
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G Position the alternator on the bracket and secure it
D%v with the mounting capscrews.
Do not tighten at this time.

&5 | |

Connect the alternator link to the alternator. Finger
tighten.
NOTE: Make sure the alternator link is properly
positioned for correct belt alignment.

14,16 mm

Tighten the alternator mounting capscrew. BJ

Torque Value:

A =24 N*m [18 ft-Ib] ®

A =43 N*m [32 ft-Ib]
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Section 12-Specifications and Torque Values
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Engine Specifications (Non-Automotive Engines)

GENERAL ENGINE DATA 4B3.9 4BT3.9 4BTA3.9 6B5.9 6BT5.9 6BTAS5.9
Bore-mm [in]..................... 102 [4.02)

Stroke-mm [in].................... 120 [4.72]

Displacement-liter [in. 3] = oo 3.9 [239] R R R ——

Engine Weight(Dry) Less Fly-
wheel and Electrics-Kg ’
sl 308 [680] 320 [705] 329 [725] 388 [855] 399 [880] 411 [905]

B 1111 RO = STV — 1.3.4.2. wremsrscriscssesnensen F— X - .. T
Valve Clearances :

-Intake-mm [in].................. 0.25 {0.010]
-Exhaust-mm [in]................ 0.51 [0.020]
Compression Ratio.............. 18.5: 1 175:1 16.5: 1 185:1 175:1 16.5:1

Rotation viewed from the
Front of the Engine.............. Clockwise

Aspiration

-Naturally Aspirated.............. X X
-Turbocharged...................... X X X
-Aftercooled.........................

LUBRICATION SYSTEM kPa [psil 4B3.9 4BT3.9 4BTA3.9' 6B59 6BT5.9 6BTAS5.9
Minimum Allowable Oil Pressure@ Idle 69 [10] 69 [10] 69 [10] 69 [10] 69 (10] 69 [10]
Minimum Allowable Oil Pressure@ Rated 207 [30] 207 [30] 207 [30] 207 [30] 207 {301 207 [30]
Regulated Pressure 449 [65] 449 [65] 449 [65] 449 [65] 449 [65] 449 [65]
Differential Pressure to Open Filter Bypass 138 [20] 138 [20] 138 [20] 138 [20] 138 [20] 138 [20]
Oil Capacity L [QT)

Standard Pan Only 9.5 [10] 9.5 [10] 9.5 [10] 14.2[15) 14.2 [15] 14.2[15]
Total System (Pan, Filter, Lines) 1090115} 11 [11.6] 11[11.6] 16.3[17.2] 16.4[17.3] 16.4[17.3]
No. QTS From “L” to “H” on Dipstick (1] [1] [1] [2] [2] [2]
COOLING SYSTEM L [QT]

Engine Coolant Capacity 7.0 [74] 7.017.4] 7910841 9.0 (9.5 9.0 [9.5] 9.9{10.5]
Thermostat Modulating Range°C [°F] 83-95 83-95 83-95 83-95. 83-95 83-95

{(181-230] ({181-203] ([181-203] [181-203] [181-203] [181-203]}

Pressure Cap kPa [psil

104°C [220°F] 103 [15] 103 [15] 103 [15] 103 [15] 103 [15] 103 [15]
99°C [210°F] 48 [7] 48 (7] 48 (71 48 (7] 48 [7] 48 [7]
*Jacket-water aftercooled
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INTAKE  AIR, EXHAUST ‘
AND FUEL SYSTEM 4B3.9 4BT3.9 4BTA3.9 6B5.9 6BT5.9 6BTAS5.9

Maximum Allowable Intake
Restriction at Rated Speed

and Load with Dirty Air Filter
Element-mm H,0 [in.

508 [20] 635 [25] 635 [25] 508 [20] 635 [25] 635 [25]

Maximum Allowable Ex-

haust Restriction at Rated

Speed and Load-mm Hg [in. :
Hal.oeeeeeeeeee 76.2 mm [3in]]

Maximum Allowable Re-
striction to Transfer Pump-
mm Hg [in. Hgl.........c...... 100 mm [4in.]

Maximum Allowable Return

Line Restriction-mm Hg [in .
1o ] I 518 mm[20.4in.]

Maximum Fuel Pressure

Drop Across Filters kPa
1573 OO 34 [9]

ELECTRICAL SYSTEM 4B3.9 4BT3.9 4BTA3.9 686.9 6BT75.9 6BTA5.9
Minimum Recommended Battery
Capacity-With Light Accessories*
-12V Starter....... 625CCA 625CCA 8CCA 800CCA 800CCA 800CCA
-24 V Starter, 312CCA 400CCA 400CCA 400CCA 400CCA 400CCA
" With Heavy Accessories**
12V St 800CCA 800CCA 800CCA 950CCA 950CCA 950CAA
24V Starter..........cooooreececeennenens 400CCA 400CCA 400CCA 475CCA 475CCA 475CCA
Maximum Allowable Resistance of
Starting Circuit
-With 12 V Starter-Ohms.......... 0.0012
-With 24 V Starter-Ohms.......... 0.0020
*Typical light accessories include alternator, small steering pump, and disengaged clutch.
**Typical heavy accessories include hydraulic pump and torque converter.

Batteries (Specific Gravity)

Specific Gravity |
at 27 °C [80 °F] State of Charge
1.260-1.280 100%
1.230-1.250 75%
1.200-1.220 50%
1.170-1.190 25%
.1.110-1.130 Discharged
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General Specifications (Automotive Engines)

General Specifications (Automotive Engines)

GENERAL ENGINE DATA

B5.9-160 B5.9-175 B5.9-190 B5.9-210 B5.9-230
Bore-mm [in].....cccoovvvrmnreicienne 102 [4.02] 102 [4.02] 102 [4.02] 102 [4.02] 102 [4.02]
Stroke-mm [inJ.....coooooveeiiniieinens 120 [4.72] 120 [4.72] 120 [4.72] 120 [4.72] 120 [4.72]
Displacement-liter [in. °]................. 5.9 [359] 5.9 [359] 5.9 [359] 5.9 [359)] 5.9 [359]
Engine Weight (Dry) Less Fly-wheel
and Elecirics-kg [ibs].........ccocevennns 428 [942] 428 {942] 428 [942] 428 [042] 428 [942]
Firing Order............ccoovveiiniiinennennn 1-5-3-6-2-4 | 1-5-3-6-2-4 | 1-5-3-6-2-4 | 1-5-3-6-2-4 | 1-5-3-6-2-4
Valve Clearances:
-Intake-mm [inJ.....ccooooiiinincns 0.25 [0.010] | 0.25 [0.010] | 0.25 [0.010] | 0.25 [0.010] | 0.25 [0.010]
-Exhaust-mm [in]......cccooeeveinn 0.51 [0.020} | 0.51 {0.020] | 0.51 [0.020] | 0.51 [0.020] | 0.51 [0.020]
Compression Ratio............c..cceveeee 17.5:1 17.5:1 17.1:1 17.1:1 17.1:1
Rotation, viewed from the Front of the
Engine......coooiiniiii Clockwise | Clockwise | Clockwise | Clockwise | Clockwise
Aspiration:
-Naturally Aspirated............c.cceceens
-Turbocharged........c..cccceevvmeeiiinnennne X X X X X
-Aftercooled.............cccoeeiiiinnnnnn
-Charge Air Cooled................c.......... X X X X X
General Specifications (Automotive Engines)
Lubricating System kPa [psil B5.9-160 B5.9-175 B5.9-190 B5.9-210 B5.9-230
Min. Allowable Press. @ Idle......... 69 [10] 69 [10] 69 [10] 69 [10] 69 [10]
Min. Allowable Press. @ Rated..... 207 (30] 207 (30} 207 [30] 207 [30] 207 [30]
Regulated Pressure...........c..c.ceuu. 449 [65] 449 [65] 449 [65] 449 [65] 449 [65]
Filter Bypass Diff. Pressure Oil Ca-| 138 [20] 138 [20] 138 [20] 138 [20] 138 [20]
pacity L [QTL
-Standard Pan Only.................... 14.2 [15] 14.2 [15] 14.2 [15] 14.2 [15] 14.2 [15]
-Total System..........cccecceeniiennnnne. 16.4 [17.3] | 16.4 [17.3] 16.4 [17.3] 16.4 [17.3] | 16.4 [17.3]
QTS From “L” to “H”....ccccoe. [2] [2] [2] [2] (2]
COOLING SYSTEM L [QT] B5.9-160 | B5.9-180 B5.9-190 B5.9-210 B5.9-230
Engine Coolant Capacity................ 9.0 [9.5] 9.0 [9.5] 9.0 [9.5] 9.0 [9.5] 9.0 [9.5]
Thermostat Modulating Range:
Correreereer e 83-95 83-95 83-95 83-95 83-95
[Flo e [181-203] [181-203] [181-203] [181-203] [181-203]
Pressure Cap kPa [psil:
-104°C [220°F].....cccverecrerrieee 103 [15] 103 [15] 103 [15] 103 [15] 103 [15]
-99°C [210°F]..ccvererireereeeenn 48 (7] 48 (7] 48 (7] 48 [7] 48 [7]
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General Specifications (Automotive Engines)

Intake Air, Exhaust, and Fuel System B5.9-160 B5.9-175 B5.9-190 B5.9-210 B5.9-230
Maximum Allowable Intake Restriction at -
Rated Speed and Load with Dirty Air Fil-
ter Element-mm H,0 [in. H.0J.......... 635 [25] 635 [25] 635 [25] 635 [25] 635 [25]
Maximum Allowable Exhaust Restriction
at Rated Speed and Load-mm Hg [in.
HGL e 152.4 [6] |152.4 [6] 152.4 [6] 152.4 [6] 152.4 [6]

Maximum Allowable Restriction to Fuel
Transfer Pump-With Dirty Filter-mm Hglin.

HOL e, 100 [4] 100 [4] 100 [4] 100 [4] 100 [4]
Maximum Allowable Return Line Restrict-
ion-mm Hg [in. Hgl...................

g [in. Hl 518 [20.4] | 518 [20.4] | 518 [20.4] | 518 [20.4] | 518 [20.4]
Maximum Fuel Pressure Drop Across Fil-
ters kPa [psi] 34 [5]

General Specifications (Automotive Engines)

Electrical System B5.9-160 B5.9-175 | B5.9-190 | B5.9-210 | B5.9-230

Minimum Recommended Battery
Capacity-With Light Accessories*:

- 12V Stanter. ..o, 800CCA 800CCA 800CCA 800CCA 800CCA

- 24V Starter .......cooooveiveeienn 400CCA 400CCA 400CCA 400CCA 400CCA
With heavy Accessories™™:

- 12V Starter ..o 950CCA SSOCCA 950CCA 950CCA 950CCA

- 24V Stanter ......cocooeieveenennne 475CCA 475CCA 475CCA 475CCA 475CCA

Maximum Allowable Resistance of
Starting Circuit:

- With 12 V Starter-Ohms .0012 .0012 .0012 .0012 .0012
- With24 V Starter-Ohms .0012 .0012 .0012 .0012 .0012

*Typical light accessories include alternator, small steering pump, and disengaged clutch.
**Typical heavy accessories include hydraulic pump and torque converter.
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Fuel Recommendations / Specifications

Warning: Do not mix gasoline or alcohol with diesel fuel. This mixture can cause an explosion.

Caution: Due to the precise tolerances of diesel injection systems, it is extremely important that the fuel
be kept clean and free of dirt or water. Dirt or water in the system can cause severe damage to both the
injection pump and the injection nozzles.

Caution: Do NOT use diesel fuel blended with lube oil in engines equipped with a catalytic convertor
(including all model year 1994 and beyond). Damage to legally required emission control may result.

Use ASTM No. 2 D fuel with a minimum Cetane number of 40. No. 2 diesel fuel gives the best economy
and performance under most operating conditions. Fuels with Cetane numbers higher than 40 may be
needed in high altitudes or extremely low ambient temperatures to prevent misfires and excessive
Smoke.

At operating temperatures below 0 ° C [32° FI, use a blend Of No. IDandNo. 2D fuels, also known as
“winterized”

No. 2D.

NOTE: No. 1 D fuel can be used, however, fuel economy will suffer.

Use low sulfur content fuel having a cloud point that is at least 10 degrees below the lowest expected
fuel temperature. Cloud point is the temperature at which was crystals begin to form in diesel fuel.

The viscosity of the fuel must be kept above 1.3 centistokes to provide adequate fuel system lubrication
at 40 °C [104° F].

For a more detailed description of fuel properties, refer to Fuel For Cummins Engines. Bulletin NO.
3379001. The following chart lists acceptable alternate fuels for MidRange engines.

158/ 167
pages




A CFANGLiNn ENETERARKBRAA

SINOMACH CHANGLIN COMPANY LIMITED .
EMET www.changlin.com.cn

Acceptable Alternate Fuels-Component Wear/Durability

Fuel Bosch Nippondenso [Stanadyne Lucas CAV

Type A P7100 VE Ep-9 DB-4 DPA DPS
NO. 1-D Diesel OK OK OK OK OK OK OK
NO. 2 Fuel Oil OK OK OK OK OK OK OK
NO. 1-K Kerosene OK OK OK * * *
NO. 2-K Kerosene OK OK OK * * *
Jet-A OK OK OK * * *
Jet A-1 OK OK OK * * *
JP-5 OK OK OK * * *
JP-8 OK OK OK * * *
Jet-B Not ok Not ok Not ok Not ok Not ok Not ok Not ok
JP-4 Not ok Not ok Not ok Not ok Not ok Not ok Not ok
Cite Not ok Not ok Not ok Not ok Not ok Not ok Not ok

OK ONLY if 5% new lube oil is blended with these fuels to increase the lubricity to acceptable level.
Caution: Do NOT use diesel fuel blended with lube oil in engines equipped with a catalytic convertor
(including all model year 1994 and beyond). Damage to legally required emission control may result.
NOTE: Any adjustment to compensate for reduced performance with a fuel system using alternate fuel is
not warrantable. NOTE: Wear on any mid-ranged fuel pump component attributed to the lack of
lubrication in the fuel is not a warrantable repair.

Lubricating Oil Recommendations / Specifications
Oil Performance Recommendations

The use of quality engine lubricating oils combined with appropriate oil drain and filter change intervals
are critical factors in maintaining engine performance and durability.

Cummins Engine Company, Inc. recommends the use of a high quality SAE 15W-40 heavy duty engine
oil (such as Cummins Premium Blue) which meets the American Petroleum Instilute (API) performance
classification CE/SG.

NOTE: CC/ CD or CD / SF engine oils can be used in areas where CE oil is not yet available, but the oil
change interval must be reduced to one half the interval given in the maintenance schedule.

A sulfated ash limit of 1.0 mass percent is suggested for optimum valve and piston deposit and oil
consumption control. The sulfated ash must not exceed 1.85 mass percent.
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Oil Viscosity Recommendations

The use of multi-viscosity lubricating oil has been found to improve oil consumption control and improve
engine cranking in cold temperatures while maintaining lubrication at high operating temperatures.
While 15W-40 oil is recommended for most climates, refer to the accompanying table for oil viscosity
recommendations for extreme climates.

NOTE: Limited use of low viscosity oils, such as 10W-30 FTRELW SN B R
may be used for easier starting and providing sufficient oil |\ seasons - GO
flow at ambient temperatures below-5°C [23°F], However,

continuous use of low viscosity oils can decrease engine | 'Vinter Conditions
life due to wear. Refer to the accompanying chart.

[10VY-30]

[SVY-30]

Arctic Conditions T R
*C -40-30 -20 -10 0 10 20 30 40 50
F 40-22 -4 14 32 50 58 86 104122

New Engine Break-In Oils

Do not use special “break-in” lubricating oils for new or rebuilt Cummins engines. Use the same type of
oil during the “break-in ” as that which is used in normal operation.

Recommended Oil Change Intervals
Refer to the following flowchart for the recommended oil change interval based on engine application.

YES Is your vehicle one of those below? YES | Change Interval
Is your vehicle an on egional Haul Truck KM MILES HOURS MOS
Highway application? —Coach Bus 17,000 10,000 250 3
—Vehicle accum. 8000 miles/mth. or. more |
|No
Use the following oil drain intervals for your application (1): (1) Or whichever comes first. If your ap-
VEH/EQUIP KM  MILES HRS MOS plication accumulates high hours
NO a?fusl%'rfk }gg% g,ggg %gg g and low mileage, the change inter-
ixer/LUumper A A H H 3
Del Truck po 10000 6000 250 6 val is determined by hours.
Shuttle or Transit Bus }8,838 g,ggg %gg g
?ﬁ?r"r'uiﬂs 10,000 6,000 250 3 Example: Transit buses and refuse
Is your vehicle used in a Recreational Vehicle 10,000 6,000 250 6 Trucks may average 16 Km{10 MPH]
Construction, Miningor | vpg when used in all urban routes. Oil
Logging Application? Use the following oil drain intervals for your application (1): drain intervals in those applications
VEHICLE/EQUIP KM MILES HRS  MOS are 4800 Km (3,000 mi], or less.
Truck Crane 10,000 6,000 250 3
Yard Spotter 10,000 6,000 250 3
NO Paver N/A N/A 250 6
Cranes N/A N/A 250 6
Backhoe N/A N/A 250 []
Dozer N/A N/A 250 6
- Scraper N/A N/A 250 6
Is your vehicle used in an Skidder NA N/A 250 6
Agricultural or S_:tat’i’onary YES
Power Application? Use the following oil drain intervals for your application (1):
VEHICLE/EQUIP HOURS MONTHS
Farm Tractors 250 6
Combines 250 6
NO Irrigation Equip 250 6
Generator Set 250 6
Air Compressor 250 6
I
Change Interval easure Boat
KM MILES HOURS MOS Work Boat 250 3
10,000 6,000 250 3
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Oil Consumption

In addition to the information that follows, a service publication entitled Technical Overview of Oil
Consumption is available, Bulletin 3379214-00.

Cummins defines “Acceptable Oil Usage” as outlined in the following table:

ACCEPTABLE OIL USAGE

ANY TIME DURING COVERAGE PERIOD

HOURS MILES KILOM
HRS HRS PER MILES| MILES PER KILOM | KILOM| PER
ENGINE PER PER | IMPERIAL PER PER | IMPERIAL PER PER | IMPERIAL
FAMILY QT LITER| QUART | QUART| LITER| QUART|QUART | LITER| QUART

4B 10.0 10.6 12.0 400 425 475 650 675 775
6B 10.0 10.6 12.0 400 425 475 650 675 775
6C 10.0 10.6 12.0 400 425 475 650 675 775

Arctic Operation

If an engine is operated in ambient temperatures consistently below -23°C [-10°F] and there are no
provisions to keep the engine warm when it is not in operation, use a synthetic CE/SG engine oil with
adequate low temperature properties such as; 5W-30.

The oil supplier must be responsible for meeting the performance service specifications.

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

Additional information regarding lubricating oil availability throughout the world is available in the “E. M.
A. Lubricating oils Data Book for Heavy Duty Automotive and Industrial Engines.” The data book may be
ordered from the engine Manufacturers Association, One lllinois Center, 111 East Wacker Drive,
Chicago, IL U. S. A. 60601. The telephone number is: (312) 644-6610.
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Coolant Recommendations / Specifications

Heavy duty diesel engines require a balanced coolant mixture of water and antifreeze. Drain and replace
the mixture every 2 years. 320, 000 KM [200,000 miles] or 6, 000 hours of operation (whichever occurs
first) to eliminate build up of harmful chemicals.

*Antifreeze is essential in any climate. It 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
mixture 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
components. 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(GM6038M spec.)critera.
Concentration-Antifreeze must be used in any climate for both freeze and boiling point protection.
Cummins 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 exceeded under any Condition. Antifreeze Protection
decreases above 68 percent.

Ethylene Glycol Propylene Glycol
40% = -23°C [-10°F] 40% = -21°C [-6°F]
50% = -37°C [-34°F] 50% = -33°C [-27° F]
60% = -54°C [-65° F] 60% = -49°C [-56°F]
68% =-71°C [-90°F] 68% =-63°C [-82° F]

Concentration Testing-Antifreeze concentration must be checked using a refractometer(such as Fleet-
guard Pa rt No.Cc2800).“Floating ball type density testers or hydrometers are not accurate enough for
use with heavy duty diesel cooling systems.

162/ 167
pages




2 -0 EETEASHERAT
c’dnGL’n SINOMACH CHANGLIIiOMPANY LIﬁT):D .
EMET www.changlin.com.cn

Filter Selection

Oil Filters
HﬁET[]!JE!I‘] . A = LF 3345 Standard Four Cylinder Applications
* B = LF 3349 Standard Six Cylinder Applications

Fuel Filters

A = Standard Filter used as secondary filter in fuel filter
applications.
B = Fuel Water Separator Primary filter for fuel filter

applications.

C = Fuel Water Separator used in single filter applications.
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Engine Component Torque Value

Engine Component Torque Value

or Wrench Size MM(Inch) TorqueN *+ m (Ft-lb)
10 Afercooler MOUNtING. .........c.cccvceierrrnrcsrrineresaesessssess e esesessss e seseesens 24 [18]
8 Aftercooler Water HOSE Clamp.............c..ocvmririenieeienieierereesiensresesceseeeeesieneene 5 [4]
13 Alternator Link (Delco 10-15 Sl) 24 [18]
[3/4] Alternator Link (Delco 20-27 SI).......couivivmuieeeeeieieeieeeeeerseeeeeeees e seseesneineas 43 [32}
15 Alternator Mtg. BOM 10-15 Slh.......cevcveivucieiesieeieees e ssossesseseseeseseseaseens 43 [32]
18 Alternator MEg. BOM 27 Sl.........cooueuminriierrenreniensneesreessesessessssssesssssessessensans 77 [57]
10 Alternator Support (Upper) 24 [18]
Allen 5 mm Belt Tensioner Flat Bracket 24 (8]
15 Belt Tensioner MOUNTING.........c..ccovvruereeeniiriecsrsvens et ssese s 43 [32]
15 Crankshaft Damper & Pulley............c.coccovvieiiienneceseccere e 137 [101]
[5/16] CroSSOVET ClAMP.......c.viciiieiitieei ettt ssnt e san s s nnes 5 [4]
1 Tee BoIt TYPe Clamp.........ccccermirmirriesernreese s sessesss e ssesssssssssnsssssesens 8 (6]
15 Exhaust Manifold 43 [32]
15 Exhaust Outlet Pipe Mtg Bracket 43 [32]
(7/16) Exhaust Outlet Pipe, V Band Clamp.............c..coorerivvinienicrereerie e 8 [6]
10 Fan Bracket MOUNUING..............o....ccoovreveeerseereeeeseesessemsess s essesssseeseeneneee 24 [18]
10 Fan Pulley 24 {18
13 : Fan Puliey. 43 [32]
19 FIYWHEEL........coerceetecniseeorectsetss e s sesssassss s sessessst s s ens st staness s 137 [101]
-- Front Cover Clamp ACCESS Cap........ccceecereinvniinnicnnisveissssvesveresnanes memeee] Hand Tighten------
17 Fuel Drain Line Banjo Screw (Rotary PUmp)..............cccoeoveeeeremiceeeieneiceenenns 15 [11]
Engine Component Torque Value (Continued)
Socket or Wrench Size MM(inch) Torque N * m (Ft-lb)
17 Fuel Banjo Screw (in Filter Head).............ccocooooiiniiiincincinicnns 24 [18]
10 Fuel Vent Screw (in Banjo). 9 [71
10 Fuel Banjo Screw (Injector) 9 [71
75-85 FUEI FIEE....cvieiie et 3/4 Turn After Contact
24 Fuel Filter Adapter NUL............ccccoeiiiie e 32 [24]
17 0r 19 Fuel Line Fitting (High Pressure)..........cc.ccccoccoeosmmrnicrernieens 30 [22]
22 Fuel Pump Drive Gear (with Pump Unlocked) Rotary. 65 [48]
22 Fuel Pump Drive Gear (Pump Unlocked) Nippondenso............ 123 [92]
30 Fuel Pump Drive Gear (Pump Unlocked) Bosch Inline.............. 165 [122]
iO Fuel Pump Lock (Bosch) Rotary...........coccoimicnnnniincnencnens 30 [22]
Fuel Pump Unlock (BoSCh) ROtArY.........cooorruruerensinsirerecsemnees 13 [10]
14 Fuel Pump Lock (CAV)....... 7 [5)
Fuel Pump Unlock (CAV).....ccooiiiiini s 20 [15]
13 Fuel Pump Mounting Nuts (Bosch Rotary).......ccee.co.eeen. 24 [18]
15 Fuel Pump Mounting Nuts (Bosch In-Line, Nippondenso)........ 43 [32]
13 Fuel Pump Mounting Nuts (CAV)...........cccooviriiniiinenns 30 [22]
13 Fuel Pump Support Bracket 24 18]
24 Injector Retaining NUL............cccoovririiiuniies s 60 [44]
13 Intake Manifold COVE............ccccrirerecreinii oo 24 [18]
10 Lift PUmp/Cover PIate............coccoooevirmmciiens e 24 [18]
T 18 Lifting Bracket (REAM.................coormrrsmmmeemeemercriinsins 77 (571
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french Size MM(inch) Torque N * m (Ft-lb)
75-85 Ol FIREI ..ottt 3/4 Turn After Contact
10 Oil Cooler ASSBMDIY..........c.ccoveemeveirirernreerereeniemresseenenersaasens 24 [18]
17 Oil Pan Drain Plug..........coccomieviimininiiiieneneriiesennssessenns 80 [60]
27 Oif Pan Heater PIUQ..........c.cocuveveeerieneeereinrssneeenesessssssssossas 80 [60]
19 Oil Pressure Regulator Plug............c.cc.coerierirereeierersiniinesenns 80 [60]

10 Rear Seal HouSING.........c...ccccvuveinrerrerierseriesnenseseesecsssrensanes 9 _ [7]
14 ROCKEI LEVEI NUL..........cccveercrcericrrencererereseeeessssessssnensensres . 24 [18]
10 Starter MOUNLING..........occoverreeeeeerereereeeerseseenenenes essiesornsssase 43 [32]
10 Tappet Cover/Fuel Drain Line SUppoms............cccocvvenenvivuerennen 24 [18)
10 Thermostat Housing............. 24 [18]
13 Turbin® HOUSING. .....c.ouoveerreurererrieemerenreceseasesserenes 1 [8]
10 Turbo Compressor Housing Clamp.............cccveurerernerncvecsnenes 6 [51

15 Turbo Mounting NULS............ccouveureermeiercncninrensseesessnassansesaenes 32 [24]
13 TUDO Draint TUDE.........ocveeierceiererererieeseesesmsecsesseiee e eesensensmenes 24 [18]
16 Turbo Oil Supply (Both ENdS)...........oceomveirererieriennrsaenressennne 24 [18]
15 Water INIBt CONNECHON. .........c.ceevvrerireenerererienrerereeesernessaosessonee 43 [32]
13 Water PUump MoUNting...........ccoocreenevennimecnronsen e seressserensionsnens 24 . [18]
15 VAIVE COVEN.........cueeiireerieiriaiesetnesasisesses e rssssaseesssssasenaes 24 [18]
- Valve Cover Ol Fill..........ccocuerereenererennerenienrecsenenans Hand Tighten
Sealants

Use the sealants listed below or sealants containing equivalent properties.

Description Sealing Method

1. Pipe Plugs Precoated teflon or pipe sealer.

2. Cup Plugs Loctite 277 or 11,264

3. O-Rings No sealant required.

4. Rear Camshaft Expansion Plug Precoated or Loctite 59,241 liquid teflon.
5. Fuel Pump Studs Loctite 609.

6. Turbo Drain in Block Loctite 277 or 11,264

7. Front Seal in Gear Cover Loctite 277 or 11,264

8. Rear Seal in Rear Cover No sealant.

9. Oil Pan at T-Joint 3-Bond 1207C (P/N 3823494)
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Capscrew Markings and Torque Values

Caution: When replacing capscrews, always use a capscrew of the same measurement and
strength as the capscrew being replaced. Using incorrect capscrews can result in engine damage.
Most of the capscrews used on the B Series engine are metric. Some components, such as the air
compressor and fuel pump, are installed using U. S. Customary capscrews.
Metric capscrews and nuts are identified by the grade number stamped on the head of the capscrew, or
on the surface of the nuts. U. S. Customary capscrews are identified by radial ines stamped on the head
of the capscrew. The following examples indicate how capscrews are identified:

Metric (M8-1.25x25) U. S. Customary (5/16x8x1 1/2)
M8 1.25 25 516 18 112
Major Distance Length Major Number Length
Thread Between in Thread Threads in
Diameter in Threads in Millimeters Diameter in Perinch inchs
In inches

Notes:

1. Always use the torque values listed in the following tables when specific torque values are not available.
2. Do not ues the torque values in place of those specified in other sections of this manual.
3. The torque values in the table are based on the use of lubricated threads.
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Capscrew Markings and Torque Values-Metric

Commercial Steel Class
8.8 10.9 12.9
Capscrew Head Markings

~» W o‘\\»\\\\\\\“\\\‘
Y Y

"Body

Size Torque Torque Torque

Diam. Cast Iron Aluminum Cast Iron Aluminum Cast Iron Aluminum

mm N'm ftdb N m ftdb N'm ftlb N':m #flb N m fttb N'm ftlb

6 9 7 7 5 12 9 7 5 12 9 7 5
7 14 10 11 8 18 13 11 8 23 18 11 8
8 25 18 18 13 32 23 18 13 36 27 18 13

10 40 30 30 22 60 45 30 22 70 50 30 22
12 70 22 55 40 105 77 55 40 125 95 55 40
14 115 85 90 66 160 118 90 66 195 145 90 66
16 180 133 140 103 240 177 140 103 290 210 140 103
18 230 170 180 133 320 236 180 133 400 290 180 133

Capscrew Markings and Torque Values - U.S. Customary

SAE Grade Number 5
These are all SAE Grade 5 (3) line

Tess 3 ey

Capscrew Torque-Grade 5 Capscrew Capscrew Torque-Grade 8 Capscrew
Capscrew Body Size Cast Iron Aluminum Cast Iron Aluminum
Nem ft-lb Nem ft-lb Nem ft-Ib Nem ft-ib
1/4 - 20 9 7 8 6 15 11 12 9
- 28 12 9 9 7 18 13 14 10
5/16 - 18 20 15 16 12 30 22 24 18
-24. 23 17 19 14 33 24 25 19
3/8 - 16 40 30 25 20 55 40 40 30
- 24 40 30 35 25 60 45 45 35
7116 - 14 60 45 45 35 90 65 65 50
- 20 65 50 55 40 95 70 75 55
1/2 - 13 95 70 75 55 130 95 100 75
-20 100 75 80 60 150 110 120 90
9/16 - 12 135 100 110 80 190 140 150 110
- 18 150 110 115 85 210 155 170 125
5/8 - 11 180 135 150 110 255 190 205 150
-18 210 1585 160 120 290 215 230 170
3/4 - 10 i 325 240 255 190 460 340 365 270
- 16 365 270 285 210 515 380 410 300
7/8 - 9 490 360 380 280 745 550 600 440
- 14 530 390 420 310 825 610 660 490
1- 8 720 530 5§70 420 1100 820 890 660
- 14 800 590 650 480 1200 890 960 710
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