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Foreword

This manual provides instructions for troubleshooting and repairing the B Series Engine in the chassis. Companent
and assembly rebuild procedures are provided in the B Series Engine Shop Manual. Refer to Page i-2 in the
Introduction for instructions on how to use this manual. The procedures given in this manual are applicable for
the B Series engines produced in 1981 and newer. Refer to Bulletin No. 3810207 to find the procedures applicable
to B Series engines introduced prior to 1991.

The manual is organized to guide a service technician through the logical steps of identifying and correcting
problems related to the engine.

This manual does not cover vehicle or equipment problems. Consult the vehicle or equipment manufacturer for
repair procedures.

A series of specific service manuals (Shop, Specifications, Alternative Repair, and so on.) are available and can
be ordered by filling out and mailing the Literature Order Form located in the Service Literature Section L.

The repair procedures used in this manual are recommended by Cummins Engine Co., Inc. Some service
procedures require the use of special service tools. Use the correct tools as described.

Reporting of errors, omissions, and recommendations for improving this publication by the user is encouraged.
Piease use the postage paid, seif-addressed Literature Survey Form in the back of this manual for communicating
your commentis.

The specifications and rebuild information in this manual is based on the information in effect at the time of printing.
Cummins Engine Company, Inc. reserves the right to make any changes at any time without obligation. If
differences are found between your engine and the information in this manual, contact a Cummins Authorized
Repair Location, a Cummins Division Office, or the factory.

The latest technology and the highest quality components are used fo manufacture Cummins engines. When
replacement parts are needed, we recommend using only genuine Cummins or ReCon® exchange parts. These
parts can be identified by the following trademarks:
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About the Manual

This B Series Troubleshooting and Repair Manual is intended to aid in determining the cause of engine-related
problems and to provide recommended repair procedures. The manual is divided into sections by system. Each
section provides general information, specifications, diagrams, and service tools, where applicable. The specific
repair procedures are referenced in the Troubleshooting Logic Charis.

How to Use the Manual

The manual is organized to provide an easy flow from problem identification to problem correction. A list of
troubleshooting symptoms containing the most common engine problems is on Page T-2 in the Troubleshooting
Section. Complete the foliowing steps to locate and correct the problem:

(STEP 1.) Locate the symptom on the list.
Reference is made to the procedure number where the ‘“Troubleshooting Logic Chart” is found.

(STEP 2.) The ieft column of the ““Troubleshooting Logic Chart”’ indicates a probable cause, starting at the
top with the simplest and easiest to repair, and continuing downward to the most difficult.

The right column provides a brief description of the corrective action with the reference number
for the repair.

{(STEP 3.) l.ocate the probable cause in the left column, and then turn to the procedure number in the right
column.

The repair procedures are listed by system (Cooling, Lubricating Oil, Combustion Air,
Compressed Air, Fuel, Electrical, and Base Engine Components).

(STEP 4.) The Troubleshooting Logic Charis are based on the following assumptions:
1. The engine has been installed according to the manufacturer’s specifications.
2. The easiest repairs are done first.

3. ‘“‘Generic” solutions o cover problems with the most common applications and Original
Equipment Manufacturers (OEM’s).
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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, it conveys the meaning defined below:

WARNING - Serious personal injury or extensive property damage can result if the warning
instructions are not followed.

CAUTION - Minor personal injury can result or a part, an assembly, or the engine can be damaged
if the caution instructions are not followed.

indicates a REMOVAL or DISASSEMBLY step.

® > b

Indicates an INSTALLATION or ASSEMBLY step.

Y
v

INSPECTION is required.

CLEAN the part or assembly.

PERFORM a mechanical or time MEASUREMENT.

) 41O

g

-

LUBRICATE the part or assembly.

Indicates that a WRENCH or TOOL SIZE will be given.

TIGHTEN fo a specific torque.

@K

9,

PERFORM an electrical MEASUREMENT.

02,

Refer to another location in this manual or another publication for additional information.

The component weighs 23 kg [50 Ib] or more. To avoid personal injury, use a hoist or get assistance
to lift the component.

® ¢
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Simbolos
Los simbolos siguientes son usados en este manual para clarificar el procesoc de las instrucciones. Cuando
aparece uno de estos simbolos, su significado se especifica en la parte inferior.

ADVERTENCIA - Serios dafios personales o dafio a la propiedad puede resultar silas instrucciones
de Advertencia no se consideran.

PRECAUCION - Daflos menores pueden resultar, o de piezas del conjunto o el motor puede
averiarse si las instrucciones de Precaucién no se siguen.

Indica un paso de REMOCION o DESMONTAJE.
Indica un paso de INSTALACION o MONTAJE.
Se requiere INSPECCION.

LIMPIESE la pieza o el montaje.

EJECUTESE una MEDICION mecéanica o del tiempo.

LUBRIQUESE la pieza o el montaje.

Indica que se dara una LLAVE DE TUERCAS o el TAMANO DE HERRAMIENTA.

APRIETESE hasta un par torsor especifico.
EJECUTESE una MEDICION eléctrica.

Para informacion adicional refiérase a olro emplazamiento de este manual o a ofra publicacion
anterior.

El componente pesa 23 kg [50 Ib] o mas. Para evitar danc corporal empleen una cabria u obtengan
ayuda para elevar el componente.

® § YoOKlFoKH®HED > B
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Symbole
In diesem Handbuch werden die folgenden Symbole verwendst, die wesentliche Funktionen hervorheben. Die
Symbole haben folgende Bedeutung:

WARNUNG - Wird die Warnung nicht beachtet, dann besteht erhdhte Unfall- und
Beschéadigungsgefahr.

VORSICHT - Werden die Vorsichtsmassnahmen nicht beachtet, dann besteht Unfall- und Bes-
chadigungsgefahr.

AUSBAU bzw. ZERLEGEN.
EINBAU bzw. ZUSAMMENBAU.
INSPEKTION erforderlich.

Teil oder Baugruppe REINIGEN.

DIMENSION - oder ZEITMESSUNG.

Teil oder Baugruppe OLEN.

WERKZEUGGROSSE wird angegeben.

ANZUG auf vorgeschriebenes Drehmoment erforderlich.
Elektrische MESSUNG DURCHFUHREN.
Weitere Informationen an anderer Stelle bzw. in anderen Handblichern.

Das teil weigt 23 kg [50 ib] oder mehr. Zur vermeidung von koerperverletzung winde benutzen oder
hilfe beim heben des teils in anspruch nehmen.

® § WOoOKIOH®gED > b
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Symboles

Les symboles suivants sont utilisés dans ce manuel pour aider & communiquer le but des instructions. Quand I'un
de ces symboles apparait, il évoque le sens défini ci-dessous:

AVERTISSEMENT - De graves lésions corporelles ou des dommages matériels considérables
A peuvent survenir si les instructions données sous les rubriques ”Avertissement” ne sont pas
suivies.

ATTENTION - De petites Iésions corporelles peuvent survenir, ou bien une piéce, un ensemble ou
le moteur peuvent étre endommagés si les instructions données sous les rubriques “Attention” ne

sont pas suivies.

indigue une opération de DEPOSE.

N7/
G P

Indigue une opération de MONTAGE.
LINSPECTION est nécessaire.
NETTOYER la piéce ou 'ensembile.

EFFECTUER une MESURE mécanique ou de temps.

GRAISSER la piéce ou I'ensembile.

Indique gu’une DIMENSION DE CLE ou D’OUTIL sera donnée.

SERRER 2 un couple spécifique.
EFFECTUER une MESURE électrique.

Se reporter & un auire endroit dans ce manuel ou a une aulre publication pour obtenir des
informations plus compleéies.

Le composant pese 23 kg [50 Ib] ou davantage. Pour eviter toute biessure, employer un appariel
de levage ou demander de I'aide pour le sculever.

® § ORFOH®
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Hlustrations

The illustrations used in the ‘‘Repair Sections’’ of this
manual are intended to give an example of a problem, and
to show what to look for and where the problem can be
found. Some of the illustrations are "‘generic’’ and will not
look exactly like the engine or paris used in your appli-
cation. Some illustrations contain symbols to indicate an
action required, and an acceptable or not acceptable
condition.

The illustrations are intended to show repair or replace-
ment procedures with the engine “‘in-chassis.”” The illus-
tration can differ from your application, but the procedure
given will be the same.

Hiustrations
Page i-7
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AFC
API
ASA
ASTM

CARB
C.L.D.
Cm
CPL
cSt
DCA
ECM
E.C.S.
EPA
EPS

ft-lb
GVW
Hg
HP
H,0

Definition of Terms

Air Fuel Control
American Petroleum Institute
Air Signal Attenuator

American Society of Testing and
Materials

Celsius

California Air Resources Board
Cubic inch Displacement
Centimeter

Control Parts List

Centistokes

Diesel Coolant Additive
Electronic Control Module
Emission Control System
Environmental Protection Agency
Engine Position Sensor
Fahrenheit

Foot Pound

Gross Vehicle Weight

Mercury

Horsepower

Water

in-tb
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Inch Pound

Kilograms

Kilometers

Kilometers per Liter
Kilopascal

Liter

Meter

Millimeter

Megapascal

Miles Per Hour

Miles Per Quart
Newton-meter

Original Equipment Manufacturer
Parts Per Million
Pounds Per Square Inch
Power Takeoff
Revolutions Per Minute
Society of Automotive Engineers
Step Timing Control
Variable Speed

Vehicle Speed Sensor
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General Safety Instructions
Important Safety Notice

A WARNING 4

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.

e Make sure the work area surrounding the product is safe. Be aware of hazardous conditions that can exist.
» Always wear protective glasses and protective shoes when working.
e Do not wear loose-fitting or torn clothing. Remove all jewelry when working.

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

e Use ONLY the proper 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.

e |f an engine has been operating and the coolant is hot, allow the engine {o cool before you slowly loosen the
filler cap and relieve the pressure from the cooling system.

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

¢ Relieve all pressure in the air, 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.

» To prevent suffocation and frostbite, wear protective clothing and ONLY disconnect liquid refrigerant (freon)
lines in a well ventilated area.

¢ To avoid personal injury, use a hoist or get assistance when lifting components that weigh 23 kg [50 Ib] or more.
Make sure all lifting devices such as chains, hooks, or slings are in good condition and are of the correct
capacity. Make sure hooks are positioned correctly. Always use a spreader bar when necessary. The lifting
hooks must not be side-loaded.

e Corrosion inhibitor contains alkali. Do not get the substance in your eyes. Avoid prolonged or repeated contact
with skin. Do net 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.

e Naptha and Methyl Ethyl Ketone (MEK) are flammable materials and must be used with caution. Follow the
manufacturer’s instructions to provide compiete safety when using these materials. KEEP OUT OF REACH
OF CHILDREN.

o To avoid burns, be alert for hot parts on products that have just been turned OFF, and hot fluids in lines, tubes,
and compartments.

e Always use tools that are in good condition. Make sure you understand how to use them before performing
any service work. Use ONLY genuine Cummins or Cummins Recon® replacement parts.

¢ Always use the same fastener part number (or equivalent) when replacing fasteners. Do not use a fastener
of lessor quality if replacements are necessary.
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General Cleaning Instructions

Solvent and Acid Cleaning

A

Several solvent and acid-type cleaners can be used to clean the engine parts. Cummins Engine Company,
Inc. does not recommend any specific cleaners. Always follow the cleaner manufacturer’s instructions.

Experience has shown that the best results can be obtained using a cleaner that can be heated 1o 90 to
85 degrees Celsius [180 to 200 degrees Fahrenheit]. A cleaning tank that provides a constant mixing and
filtering of the cleaning solution will give the best results.

Remove all the gasket material, o-rings, and the deposits of sludge, carbon, etc., with a wire brush or scraper
before putting the parts in a cleaning tank. Be careful not to damage any gasket surfaces. When possible,
steam clean the parts before putting them in the cleaning tank.

Warning: The use of acid can be extremely dangerous to personnel, and can damage the machinery.
Always provide a tank of strong soda water as a neutralizing agent.

Rinse all of the paris in hot water after cleaning. Dry completely with compressed air. Blow the rinse water from
all of the capscrew holes and the oil drillings.

If the parts are not to be used immediately after cleaning, dip them in a suitable rustproofing compound. The
rustproofing compound must be removed from the parts before installation on the engine.

Steam Cleaning

Steam cleaning can be used to remove all types of dirt that can contaminate the cleaning tank. ltis a good
way to clean the oil drillings.

Warning: Wear protective clothing to prevent personal injury from the high pressure and extreme heat.
Do not steam clean the following parts:
1. Electrical Components
Wiring
Injectors
Fuel Pump
Belts and Hoses

SEEURE TS

. Bearings

Glass or Plastic Bead Cleaning

Glass or plastic bead cleaning can be used on many engine components to remove carbon deposiis. The
cleaning process is controlled by the size of the glass or plastic beads, the operating pressure, and the
cleaning time.

Caution: Do not use glass or plastic bead cleaning on aluminum piston skirts. Do not use glass bead
cleaning on aluminum ring grooves. Small particles of glass or plastic will embed in the aluminum and
result in premature wear. Valves, turbocharger shafis, etc., can also be damaged. Foliow the cleaning
directions listed in the procedures.

NOTE: Plastic bead blasting media, Part No. 3822735, can be used to clean aluminum ring grooves. Do not use
any bead blasting media on pin bores or aluminum skirts.

Follow the equipment manufacturer’s cleaning instructions. The following guidelines can be used to adapt to
manufacturer’s instructions:

1. Beadsize: - Use U.S. size No. 16-20 for piston cleaning with plastic bead media, Part No. 3822735.
- Use U.8. size No. 70 for piston domes with glass media.
- Use U.8. size No. 80 for general purpose cleaning with glass media.

2. Operating Pressure: - Glass: Use 620 kPa [90 psi] for general purpose cleaning.
- Plastic: Use 270 kPa [40 psi] for piston cleaning.

3. Steam clean or wash the parts with solvent to remove all of the foreign material and glass or plastic
beads after cleaning. Rinse with hot water. Dry with compressed air.

4. Do not contaminate the wash tanks with glass or plastic beads.
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General Repair Instructions

This engine incorporates the latest diesel iechnology; yet, itis designed to be repaired using normal repair practices
performed to quality standards.

e Cummins Engine Company, Inc. does not recommend or authorize any modifications or repairs to
engines or components except for those detailed in Cummins Service information. In particular, un-
authorized repair to safety-related components can cause personal injury. Below is a partial listing of
components classified as safety-related:

Air Compressor

Air Controls

Air Shutoff Assemblies
Balance Weights

Cooling Fan

Fan Hub Assembly

Fan Mounting Bracket(s)

Fan Mounting Capscrews

Fan Hub Spindle

Flywheel

Flywheel Crankshaft Adapter
Flywheel Mounting Capscrews
Fuel Shutoff Assemblies

Fuel Supply Tubes

Lifting Brackets

Throttle Controls

Turbocharger Compressor Casing
Turbocharger Oil Drain Line(s)
Turbocharger Oil Supply Line(s)
Turbocharger Turbine Casing
Vibration Damper Mounting Capscrews

e Follow All Safety Instructions Noted in the Procedures.

- Follow the manufacturer’s recommendations for cleaning solvents and other substances used during the
repair of the engine. Always use good safety practices with fools and equipment.

¢ Provide A Clean Environment and Follow the Cleaning Instructions Specified in the Procedures

- The engine and its components must be kept clean during any repair. Contamination of the engine and
components will cause premature wear.

¢ Perform the Inspeclions Specified in the Procedures.
» Replace all Components or Assemblies Which are Damaged or Worn Beyond the Specifications
» Use Genuine Cummins New or ReCon® Service Parts and Assemblies

- The assembly instructions have been written to use again as many components and assemblies as
possible. When it is necessary to replace a component or assembly, the procedure is based on the use
of new Cummins or Cummins ReCon® components. All of the repair services described in this manual
are available from all Cummins Distributors and most Dealer locations.

¢ Follow The Specified Disassembly and Assembly Procedures to Avoid Damage to the Components.

Complete rebuild instructions are available in the shop manual which can be ordered or purchased from a Cummins
Authorized Repair Location. Refer to Section L, Literature, for ordering instructions.
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Section E - Engine Identification
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FEL | EPA | CARB

Gumming £gime Campany. MG, Enggne Ci0/ L. Famey {CM. Made!
Sohoman rans Conto  {Poues Cunen, | Fanme [siocers
Py S T
A sorsaz | doninh o
= j

T TOL.
Catage-PMH.

Engine Identification

Engine Dataplate

The engine dataplate shows specific information about
your engine. The engine serial number (1} and Control

Parts List (CPL) (2) provide information for ordering paris
and service needs.

Cummins Engine Company, Inc. Engine C.D/ L Famil CPL Model
Columbus, Indiana Cert. LD, Pouce Cube/L Familyle Modele FEL | EPA | CARB
:47202*3005 C‘Bftlﬁcat Catalyst No.
ade in U.S.A. 3925422 | dlidentité Catalyseur No. NOX
WARNING Injury may resutt and warranty is voided | Iiming~1.0.C. Engine No.
# fusl rate rpm or altitudes exceed published Calage-PM.H. Moteur No. PM
maximum values for this modet and appiication. - :
AVERTISSEMENT: Danger de blessures et d'annulation Valve lash cold ; It Exn. Ref. No
de a garantie, si debit combustible, Irjmn n 0u aliude, ;e"'x Soup.4 Froid Adm. Ech e
depassant les valours maximum annonceés pour c@ iring Order Fuel rate at adv. HP mm3
modele et son wiifisation. Ordre d'Allumage Débit combust. a puiss. indiquee stroke
Dats of Mfg, !d]e Speed (rpm) E.CS. Advertised HP a m
Date of Fabrication Vitesse Ralenti Puiss. Indiquee (ch) a
apSpigb

Engine Nomenclature

The model name for engines in automotive applications
provides the data shown in the sxample.

Example
B 3.9-105

o se—— m——

l l—— Rated Horsepower
Displacement in Liters
Engine Series

The following example shows a model name of an engine
for non-automotive applications.

Example
4 B T A 39

l L Displacement in Litres

Aftercooled
Turbocharged
Engine Series
—  Number of Cylinders
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Fuel Pump Dataplate (Nameplate)

The fuel pump dataplate is located on the side of the fuel
pump. It provides information for fuel pump calibration.
This illustration shows the dataplate location on a Bosch
rotary injection pump.

This illustration shows the dataplate location and a Lucas
CAV rotary injection pump.

This illustration shows the dataplate location on a Bosch
in-line injection pump. The Nippondenso EP-9 dataplate
is located in approximately the same location as the il-
lustrated Bosch dataplate.

The Cummins part number for the in-line pump and gov-
ernor combination is located on the governor dataplate.

Fuel Pump Dataplate (Nameplate)
Page E-3

BOSCH geRmany

ROBERT BOSGH CORP. uss
VE R123 0 46D 424 008
390 3354 2055
827 34¢ 93870

ipSpiga

3042F050
Ol 01730069 ARV
A53LB00-3-2725___2160]

0]

ip9pigh

Made in USA

BA
Pzl
-t ;\é ] (\o(

fp90igl:

ROBERT BOSCH
ROV 350-1250XP2887/1K
Q ALPC
made InUSA &

{pS0igm
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Automotive Engine Specifications

General Engine Data B3.9

B5.9

Bore - mm [in .coooooicniiin

102 [4.02]

Stroke - mm [in}.ccooiiii
Displacement - litre [in.%] .......c........

Engine Weight (Dry) Less Flywheel
and Electrics-kg [Ibs] ...

Firing Order.....cccoviiiiiiin oo
Valve Clearances

3.9 [239]

308-329 [680-725]
1.3.4.2

120 [4.72]

5.9 [359]

388-411 [855-905]
1.56.3.6.2.4

-Intake- mm [in.] ..o

0.25 [0.010]

-Exhaust- mm [in.].....cooovinnninns
Compression Ratio .........ceeiiininenns
Rotation, viewed from the Front of

(Rotary Pump) 17.6:1

0.51 [0.020]

(In-Line Pump) 17.9:1

Clockwise

the Engine...cccoooeveveveeiiiniiicninnnnnn.
Aspiration

- Turbocharged ........c..ccccvcmniinnnns X

-Charge Air Cooled...........ccoveees X
Lubrication System
Lubricating Qil Pressure at Idle -

(Minimum Allowable) kPa [PSI]...
Lubricating Oil Pressure at Rated -

69 [10]

(Minimum Allowable) kPa [PSI]...
Regulating Valve Opening

207 [30]

Pressure kPa [PSI] ...ccococeeiiiinins
Differential Pressure to Open the

449 [65]

Bypass Valve - kPa [PSI] ............
Lubricating Oil Capacity

Standard Pan Only -
Liter [U.S. Quarts]......cccceeennn.

Total System - Liter
[U.S. Quaris]...ccoooceviniiniiiiieninn,

Number of Liters [U.8. Quarts]
from Low to High....coooon i,

Cooling System
Coolant Capacity (Engine Only) -
Litre - [U.S. Qts.] ceoeeiriiniiniiiinnn,
Standard Modulating
Thermostat - Range - °C [°F].....
Pressure Cap (kPa [PSI])

9.5 [10]
11 [11.6]

0.9 [1]

7.17.4]

138 [20]

14.2 [15]
16.4 [17.3]

1.91]2]

10.5 [11.1]

SN PV R < N AL 1) s = 1| Vi o TeY=Yo =Y - | ——

104°C [220°F] Systems..............
99°C [210°F] Systems.....c..e.en...

103 [15]

48[ 7]
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Air Induction System

Maximum Allowable Intake
Restriction at Rated Speed and
Load with Dirty Air Filter Element -
mm HyO [in. HoOloviiii

Exhaust System

Maximum Allowable Exhaust
Restriction at Rated
Speed and Load -

Automotive Engine Specifications

Fuel System
(Distributor Type Fuel Injection Pumps)

Maximum Inlet Restriction to the Fuel
Transfer Pump Must Not Exceed - mm
Hg [in Hg]

Maximum Allowable Return Line Restric-
tion - mm Hg [in Hg]

Maximum Aliowable Pressure Drop
Across Fuel Filter - kPa [psi]

Maximum Inlet Pressure to the Injection
Pump Must Not Exceed - kPa [psi]

{in-Line Type Fuel Injection Pumps)

Maximum Inlet Restristion to the Fuel
Transfer Pump Must Not Exceed - mm
[in Hg]

Fuel Transfer Pump Minimum Output
Pressure - kPa [psi] @ Rated RPM

Fuel Filter Restriction (Maximum Pres-
sure Drop Across Filters) - kPa [psi]

Fuel Pump Gallery Pressure - kPa [psi]
Minimum @ Rated RPM

Fuel Return Maximum Restriction - mm
Hg [in Hg]

Electrical System
Minimum Recommended Battery Capacity

With Light Accessories™
-2V Staner. e
=24V Starter ..
With Heavy Accessories™”
12V Starter e
=24V Starter..n e
Maximum Allowabie Resistance of Starting Circuit

- With 12 V Starter - Ohms ..ccevvvinenee.

Page E-5
B3.9 B5.9
635 635
[25] [25]
76.2 [3]
152.4 [6] with catalyst
100 [4]
518 [20.4]
35 [5]
70 [10]
100 [4]
172 [25]
35 [5]
140 [20]
518 {20.4]
825CCA 800CCA
400CCA 475CCA
800CCA 950CCA
400CCA 475CCA
0.0012
0.0020

- With 24 V Starter - Ohms ....coevvennenns

*Typical light accessories include (alternator, small steering pump, and disengaged cluich)
**Typical heavy accessories include (hydraulic pump and torque converter)
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Non-Automotive Engine Specifications
General Engine Data 4B3.9 4BT3.9 4BTA3.9 6B5.9 6BT5.9 6BTA5.9
Bore - mm [in.] oo, 102 [4.02]
Stroke - mm [in] i, 120 [4.72]
Displacement - litre [in.®] .....ccoece.... SSE——— Y« N -l -1 R fcLTe) [——
Engine Weight (Dry) Less Flywheel
and Electrics-kg [ibs] .....coveninnnn. 308 [680] 320([705] 329{725] 388[855] 399880} 411 {905]
Firing Order.....ccoooviiiiiiiiiiininnninnnnn, 1.3.4.2 1.56.3.6.2.4
Valve Clearances
-Intake- mm [in.] .coooniiiininnnnn, .25 [.010]
-Exhaust- mm [in.] . .ccooviiiiinnnnn, .51 [.020]
Compression Ratio...........ccoeeiiinnns 18.5:1 17.5:1 16.5:1 18.5:1 17.5:1 16.5:1
Rotation, viewed from the Front of
the Engine...ccoceinveniviiniinneinininnnee, Clockwise
Aspiration
-Naturally Aspirated ...........c....ee. X X
-Turbocharged .........cccccmvvvininnnnns X X X X
-Aftercooled......ccooevevvniiciinniinnnnn, X X
Lubrication System
Lubricating Qil Pressure at ldie -
(Minimum Allowable) kPa [PSI]... 69 [10]
Lubricating Oil Pressure at Rated -
(Minimum Allowable) kPa [PSI]... 207 [30]
Regulating Valve Opening
Pressure kPa [PSI] .......c.ococeeeins 449 [65]
Differential Pressure to Open the
Bypass Valve - kPa [PSI] ............ 138 [20]
Lubricating Oil Capacity
Standard Pan Only -
Liter [U.S. Quarts]........ccccevrerren. 9.5 [10] 9.5 [10] 9.5 [10] 14.2[15]  14.2[15]  14.2[15]
Total System - Liter
[U.S. QUArS]..covoeerrerererceeerennnnans 10.9 [11.5] 11 [11.6] 11 [11.6] 16.3[17.2] 16.4[17.3] 16.4 [17.3]
Number of Liters [U.S. Quaris]
from Low to High..ccoorvviiiinninnnen, 0.9 [1] 0.9 [1] 0.9 [1] 1.9 [2] 1.9 [2] 1.9 [2]
Cooling System
Coolant Capacity {Engine Only) -
Litre - [U.S. Q18] vvovevvrerreeerrrreanns 7 [7.4] 7 [7.4] 9.7[10.3] 10.5[11.1] 10.5[11.1] 14.5[15.3]
Standard Modulating ;
Thermostat - Range - °C [°F]..... crmmmensemnmenemenee StAME 83 [180] -omemmememseniennnae Fully Open 95 [203] ----memmmmmsrsnesenee
Pressure Cap (kPa [PSI}) :
104°C [220°F] Systems.............. 103 [15]
99°C [210°F] Systems.';i.;.'.' .......... 48 7]
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Air Induction System 4B3.9 4BT3.9 4BTA3.9 6B5.9 6BT5.9 6BTA5.9
Maximum Allowable Intake
Restriction at Rated Speed and
Load with Dirty Air Filter Element - ,
mm H,0 [in. HyOl.coooiiiiinnii 508 635 635 508 635 635
[20] [25] [25] [20] [25] [25]

Exhaust System

Maximum Allowable Exhaust
Restriction at Rated
Speed and Load -

mm Hg [in. Hgl oo 76.2 [3.0]
Fuel System
({Distributor Type Fuel Injection Pumps)
Maximum Allowable Restriction to the 100 [4]
Fuel Transfer Pump Must Not Exceed -
mm Hg [in Hg]
Maximum Allowable Return Line Restric- 518 [20.4]
tion - mm Hg [in Hg]
Maximum Allowable Pressure Drop 35 [5]
Across Fuel Filter - kPa [psi]
Maximum Inlet Pressure to the Injection 70 [10]

Pump Must Not Exceed - kPa [psi]
(in-Line Type Fuel Injection Pumps)

Maximum Iniet Restriction to the Fuel 100 [4]
Transfer Pump Must Not Exceed - mm

fin Hgl

Fuel Transfer Pump Minimum Output 172 [25]
Pressure - kPa [psi] @ Rated RPM

Fuel Filter Restriction (Maximum Pres- 35 [5]
sure Drop Across Filters) - kPa [psi]

Fuel Pump Gallery Pressure - kPa [psi] 140 [20]
Minimum @ Rated RPM

Fuel Return Maximum Restriction - mm 518 [20.4]
Hg [in Hg]

Electrical System
Minimum Recommended Battery Capacity
With Light Accessories”™

S A2V Staner . 625CCA  625CCA  625CCA  800CCA  BOOCCA  800OCCA

~ 24V BB e 312CCA  400CCA  400CCA  475CCA  475CCA  475CCA
With Heavy Accessories™”

=12V Starer .. 800CCA  BOOCCA  800CCA  950CCA  950CCA  950CCA

=24V Starter..oeccer e 400CCA  400CCA  400CCA  475CCA  475CCA  475CCA

Maximum Aliowable Resistance of Starting Circuit
- With 12 V Starter - Ohms ................. 0.0012
- With 24 V Starter - Ohms .......coceeee 0.0020
*Typical light accessories include (alternator, small steering pump, and disengaged clutch)
**Typical heavy accessories include (hydraulic pump and torque converter)
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Section E - Engine ldentification
B Series

Engine Diagrams

The following illustrations 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.

NOTE: The illustrations are only a reference to show a typical engine.

Engine Air Inlet

High Pressure
Fuel Lines

inline Fuel
Injection Pump

Air Compressor

Air Compressor

intake Air Preheater
{optional)

Fuel Fiter/
Water Separator

3/4 NPTF (inch) Water (Heater)

Engine Data Plate

1/8 NPTF {inch)
Oil Pressure

Rear Engine
Lifting Brackst

Fuel Return Connection

Flywheel

Fiywheel Housing

1/4 NPTF (inch)
Fuel Inlet Connection
= (P |
@iy w \—-Magnetic Pickup Location
@;,fc N 2l 3/4-16 UNF
O = 5’“\
B . - | Fuel Lift Pump
: o]
L =
N
LL-.E." _\Dipstick
Swe00gh
Fuel Pump Side View
Turbo Exhaust Qutlst
O @
<G } 1 I
1 B
Q) o [
N Flexplate Mounting

Holes

Rear View
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Fuel Injection Nozzles Turbo Wastegate
Qil Fill
Front Engine
Lifting Bracket
Water Outiet

Q <
Lubricating Oil Filter
O, QO
Q
] Lubricating Oil Cooler
o, (%)
(e}
Starter Motor ® b Water Inlet
and Solenoid |
© 1/2 NPTF Water
a {Heater Return)
=]
Provision for Oil
Immersion Heater —___
Qii Drain
ew300ge
Turbocharger Side View

Turbo Air Inlet Turbo Air Qutlet
Automatic Belt Engine Air Inlet
Tensioner
Fan Pulley
Alternator Fuel Pump Drive Cover
Water Pump
Water Inlet Air Compressor

Air Outlet
Vibration Damper Front Gear Cover

Fan Drive Belt

Front View
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NOTES
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Section T - Troubleshooting Logic
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Section T - Troubleshooting

Procedures and Techniques

A thorough analysis of the customer’s complaint is the key to successful troubleshooting. The more information
known about a complaint, the faster and easier the problem can be solved.

The Troubleshooting Symptoms Charts beginning on Page T-4 are organized so that a problem can be located and
corrected by doing the easiest and most logical things first. Complete all steps in the sequence shown from top
to bottom.

It is not possible to include all the solutions to problems that can occur; however, these charts should stimulate
a thought process that will lead to the cause and correction of the problem.

Follow these basic troubleshooting steps:
e Get all the facts concerning the complaint.
® Analyze the problem thoroughly.
o Relate the symptoms to the basic engine systems and components.
e Consider any recent maintenance or repair action that may relate to the problem.
e Double-check before beginning any disassembly.
e Solve the problem by using the logic charts and doing the easiest things first.
e Determine the cause of the problem and make a thorough repair.
e After repairs have been made, operate the engine to make sure the cause of the problem has been corrected.

Troubleshooting Symptoms Charts

Use the charts given on the following pages of this section to help you to diagnose and repair a problem with your
engine. Read each row of blocks from top to bottom. Follow the arrows through the chart to identify the corrective
action.
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Troubleshooting Symptoms Charts

Engine Will Not Crank Or Cranks Slowly

Cause

Corrections

Starting Motor Operating But Not
Cranking the Engine

Remove the starting motor and check for
broken teeth on the ring gear or broken
starting motor spring. Refer to Procedure
6-10.

OK

B

Starting Circuit Connections Loose or
Corroded

Clean and tighten connections.

OK
-

Battery Charge Low

Check battery voltage. Refer to Proce-
dure 6-01.

OK

b 4

No Voltage to Starter Solenoid

Check voltage to solenoid. Refer to
Procedure 6-03.

OK

A

Crankshaft Rotation Restricted

Bar the engine to check for rotational
resistance.

OK

A

Solenoid or Starting Motor Malfunction

Replace starting motor. Refer to
Procedure 6-10. ,
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Engine Cranks But Will Not Start - No Smoke From Exhaust

Cause Corrections

No Fuel in Supply Tank ~ F==-==-=-1 Check/repleniéh fuel supply

OK

A

Check for loose wires and verify that the

Electrical or Manual Fuel Shutoff Not  L....._... valve is functioning. Check to be sure
manual shutoff lever is in the run position.

Open
Refer to Procedures 5-05 or 5-11.
OK
A 4
) Verify proper starting procedure. Refer
Improper Starting Procedure ~ f==------1 to the Operation and Maintenance
Manual.
OK
o

Fuel Filter Plugged With Wateror ~ L......._J Drain fuel/water separator or replace
QOther Contamination fuel filter. Refer to Procedure 5-04.

OK

-

Inspect Fuel Transfer Pump Operation ~ f---=====" Refer to Procedure 5-02.

OK

A 4

Check fuel flow/bleed fuel system.

Fuel Injection Pump Not Getting Fuel  L...... .
Refer to Procedures 5-03 and 5-15.

or Fuel is Aerated

OK
A o
L Maximum inlet restriction to fuel transfer
Check Fuel Inlet Restriction @ r===-==--- pump must not exceed 100 mm Hg [4 in.
Hg].
OK
A d
i intake ar Exhatet Quatem Pluaaed  beeeeeoeed Visually check; remove the obstruction.
Air Intake or Exhaust System Plugged Check exhaust system for obstruction.
OK

bl (Continued)
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Engine Cranks But Will Not Start - No Smoke From Exhaust (Continued)

Cause Corrections

Verify that the fuel return line is

Fuel Drain Back ~— f~------1 plumbed to the bottom of the fuel tank.

OK

-

Malfunctioning Fuel Return Overflow | Check/replace return overflow valve.
Valve (inline fus! pump only) ; Refer to Procedure 5-27.

OK

A

: Visually check fuel delivery with an externally
Worn or Malfunctioning Fuel Injection Pump ¢--=----- connected injector to one of the pump

outlets. Remove the fuel injection pump.
Have calibration checked.

OK

-3

Verify/time the pump. Refer to Proce-

Injection Pump Timing Incorrect  ~ -=--=----- dures 5-36.

OK

A 4

Check/correct gear train timing align-

Engine Camshaft Out of Time ~ Jr--=-----1 ment. Refer to Procedure 7-19.
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Engine Hard To Start Or Will Not Start - Smoke From Exhaust

Cause

Corrections

Starting Procedure Incorrect

Refer to the Operation and Mainte-
nance Manual.

OK

A 4

Cranking Speed Too Slow (Minimum
Cranking Speed = 150 RPM)

Verify that the driven units are not
engaged

OK

Check the battery, starting motor, and look
for loose or corroded wiring connections.
Refer to Procedure 6-02.

Bar the engine fo check for internal
rotational resistance.

Cold Starting Aids Not Working or Are
Needed

Verify the aids are operating. Refer io
0O&M manual for recommendations.

OK

A d

Intake Air Insufficient

Inspect or replace filter and check for
obstructions to the air supply tube.

OK

h

Air in the Fuel System or the Fuel
Supply inadequate

Check the flow through the filter and
bleed the system. Locate and correct the
air source. Refer to Procedures 5-03

and 5-15.

OK

k4

Fuel is Contaminated or Diesel Fusl
Grade No. 1 Used Above 0°C [32°F]

OK

bl (Continued)

Verify by operating the engine with clean fuel
from a temporary tank of No. 2 diessl fuel.
Refer to the *'Fuel Recommendations/
Specifications” in the Operation and Mainte-
nance Manual, Bulletin No. 3810205-10.
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Engine Hard To Start Or Will Not Start - Smoke From Exhaust (Continued)

Cause Corrections

in Back  heeeeiaond Verify fuel return line is plumbed to
Fuel Drain Back bottom of fuel tank.

OK
R 4
Inspect Fuel Transfer Pump Operation ~ F--------- Refer to Procedure 5-02.
OK
A4
Malfunctioning Fuel Return Overflow L ... .. ... Check/replace return overflow valve.
Valve Refer to Procedure 5-27.
OK
-
o Maximum inlet restriction to fuel transfer
Check Fuel inlet Restriction pe=-=-=--- pump must not exceed 100 mm Hg [4 in.
Hgl.
OK
h 4

Check top dead gente&/ ('I('j DC). Refer to

. o] Procedure 7-21. Check/adjust injection pump
Fuel Injection Pump Out of Time timing. Refer to Procedure 5-36. Check/time
the fuel injectin pump using the spill port

timing if squipment is available. Refer to

OK Procedure 5-36.
R 4
Valves Incorrectly Adjusted =~ [eeeen--n- Adjust valves. Refer 1o Procedure 7-04.
OK
b
One or More injectors Wornor L. ... Checkireplace injectors. Refer to
Malfunctioning Procedures 5-13 and 5-40.
OK

e (Continued)
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Engine Hard To Start Or Will Not Start - Smoke From Exhaust (Continued)

Cause Corrections
] . Perform a compression check to
Engine Compression Low ~ [r--------- identify the problem. Refer to Procedure
OK
h
Fuel Injection Pump Malfunctioning/  L......... Remove fuel injection pump. Have
Delivery Valves Malfunctioning calibration checked.
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Engine Starts But Will Not Keep Running

Cause Corrections

Low FuelLevel = Fkeeecea-.d Check/fill fuel tank.

OK

A

Engine Starting Under Load ~ }--------- Disengage driven units

OK

4
idle Speed Too Low for  pL.o......ll Adjust the idle speed. Refer to Proce-
Accessories dures 5-38 and 5-39.

OK

-

: Visually check for exhaust restriction
getfslt(reic/t\gdor Exhaust System  L...o.o.o and inspect the air intake. Refer to
page 3-11 and 3-23.
OK
-5
o Check the flow through the filter and
Air in the Fuel System or the Fuel =~ L........, bleed the system. Locate and correct the air
Supply is Inadequate source. Refer to Procedures 5-03
and 5-15.
OK
-3
. Verify by inspecting the fuel filter. Clean
C&Jel Waxing Due to Extremely Cold L ......... the system and use climatized fuel or fuel
eather heaters.
OK
4

. Verify by operating the engine with clean
Fuel Contaminated =~ F--------1 fuel from a temporary supply tank. Drain
and flush the fuel supply tank.

OK
h d
ihar 00000 hemecmaand Check/replace filter. Refer to Proce-
Plugged Fuel Filter dures 5-04 and 5-16.
OK
b 4
Fuel Drain Manifold or Return Line ™ L .veeen..d Check/correct the restriction. Refer to

Restricted (Lucas CAV Only) , Procedure 5-14.
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Engine Surging (Speed Change)

Cause Corrections

Fuel Level Low = [emeeeea-- Check/fill fuel tank.

OK

h

if the Condition Occurs at idle, the idle ... ... Adjust the idle. Refer to Procedures
Speed Set Too Low for Accessories 5-38 and 5-39.

OK

A d

Throttle Linkage Misadjusted or ~ L.o.......J Adjust or repair linkage. Refer to
Damaged Procedures 5-05 and 5-10.

OK

-

. Inspect/correct leaks in the high pressure
High Pressure Fuel Leak =~ F--------1 lines, fittings, injector sealing washers or
delivery valves. Refer to Procedure 5-12.

OK
A 4
Bleed the fusl system and correct source
Aerated Fuel ~  [F---e--od of the leak. Refer to Procedures 5-03 and
5-15,
OK
-
One or More Injectors Wornor  L.oao..... Check/replacs the injectors. Refer 1o
Malfunctioning Procedures 5-13 and 5-40.
OK
h 4
v
Fuel Injection Pump Malfunctioning/ L ..no.o.. Remove fuel injection pump. Have

Delivery Valves Malfunctioning calibration checked.
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Engine Idle Rough (Irregularly Firing Or Engine Shaking)

Cause Corrections

Aliow engine to warm to operating tempera-
Engineis Cold  [e=e-en--q ture if engine will not reach operating
temperature. Refer to Troubleshooting Logic
for Coolant Temperature Below Normal.

0K
h 4
ime o Check/adjust low idle screw. Refer o
idle Speed Too Low for the Accessories Procedures 5-38 and 5.39,
OK
A 4

Verify condition of mounts. Refer to

Engine Mounts Over-Tightened, ~ L......... equipment manufacture’s service

Damaged or Loose

instructions.
OK
A
Inspect/correct leaks in the high pressure
High Pressure Fuel Leak ~ [--------- lines, fittings injection sealing washers or
delivery valve seals. Refer to Procedures
5-12 and 5-33.
OK
<
L Bleed the fuel system and correct the
Air in the Fuel System ~ [r----nones source of the air. Refer to Procedures 5-03
and 5-15.
OK
A o
IR eem e Check/replace fuel return overflow
Fuel Return Overflow Valve Malfunctioning valve. Refer to Procedurs 5-97.
OK
h 4
NN heememmeed Check/replace fuel transfer pump.
Fuel Transfer Pump Malfunctioning Refer to Procedure 5.02.
OK
-

. Clean pre-filters and screens and check
Fuel Supply Restricted ~ F--------1 fuel line for restriction. Replace fuel filter.
Refer to Procedure 5-04.

OK
hd (Continued)
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Engine Idie Rough (Irregularly Firing Or Engine Shaking) (Continued)

Cause Corrections

Check/replace the injector. Refer to

Injector Needle Valve Sticking F--------- Procedure 5-40.
OK
>

Fuel Injection Pump or Delivery Valve [ ... .._._._] Remove fuel injection pump. Have

Malfunctioning calibration checked.

OK
L 2

Valves Not Sealing ~ f--------1 Adjust valves. Refer to Procedure 7-04.

OK
2 2

L . Perform a compression check and repair
Eg\;ln pression in One or More Cylinders ... as required. Refer to Procedure 7-01.
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Engine Runs Rough Or Misfiring

Cause Corrections
won Only Oceurs at ldle ™ Feve--n--d Refer to the troubleshooting logic -
Condition Only Occurs at Idle ‘ Rough Idle,

OK
A 4

Engineis Cold ~ F------e-d Allow engine to warm to operating

temperature.

OK
4

N . . Inspect/correct leaks in the high pressure
Fuel Injection Lines Leaking ~~  [r-----=--1 lines, fittings injector sealing washers, or
delivery valves. Refer to Procedures 5-12.

OK
A
. ) Check the flow through the filter and
Air in the Fuel or the Fuel Supplyis  L..o...... bleed the system. Locate and correct the
Inadequate air source. Refer to Procedures 5-03
and 5-15.
OK
k4
Malfunctioning Fuel Return Overflow | ___._.._] Check/replace return overflow valve.
Valve Refer to Procedure 5-27.
oK
A 4
ioning keersaoaed Check/replace fuel transfer pump.
Fuel Transfer Pump Malfunctioning Refer to Procedure 5.02.
OK
A 4

. Clean pre-filters and screens and check
Fuel Supply Restricted ~ J----- ===1 f{uel line for restriction. Replace fuel filter.
Refer to Procedure 5-04.

OK

A o

Verify by operating the engine with

Fuel Contaminated  Jr-======"1 clean fuel from a temporary tank.

OK
e (Continued)
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Engine Runs Rough Or Misfiring (Continued)

Cause Corrections

. Check for a bent push rod and adjust
Valve Adjustment Incorrect ~ F----emey valves. Refer to Procedures 7-03 and 7-04.

OK

A o

Check top dead genter (TDC). Refer to

o - RS U Procedure 7-21. Check/adjust injection pump
Injection Pump Timing Incorrectly Adjusted timing. Refer to Procedure 5-36. Check/time
the fuel injection pump using the spill port
timing if equipment is available. Refer to

OK Procedure 5-36.

A 4

Perform a compression check and repair

Ec?vf,np ression in One or More Cylinders  [.....-.., as required. Refer to Procedure 7-01.
OK
g
i ianine 000 beeeeemann Check/replace injectors. Refer to
injectors Malfunctioning Procedures 5-13 and 5.40.
OK
h 4
injection Pump (Delivery Valves) ... ..... Remove fuel injection pump. Have
Defective calibration checked.
OK
o
O Checkicorrect gear train timing align-
Camshatft Out of Time ment. Refer to Procedure 5-36.
OK
k-5

__________ inspect camshaft and tappets. Refer to
Camshaft or Tappets Damaged Procedure 7-19.
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Engine RPM Will Not Reach Rated Speed

Cause Corrections

Verify engine speed with hand tachom-

Tachometer Malfunctioning ~ F---"=---~ eter. Correct as required

OK

A4

. Verify high idle speed without load.
Engine Overloaded =~ [r--------1 Investigate operation to be sure correct
gear is being used.

OK

3

Adjust linkage for stop-to-stop fuel control

Throttle Linkage Worn or Incorrectly  f-.----- lever travel. Refer to Procedures 5-05 and

Adjusted 5.10.
oK
-
: ; Check/place shutoff lever in run position.
Eﬂsgggagéca! Shutoff Lever Partially  f......... Refer to Procedures 5-05 and 5-11.
OK
A
Verify by operating the engine from a
Fuel Quality Poor or Diesel Fuel Grade [ ......... temporary tank of No. 2 diesel fuel. Refer to
No. 1 Used Above 0°C [32°F] the ““Fuel Recommendations/Specifications”
in the B Series Operation and Maintenance
Manual, Bulletin No. 3810205-10.
OK
o

Check the flow through the filter {0 locate
Fuel Supply Inadequate =~ F--------- the source of the restriction. Refer to
Procedures 5-01 and 5-02.

OK

B

Fuel Return Qverflow Valve ... ... Checldreplace fuel return overflow valve.
Malfunctioning

OK

h 4

Check/replace fuel transfer pump.

Fuel Transfer Pump Malfunctioning  F-----=--- Refer to Procedure 5.04

OK
e (Continued)
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Section T - Troubleshooting Logic

Engine RPM Will Not Reach Rated Speed (Continued)

Cause

Corrections

Air-Fuel Control Leak/Obstructions

Check/repair leak. Check/clean AFC
tubing and fittings for obstruction.

OK

5

If the Condition is Intermittant,
Manifold Drain Line Restricted
(Lucas CAV DPA Only)

Check/remove restriction. Refer to
Procedure 5-1 4.

OK

A 4

Turbocharger Wastegate Actuator
Diaphragm Ruptured

Repair turbocharger.

OK

A 4

Fuel Injection Pump Malfunctioning

Remove fuel injection pump. Have
calibration checked.




Section T - Troubleshooting Logic
B Series

Troubleshooting Symptoms Charts

Engine Power Output Low

Cause

Corrections

Engine Overloaded

OK
-

Check for added loading from malfunctioning

accessories or driven units, brakes dragging
and other changes in vehicle loading.

Fué! Control Lever Misadjusted

OK
-

Check/correct for stop-to-stop travel.
Refer to Procedures 5-05 and 5-10.

Mechanical/Shutoff Lever Partially
Engaged

OK
-

Check/replace shutoff lever in run position.
Refer to procedures 5-05, 5-11, and 5-31.

Fuel Quality Poor or Diesel Fuel Grade
No. 1 Used Above 0°C [32°F]

OK
-

Verify by operating the engine from a
temporary tank of No. 2 diesel fuel. Refer to
the ““Fuel Recommendations/Specifications”
in the B Series Operation and Maintenance
Manual, Bulletin No. 3810205-10.

If the Condition is Slow Throttle Response,
Air Fuel Tube Leaking, Wastegate
Diaphram Ruptured, Wastegate

Plumbing Damaged

OK

4

Tighten the fittings, repair plumbing or
repair wastegate diaphram.

AFC Plumbing Obstructed

OK
-

Check the AFC line and fitting between
the intake manifold and fuel injection

pump.

High Pressure Fuel Leak

OK
-

inspect/correct leaks in the high pressure
lines, fittings injector sealing washers or
delivery valve seals.

Fuel Supply Inadequate

OK

4

Check the flow through the filter to locate
the source of the restriction. Refer to
Procedures 5-01 and 5-02.

Alr in the Fuel System

OK

h 4

{Continued)

Bleed the fuel system and check for
suction leaks. Refer to Procedures 5-03
and 5-15.

Page T-17
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Page T-18 B Series

Engine Power Output Low(Continued)

Cause Corrections

Check/replace fuel transfer pump.

Fuel Transfer Pump Malfunctioning ~ --------+ Refer to Procedures 5-01, 5-02, 5-22
and 5-21.
OK
A 4
Malfunctioning Fuel Return Overflow ... ..... Check/replace return overflow valve.
Valve Refer to Procedure 5-27.
OK
A 4

Oil Level Incorrect == eseemeend Check/correct oil level.

oK
o
. Inspeci/replace air cleaner element. Look
Intake Air Inadequate or Overheated =~ |---------- for other restrictions. Refer to page
3-11.
OK

If the vehicle is equipped with a valve to
switch the intake source from under the hood
to outside, position the valve for the season.

Coolant passages plugged in the
aftercooler,

Check charge air cooler for internal
resiriction. Replace restricted cooler.

Checkiclean debris from front of charge
air cooler.

{Continued)



Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
B Series Page T-18

Engine Power Output Low (Continued)

Cause Corrections
. Check/correct leaks in the air crossover tube,
Air Leak Between the Turbocharger ~ L......... charge air cooler connections, hoses, or
and the Intake Manifold through holes in the manifold cover. Refer to
Procedure 3-08.
OK
A
L Check/correct exhaust system. Check
Exhaust Restriction ~ f--------1 catalyst for restriction. Refer to Page 3-23.
OK
h

Verify that fuel heater is off during warm

Fuel Temperature High. Greater Than  L........4 weather. Check for a restricted fuel drain

71°C [160°F]

line.
OK
4
: Check/correct leaks in the manifold or
‘%Jr%%%ﬁa&ge:r atthe Manifoldor ~ o.onnood turbochgrger gaskets. Look for a cracked
manifold.
OK
5
Extra injector Sealing Washer Installed | ....._..] Remove extra injector sealing washer.
Under Injector.
OK
h o

Injectors Worn or Malfunctioning ~ [--------1 Check injectors.

OK
e (Continued)
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Section T - Troubleshooting Logic

Engine Power Output Low (Continued)

Cause

Corrections

Turbocharger Malfunctioning

Check for the specified boost pressure.
Refer to turbocharger boost pressure
specifications, Section 3.

OK

Inspect/replace turbocharger. Refer to
Procedures 7-05, 3-01, and 3-13.

Valve Clearances Incorrect

Check/adjust valves. Refer to Proce-
dure 7-04.

OK

A

Fuel Injection Pump Timing Incorrect

Check/time fuel injection pump. Refer
to Procedures 5-36.

OK

-

Fuel Injection Pump Malfunctioning

----------

Remove fuel injection pump. Have
calibration checked.

OK

A

Engine Compression Low

..........

Perform compression check to identify
malfunction. Correct as required.




Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
B Series Page T-21

. Exhaust Black Smoke Excessive

Cause Corrections
Engine Being Lugged Down ~ [r---~----4 Use lower gear.
OK
h 4

Inspect/change air cleaner. Look for

intake Air Restricted ~ f-------d other restrictions. Refer to page
3-11.
OK
A

Exhaust Restriction = [-ecc--n-d Check exhaust restriction. Refer to

page 3-23.
OK
-5
Check/correct leaks in the air crossover tube,

Air Leak Between the Turbocharger ~ L......... hoses, or through holes in the manifold
and the Intake Manifold cover. Refer to Procedures 3-10 and 3-11.

OK

B

. . Check for plugged charge air cooler,
Charge Air Cooler Malfunction =~ f--------1 internal charge air restriction, or leaking
charge air cooler.

OK

A 4

Check/correct leaks in the manifold or
turbocharger gasksts. Look for a cracked
manifold.

Exhaust leak at the Manifold @ L........d
orTurbocharger

OK

A 4

Repair or replace wastegate. Refer {0

Turbocharger Wastegate Malfunctioning ¢--------1 Procedure 3-02

OK

4

Inspect/replace turbocharger. Refer to

Turbocharger Malfunctioning @ f--------- Procedure 3-13

OK
e (Continued)



Troubleshooting Symptoms Charts
Page 1-22

Section T - Troubleshooting Logic

Exhaust Smoke Black Excessive (Continued)

Cause

Corrections

injector Installed With More Than One
Sealing Washer

Remove extra washer. Refer o Proce-
dure 5-40.

OK

A o

7 mm Injector Instalied With a 9 mm
Sealing Washer

Remove the injector and install the
proper sealing washer. Refer to
Procedure 5-40.

OK

-

Injectors Malfunctioning

Replace injectors. Refer to Procedure

OK

A

Fuel Injection Pump Malfunctioning or
Overfueled

Remove fuel injection pump. Have
calibration checked.

OK

-

Piston Rings Not Sealing (Blue
Smoke)

Perform a compression check. Correct
as required. Refer to Procedure 7-01.

OK

R4

Fusl Injection Pump Timing Incorrect

Check/time fuel injection pump. Refer
o procedure 7-20 and 5-36.




Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
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B Series
Exhaust White Smoke Excessive

Cause Corrections

Verify proper starting procedure. Refer to

Improper Starting Procedure ~ fr--------o the starting procedure in the Operation
and Maintenance Manual.

OK
A o
Refer to Troubleshooting Logic Chart
Coolant Temperature Too Low ~ f---------~ for “‘Coolant Temperature Below
Normal”.
OK
-
Intake Air Temperature Too Low =~ f--------- Refer to vehicle operation manual for
shutter operation,
OK
o

Verify by operating engine from a temporary
Fuel Quality Poor ~ [r=--===--- tank with good quality fuel. Clean and flush
the fuel supply tanks. Use a diesel fuel with

cetane value of 42-50,

OK

5

Check top dead center (TDC). Refer to
Injection Pump Timing Incorrectly Adjusted |---------- ;;%%Z?‘ggf;ﬁg ggi?é’f?é”ﬁ%@%cégkﬁmp
the fuel injection pump using the spill port
timing if equipment is available. Refer to

OK Procedure 5-36.

l

Troubleshoot the KSB (Bosch VE Pump  Lenee....
Only)

Refer to Procedure 5-07, 5-08 and 5-08.

OK

-

Injector installed with more thanone [ ........J Remove exira washer. Refer to Proce-

sealing washer dure 5-40.
OK
A 4
Injectors Malfunctioning ~ F--------- groi%kézig?gi ?1§§é°§-,3.;;§‘9fe" to
OK

b (Continued)
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Page T-24 B Series

Exhaust White Smoke Excessive (Continued) -

Cause Corrections
Coolant Leaking Into Combustion L......._. Refer to Troubleshooting Logic for
Chamber Coolant Loss.
OK
o
Fuel Injection Pump Malfunctioning/  L........J Remove fuel injection pump. Have
Delivery Valves Malfunctioning calibration checked.




Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
B Series Page T-25

Coolant Temperature Above Normal - Gradual Overheat

Cause Corrections
__________ Check/replenish coolant. Refer to
Coolant Level Low Procedure 1-06.
OK
Locate and correct the source of the
coolant leak. Refer to troubleshooting logic
for Coolant Loss.
Charge/Radiator Air Cooler Fins [ .. .....J Biow debris from fins.

Plugged (Automotive Only)

OK
A
. . Check/repair fan shroud, shutters, fan
Air Flpw to the Radiator Inadequate or | ...._.._. sensors, and fan cluich as required. Refer to
Restricted the equipment manufacturer’s procedures.
OK
5

Water Pump or Fan Drive Belts Loose ~ |--------- Check/correct belt tension.

OK
-
Radiator Hose Coliapsed, Restricted or . ......... Check/replace hose.
Leaking
OK
h 4
Lubricating Oil Level High ~ [--------1 Check/drain oil to correct level.
OK
b 4
Cooling Fan Shroud Damaged or ~ [L......... Inspect shroud, repair/replace or install.
Missing
OK

he (Continued)
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Section T - Troubleshooting Logic

Coolant Temperature Above Normal - Gradual Overheat (Continued)

Cause

Corrections

Pressure Cap Incorrect or
Malfunctioning

Replace cap with the correct rating for
the system. Refer to Procedure 1-01.

OK

A 4

Qverconcentration of Anti-Freeze

Remaove part of the coolant from
cooling system and replace with water.

OK

-

Temperature Sensor or Gage
Malfunctioning

OK

A 4

Thermaostat Malfunctioning, Incorrect or
Missing

OK

-4

Radiator Shutters Are Not Opening
Completely or Cold Weather Radiator
Cover Closed

OK

h 4

Air or Combustion Gases in the
Cooling System

.........

Verify that the gauge and temperature
sensor are accurate. Refer to Procedure
1-01.

Check/replace the thermostat. Refer to
Procedure 1-08.

Inspect the shutters, repair or replace if
necessary. Open radiator cover.

OK

{Continued)

Make sure the fill rate is not being ex-
ceeded and the correct vented thermostat
is installed. Refer to Procedure 1-01.

If asration continued, check for a compres-
sion leak through the head gasket. Refer
to Procedure 7-01.




Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
B Series Page T-27

Coolant Temperature Above Normal - Gradual Overheat (Continued)

Cause Corrections

Check/replace the water pump. Refer to

Water Pump Malfunctioning @ e==--=-~- Procedure 1-07

OK

4

Cooling Passages in Radiator, Head, @ L ......._] Flush the system and fill with clean
Head Gasket or Block Plugged coolant.

OK

A 4

. ) . Contact vehicle manufacturer for confirma-
Vehicle Cooling System Design =~ [r-------- tion of correct fan, radiator, and other
cooling system components.

OK
A 4
Fuel Injection Pump Timing = foeccanoad Verify fuel injection pump timing marks
Incorrect are aligned. Refer to Procedure 5-36.
OK
h 4

Remove fuel injection pump. Have

Fuel Injection Pump Overfueled @  f--------- calibration checked.
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Section T - Troubleshooting Logic

Coolant Temperature Above Normal - Sudden Overheat

Cause

Corrections

Coolant Level Low

Add coolant. Refer to Procedure 1-06.

OK

-

Temperature Sensor or Gauge
Malfunctioning

----------

Verify that the gauge and temperature
sensor are accurate. Refer to Procedure
1-01.

OK

h

Fan Drive Belt Loose

Check belt tension.

OK

A 4

Radiator Hose Collapsed, Restricted,
or Leaking

Inspect hoses.

OK

-

Radiator Cap Incorrect or Malfunction-
ing. Cap Rated Pressure Too Low

----------

Check the radiator pressure cap. Refer
to Procedure 1-01.

OK

A 4

Thermostat Incorrect or Malfunctioning

..........

Check thermostat. Refer to Procedure
1-01.

OK

h o

Radiator Shutters Are Not Opening
Completely or Cold Weather Radiator

Cover Closed. Shutterstat Setting Wrong.

Inspect the shutters. Repair or replace if
necessary. Open radiator cover. Check
shutterstat setting. Refer to Procedure
1-01.

OK

A o

Air or Combustion Gases in the
Cooling System

Check for air or combustion gases in the
cooling system. Refer to Procedure 7-01.

OK

A

(Continued)




Section T - Troubleshooting Logic Troubleshooting Symptoms Charts
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Coolant Temperature Above Normal - Sudden Overheat (Continued)

Cause Corrections
Vent Line From Engine and/or Radiator f........J Check routing and operation of vent
Plugged or Incorrectly Routed line.
OK
-3

Check water pump operation. Replace

Water Pump Malfunctioning ~ f==-=----1 the water pump. Refer to Procedures
1-09 and 1-07.
OK
h

Check for coolant leakage between
radiator auxiliary tank and radiator top
tank.

Leak Between the Top Tank and the | .........
Auxiliary Tank
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Section T - Troubleshooting Logic

Coolant Temperature Below Normal

Cause

Corrections

Air Flow Across the Radiator Excessive

Check/repair shutters, fan clutch, viscous
fan as required. Refer to the equipment
manufacturer’s procedures.

OK

g

Thermostat Broken, Damaged, Con-
taminated or Not Sealing

Check/replace Thermostat. Refer to
Procedures 1-01 and 1-08.

OK
-

Temperature Sensor or Gauge
Malfunctioning

Verify that the gauge and sensor are
accurate. Refer to Procedure 1-01.

OK
-

Coolant Not Flowing by Temperature
Sensor

Checkiclean coolant passages.

B Series



Section T - Troubleshooting Logic
B Series

Cause

Troubleshooting Symptoms Charis

Coolant Loss

Corrections

Radiator or Cab Heater Leaking

Visually inspect the radiator heater,
hoses and connections to locate the
leak.

OK

If oil is present in the coolant, check for
a transmission or lube oil cooler leak

External Engine Leak

Visually inspect the engine and compo-
nents for seal, gasket, or drain cock leaks.

OK

A

Overheating or Compression Gases
Leaking Resulting in Loss Through the
Radiator Overfiow

Review the operation for overheating and
low power. Refer to troubleshooting logic
for Coolant Temperature Above Normal.

OK

A 4

If Equipped, Transmission Cooler
Leak

Check for mixing of coolant and transmis-
sion fluid. Refer to Procedure 2-03.

OK

h

If Equipped with a Water Cooled Air
Compressor, Head or Head Gasket
Leaking

Look for coolant in the oil. Check/ replace
head or gasket. Refer to the equipment
manufacturer’s procedures.

OK

A 4

If the Engine is Coolant Aftercooled,
Aftercooler Leak

Check/replace the aftercooler. Look for
cgolant in the intake manifold and in the
oil.

OK

A o

Lubricating Oil Cooler Leak

Check/replace the oil cooler. Look for

coolant in the oil. Refer to Procedure 2-05.

OK

e (Continued)

Page T-31
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Page T-32 B Series

Coolant Loss (Continued)

Cause Corrections
indor Hoad Gacket Leak = becceeeand Check/replace the head gasket. Refer
Cylinder Head Gasket Leak 1o Procedure 7-07.
OK
A
indor Hoad Cracked or Porote = bececnoosd Check/replace the head. Refer to
Cylinder Head Cracked or Porous Procedute 7-07.
OK
-
Cylinder Block Coolant Passages @ [feeeean... Check/replace the cylinder block.
Leaking




Section T - Troubleshooting Logic
B Series

Troubleshooting Symptoms Charts

Lubricating Oil Pressure Low

Cause

Corrections

Lubricating Oil Leve! Low

Check/replenish lubricating oil. Refer to
page 2-08.

OK

Check for a severe external oil leak that
could reduce the pressure.

Lubricating Qil Viscosity Thin; Diluted
or Does Not Meet Specification

Verify the correct oil is being used. Check
for oil dilution. Refer to troubleshooting
logic for Contaminated Lubricating Oil.

OK

-

Engine Temperature High (Above 95°C
[203°F])

Refer to troubleshooting logic for
Coolant Temperature Above Normal.

OK

A o

Pressure Switch or Gauge
Malfunctioning

OK

A o

Verify the pressure switch is functioning
correctly.

Pressure Regulator Valve Stuck Open

Check/replace valve. Refer to Proce-
dure 2-04,

OK

»

Lubricating Oil Fiiter Plugged

Change lubricating oil filter; review
change interval.

OK

A

Lubricating Oil Cooler Plugged

Replace lubricating oil cooler. Refer to
Procedure 2-05.

OK

hd (Continued)
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Section T - Troubleshooting Logic

Lubricating Oil Pressure Low (Continued)

Cause

Corrections

If Lubricating Oil Cooler was Replaced,
Shipping Plugs Left in Cooler

Check/remove shipping plugs.

OK

A 4

If Replaced, Four Cylinder Lubricating
Oil Pump Installed in a Six Cylinder
Engine

Verify that the correct lubricating oil
pump is installed. Refer to Procedure
2-07.

OK

-

If Replaced, a Pre-1991 Lubricating Oil
Pump Installed in a 1991 or Later
Engine.

Verify that the correct lubricating oil
pump is installed. Refer to Procedure

OK

h 4

Cylinder Block or Cylinder Head Plugs
Loose or Missing

Check/replace expansion plugs. Refer
to Procedure 2-08.

OK

g

Suction Tube Loose or Broken Seal
Leaking

Check/replace seal. Refer to Procedure

OK

b 4

Lubricating Oil Pump Worn

Checlk/replace lubricating oil pump.
Refer to Procedure 2-07.

OK

A 4

Main Bearing Cap Loose

Check/install new bearings and tighten
cap. Refer to Procedure 7-13.

OK

h o

Bearings Worn

Inspectireplace bearings; also check/
replace piston cooling nozzles. Refer to
Procedure 7-13.




Section T - Troubleshooting Logic
B Series

Troubleshooting Symptoms Charts

Lubricating Oil Pressure High

Cause

Corrections

Pressure Switch or Gauge Malfunctioning

Verify the pressure switch is functioning
correctly.

OK

-

Engine Running Too Cold

Refer to troubleshooting logic for
Coolant Temperature Below Normal

OK

-3

Lubricating OQil Viscosity Too Thick

Make sure the correct lubricating oil is
being used. Refer to O&M manual.

OK

hd

Pressure Regulator Valve Stuck Closed

Check/replace valve. Refer {0 Proce-
dure 2-04.

OK

h

If Replaced, Six Cylinder Lubricating
Oll Pump, Installed in Four Cylinder

Verify that the correct lubricating oil
pump is installed. Refer to Procedure
2-07.

Page T-35
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Lubricating Oil Consumption Excessive

Cause Corrections
External Leaks @ femeeeaaad Visually inspect for lubricating oil leaks.
OK
A 4
Crankcase Being Overfilled (Dipstick ... .....] Verify that the dipstick is correctly
Calibrated Incorrectly) marked.
OK
5
Incorrect Lubricating Oil (Specification 1 ......._] Make sure the correct lubricating oil is
or Viscosity) being used.
OK
Look for reduced viscosity from dilution
with fuel. Fuel dilution in lubricating oil can
originate from fuel injection pump driveshatft
seal or fuel transfer pump.
Review/reduce the lubricating oil
change intervals.

i ) o ) Check the breather tube area for signs of
High Blowby Forcing Lubricating Ol ... .....] lubricating oil loss. Measure the blowby and
Out the Breather perform the required repairs. Refer to

Procedure 8-05.
OK
A
inati it Conler | @ak heeeeane-d Check for lubricating oil in the coolant.
Lubricating Qil Cooler Leak Refor 1o Procedure 2-03.
OK
hd
If Equipped, Air Compressor Pumping . -ocn-n-- Check/replace air compressor. Refer to
Lubricating Oil Procedure 4-06.
OK

bl (Continued)



Section T - Troubleshooting Logic Troubleshooting Symptoms Charts

B Series Page T-37
Lubricating Oil Consumption Excessive (Continued)
Cause Corrections

Turbocharger Leaking Lubricating Oilto | .-..-.... Inspect the air crossover tube for
the Air Intake or Exhaust evidence of lubricating oil transfer.

OK

3

Valve Seals Worn ~ beceeaaaad Inspect/replace the valve seals. Refer to
Procedure 7-01.

OK

-
Piston Rings Not Sealing - Lubricating 1 -._._.._] Perform a compression check. Repair
Oil Being Consumed by the Engine as required. Refer to Procedure 7-01.




Troubleshooting Symptoms Charts
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Section T - Troubleshooting Logic

Coolant Contaminated

Cause

Corrections

Coolant Rusty, Operation Without
Correct Mixture of Antifreeze and
Water

OK

Drain and flush the cooling system. Fill
with correct mixture of antifreeze and
water.

Review the coolant change interval.
Refer to the Operation and
Maintenance Manual.

If Equipped, Transmission Lubricating
Oil Cooler Leaking

OK

A o

Check/replace lubricating oil cooler.
Refer to equipment manufacturer’s
procedures.

Lubricating Oil Leaks from Lubricating Gil
Cooler, Head Gasket, Head and Cylinder
Block

Refer to troubleshooting logic for
Lubricating Oil Loss.

B Series



Section T - Troubleshooting Logic
B Series

Troubleshooting Symptoms Charts

Lubricating Oil Contaminated

Cause

Corrections

Coolant in the Lubricating Oil, Internal
Engine Component Leaks

Refer to troubleshooting logic for
Coolant Loss.

OK

b 4

Lubricating Oil Sludge Excessive "

Review lubricating oil and filter change
intervals

OK

Make sure the correct lubricating oil is
being used

Fuel in the Lubricating Oil, Engine
Operating Too Cold

Review the operation for excessive idling
resulting in the engine running below
normal temperature.

OK

Ao

Fuel Transfer Pump Seal Leaking

Repair or replace fuel transfer pump.
Refer to Procedures 5-03 and 5-21.

OK

h

Fuel Injection Pump Seal Leaking (Rotary)

Remove the fuel injection pump and
have repaired. Refer to Procedurs 5-35.

OK

h 4

Internal Plunger Seal Leaking (In-Line)

Remove the fuel injection pump and
have repaired. Refer to Procedure 5-37.

OK

-

injector Needie Valves Not Sealing

Locate and repiace malfunctioning injector.
Refer to Procedures 5-13 and 5-40.




Troubleshooting Symptoms Charts Section T - Troubleshooting Logic
Page T-40 B Series

Fuel Or Oil Leaking From Exhaust Manifold

Cause Corrections
Operating for Extended Periods Under | ......._J Review operating procedure with
Light or no Load Conditions operator.
OK
A

Intake Air Restriction @ [Fe=ee--n-d Review operation for excessive

idling.
OK
Check/replace filter element. Refer to
Procedures 5-05 and 5-16.
. : Locate and replace malfunctioning injector.
Injector Needle Valve Stuck Open ~ fr--------1 Refer to Procedures 5-13 and 5-40.
OK
-
Turbocharger Lubricating Oil Drain Line [L........4 Check/clean line.
Obstructed
OK
h o

Check/replace turbocharger. Refer to

Turbocharger Seals Leaking Gil ~ -----=---- Procedure 3-13.

OK

k4

Check for excessive blowby. Refer o

Blowby Excessive @~ = [e-------o Procedure 8-05.

OK

h

Check/time the injection pump. Refer to

Fuel Injection Pump Timing incorrect  F--------1 Procedure 5-36.
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Compression Knocks

Cause Corrections
If Equipped, Malfunctioning Ether L ......._J Repair or replace ether starting aids.
Starting Aid
OK
A
ir in the Fuel Svetern heeeuwaanld Bleed the fuel system. Refer to Proce-
Air in the Fuel System dures 5-03 and 5.15.
OK
b
. Verify by operating from a temporary tank
Poor Quality Fuel ~  fr--------1 with good fuel; clean and flush the fuel
supply tanks.
OK
-

Verify that engine load rating is not

Engine Overioaded @ = [F---===--q being excesded.

OK

A 4

Check/time fuel injection pump. Refer

Fuel Injection Pump Timing Incorrect  f--------1 to Procedure 5-36.

OK
o
; iormineg 0 heceeneeed Replace injectors. Refer to Procedures
Injectors Malfunctioning 513 and 5.40.
OK
h 4
Coolant Operating Temperature = L. .......4 Refer to troubleshooting logic for Low

Incorrect Coolant Temperature.
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Fuel Consumption Excessive

Cause

Corrections

Additional Loading from Malfunctioning
Accessories

Check/repair accessories and vehicle
components. Refer to the equipment
manufacturer’s procedures.

OK

A o

Operator Technique

OK

-

Fuel Leaks

Review operation for correct gear shifts,
deceleration, and idling

OK

Poor Quality Fuel or No. 1 Fuel Used

OK

h o

Intake Air or Exhaust Restriction

OK

A o

Injectors Worn or Maifunctioning

Check for external leaks and engine
lubricating oil dilution.

For fuel dilution, check for internal
leaks at the fuel transfer pump and
injection pump.

Make sure quality No. 2 fuel is being
used.

Refer to troubleshooting logic for
Excessive Exhaust Smoke

OK

bl (Continued)

Check/replace injectors. Refer to
Procedures 5-13 and 5-40.
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Fuel Consumption Excessive (Continued)

Cause Corrections
tacti iming Incorrect  beeeecan.d Check/time the fuel injection pump.
Fuel Injection Pump Timing Incorrect Refer to Procedure 5-36.
OK
A4

Check for broken adjustment seals on the
Fuel Injection Pump Settings Incorrect  t-------~- fuel injection pump. If the seals are broken,
remove and recalibrate fuel injection pump.
Refer to Procedures 5-35 and 5-37.

OK
b
T Check/adjust valves. Refer to Proce-
Valves Not Seating dure 7.04.
OK
.

Power Functions Malfunctioning ~ f-------- Checkirepair power functions.
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Section T - Troubleshooting Logic

Engine Will Not Shut Off

Cause

Corrections

Fuel Shutoff Valve inoperative

OK

A 4

Stop the engine mechanically with lever on
the fuel pump. Check for correct solenoid
operation. Refer to Procedures 5-05, 5-11
and 5-31.

Fuel Injection Pump Malfunctioning

OK

A

Remove the fuel injection pump and have
checked/repaired. Refer to Procedures
5-35 and 5-37.

Engine Running on Fumes Drawn into
the Air intake

Check the air intake ducts for the
source of the fumes.
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Troubleshooting Symptoms Charts

Engine Vibration Excessive

Cause

Corrections

Engine Not Running Smoothly

Refer to troubleshooting logic for Rough
Running or Misfiring.

OK

-

Engine Low ldle Speed Too Low

Adjust engine low idle speed. Refer to
Procedures 5-38 and 5-39.

OK

-

Fan Damaged or Accessories
Malfunctioning

Check/replace the vibrating component.
Refer to equipment manufacturer’s service
instructions.

OK

. 2

Fan Hub Malfunctioning

..........

Inspect/Replace the fan hub. Refer to
Procedure 1-05.

OK

S

Alternator Bearing Worn or Damaged

Check/replace the alternator. Refer to
Procedure 6-11.

OK

h o

Vibration Damper Malfunctioning
{Six-Cylinder Only)

Inspect/replace the vibration damper.
Refer to Procedure 7-15.

OK

A 4

Engine Counter Balancer Not Timed
Correctly (4 Cylinder Only)

Time counter balancer. Refer to Shop
Manual 3810206.

OK

b

Flywheel Housing Misaligned

Check/correct flywheel alignment. Refer
to Procedure 7-24.

OK

e (Continued)
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Engine Vibration Excessive (Continued)

Cause Corrections

Inspect the crankshaft and rods for
Power Components Loose or Broken =~ f--------1 damage that cause and unbalance. Refer
to Procedure 7-11.

OK

b 4

. Check/replace engine mounts. Refer to the
Engine Mounts Loose or Broken ~ f--------1 equipment manufacturer’s service
instructions.

OK

-

Drive Line Components Wornor L ... ... Check/repair according to the equip-
Unbalanced ment manufacturer’s procedures.
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Engine Noises Excessive

Cause Corrections
) . . Check the tensioner and inspect the drive
Drive Belt Squeal, Insufficient Tension L ........4 belt for deterioration. Make sure water pump,
or Abnormally High Loading tensioner pulley, fan hub and alternator turn
freely.
OK

Check for paint/oil or other material on
pulleys.

Check the tension of accessory drive belts.
Refer to the equipment manufacturer’s
procedures. Make sure the accessories turn
freely.

Refer to troubleshooting logic for

Intake Air or Exhaust Leaks @ [F--e-=-nm-- Excessive Exhaust Smoke

OK

A 4

. Adjust valves. Make sure the push rods are
Valve Lash Excessive =~ F-------- not bent or the rocker levers are not
severely worn. Refer to Procedure 7-04.

OK

4

. Check turbocharger impellter and turbine
Turbocharger Noise ~ [r--------- wheel for housing contact. Refer to
Procedure 3-01.

OK

A 4

. . Visually inspect and measure gear
Gear Train Noise =~ f--===-""1 backiash. Replace gears as required.
Refer to page 7-05.

OK

h o

Check/replace rod and main bearings.

Power Function Knock  f==-=---1 Refer to Procedures 7-11 and 7-13.
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Alternator Not Charging Or Insufficient Charging

Cause Corrections
Battery Connections Loose or ~ L........] Check/tighten battery connections.
Corroded Refer to Procedure 6-02.
OK
5

Load test the battery. If battery charge is low,
Battery Condition ~ F--------1 charge the battery and load test again. If the
battery fails the load test, replace the battery.

OK

-

Check/replace belt tensioner. Refer to

Alternator Belt Slipping @ F--------- Procedure 1-03

OK

o

. Alternator Pulley Loose on Shaft =~ F-----=--- Repair/tighten pulley.

OK

=

Wires at Alternator Loose or Broken ~ f--------1 Repair wiring.

OK

@

L Refer to the vehicle manufacturer’s
Alternator Malfunctioning ~ f--------1 instructions for troubleshsooting the
alternator and charging circuit.

Replace alternator. Refer to Procedure
8-11.
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Coolant System Components and Flow

The following illustration identifies the significant features of the coolant system.

A. Coolant is drawn from the radiator by the integrally mounted water pump. The output from the water pump
empties into the ail cooler cavity of the cylinder block.

B. The coolant tiien circulates around each cylinder and crosses the block to the fuel pump side of the engine.

C. Coolant then flows up into the cylinder head, crosses over the valve bridges and down the exhaust manifold
side of the engine to the integral thermostat housing.

D. As the coolant flows across the head toward the thermostat housing, it provides cooling for the injector. When
the engine is below operating temperature, the thermostat is closed, and the coolant flow bypasses the radiator
and goes to the water pump inlet through internal drillings in the block and cylinder head.

When operating temperature is reached, the thermostat open, blocking the bypass passage to the water pump
and opening the outlet to the radiator.

Caution: Never operate the engine without a thermostat. Without a thermostat, the coolant will not flow
to the radiator and the engine will overheat.

Coolant System

Cylinder Block

. Coolant Inlet
. Pump Impeller
. Coolant Flow Past
Oil Cooler /
4. Coolant Flow Past O ) B A
Cylinders : Cylinder Head
5. Coolant to Cylinder
Head 1. Coolant Flow from Cylinder Block

2. Coolant to Thermostat Housing

(AN L

1. Coolant Flow Past Injector 5, By-Pass Closed
2, Thermostat 6. Coolant Flow Back to
3. Coolant By-Pass Passage Radi
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Cooling System
Specifications

Coolant Capacity (Engine
Only)- Litre [U.S. Qts.]..

Standard Modulating
Thermostat - Range -
CC [OF)iiiiieinn

Pressure Cap (kPa [PSI])
104°C [220°F] Sys-

Pressure Cap (kPa [PSI])
99°C [210°F] Sys-

Cooling System Specifications

Page 1-3
Cooling System Specifications
B3.9,4B3.9  4BT3.9 4BTA3.9  6B5.9, 6BT5.9,B5.9  6BTA5.9
\'\
7 [7.4] 7 [7.4] 9.7 [10.3] 10.5 [11.1] 14.5 [15.3]
-------------------- Start 83 [181] -ereereemees Fully Open 95 [203]  w-eemsermmeemmceems
103 [15] 103[15] 103 [15] 103 [15] 103 [15]
48 [7] 48 [7] 48 [7] 48 [7] 48 [7]
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Section 1 - Cooling System
B Series

Coolant System Malfunctions (1-01)
Diagnosis

The function of the coolant system is to maintain a spec-
ified operating temperature for the engine. Some of the
heat generated by the engine is absorbed by the coolant
flowing through the passages in the cylinder block and
head. Then, heat is removed from the coolant as it flows
through the radiator. When you troubleshoot overheat-
ing, remember that too much oil in the oil pan can cause
additional heat from friction when the rod journals are
submerged in oil.

Overfilling with oil raises the oil temperature which is
transferred to the coolant system at the oil cooler.

The system is designed to use a specific quantity of
coolant. if the coolant level is low, the engine will run hot.

NOTE: The engine or system has a leak if frequent addition
of coolant is necessary. Find and repair the leak.

Caution: The engine coolant passages must be com-
pletely filled with coolant.

During operation entrapped air mixes with the coolant
which results in cavitation corrosion and poor heat trans-
fer. Highly aerated coolant can causelocalized overheat-
ing of the cylinder head and block which can result in a
cracked head, scored cylinder or blown head gasket.
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During filling, air must be vented from the engine coolant
passages. The air vents through the ‘“‘jiggle pin’’ open-
ings to the top radiator hose and out the fill opening.
Additional venting is provided for engines equipped with
an aftercooler. Open the petcock during filling.

NOTE: Adequate venting is provided for a fill rate of 14
liters/minute [3.5 U.S. Gallon/minute].

NOTE: A 50 percent mixture of antifreeze and water must
be premixed before filling the system. The ability of anti-
freeze to remove heat from the engine is not as good as
water, so pouring antifreeze into the engine first could con-
{ribute to an over heated condition before the liquids are
completely mixed.

A mixture of 50% ethylene-glycol base antifreeze is re-
quired for operation of the engine in temperature envi-
ronments above -37°C [-34°F]. A mixture of 40% water
and 60% antifreeze is recommended for temperatures
below -37°C [-34°F]. Never use more than 60%
antifreeze.

Caution: Never use water alone for coolant. Damage
from corrosion can be the result of using water alone for
coolant. The small holes in the head gasket are espe-
cially susceptible to plugging. These holes are orifices
and their size is critical. Do not enlarge the size of the
orifices. To do so will disturb the coolant flow and will
not solve an overheating problem.

Water will cause rust formation reducing the flow in the
smaller coolant passages.

Also, water used as a coolant for even a relatively short
period can result in the cup plugs rusting through allow-
ing the coolant {o leak.

NOTE: A sudden loss of coolant from a heavily loaded
engine can result in severe damage to the pistons and
cylinder bore.

Coolant System Malfunctions (1-01)
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Section 1 - Cooling System
B Series
Pressure Caps

The system is designed to use a pressure cap to prevent
boiling of the coolant.

Different caps are specified for the two recommended
systems:

System Cap
A (Normal Duty) 104°C [220°F] 103kPa [15 PSI]
B (Light Duty) 99°C [210°F] 48kPa [7 PSI]

An incorrect or malfunctioning cap can result in the loss
of coolant and the engine running hot.

Air in the coolant can result in loss of coolant from the
overflow when the aerated coolant is hot. The heated air
expands, increasing the pressure in the system causing
the cap to open.

Similarly, coolant can be displaced through the overflow
if the head gasket leaks compression gasses to the cool-
ant system.

The operating pressure of the coolant system and the
lubricating system can result in the mixing of the fluids if
there is a leak between the systems: head gasket, oil
cooler, etc. (refer to the Lubricating System).

NOTE: Transmission fluid can also leak intoc the coolant
through radiator bottom tank transmission oil coolers.
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Water (Coolant) Pump

The water pump pulls coolant from the botiom of the
radiator and pumps it through the engine back to the top
of the radiator for cooling. Reduced or interrupted flow
will result in the engine running hot.

The pump is belt driven from the crankshaft pulley. An
automatic belt tensioner is used to prevent the belt from
slipping on the pump pulley. A malfunction of the ten-
sioner will cause the water pump impeller to rotate at a
slower speed reducing the amount of coolant flow.

The coolant flow can also be reduced if the inlet hose to
the water pump collapses. A hose will usually not col-
lapse while the engine is running at low speed. Check the
hose while the engine is running at rated speed.

NOTE: Be sure the engine is warm, a8 minimum of 95°C
[203°F], so the thermostat is open.

A worn or malfunctioning water pump will not produce the
flow required to prevent the engine from running hot.
However, be sure to check the other possibilities indi-
cated in the Troubleshooting Logic before checking the
flow or replacing the pump.

=

Coolant System Malfunctions (1-01)
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Section 1 - Cooling System
B Series

As stated in the coolant discussion, an obstruction in the
passages can interrupt flow.

Radiator, Fans and Shutters

Air forced through the fins of the radiator by a fan cools
the coolant pumped through the radiator. Environmental
debris (paper, straw, lint, dust, etc.) can obstruct the fins
and stop the flow of air which will reduce the cooling effect
of the radiator.

lfthe fanis belt driven, a slipping belt will result in a slower
fan speed and reduced cooling. A malfunctioning auto-
matic belt tensioner can be the problem.

NOTE: Check the bearings in the fan hub and other pulleys
o make sure they are not causing excessive belt vibration
and slippage.

Interruption of the circuit to an electrically driven fan can
result in insufficient air flow and cause the engine to run
hot.

NOTE: Make sure that the temperature sensor is functioning
correctly.
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Some applications use thermatic fans. These fans oper-
ate only as needed to keep the coolant at the correct
temperature. If the fan does not operate when the coolant
temperature increases, the engine will run hot. If the fan
does not shut off when coolant temperature decreases,
the engine will run cold.

NOTE: Make sure that the coolant temperature sensor is
functioning correctly.

Shutters are designed to control air flow across the ra-
diator. If the shutters fail to open when needed, the en-
gine can run hot. Failure of the shutters to close can result
in too much air flow and the engine running cold.

NOTE: Make sure that the air temperature sensor is func-
tioning correctly. Check the air operated shutter controls.
Check for air leaks.

Winterfronts can be used on a charge air cocled engine,
but must be designed to partially cover the frontal area of
the cooling system. A minimum of 120 square inches of
charge air cooled frontal area must be left open to air flow.

An incorrect fan shroud or obstructions can reduce air
flow and cause the engine to run hot.

NOTE: Check to be sure air is not recirculating. Check for
missing baffles.

Coolant System Malfunctions (1-01)
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Section 1 - Cooling System
B Series

Thermostat

The thermostat controls the coolant temperature. When
the coolant temperature is below the operating range,
coolant is bypassed back to the inlet of the water pump.
When the coolant temperature reaches the operating
range, the thermostat opens, sealing off the bypass, forc-
ing coolant to flow to the radiator.

Caution: Never operate the engine without a thermo-
stat. Without a thermostat the path of least resistance
for the coolant is through the bypass to the pump inlet.
This will cause the engine to overheat.

An incorrect or malfunctioning thermostat can cause the
engine to run too hot or too cold.

As described in the coolant discussion, jiggle pins vent air
during filling of the coolant system.
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After the engine is vented and filled, the jiggle pins act as
check valves to block the flow of coolant through the
opening during engine operation.

NOTE: Amissing jiggle pin can cause the engine to run cold.

With the jiggle pins sealing the openings, the flow to the
radiator is controlled by the thermostat opening in re-
sponse to the engine coolant temperature.

Gauges, Overfueling and Loading

Gauges and sensors are used in the system tc measure
the coolant temperature. These can malfunction and pro-
vide an incorrect temperature indication.

Caution: Overfueling can cause the engine to overheat.
Make sure that the fuel pump is calibrated correctly.

Coolant System Malfunctions (1-01)
Page 1-11
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Caution: Constant overloading (lugging) can cause the
engine to run hot.

Drive Belt - Replacement (1-02)

3/8 inch Square Drive
S Lift the tensioner to remove and install the drive belt.

@@ NOTE: The belt tensioner is spring loaded and must be
pivoted away from the drive belt. Pivoting in the wrong
direction can result in damage to the belt tensioner.

D
I

fagblma

Belt Tensioner - Replacement (1-03)

Preparatory Step:
¢ Remove the drive belt

15 mm
g Remove the capscrew and replace the tensioner.

eg@ Torque Value: 43 Nem [32 ft-ib]
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Fan Pulley - Replacement (1-04)
Preparatory Step:
¢ Remove the drive belt.

13 mm
Remove the four capscrews, fan and spacer. Replace the H

fan pulley.
Torque Value: 24 Nem [18 fi-lb] %@

Fan Hub - Replacement (1-05)
Preparatory Steps:

® Remove‘the drive belt.

e Remove the fan pulley.

10 mm
Bemove the four capscrews and replace the fan hub.
Torque Value: 24 Nem [18 fi-Ib]

fag00mc|
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Coolant (1-06)

Draining

Warning: Wait until the temperature is below 50°C
[122°F] before removing the coolant system pressure
cap. Failure to do so can cause personal injury from
heated coolant spray.

Drain the cooling system by opening the drain valve on
the radiator and removing the plug in the bottom of the
water iniet. A drain pan with a capacity of 20 liters [4 U.S.
galions] 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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Filling
Caution: Never use water alone for coolant. Damage

from corrosion can be the result of using water alone for
coolant.

NOTE: A 50 percent mixture of antifreeze and water must
be premixed before filling the system. The ability of anti-
freeze to remove heat from the engine is not as good as
water, so pouring antifreeze into the engine first could con-
tribute to an over heated condition before the liquids are
completely mixed.

Close all drain valves and fill the system. Use a mixture
of 50 percent water and 50 percent ethlene glycol anti-
freeze to provide freeze protection to -36°C [-34°F].

Coolant Capacity Litre
(Engine Only) [U.S. Quarts]
B3.9 B5.9
4B3.9 6B5.9
4BT3.9 4BTA3.9 6BT5.9 6BTA5.9
7.0[7.4] 9.7 [10.3] 10.5 [11.1] 14.5 [15.3]

Install the pressure cap. Operate the engine until it
reaches a temperature of 80°C [180°F], and check for
coolant leaks.

Check the coolant level again to make sure the system is
full of coolant.

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

spray.

Water Pump - Replacement (1-07)
Preparatory Steps:

e Drain the coolant.

* Remove the drive beit.

A

S
v

%

> @

Water Pump - Replacement (1-07)

Page 1-15

50%
WATER

50%
ANTIFREEZE

50%
WATER

50%
ANTIFREEZE

| D

ra800wn




Water Pump - Replacement (1-07)
Page 1-16

— ck9bdea

wp8riha

sotf

Y1
/%’/

Vi

Section 1 - Cooling System
B Series

13 mm
Remove the two capscrews and water pump, and com-

@@ plete the following steps.

Clean the sealing surface on the cylinder block.

N

13 mm
Install the water pump.

G Torque Value: 24 Nem  [18 ft-Ib]
Y,
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Thermostat - Replacement (1-08)
Preparatory Steps:

e Drain the coolant.

e Remove the drive belt.

e Disconnect negative battery cable.

¢ Disconnect the upper radiator hose.

13 mm, 16 mm

Remove the alternator mounting capscrew, loosen the
alternator link capscrew and lower the alternator.

10 mm

Remove the thermostat housing, lifting bracket, thermo-
stat and thermostat seal.

Clean the mating surfaces.

Thermostat - Replacement (1-08)

Page 1-17
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Section 1 - Cooling System
B Series

Position the rubber seal as shown for reassembly.
IV

ﬂ 10 mm
9 Assemble the removed parts in the reverse order of re-

db moval.
%V Torque Value: 24 Nem [18 ft-Ib]

13 mm, 16 mm
Install the alternator.

Torque Value: (A) 24 Nem [18 fi-Ib]
(B) 43 Nem [32 ft-Ib]

Expansion Plugs - Replacement (1-09)

Remove the expansion plugs from the coolant passages
@ as shown.
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Apply a bead of Loctite 277 to the coolant passage ex-
pansion plugs.

eelepwa

Drive the expansion plug in until the outer edge is flush
with the counter sink in the block.

ck8ephd
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NOTES
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Lubricating Oil System - Section 02
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Lubricating Oil System - Section 02
B Series

General Information - Lubrication
System

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 Pe-
troleum Institute (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 lubricating oil
change interval must be reduced to one-half the interval
given in the maintenance schedule.

Caution: Limited use of lubricating oils, such as 10W-
30, can aid in starting the engine and providing sufficient
lubricating oil flow at ambient temperatures below -5°C
[23°F]. However, the continuous use of low viscosity
lubricating oils can decrease engine life. Refer to the
accompanying chart.
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Flow Diagrams - Lubricating System

Filter
Bypass
Vaive

Lubricating Oil
Cooler (3);
Full Flow
Filter (4)

Gerotor
Lubricating
Oil Pump (1)

To Cooler

Pressure Regulating

Filter Bypass
Valve (2)

Valve (5)

Lubricating Oil Pump

The engine uses a gerotor type lubricating oil pump (1). The machined cavity in the block is the same for all engines.
A wider gerotor is used in the six cylinder engine to increase the lubricating pump capacity. Consequently, the 4
cylinder and 6 cylinder lubricating pumps are not interchangeable.

Pressure Regulating Valve

The pressure regulating valve (2) is designed to keep the lubricating oil pressure from exceeding 449 kPa [65 psi].
When the lubricating oil pressure from the pump is greater than 499 kPa [65 psi], the valve opens uncovering the
dump port so part of the lubricating oil is routed to the oil pan. The minimum lubricating oil pressure limit is the
same for the four cylinder and the six cylinder engine. Because of manufacturing tolerances of the components
and the oil passages, the lubricating oil pressure can differ as much as 69 kPa [10 psi] between engines.
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Lubricating Oil Coolers

The engines use full flow, plate type oil coolers (3). The
oil flows through a cast passage in the cooler cover and
through the element where it is cooled by engine coolant
flowing past the plates of the element. The four cylinder
engine uses an element with five plates (A), the six cyi-
inder uses an element with seven plates (B). Because of
the differences in plate restriction and oil pump capaci-
ties, the oil cooler components are not interchangeable
between the four cylinder and six cylinder engines. The
use of incorrect components can cause high or low oil
temperature, varnish and sludge build up.

1c801ga

NOTE: Prior to 10/21/86 six cylinder engines were assem-
bled with 9 plate oil cooler elements.

Lubricating Oil Filters

After the oil is cooled, it flows through the full flow oil filter (4). The filter for the six cylinder engine is longer than
the filter for the four cylinder engine.

Caution: Using a filter for a six cylinder engine on a four cylinder engine does not allow extended change
interval. Never use a filter for a four cylinder engine on a six cylinder engine because of the reduced
material holding capability and increased chance of plugging.

Lubricating Oil Filter Bypass Valve

The lubricating oil cooler cover contains a bypass valve (5) that will let the lubricating oil flow bypass a plugged
filter. The valve is designed to open when the pressure drop across the filter is more than 138 kPa [20 psi], as with
a plugged filter, and lets the iubricating oil continue on through the engine. When a filter becomes plugged, an
oil pressure decrease of 60 kPa [10 psi] or less from the normal operating pressure can be observed on the vehicle
lubricating oil pressure gauge. This allows unfiltered oil into the engine. This condition should be avoided by
changing the filter at each oil drain interval as described in the Operation and Maintenance Manual, Bulletin No.

3810205-10.
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Lubrication for the Turbocharger

The turbocharger receives filtered, cooled and pressurized lubricating oil through a supply line from the filter head.
A drain line connected to the bottom of the turbocharger housing returns the lubricating oil to the lubricating oil
pan through a fitting in the cylinder block.
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Lubrication for the Power Components
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Rod Journal

Crankshaft
Main Journal
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The main bearings and the valve train are lubricated by pressurized oil directly from the main oil rifle. The other
power components, connecting rods, pistons, and camshaft receive pressurized oil indirectly from the main oil rifie.

The drillings in the crankshaft supply oil to the connecting rod bearings. The oil is supplied to the camshaft journals
through drillings in the main bearing saddie. Smaller drillings in the main bearing saddie supply oil to the piston
cooling nozzles. The spray from the nozzles also provides lubrication for the piston pins.

The number one main bearing saddle does not contain a piston cooling nozzle. Cylinder Number One receives
the lubricating and cooling spray from the nozzle located in the Number Two Bearing Saddle. Cylinder Number
Two receives the spray from the Number Three Bearing Saddle, etc.

Lubrication for the valve train is supplied through separate drillings in the cylinder block. The oil flows through the
drillings and across the oil transfer siot in the cylinder head gasket. From the transfer slot, the oil flows around
the outside diameter at the cylinder head capscrew, across a slot in the bottom of the rocker lever support, and
up a vertical drilling in the support. From these drillings, oil flows through drillings in the rocker lever shaft to
lubricate the rocker levers. Oil flows through a drilling in the rocker levers to fill a channel cast into the top of the
levers. The oil from the channel lubricates the valve stems, push rods and tappets.

Specifications - Lubricating Oil System
(*At Normal Operating Temperature)

Lubrication System B3.9, B5.9,
Specifications 4B3.9 4BT3.9 4BTA3.9 6B5.9 6BT75.9 6BTA5.9
Lubricating Oil Pressure at
Idle (Minimum) kPa [psi]......... 69 [10] 89 [10] 69 [10] 69 [10] 69 [10] 69 [10]

Lubricating Oil Pressure at
Rated Speed (Minimum) kPa
{0111 F USRI 207 [30] 207 [30] 207 [30] 207 [30] 207 [30] 207 [30]

Pressure Regulator Valve
Opening Pressure -
KPa [PSi].coeeemerranmrremninnenein 449 [65] 449 [65] 449 [65] 449 [65] 449 [65] 449 [65]

Filter Bypass Valve Opening
Pressure - kPa [psi]................ 138 [20] 138 [20] 138 [20] 138 [20] 138 [20] 138 [20]

Lubricating Oil Pan Capacily

(Standard Sump) (High/Low) - 95[10]  95[10] 95[10]  14.2[15] 14.2 [15] 14.2 [15]
Litre [U.S. Q1S.] eveevererecrinrenenne 85[9] 85[9 85[9  124[13] 12.4 [13] 12.4 [13]
Total SYSEEM.cvneeereereeererinns 10.9[11.5] 11 [11.8] 11[11.6] 16.3[17.2] 16.4[17.3] 16.4[17.3]

* Normal operating oil temperature is typically 110°C [230°F] measured in the oil pan.
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Lubricating Oil System - Section 02
B Series

Diagnosing Lubricating System
Malfunctions (2-01)

General Information

When diagnosing lubrication system malfunctions, check
all obvious items related to oil pressure, such as: gauges,
high and low oil level, excessive oil contamination, oil
viscosity, etc.

High Lubricating Oil Pressure (2-02)

High oil pressure usually occurs after the engine is first
started in cold weather. Cold start oil pressure typically
will be approximately 552-689 kPa [80-100 psi]. If the
pressure regulator plunger is operating properly the oil
pressure should drop back to approximately of 449 kPa
{85 psi] when normal operating temperature is reached.

Lubricating Oil Pressure Regulating Valve

The engine will have high oil pressure at normal operating
temperature if the regulator sticks in the closed position.
Check the regulator for freedom of movement.

Refer to the Oil Pressure Regulator Valve/Spring Re-

@ placement procedure on page 2-17.

Low Lubricating Oil Pressure (2-03)

Low lubricating oil pressure (or no oil pressure) can be
caused by several lubrication system related malfunc-
tions. To begin the investigation, determine the engine
operating conditions when the low pressure was first ob-
served; i.e. following a service interval, at idle only, while
operating on a steep grads, stc.



Lubricating Oil System - Section 02
B Series

Lubricating Oil Level

High oil level can cause low oil pressure. If the oil level is
high enough for the connecting rods to dip into during
operation, the oil can become aerated resulting in low oil
pressure.

Low lubricating oil level will not normally appear as low oil
pressure. Typically it will appear as an intermittent loss of
oil pressure when rounding a corner or operating on a
steep grade. This condition exists when the oil level is
extremely low and the suction tube cannot pick up oil
during all modes of operation.

Lubricating Oil Filter

A plugged filter will cause a gradual loss of oil pressure
by approximately 69 kPa [10 psi]. The pressure will return
to normal when the fiiter bypass valve opens. If not cor-
rected this will result in severe engine wear, as the engine
is running on unfiltered oil when the bypass valve is open.

Lubricating Oil Gauge

Check the lubricating oil gauge and sending unit to make
sure they are operating correctly by verifying the pressure
with a manual gauge.

Low Lubricating Oil Pressure (2-03)
Page 2-9
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Lubricating Oil System - Section 02
B Series

Lubricating Oil Suction Tube

A loose suction tube, damaged gasket or crack in the
suction tube can cause a temporary loss of prime for the
oil pump. The engine will have low pressure or no oil
pressure at starting followed by normal oil pressure.

Bearings and Lubricating Oil Pump

A steady decrease in oil pressure over a long period of
time can be an indication of worn bearings or excessive
cil pump wear.

Incorrect Lubricating Oil Pump

The capacity of the six cylinder oil pump is greater than
the four cylinder. If low or high pressure occurs after
changing the pump, verify that the correct pump was
used. Refer to oil pump replacement, page 2-24.

A - Four Cylinder
e 12.947 mm [0.516 inch]

B - Six Cvlinder
e 17.947 mm [0.715 inch]

NOTE: Earlier model B-Series engines used lower capacity
pumps. Check to be sure the correct model pump is used.

Lubricating Oil Dilution
Caution: Diluted oil can cause savere engine damage.
Check the condition of the lubricating oil.

e Thin, black lubricating oil is an indication of fuel in
the oil.

e Milky discoloration is an indication of coolant in the
lubricating oil.



Lubricating Oil System - Section 02
B Series

Coolant in the oil can be caused by:
s Expansion plugs leaking.
Lubricating oil cooler element leaking.

* Damaged cylinder head or gasket.
e Cracked engine block.

Casting porosity

Coolant Diluted Lubricating Oil

Since the lubricating oil cooler design does not require
gaskets or seals to maintain the separation of oil and
coolant, the element itself must leak to allow mixing of the
fluids (refer to page 2-18 for the replacement and oil
cooler testing procedures).

During operation, the lubricating oil pressure will be higher
than coolant pressure. A leak in the lubricating oil cooler
will show as lubricating oil in the coolant.

However, following an engine shutdown, the residual pres-
sure in the coolant system can cause coolant {o seep
through the leak path into the lubricating oil.

"To check for leaks, pressurize the cooling system to 140
kPa [20 psi]. With the system pressurized remove the
following components and inspect for leaks.

e Valve covers (leaks indicate cracked head)

s Lubricating oil drain plug (leaks indicate defective
lubricating oil cooler, head gasket, cracked head or
block)

¢ Tappet cover (expansion piug leak)

Low Lubricating Oil Pressure (2-03)
Page 2-11
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Lubricating Oil System - Section 02
B Series

Coolant in the lubricating oil can be caused by a damaged
cylinder head gasket or cracked cylinder head or block.

Remove the cylinder head and gasket and inspect for
cracks or damage.

Fuel Diluted Lubricating Oil
Fuel dilution is limited to five sources:
1.

Injection pump shaft seal

2. Fuel leaking by the rings
3.
4. Acrackin the cylinder head from the fuel filter location

Fuel Transfer pump

to the air intake
Injector leakage

Use the following logic to determine the source of the oil dilution with fuel:

Power Low - In-
creased White Smoke
During Start Up -

A o

Check/Replace the
Injectors

Power Low - Increased
Black Smoke e

Power Normal

Check fuel transfer
Pump For Seal Leakage

Verify the Rings are
Sealing by Performing
a Compression Check

5

Replace the Fuel
Pump Seal

A worn or damaged fuel injection pump shaft seal will
allow fuel to leak into the gear housing and then into the
lubricating oil pan.



Lubricating Oil System - Section 02
B Series

The seal is designed to provide increased sealing as the
pump case pressure increases. Pressure forces the lip (1)
tighter around the shaft.

A worn seal is more apt to leak during start up and shut
down when case pressure is low. A worn seal cannot
easily be detected by pressurizing the pump.

The bushing (2) in the Bosch VE fuel injection pump can
cause a seal leak. If the bushing is loose in the housing
it will move toward the seal raising the lip (1) and providing
a leak path for fuel.

To check for such a leak, or a damaged seal (Bosch VE
only), remove the fuel drain manifold connection (1) at the
pump and install a plug (2).

Remove the access cover and rotate the engine so one
of the holes in the fuel injection pump gear exposes the
back gear housing.

Low Lubricating Oil Pressure (2-03)
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Lubricating Oil System - Section 02
B Series

Activate the fuel shut down valve by turning the switch to
the ON position.

Use a small mirror to check for leaks while pumping the
priming lever on the lift pump. If a leak is found, replace
the injection pump. The seal can be replaced by an au-
thorized Service Center.

Incomplete combustion in the cylinders can result in un-
burned fuel draining into the oil pan.

This condition can be caused by a leaking injector or
reduced compression caused by inadequate piston ring
sealing.

An increase in white exhaust smoke during the first start
of the day is a symptom that an injector is leaking.

An injector leak will also cause the engine to run rough
and have low power.

Remove and repair or replace leaking injectors (refer to
Shop Manual, 38102086, for test and repair instructions).



Lubricating Oil System - Section 02
B Series

Perform a compression check to verify piston ring sealing
(refer to the Base Engine Components Section).

There is a remote possibility for fuel to drain into the oil
from the diaphram type fuel transfer pump.

For this to happen, the diaphragm in the pump would have
to break and the drain hole would have to be plugged.

Another remote possibility, is a crack or porosity in the
head casting could allow fuel to leak to the air intake and

on to the cylinders.

Lubricating Oil Leaks (2-04)

Various gaskets, seals and plugs are used to contain the
lubricating oil. Most leaks can be identified during routine

inspection of the engine and vehicle.

<>

Lubricating Oil Leaks (2-04)
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Lubricating Oil Leaks (2-04)
Page 2-16

D L
— iy A S— o
/,1 ® ® ® mﬁ@/ 11

ck8epkb

pi8rikb

Lubricating Oil System - Section 02
B Series

A blown expansion plug can allow a relatively large quan-
tity of lubricating oil to escape resulting in a sudden drop
in the lubricating oil pressure.

When checking for such a leak, be sure to check the
expansion plug behind the tappet cover as well as those
that may be obscured by chassis parts.

Lubricating oil blowing out the breather is a good sign of
a blown expansion plug. This is usually more obvious on
a four cylinder engine.

If the lubricating oil cooler element ruptures, the lubri-
cating oil pressure will force iubricating oil into the coolant
system. Lubricating oil in the coolant should be vus:ble
when the radiator cap is removed.

Refer to page 2-18 for lubricating oil cooler element re-
placement and testing.

Worn or damaged seals in the turbocharger can also
allow lubricating oil to leak into the air crossover pipe and
be burned in the engine.

The condition can be verified by removing the air cross-
over tube or charge air cooler tubing and looking for oil.

Inadequate sealing of the piston rings will result in lubri-
cating oil being blown out the breather tube and/or con-
sumed by the engine (refer to the Base Engine Compo-
nents Section for measuring biow-by).
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Lubricating oil can also be lost through a worn or mal-
functioning air compressor. Look for carbon build up in
the air line from the compressor to the air tank. Also, a
failed air compressor head or head gasket can allow oil
to leak into the coolant or coolant to leak into the oil during
hot shutdown.

Lubricating Oil Pressure Regulator
Valve/ Spring - Replacement (2-04)

Disassembly

Thoroughly clean the area around the pressure regulator
plug to prevent debris from falling into the plunger bore
when the plug is removed.

lcgvaeé

18 mm
Remove the threaded plug, spring and plunger.

Service Tip: The plunger normally can be removed by
inserting one finger into the plunger bore until snug and
pulling up. If the plunger cannot be removed in this man-
ner, the plunger is probably stuck and will require removal
of the housing for plunger removal and cleaning.

Cleaning and Inspection

Thoroughly clean all components with clean solvent. Blow
dry with compressed air.

NOTE: If the plunger bore requires cleaning, remove the
housing so as not to flush debris into the engine.

Ic9vaeb




Lubricating Oil Cooler Element and/or Gasket - Replacement (2-05) Lubricating Oil System - Section 02
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Inspect the plunger and plunger bore. Polished areas on
the plunger and bore are acceptable.

Verify the plunger moves freely in the bore.

Assembly
19 mm

Install a new sealing o-ring on: the threaded plug and
lubricate with clean engine oil. Install the pressure reg-
ulator assembly.

Torgue Value: 80 Nem [60 fi-Ib]

Lubricating Oil Cooler Element and/or
Gasket - Replacement (2-05)

Preparatory Step:
¢ Drain the coolant.
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90-95 mm

Remove the lubricating oil filter.

Clean around the lubricating oil cooler cover.

16 mm, 18 mm

Disconnect the turbocharger supply line.

e
Remove the lubricating oil cooler cover, gaskets and cooler ¢

element.
K

ic9cvma




Lubricating Oil Cooler Element and/or Gasket - Replacement (2-05)
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Lubricating Oil System - Section 02
B Series

Clean the sealing surfaces.

E‘ Leak Test Kit 3823876
Pressure test the element to check for leaks. If leaks are

detected, replace the element.

Air Pressure Test

518 kPa MAX [75 psi]
449 kPa MIN [65 psi]
10 mm

Assembile the lubricating oil cooler gaskets, element and
cover.

Torque Value: 24 Nem [18 fi-ib]

NOTE: Be surs to remove the shipping plugs from the
element.

16 mm, 19 mm
Connect the turbocharger lubricating oil supply line.
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Part No. 3823494

Fill the filter with clean lubricating oil and apply alightcoat | p_

of oil to the sealing gasket. !

Install the lubricating oil filter. ng
AV

Fill the coolant system and operate the engine to check
for leaks.

Stop the engine and check the coolant and lubricating oil
level.

Lubricating Oil Pan, Suction Tube [:{E‘;':‘:“ | telle® TN
and/or Gaskets - Replacement (2-06) I U L@@ ';U
17 mm . ——

Drain the lubricating oil.
NOTE: Use a container that can hold at least 20 litres [15 %@
U.8. gts.] of lubricating oil.

op800wa

10 mm ﬂ
Remove the lubricating oil pan. X

op800mce




Lubricating Oil Pan, Suction Tube and/or Gaskets - Replacement (2-06) Lubricating Oil System - Section 02
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10 mm
q Remove the lubricating oil suction tube.

opStbmb

Inspect the suction tube for cracks.

Clean the gasket surfaces.

W % opStbeb

E‘ 10 mm

L Install the lubricating oil suction tube and new gasket.
G Torque Value: 24 Nem [18 ft-ib]

&3
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Use Three Bond 1207-C® to fill the joints between the
lubricating oil pan rail, gear housing, and rear seal
housing.

10 mm
Install the lubricating oil pan and gasket.
Torque Value: 24 Nem |18 ft-Ib]

op800aa

17 mm n
install the lubricating oil pan drain plug. X
Torque Value: 80 Nem [60 fi-Ib] oﬂb —

op@pxhb

Fill the engine with lubricating oil. Operate theengineand
check for jeaks.

Stop the engine and check the lubricating oil level with the
dipstick.

0i800va .
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B Series

Lubricating Oil Pump - Replacement
(2-07)
Preparatory Step:

¢ Remove the drive belt.

NOTE: Removal is easier if the crankshaft pulley is loosened
before removing the belt.

15 mm
Remove the crankshaft pulley.

10 mm
Remove the front cover.

Lubricating Oil Pump - Removal

13 mm

Remove the four mounting capscrews.

Remove the pump from the bore in the cylinder biock.
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Clean and Inspect

If the lubricating oil pump is to be inspected for reuse,
follow these steps.

Visually inspect the llubricating oil pump gears for chips,
cracks, or excessive wear.

Remove the back plate.

Mark “TOP’’ on the gerotor planetary.

Remove the gerotor planstary.
Inspect for excessive wear or damage.

Lubricating Oil Pump - Replacement (2-07)
Page 2-25
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Lubricating Oil Pump - Replacement (2-07)
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Lubricating Oil System - Section 02
B Series

Clean all parts in solvent and dry with compressed air.

- Inspectthe lubricating oil pump housing and gerotor drive
for damage and excessive wear.

Caution: Be sure the gerotor planetary is instalied in the
original position.

<l Install the gerotor planetary.
R

Measure the tip clearance.

Limit
Maximum Clearance: 0.1778 mm [0.007 in]
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Measure the clearance of the gerotor drive/gerotor plan-
etary to port plate.
Limit
Maximum Clearance: 0.127 mm [0.005 in]

Measure the clearance of the gerotor planetary to the
body bore.

Limit

Maximum Clearance: 0.381 mm [0.015 in]

Measure the gears backlash.

Limits (Used Pump)

.076 mm MIN [.003 in]
330 mm MAX [.013in]

Install the back plate.

Lubricating Oil Pump - Replacement (2-07)
Page 2-27
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Lubricating Oil Pump - Replacement (2-07) Lubricating Oil System - Section 02
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Lubricating Oil Pump - Installation

ﬁ Caution: Failure to fill the pump with oil during instal-
lation can result in a slow prime at initial engine start up,
resulting in severe engine damage.

O~ Lubricate the lubricating oil pump with clean engine oil.

Ipghswa

ﬁ Caution: Make sure the idler gear pin is installed in the
locating bore in the cylinder block.

@Y  Install the lubricating oil pump.
&P

1p900ht

13 mm
W] Tighten in the sequence shown.

Torque Value: 24 Nem [18 fi-Ib]

NOTE: The back plate on the pump seats against the bottom
of the bore in the cylinder block. When the lubricating oil
pump is correctly installed, the flange on the lubricating oil
pump will not touch the cylinder block.

1p900wd
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NOTE: Be sure the gear backlash is correct if installing a
new lubricating oil pump.

Measure gear backlash.

Backlash Limits _

A B
.076 to .330 mm .076 to .330 mm
[.008 to .013 in] [.003 to .013 in]

NOTE: If the adjoining gear moves when you measure the
backlash, the reading will be incorrect.

Gear Cover - Installation
Lubricate the front gear train with clean engine oil. D

Caution: The seal lip and the sealing surface on the ﬁ
crankshaft must be free from all oil residue to prevent
seal leaks.

Thoroughly clean the front seal area of the crankshatft.

NOTE: Always replace the front seal when removing and
installing the gear cover.

10 mm QD
Apply a thin bead of Three Bond™ to the front cover side %V
of the gasket only.

NOTE: Do not remove the plastic seal pilot tool from the
lubricating oil seal at this time. Use the plastic seal piiot tool
to guide the seal on the crankshaft.

Install the gasket and front cover on the engine.

Lubricating Oil Pump - Replacement (2-07)
Page 2-29
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Lubricating Oil Pump - Replacement (2-07) Lubricating Oil System - Section 02
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Tighten the front cover mounting capscrews.
&\ Remove the plastic pilot tool from the crankshaft.

Torque Value: 24 Nem [18 fi-Ib]

gcdtomb

db Install the front cover access cap and seal.
LAV, |

gc800hb

i5 mm

Install the crankshaft pulley or vibration damper. Do not
tighten the capscrews to the correct torque value at this
fime.

daSpuma

1/2 inch Square Drive
Raise the belt tensioner to install the belt.

fag9blma
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15 mm
Tighten the crankshatft pulley.
Torque Value: 125 Nem [92 ft-Ib]

Expansion Plug - Replacement (2-08)
Remove the expansion plugs from the oil passages. @@

To install the Expansion Plugs

Apply a bead of Loctite 277 around the outside diameter
of the lubricating oil passage expansion plugs.

ckgephc




Expansion Plug - Replacement (2-08)
Page 2-32

ck9spva

Lubricating Oil System - Section 02
B Series

Fill the engine with lubricating oil. Operate the engine and
check for leaks.

Stop the engine and check the lubricating oil level with the
dipstick.
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Combustion Air System Flow - General Information

The engine was designed as a turbocharged engine, but a naturally aspirated version of the B engine is available
for industrial applications.

Air is pulied into the engine from an air filter. Clean air is very important to the life of the engine. Ingested dust
and dirt can very quickly damage the cylinders.

Make sure that an excellent quality air cleaner is used and that it is periodically replaced according to the
manufacturer’s recommendations.

Intake air for the naturally aspirated engine flows from the air cleaner to the intake manifold. From the intake
manifold, the air is pulled into the cylinders and used for combustion. After combustion it is forced out of the
cylinders and through the exhaust manifold.

On the turbocharged engines the intake air is drawn through the air cleaner into the compressor side of the
turbocharger and then through the crossover tube and into the intake manifold. From the intake manifold the air
is forced into the cylinders and used for combustion. Energy from the exhaust gases is utilized by flowing the
exhaust through the exhaust side of the turbocharger to drive the turbine wheel. The turbine wheel and shaft drives
the compressor whee! which forces more air into the cylinders for combustion. The additional air provided by the
turbocharger allows more fuel to be injected to increase the power output from the engine.

On turbocharged-aftercooled engines, intake air from the turbocharger flows through the cooling fins of the
aftercooler before entering the intake manifold. The cooled air becomes more dense and contains more oxygen
which allows more fuel to be injected further increasing the power output from the engine.

The 1991 fo 1994 automotive engines use a chassis-mounted charge air cooler instead of an engine mounted
aftercooler to provide cooler charge air to the engine to improve engine performance and reduce emissions. This
system also uses large diameter piping to transfer the air from the engine turbocharger to the charge air cooler,
then returns the air from the charge air cooler to the engine intake manifold.

NOTE: The long term integrity of the charge. air cooling system is the responsibility of the vehicle and component
manufacturers.

Some turbocharged engines use a wastegated turbocharger to limit the maximum boost pressure that the turbo
can develop. Wastegate operation is controlled by an actuator that senses compressor pressure and balances it
against a preset spring load. The wastegate valve is located in the turbine inlet passage. When open, it diveris
a portion of the exhaust gas away from the turbine whesel, thereby controlling the shaft speed and boost.

Caution: The turbocharger is a performance part and must not be tampered with. The wastegate bracket
is an integral part of the turbocharger. Tampering with the Wastegate Components can reduce durability
by increasing cylinder pressure and thermal loading due to incorrect inlet and exhaust manifoid pressure.
Poor fuel economy and failure to meet regulatory emissions laws may result. Increasing the turbocharger
boost will not increase engine power.

The turbine and compressor wheels and shaft are supported by two rotating bearings in the bearing housing.
Passages within the bearing housing direct filtered, pressurized engine oil to the shaft bearings.and thrust bearing.
The oil is used to lubricate and cool the rotating components to provide for smooth operation. The ¢il then drains
from the bearing housing to the engine sump through the oil drain line. A restricted or damaged oil drain line can
cause the turbocharger bearing housing to be pressurized causing oil to leak past the seals.

NOTE: An adequate supply of good, filtered oil is very important to the life of the turbocharger. Make sure that an excellent
quality oil is used and that it and the oil filler are changed according to the maintenance recommendations.

Caution: A catalyst is installed on all EPA and CARE approved automotive applications. Lubricating oil
blending is not permitted. it will plug up and eventually damage the catalyst. High sulfur fueis must not
be used with the catalyst. No welding or modifications of the catalyst are permited without permission of
catalyst manufacturer.



Section 3 - Combustion Air System
B Series

Air System - Intake Air

Air System Flow - Diagrams

Air System Flow - Diagrams
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Naturally Aspirated

Intake System
1. Intake Air Inlet
2. Intake Manifold
3. Intake Valve

Turbocharged

Intake System

1. Intake Air inlet
to Turbocharger

2. Air to Intake Manifold

3. Intake Manifold

4. Intake Valve

Turbocharged-Aftercooled
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1. Intake Air Inlet

to Turbocharger 5
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. Intake Manifold
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Air System - Exhaust Air
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1. Exhaust Valve
2. Exhaust Manifold
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intake Air and Exhaust System Specifications

e Maximum allowable intake restriction
(compressor inlet)

{with dirty air filter element) NONTUIDO ... e e e 20 in/H,0 (50.8 cm/H,0)
L1 [ oL« T PSRN 25 in/H,0 (63.5 cm/H,0)

e Maximum exhaust restriction
at rated speed and load Non automotiVe ... e 3 infHg (76.2 mm/Hg)
G1 EPA Cerl oot cric e etcse s s r e s neneenr e e 4.5 infHg (114.3 mm/Hg)
94 EPA Cert. with oxidation catalyst .........cccccieeinrvinncnnn. 6 in/Hg (152.6 mm/Hg)

Turbocharger Boost Pressure Specificlations

Refer 1o the following table for the critical paris list (CPL), engine model, engine rating and cortesponding rated
turbocharger boost pressure.

NOTE: Measurement of boost pressure is not a short cut to logical troubleshsooting. Low power can be caused by the
fuel used, filter maintenance and several engine components. Follow the logic charis for “*Engine Power Output Low”’
and measure boost pressure as indicated. Refer to page 3-13 for measurement instructions.

These pressures are valid only at rated conditions (rated speed and power). Any attempt fo use the values at engine
speeds and loads other than those specified will result in an incorrect diagnosis.

Table 1. B Series Boost Pressure Specifications

RATED
ENGINE BOOST
ENGINE RATING PRESSURE
CPL MODEL (HP @ RPM) (in. Hg)
0592 4BT3.9 100 @ 2500 22 to 28
96 @ 2300 19 to 25
94 @ 2200 18 to 24
93 @ 2200 18 to 24
92 @ 2100 16 to 22
80 @ 2200 14 10 20
71 @ 2200 1210 18
70 @ 2100 11 10 17
0594 4BTA3.9 91 @ 2200 17 to 23
95 @ 2200 18 to 24
107 @ 2100 21 to 27
109 @ 2200 23 to 29
112 @ 2300 24 to 30
116 @ 2500 27 to 35
125 @ 2200 27 to 33
0595 4BTA3.9 120 @ 2500 32 to 40

120 @ 2800 34 to 42
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RATED
ENGINE BOOST
ENGINE RATING PRESSURE
CPL MODEL (HP @ RPM) (in. Hg)
0587 6BT5.9 88 @ 2000 10 to 16
89 @ 2000 10 to 18
99 @ 2200 13t0 19
100 @ 2200 14 to 20
120 @ 2100 18 to 24
122 @ 2200 18 to 24
124 @ 2400 2010 26
124 @ 2500 21 to 27
126 @ 2100 1910 25
130 @ 2100 21 to 27
130 @ 2500 2310 29
135 @ 2200 2210 28
137 @ 2000 18 to 24
140 @ 2200 24 10 30
142 @ 2100 24 10 30
143 @ 2200 25 to 31
145 @ 2200 25 to 31
148 @ 2300 27 10 33
152 @ 2500 28 to 36
0598 6B75.9 160 @ 2500 28 to 36
160 @ 2800 3110 39
0599 6BTAL.9 141 @ 2200 27 10 35
152 @ 2500 33 1o 41
157 @ 2200 33 {o 41
160 @ 2200 3410 42
167 @ 2000 35 10 43
168 @ 2100 36 to 44
174 @ 2200 39 to 47
176 @ 2300 40 to 48
177 @ 2400 30 10 38
177 @ 2500 41 to 49
0600 86BTA5.9 180 @ 2800 39 to 47
0646 4BT3.8 82 @ 1800 11 t0 17
71 @ 1500 91015
0692 6BT5.9 160 @ 2500 3010 38
160 @ 2600 31 to 39
0696 4BT3.9 102 @ 1800 19 t0 25
87 @ 1500 15 to 21
08697 8BT5.9 113 @ 1500 15 to 21
134 @ 1800 21 10 27
0698 6BT5.9 143 @ 1500 25 to 31
166 @ 1800 32 10 40
0710 4BT3.9 75 @ 2200 1310 18
100 @ 2500 2210 28
o711 4BT3.9 71 @ 1500 gt 15

82 @ 1800 11 0 17
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CPhL

0712

0713

0715
0716
0727

0728

0728
0730

0741
0742

0761

0762
0763
0766

0767

ENGINE
MODEL

6BT5.9

6BT75.9

6BTA5.9
6BT5.9
4B73.9

6BT5.9

6BT5.9
4BT3.9

4BT73.9-M

6BT-M

6BT5.9

4BT3.9

4BT73.9

6B75.9

4BT3.9

ENGINE
RATING

(HP @ RPM)

88 @ 2000

99 @ 2200
100 @ 2200
120 @ 2100
122 @ 2200
124 @ 2400
130 @ 2100
130 @ 2500
135 @ 2200

113 @ 1500
134 @ 1800

143 @ 2100
156 @ 2500
105 @ 2500

128 @ 2800
130 @ 2650

134 @ 2200
70 @ 2100
75 @ 2200
77 @ 2200
79 @ 2350
80 @ 2200
84 @ 2200
85 @ 2500
90 @ 2000
91 @ 2200
92 @ 2100
93 @ 2200
96 @ 2300

100 @ 2500

130 @ 2500
150 @ 2800

180 @ 2500
210 @ 2600

160 @ 2800

105 @ 2500
105 @ 2800

67 @ 2200
71 @ 2200

160 @ 2500
160 @ 2800

105 @ 2500
105 @ 2800

Section 3 - Combustion Air System

RATED
BOOST

PRESSURE

{in. Hg)

10 to 16
1310 19
13 to 19
18to 24
i8 to 24
20 to 26
20 to 26
23t0 29
22 to 28

15to 21
21 to 27

26 1o 32
45 to 53
46 to 54

1910 25
19to 25

23 t0 29
10 to 16
13t0 19
1310 19
14 to 20
14 to 20
15 o 21
17 to 23
16 10 22
17 t0 23
18 to 22
18tc 24
1910 25
22 10 28

18 to 24
25 to 31

39 to 47
47 to 55

29 to 37

28 10 36
3110 39

10 to 16
10 to 16

28 10 36
31 10 39

24 to 31
27 to 33

B Series



Section 3 - Combustion Air System

B Series

CPL

0792
0793
0804

0807

0826

0834
0856
0857
0858

0912
0937

0938

0840
0943

0947

0948

ENGINE
MODEL

6BT5.9

4BT3.9

6BT5.9

6BT5.9

4BT3.9

6BTA5.9
B6BTA5.9
4BT3.9
4BT3.9

6BTAS5.9

4BT3.9

6BT75.9

6BTA5.9
86BT5.9

6BT5.9

6BT5.9

Turbocharger Boost Pressure Specificlations

ENGINE
RATING

(HP @ RPM)

115 @ 1500
135 @ 1800

74 @ 1500
86 @ 1800

145 @ 2600
160 @ 2500

99 @ 2200

87 @ 1500
102 @ 1800

180 @ 2500
180 @ 2500
120 @ 2500
105 @ 2500

190 @ 2600
192 @ 2800

74 @ 1500
86 @ 1800

88 @ 2000
100 @ 2200
110 @ 2000
13 @ 2100
121 @ 2200
124 @ 2400
124 @ 2500
125 @ 2200
126 @ 2100
130 @ 2100
130 @ 2500
134 @ 2100
137 @ 2000
140 @ 2200
142 @ 2100
145 @ 2200
148 @ 2300
152 @ 2500

190 @ 2500
120 @ 2100

145 @ 2600
160 @ 2500
160 @ 2600
130 @ 2500

145 @ 2600

RATED
BOOST

PRESSURE

(in. Hg)

16 to 22
2210 28

10 to 16
12to 18

39 to 47
44 to 52

13to 19

1510 21
1910 25

32 to 40
46 to 54
40 to 48
35 to 43

34 {0 42
37 to 45

10 o 16
1210 18

10 to 16
14 to 20
1510 21
16 10 22
18 to 24
21 to 27
21 1o 27
20 1o 26
1910 25
21 to 27
23 {0 29
22 to 28
18 to 24
24 to 30
24 to 30
25 to 31
27 to 33
28 to 36

42 to 50
181024

24 1o 30
29 to 37
31 to 39
20 to 26

24 10 30

Page 3-7
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CPL

0949

0950

0953
0961
0962

0970

0971
0983

*0986
*0987
0ge8
1160

1165
1168

12101
1202
1207
1209

1247

1266

ENGINE
MODEL

6BT5.9

6B75.9

6BTA5.9

6BT5.9

6BT5.9

6BTA-M2

4BT3.9

6BTA5.9

B3.9-120
B5.9-230
BBTA5.9
6B75.9

6BTA5.9

6BT75.9

4BT7T3.9
4BT3.9
6BT
6BTA5.9

6BTA5.9

6BT5.9

ENGINE
RATING

(HP @ RPM)

88 @ 2000
121 @ 2200
124 @ 2400
126 @ 2100
130 @ 2500
140 @ 2200
142 @ 2100
145 @ 2200
148 @ 2300
152 @ 2500

120 @ 2100

220 @ 2500
250 @ 2600

115 @ 1500
135 @ 1800

143 @ 1500
166 @ 1800

300 @ 2800

96 @ 2200
100 @ 2500

157 @ 2500
177 @ 2500

120 at 2500
230 at 2500
200 @ 2500
160 @ 2500

227 @ 1760
255 @ 2100

148 @ 2300
152 @ 2500

80 @ 2500
74 @ 2500
145 @ 2600
176 @ 2300

220 @ 2500
250 @ 2600

142 @ 2500

Section 3 - Combustion Air System

RATED
BOOST

PRESSURE

(in. Hg)

10 to 16
14 t0 20
21 to 27
19t0 25
23 to 29
24 to 30
24 10 30
25 to 31
27 to 33
28 fo 36

18 to 24

23 to 29
44 to 52

16 t0 22
2210 28

2510 31
3210 40

46 to 54

19to 25
22 t0 28

3510 43
38 t0 46

27 1o 35
39 to 48
45 10 53
29 to 37

37 to 45
46 1o b4

25 to 31
2710 35

1910 25
181024
2310 29
30 to 36

30to 36
39 to 47

27 t0 35

B Series
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CPL

1247

*1260
*1261

1268

1288
1322

*1351

1419
*1422

1518
1519
1520
1521

1523
1524
1525
1526

1827

**1549
**1550
**1551

**1552

ENGINE
MODEL

6BTA5.9

B3.9-105
B5.9-190

4BT3.9

68T
6BT-M1

B5.9-160

6BT
B5.9-210

6BT-G2

6BT-G1

8BT-G2

4BT-G2

4BT-G1

8BT-G2

8BT-G1

4BT-G2

4BT-G1

6BTA

86BTA5.9
6BTA5.9
6BTA5.9

BBTAS.9

Turbocharger Boost Pressure Specificlations

ENGINE
RATING

(HP @ RPM)

220 @ 2500
250 @ 2600

105 @ 2500
190 @ 2500

105 @ 2500
105 @ 2800

1562 @ 2500

250 @ 2600

160 @ 2500

250 @ 2200
210 @ 2500

143 @ 1500
166 @ 1800

115 @ 1500
135 @ 1800

102 @ 1800
87 @ 1500

74 @ 1500
86 @ 1800

143 @ 1500
166 @ 1800

115 @ 1500
135 @ 1800

102 @ 1800
74 @ 1500

68 to 1500
86 to 1800

175 @ 2500
160 @ 2500
175 @ 2500
190 @ 2300

210 @ 2300
210 @ 2500

RATED
BOOST

PRESSURE

{in. Hg)

2310 29
44 10 52

20 to 28
37 to 45

28 to 36
31 t0 39

28 to 36
42 1o 50
31 10 38

38 to 46
38 to 46

20 to 26
2510 33

12 10 18
20 to 26

18 to 26
15 to 21

1310 19
20to 26

11 to 17
6to 12

6to12
12 to 18

38 to 46
30 to 38
30 t0 38
44 0 52

45 t0 53
45 10 53

Page 3-8
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RATED

ENGINE BOOST

ENGINE RATING PRESSURE

CPL MODEL (HP @ RPMN) (in. Hg)

**1553 6BTA5.9 230 @ 2300 47 to 57

1570 6BT-M1 220 @ 2500 36 to 44

1577 6BTA 210 @ 2500 35 to 43

*1579 6BTA 160 @ 2500 31 to 39

1613 6BTA-M2 250 @ 2600 36 to 44

* Designates 1991, ** designates 1994 charge air cooled ratings. Boost readings measured at the turbocharger
compressor outlet may be 4-6 in Hg higher than the values shown in the following table due to a normal pressure
drop through the charge air cooler. Be sure charge air cooler related components are not the cause of a low
pressure reading.
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Combustion Air System - Service Tools

The following special tools are recommended to perform procedures in Section 3. The use of these
tools is shown in the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No. Tool Description Tool illustration

Dial Depth Gauge |

Measure turbocharger axial motion.

ST-837 / 8, \

tb8iogf

Pressure Gauge (0-75 in. Hg.)

Used to measure the intake manifold pressure and exhaust back

ST.1273 pressure.

sgBtogi

Turbocharger Wastegate Pressure Setting Kit
Used to set wastegate pressure.
3823799

3823799
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Diagnosing Air System Malfunctions
Clean Air

The correct amount of clean air {o the cylindersis required
for good performance. As discussed earlier in Air Flow
System, ingested dust and dirt will damage the engine
cylinders. Dust and dirt can also damage the valve stems
and guides as well as wear down the turbo compressor
vanes affecting efficiency. Larger debris can damage the
blades of the turbocharger.

Alr flow restriction resulls in excessive smoke and low
power.
Restriction increases as the filter removes contaminants
from the intake air. Restricted air flow changes the air-
to-fuel ratio, reducing power and increasing smoke from
the engine. Verify that the air cleaner is being maintained
correctly.
acSeatwa
X&atpratii}é Turbocharged Intake Air Restriction - Checking
spirae Heplace the air cleaner element when the restriction
reaches the maximum limit at rated engine power and
speed.
50.8 em 3.5 em
{%2% {zg;%cin. t3 Naturally Aspirated Turbocharged
H20] Max,| Hz0] Max] [£ 5 50.8 cm H,0 63.5 cm H,y0
A o [20 in. H0] 25 in. H0]
¢i90%na

For turbocharged engines, measure the restriction just
before the turbocharger. Measure just before the intake
manifold for naturally aspirated engines.
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Damage From Non-filtered Air

Loose connections or cracks in the suction side of the
intake pipe and after the air filter can allow debris to be
ingested by the engine causing rapid wear in the cylin-
ders.

Leaks at the intake manifold, unsealed bolt holes or man-
ifold cover gasket can also allow dust and dirt to be in-
gested into naturally aspirated engines.

Loose connections or cracks in the suction side of the
intake pipe and after the air filter on turbocharged en-
gines can allow debris to be ingested into the turbo-
charger compressor and forced into the engine.

Debris drawn into the air suction side can damage the
compressor blades causing an imbalance resulting in
bearing failure.

To verify a bearing failure or damaged compressor, re-
move the intake and exhaust piping and check for con-
tact. The rotor assembly must rotate freely and should not
be damaged. Measurement of axial and radial clearance
is described in this Section.

Turbocharged Engines - Air Leaks, Pressure
Side

Excess smoke and low power from a turbocharged engine
can be caused by pressurized air leaking from loose
connections or cracks in the crossover tube or intake
manifold. This can also cause a noise problem.

Diagnosing Air System Malfunctions
Page 3-13
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in addition to the visual inspection for cracks and loose
fittings, liquid soap can be applied to the charge air cooler,
connections and the manifold cover sealing surfaces to

Z=> find the leaks. The leaks will create bubbles that are

easier to detect. Measurement of manifold pressure is
described in this Section.

Turbocharged Engines - Exhaust Leaks

Inspect for exhaust leaks at the exhaust manifold and
turbocharger, gasket leaks, or exhaust pipe, muffler or
catalyst restrictions. Leaks or restrictions will cause the
turbine and impeller to operate at a lower speed and
reduce the amount of air being forced into the cylinders.
Again, the symptom will be excess smoke, low manifold
pressure and low power.

Turbocharger Boost Pressure - Measurement

Measure the boost pressure at the intake manifoid by
using one of the tapped or plugged intake access holes
shown in the illustration. Refer to the specifications in this
section.

NOTE: If the engine has charge air cooling, testing must be
done to ensure that the charge air cooler system is not
leaking or restricting the turbo boost pressure - refer o
Procedure (3-08) for charge air cooler testing.

Exhaust leaks can usually be detected audibly or visually
by a discoloration caused by the escaping hot gases.

Don’toverlook exhaust restriction as a cause of low power.
If the exhaust gasses can not flow freely, the turbocharger
will not operate efficiently.
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Malfunctioning Turbocharger

Failure of the internal components of the turbocharger
can reduce its effectiveness and also cause excessive
smoke and low power. A bearing failure can produce
friction which will slow the speed of the rotor assembily.
Failed bearings can also allow the blades of the rotor
assembly to rub the housings, thus reducing the rotor
assembly speed.

Malfunctioning turbocharger wastegate failure or miscal-
ibration of the turbocharger wastegate can result in ex-
cessively high or low boost pressures. Low boost pres-
sures can cause excessive smoke and low power. High
boost pressures can cause major engine damage.

Lubricating Oil Consumption and Leaks

Engine lubricating oil is used to lubricate the bearings
and provide some cooling for the turbocharger. The lu-
bricating oil supplied to the turbocharger through the
supply line is at engine operating pressure. A return line
connected io the bottom of the turbocharger routes the
lubricating oil back to the engine lubricating oil pan.

Seal rings are used on each end of the rotor assembly.
The primary function of the seals is to prevent exhaust
gases and compressed air from entering the turbocharger
housing. Lubricating oil leakage from the seals is rare, but
it can occur.

NOTE: Excessive crankcase pressure will not allow the oilto
drain from the turbocharger. This will load the bearing hous-
ing and allow lubricating oil to leak past the compressor
seals and into the engine.

if turbine seal leakage into the exhaust occurs on engines
with a catalyst, check the exhaust restriction during the

repair.

A restricted or damaged lubricating oil return line will
cause the turbocharger housing to be pressurized caus-
ing lubricating oil to migrate past the seals.

Diagnosing Air System Malfunctions
Page 3-15
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Section 3 - Combustion Air System
B Series

Additionally, high intake or exhaust restrictions can cause
a vacuum between the compressor and the turbocharger
housing resuiting in oil leaking past the seals.

To verify lubricating oil leakage past the seals, remove the
exhaust pipe and crossover tube and look for iubricating
oil in the turbine casing and the crossover tube. Locate
and correct the restriction as previously discussed.

Turbocharger Noise

It is normal for the turbocharger to emit a “whine” sound
that varies in intensity depending on engine speed and
load. The sound is caused by the very high rotational
speed of the rotor assembly. Consequently, the sound will
be more audible at full speed.

If possible, operate the engine at full speed to verify
the noise level.

Leaks in the air system intake and/or exhaust compo-
nents can produce additional noises.

Pressurize the intake system and check for air intake and
crossover tube leaks.



Section 3 - Combustion Air System Turbocharger - Testing (3-01)
B Series Page 3-17

Before removing the turbocharger, make sure that the
noise complaint is not caused by leaks in the air sys-
tem components.

Look for loose turbocharger mounting, exhaust manifold @
gasket leaks, and cracks in the exhaust manifoid.
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Lower pitch sounds or rattles at slower engine speeds can
indicate debris in the system or the rotor assembly is
touching the housings.

Turbocharger - Testing (3-01)

Rotor Assembly Clearance - Measurement
Measure the shaft end play.

Service tool Part No. ST-537.

End Play (A)
mm . in
* 010 MIN [0.004] N
0.18 MAX [0.0086]
** 0.03 MIN [0.001]
0.08 MAX [0.003]

*  Forturbochargers with a serial number before 840638.

** For turbochargers with a serial number 840638 and
after.



Turbocharger Wastegate Valve Assembly (3-02)
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Section 3 - Combustion Air System

B Series
Measure radial clearance of the shaft.
Radial Clearance (B)
mm in
.30 MIN [.012]
0.46 MAX [0.018]

The turbocharger must be removed for replacement or
rebuild if the clearances are beyond these limits. Refer to
the Turbocharger Shop Manual, Bulletin No. 3810321, for
rebuild procedures.

Turbocharger Wastegate Valve Assem-
bly (3-02)

Checking

Inspect the lever pin.

Replace the turbine housing assembly if worn exces-
sively.

Refer to the Turbocharger Shop Manual, Bulletin No.
3810321.

Inspect the valve and valve seat for cracks or erosion.

Replace thse turbine housing assembly if worn exces-
sively.

Refer to the Turbocharger Shop Manual, Bulletin No.
3810321.

Actuate the lever by hand fo be sure that the shaft rotates
freely and is not seized.

Check for excessive movement between the shaft and
bushing.

Replace the turbine housing if the shaft and bushing are
damaged or seized.

Refer to the Turbocharger Shop Manual, Bulletin No.
3810321.



Section 3 - Combustion Air System
B Series

Turbocharger Wastegate Capsule
(3-03)

Checking

Visually inspect the wastegate actuator hose for cracks or
holes. Replace the hose if damaged.

Visually inspect the wastegate mounting bracket, actu-
ator rod, and lever for damage. A bent wastegate mount-
ing bracket, actuator rod, or lever can cause improper
operation.

If the wastegate mounting bracket, actuator rod, or lever
is bent, it must be replaced. Refer to Procedure 3-05.

Turbocharger Wastegate Functional
(3-04)

Checking

Attach a dial indicator (1) as shown, so that its shaft is in
line with the wastegate actuator rod. Set the indicator fo
zero, with no air pressure applied to the wastegate cap-
sule.

Connect clean regulated air pressure and a pressure
gauge to the capsule (2). Apply 200 kPa [29 psi] to make
sure the wastegate is functioning properly.

The rod should move approximately 5 mm [0.200 in] with-
out any sticking or air leakage.

NOTE: No air should be heard to leak through a functional
wastegate capsule.

NOTE: A small amount of travel when air pressure is first
applied is normal, the tolerance is being removed from the
system.

Turbocharger Wastegate Capsule (3-03)
Page 3-19
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Turbocharger Wastegate Actuator Boost Capsule (3-05)

Page 3-20

<>

todivmb

Section 3 - Combustion Air System
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Replace the actuator if no movement of the actuator rod
and lever is detected. Refer to Procedure 3-05.

Turbocharger Wastegate Actuator
Boost Capsule (3-05)

Replacement

NOTE: Prior to removal, note position length of the control
rod from the boost capsule housing and orientation of the
boost capsule hose connector in relation to the mounting
bracket.

Air regulator with pressure gauge
Remove the retaining clip from the control lever.

Disconnect the boost capsule actuator rod end from the
turbocharger wastegate lever. This can be accomplished
by applying regulated air pressure to the boost capsule in
a sufficient amount to activate control rod movement.

Disconnect the control rod from the turbocharger waste-
gate lever pin.

Caution: Be careful not {o bend the control lever.

NOTE: If the boost capsule diaphragm material is ruptured
and will not hold air pressure other than by hand, manually
pull the control rod outward in order o overcome boost
capsule spring tension for removal of the control rod from the
turbochager wastegate lever pin.



Section 3 - Combustion Air System Turbocharger Wastegate Actuator Boost Capsule (3-05)

B Series

Loosen the boost capsule mounting capscrews, discon-
nect the air supply hose and remove assembly from the
mounting bracket.

Remove the adjusting link end from the boost capsule
actuator.

Install the adjusting link end onto the new replacement
boost capsule actuator assembly into approximately the
same position as originally removed.

Fit the new boost capsule actuator assembly to the act-
uator mounting bracket and install the mounting cap-
sSCrews.

Torque Value: 4.5 Nem [40 in-Ib]
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Turbocharger Wastegate Actuator (3-06)
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Turbocharger Wastegate Actuator
(3-06)
Calibration

NOTE: The wastegate is set accurately from the factory.
Adjustment is not necessary unless the capsule is removed.

Connect clean reguiated air pressure to the boost cap-
sule (2).

Regulate the air pressure to the wastegate capsule per
the following table.

Model Rating Pressure  Pressure
Year {HP) Application {kPa) {psi)
il 180-230  Automotive 153 .

94 160-175  Automotive 133 19.3
94 190-230  Automotive 198 28.7
94 All Industrial 191 27.7

Measure actuator travel (1). Specified wastegate mea-
surement is 0.33 to 1.3 mm [0.013 to 0.050 inch].

Caution: Do not pull or push or force alignment of the
clevis pin.

Adjust the wastegate if necessary to achieve specified
travel.

e Pull the wastegate lever to the foremost closed po-
sition (lever toward boost capsule).

s Adjust the length of the clevis end of the control rod
to where the clevis pin hole aligns to the wastegate
lever.

e [nstall the adjusting link and retaining dlip.

» After adjustment is completed, tighten actuator rod
jam nuts,

Disconnect regulated air pressure line from the boost
capsule,

Connect the turbo boost line 1o the boost capsule and
secure hose clamp.

If possible, a more accurate method of wastegate adjust-
ment is to check the manifold pressure at rated RPM per
turbocharger boost pressure specifications on pages 3-4
{o 3-11 of this section.
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EXHAUST RESTRICTION - MEASURE-
MENT (3-07)
Install pressure gauge, Part no. 8T-1273 to the pressure

tap in the exhaust head pipe or at the inlet to the catalyst/
muffler assembly.

Operate the engine at rated speed and load. Record the
exhaust restriction.

If restriction exceeds specification, inspect the oxidation
catalyst and/or muffler and replace per vehicle manufac-
turers instructions.

Industrial .....coeeirviieir, 76 mm Hg [3 in Hg]
91 EPA certification ................. 114 mm Hg {4.5 in Hg]
94 EPA Certification with

oxidation catalyst .........c..oeeel 152 mm Hg [8 in Hg]

Charge Air Cooler - Troubleshooting
(3-08)

NOTE: The long term integrity of the charge air cooler sys-
tem is the responsibility of the vehicle and component man-
ufacturers; however, the foliowing sympioms can be checked
by any Cummins Authorized Repair Location:

cagtiga
Intake Manifold Pressure - Check
Install pressure gauge, Part No. ST-1273, to the fitting in 'db
the turbocharger outlet. %V
Install another pressure gauge, Part No. 8T-1273, in the
intake manifoid. 21 kp_a
Operate the engine at rated RPM and load. Record the [3 pSI]
readings on the two gauges. Max.
If the differential pressure is greater than 21 kPa [3 psi],
check the charge air cooler for plugging. Clean orreplace
if necessary. Refer to Procedure 3-09.
im800sa
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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.

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. lf the problem still exists, check
the cooler for internal contamination or plugging.

To check the charge air cooler for 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.

Apply 207 kPa [30 psi] of air pressure to the cooler. If the
pressure drop is 48 kPa [7 psi] or less in 15 seconds, the
cooler is okay.

If the pressure drop is greater than 48 kPa [7 psi] in 15
seconds, the charge air cooler must be repaired or re-
placed. Refer to the CAC manufacturer for repair instruc-
tions.

NOTE: A leak tank can be used to locate the air leak.
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Charge Air Cooler - Cleaning and
inspection (3-09)

If the engine experiences a turbocharger faliure 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 @@ j —
manufacturer’s instructions. ;r/;"’q ——-‘l/‘ﬁﬂ?
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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.

Use a flashlight and mirror to visually inspsct the CAC for
internal debris.

Caution: [f internal debris cannot be removed, scrap the
CAC.

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

¢a800ea

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

Blow compressed air into the CAC in the opposite direc-
tion of normal air flow until the CAC is dry interanily.

cal00sb

Visually inspect the CAC for cracks, holes or damage.

Inspect the tubes, fins and welds for tears, breaks or cther
damage. If any damage causes the CAC to fail the airleak
check mentioned earlier in this publication, the CAC must
be replaced. install the CAC on the vehicle. Refer to the
vehicie manufacturer for instructions. @

casllse |
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Air Crossover Tube (3-10)

Replacement
Removal and installation

8 mm or Screwdriver

Loosen the hose clamps and position the hose so the
crossover tube can be removed.

Use new hose and clamps as required to install the cross-
over tube.

Torque Value: 8 Nem [72 in-lb]

Intake Manifold Cover and Gasket
(3-11)
Replacement
Preparatory Steps:
¢ Disconnect the cold starting aid, if used.

Remove the air crossover tube, if used.
¢ Disconnect the charged air cooler hose, if used.

Remove the high pressure fuel lines.

Removal

ﬂ 10 mm

Remove the manifold cover, gasket, and grid heater if

%@ equipped.

im8cvmb

Cleaning
Clean the sealing surface.

NOTE: Keep the gaskst material and any other material out
of the air intake.

T~
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Installation

10 mm

install the cover and a new gasket.
Torque Value: 24 Nem [18 fi-Ib]

Assemble the intake piping and connect the cold starting
aid if used.

Torque clamps to 8 Nem [75 in-Ib].

Aftercooler and Gasket (3-12)

Replacement

Preparatory Steps:
o Disconnect the cold starting aid, if used.
e Remove the air crossover tube.
e Drain 2 litres [2.1 U.S. quaris] of coolant.

Removal
8 mm

Remove the coolant supply tube (1) and the coolant return
tube (2).

C1
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Aftercooler and Gasket (3-12)
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Section 3 - Combustion Air System
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10 mm
Remove the aftercooler housing and gasket.

Cleaning
Clean the sealing surface.

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

installation
10 mm

NOTE: The holes shown in the illustration are drilled through.
Apply liquid teflon sealant to the capscrews.

Install the aftercooler housing and a new gasket.

Torque Value: 24 Nem [18 fi-lb]

8 mm

install the coolant supply tube (1) and coolant return tube
(2). Install the air crossover tube (3).

Torgue Value: 8 Nem |75 in-ib]
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Caution: Be sure to vent the engine and aftercooler to
prevent entrapment of air as the system is filled.

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

rag0owt

Turbocharger (3-13)
Replacement
Preparatory Steps:

Remove the air crossover tube, if used.

Disconnect the charge air cooler hose.

Disconnect the boost capsule actuator hose.

®

Disconnect the intake and exhaust piping.

Removal
10 mm
Remove the capscrews from the oil drain tube.

] Y/ anN \ tbgcsmg)
16 mm n
Disconnect the oil supply line. ¢
NOTE: Engines built after June 1993 may use a copper @
washer in both ends of the turbocharger lubricating oil sup-

ply line. The washer should be replaced whenever the line
is removed. A
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Remove the intake manifold pressure supply line from the
boost capsule.

15 mm and 7/16-inch
X Remove the exhaust clamp, turbocharger, and gasket.
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Cleaning and Inspection

Clean the sealing surfaces. Inspect the sealing surface
and mounting studs for damage.

NOTE: if the turbocharger is not to be immediately replaced,
cover the opening to prevent any material from falling into the
manifold.

Inspect turbocharger wastegate linkabe, valve shaft, mod-
ule, and pressure signal line.

Check or calibrate wastegate.

Refer to Turbocharger Shop Manual, Bulletin No. 3810321,
<Z=> for calibration procedures.

tb800wa
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Installation

Install a new gasket and apply anti-seize compound to the
mounting studs.

15 mm
Install the turbocharger.
Torque Value: 45 Nem [33 ft-lb]

10 mm and 7/16-inch
Use a new gasket and connect the oil drain tube.
Torque Value: 24 Nem [18 fi-ib]

NOTE: New turbochargers must be prelubricated before
start-up.

Pour 50 to 60 cc [2 to 3 ounces] of clean engine oil into
the oil supply fitling. Rotate the turbine wheel to allow the
oil to enter the bearing housing.

Turbocharger (3-13)
Page 3-31
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B Series
16 mm
9 Connect the oil supply line.

G\ Torque Value: 35 Nem  [26 ft-Ib]
&

7/16 inch
X If required, loosen the compressor housing V-band clamp

and position the housing to align with the turbocharger air
outlet tube.

7/16 inch, Plastic Hammer
9 Tighten the band clamp. Tap around the clamp with a
plastic hammer and tighten again.
Torque Value: 8.5 Nem [75 in-Ib]
NOTE: Effective Oct. 1, 1990 all Holset Turbochargers use
silver plated nuts with the v-band clamp. The silver plated

nuts require a lower torque than the stainless steel nut to
provide the same v-band clamp load.
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Install the air inlet and exhaust piping.
Operate the engine and check for leaks.
Torque Value: 8 Nem [72 in-Ib]

icgtbha

Exhaust Manifold and Gaskets (3-14)

Replacement
Preparatory Steps:
e Remove the air crossover tube, if used.

e Disconnect the charge air cooler hose {automotive
engines only).

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

Removal
1 5 mm

Remove the exhaust manifold and gaskets.

Cleaning and Inspection

Clean the sealing surfaces and inspect the exhaust man-
ifold for cracks, burn-out, or damaged threads..




Exhaust Manifold and Gaskets (3-14)
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Installation

15 mm

Install the exhaust manifold and new gaskets.

Torque Value: 43 Nem [32 ft-Ib]

Follow the tightening sequence shown in the illustration.

Install the parts previously removed Operate the engine
and check for leaks.
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Reservoir_— - Compressed Air System - General
s w .

gumoader Discharge T information
Governor = The compressed air system normally consists of a gear

ey driven air compressor, an air governor, air tanks and all
necessary plumbing. , :

ompressor T

=

{Wet Tank)
Reservoir casdigh

The Holset 88191B air compressor is an engine-driven, piston-type compressor which supplies compressed air
to operate air activated devices. The compressor operates continuously but has a ‘‘loaded” and ‘‘unloaded”
operating mode. The operating mode is controlled by a pressure activated governor and the compressor unloading
assembly. When the air system reaches a predetermined pressure, the governor applies an air signail to the air
compressor unloader assembly causing the unloader valve 1o hold the compressor intake valve open and com-
pressed air stops flowing into the air system. As the air in the air system is used, the pressure drops. At a
predetermined pressure the governor exhausts the air signal to the compressor unloader assembly allowing the
compressor {0 again pump compressed air into the air system.

This air compressor is available in an air cooled or water cooled version, the only difference being changes to the
cvlinder head to incorporate a water passage.

This air compressor is also available with or without a power steering pump housing.

Other brands of compressors may be used on the B series engine. Troubleshooting procedures are very similar
for these air compressors compared to the Holset 38191B. Refer to the specific air compressor manufacturer’s
manual for detailed repair information including torque values.

NOTE: The cylinder head and unloader components of the Holset SS181B air compressor can be serviced without
removal of the air compressor on many engine applications. This troubleshooting manual will cover servicing of the air
compressor unloader components while the compressor is still on the engine. All other servicing of the air compressor
internal componenis should be done after the compressor has been removed from the engine. Reference the SS191B
Shop Manual, Bulletin No. 3810433, for detailed disassembly and assembly information of the air compressor.

The Holset 85296 single cylinder air compressor is an engine-driven piston-type compressor which supplies
compressed air to operate air activated devices. The compressor runs continuously but has a loaded and unloaded
operating mode. The operating mode is controlled by a pressure-activated governor and the compressor unloading
assembly.

The $52986. air compressor used on B series engines uses an (E-type) unloader. The Economy (E-type) unloader
system was designed to reduce pumping losses and engine boost pressure losses through the compressor intake
valve while operating in unloaded mode.

When the air system reaches a predetermined pressure, the governor applies an air signal to the air compressor
unloader assembly causing the unloader cap to seal off incoming air at the intake valve, and compressed air stops
flowing into the air system.

NOTE: System pressure must be maintained on the outlet side of the discharge valve to keep the discharge valve closed.

As the air in the air system is used, the pressure drops. At a predetermined pressure the governor exhausts the
air signal to the compressor unloader assembly allowing the compressor to again pump compressed air into the
air system.

Caution: Vehicles equipped with air dryers vented to atmosphere during unloaded compressor operation,
using the Holset (E-type) air compressor, require the installation of an Econ valve to prevent excessive oll
consumption.

if the air system pressure is not maintained on the discharge valve during unloaded operation, air will be pumped
out of the compressor cylinder causing a low pressure {vacuum) condition to form in the cylinder. With the intake
valve sealed off by the unloader cap, and the exhaust valve being a one-way pressure actuated valve, no air will
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be allowed to enter the cylinder. When the compressor cylinder pressure falls below crankcase pressure, oil will
be drawn past the piston rings and pumped into the air system.

Other brands of compressors may be used on B series engines. Troubleshooting procedures are very similar for
these air compressors compared to the Holset SS296. Refer to the specific air compressor manufacturers manual
for detailed repair information and torque specifications.
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Flow Diagrams - Compressed Air System
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Specifications - Compressor Air System

Holset SS191B Single Cylinder Air Compressor

Compressor Swept Volume @ 1250 RPM .. et s e a e 8.5 cfm
PISION DISPIACEMENL <verrvervreeverreeeeeeeeeeeerseeresseessesesssesseeeseseeseseesesssesseeseesseeees R 191.5 cc [11.69 C.1.D.]
2T - PRSPPI 80 mm [3.15 in.]
11 {011 T OSSP PR UR PRI 38.1 mm [1.50 in.]
T =TT« ST RPRPRTRRPPRRN .98 Times Engine Speed
1075111 1T TP ORI Engine Coolant or Air Cooled
R oL 2ot 11 e TP PRSP TR Engine Lubricating Oil

Plumbing Line Sizes

Coolant Inlet and Qutiet (Pipe Fithing) ..ccociiiiiiiii et eae e e s e e een s s [1/2 in NPTF]
Air Inlet (Inside DIameter) ..o e e s e et et e [1/2 in]
Air Outlet (Minimum Inside DIiameter) ........o.uoiiiiiiiiiiii s eer s cn e [1/2in.]
Height, Overall (APProXimate) ...ttt s s e s e s b st arenanrsseeennnan 269 mm (11 in.)
Width, Overall (ADPrOXIMAS) ...ccoiiriiiiiii ittt er e ceee s e e s e e s aen e e e neaneeaenanans 125 mm [5 in.]
Length, Overall (ApproxXimate)] ..o ettt re e st e e e s s ee e e e e e 186 mm [7.32 in]
Weight (APPrOXIMELE) ..ceuiiriiriiiriiiiiii i et e s r et e s r b e rerre s e eeeas 13.6 kg [30 Ib]

Holset S5296 Single Cylinder Air Compressor

Compressor Swept Volume @ 1250 BPM ... 6.2 L per sec. [13.20 CFM]
Piston Displacement ... e s e e e 296 cc [18.06 C.1.D.]
=1 = SOOI UPIN 82.08 mm [3.625 in.]
£ Lo O PR 44.45 mm [1.750 in.]
LT o= L TR 1.135 times greater than Engine Speed
L0707+ 11+ T« R PSR Engine Coolant
LUDFICAIION teriiiiiiivriinesieniiime sttt s ena s s tasesrncrstasernssrreserasnsanausesrnesanasamscstnenssnnssnsasasnsnnnn Engine Lubricating Oil

Plumbing Line Sizes

Coolant Inlet and Outlel (Pipe Fitling) .oococi it tcr e es s v e e v e v s e e vaeneeenns 3/8 in NPTF
Air Inlet (Inside DIamMEIBI) .o et er e r e et e e e e e e nenn s 19 mm [0.750 in]
Air Outlet (Minimum Inside Diameter) ......ccccocieiiniiiiiiii e 1/2” NPTF 12.7 mm [0.50 in.]
Height, OVErall (APPIOXIMELE) .....v.ev.eserreseeeeeeeeeessseeesessmessesseesssesessesessesessessesessessseessesesseseses 23.5 mm [9.25 in.]
Width, Overall (ADDPrOXIMAIE) ..icvueiiiroriiiiriirircaerterr e st einererserenrettarsrnerrnnascnsannsesnsesnnsennrens 14.6 om [5.75 in.]
Length, Overall (ApproxXimate) .........oooiviiiiiiiiiiiicirir e e e s e 28.7 cm [10.5 in]

Welght (APDIOXIMAIS) ..ooiiiiisiiiiiiiiiie it ineiiierte e e s ernieeesraeretnes s ereanerannaenenneeeen s enanssannnnsocanssrann 20 kg [44.0 ib]
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Compressed Air System - Service Tools

The following special tools are recommended o perform procedures in Section 4. The use of these
tools is shown in the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No. Tool Description Tool llustration

Valve Spring Tester
Use to check spring tension.
3375182

3375182

Air Compressor Seat Socket
Use to remove the exhaust valve seat and the inlet valve cage.
3823528
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Carbon Buildup, Air Compressor -
Check (4-01)

@ Shut off the engine.

Open the draincock on the wet tank to release com-
pressed air from the system.

N Use steam to clean the compressor.
Use compressed air o dry.

- ,’;,I .
‘g‘.‘i‘%&‘% ey NG
ey U

A
AL =

= adiloP

Remove the air inlet and outlet connections from the air
%@ compressor.

\-. ‘é\‘i«: Al
D2 T
«, '~ 3 {; [ ci8coma

Measure the total carbon deposit thickness inside the air
discharge line as shown.

NOTE: The carbon deposit thickness must not exceed 1.6
mm [1/16 inch].

D of Discharge Line

1D of Carbon Build Up : cpBitbta
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Warning: The air discharge line must be capable of with-
standing extreme heat and pressure to prevent personal
injury and property damage. Refer to the manufacturer’s
specifications.

NOTE: If the total carbon deposit thickness exceeds spec-

ification:

* Remove and clean or replace the air discharge line.
Refer to manufacturer’s material specifications.

* Remove and inspect unioader components and cylinder
head.

Unloader and Cylinder Head Disas-
sembly (4-02)

1-1/4 inch
Remove the following parts:

e Unloader cover (1)

o Copper washer (2)
Unloader pin (4)
Spring (5)

Discard the copper washer. \ : 2 cpghdmal

Remove and discard the o-ring (3). @@

cp9orma

9/16 inch
Remove the four cylinder head capscrews (6). 3

Remove the cylinder head (7). @@

Remove and discard the cylinder head gasket (8).

Service Tip: Scribe a mark to show proper head orien-
tation before removing the head.

cp8csma
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Section 4 - Compressed Air System
B Series

Part No. 3823528, Air Compressor Seat Socket or
3/4 inch Alien Wrench.

install the head with the bottom side up in a soft jawed
vise.

Remove the exhaust valve seat (9).

Remove the following parts:
e Exhaust valve disc (10)
¢ Spring (11)
e Copper washer (2)
Discard the copper washer.

NOTE: The exhaust valve stop is pressed in place and must
not be removed.

Part No. 3823528, Air Compressor Seat Socket
Remove the inlet valve cage (12).

Remove the following parts:
Spring (11)
Inlet valve disc (10)

@

e Inlet valve seat (13)
e Copper washer (2)
Discard the copper washer
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Cleaning

Warning: When using solvents, acids, or alkaline mate-
rials for cleaning, follow the manufacturer’s recommen-
dations for use. Wear goggles and protective clothing.

Soak the parts in a kerosene emulsion based cleaner
designed to remove carbon. The cleaner must have a pH
of 9.5 or less to avoid turning aluminum parts black. The
cleaner manufacturer or supplier can be contacted about
solution concentration, temperature and soak time.

Caution: Do not use a scraper to remove carbon and
scale. This can damage sealing surfaces.

Use a stiff non-metalic bristle brush to scrub the parts.

Cleaning
Valve Discs

Inspect and replace if cracked, pitted or grooved in ex-
cess of 0.13 mm [0.005 in].

Inlet Valve Seat

Measure the distance from the valve seating surface to
the surface that contacts the valve cage.

intake Valve Seat

mm in
0.597 MIN 0.0235
0.673 MAX 0.0265

Replace the intake valve seat if not within limits or if
cracked or damaged.

Unloader and Cylinder Head Disassembly (4-02)
Page 4-11
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Unloader and Cylinder Head Disassembly (4-02)
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cp900sc

cp9guna

¢p800na

cp800sd

Section 4 - Compressed Air System

B Series
Exhaust Valve Seat
inspect the seat for damage and wear.
Measure the valve guide diameter.
Valve Guide Diameter

mm in

25.53 MIN 1.005

25.65 MAX 1.010

Replace the exhaust valve seat if not within limits.

Measure the distance from the top of the valve seat to the
valve seating surface.

Seat Height
mm in
4.01 MIN 0.158
4.11 MAX 0.162

Replace the exhaust valve seat if not within limits.

inlet Valve Cage
Inspect the inlet valve cage for damage and wear.
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Measure the valve guide diameter.

Valve Guide Diameter

mm in
25.53 MIN 1.005
25.65 MAX 1.010

Replace the inlet valve cage if not within limits.

Measure top of cage to valve stop.

Stop Depth
mm in
3.63 MIN 0.143
3.78 MAX 0.149

Exhaust Valve Stop

inspect the exhaust valve stop. Replace the cylinder head
assembly if the stop is loose or damaged.

Measure the distance from the valve end of the stop to the
face of the cylinder head.

Stop Height
mm in
4.42 MIN 0.175
4.70 MAX 0.185

Replace the cylinder head if not within limits.

Unloader and Cylinder Head Disassembiy (4-02)

®

Page 4-13
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Unloader and Cylinder Head Disassembly (4-02)
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Section 4 - Compressed Air System
B Series

Unloader Pin

inspect for scoring or pitting.

Measure the length of the pin.

Pin Length
mm in
40.51 MIN 1.595
40.72 MAX 1.603

Replace the pin if not within limits.

Valve Springs

Use valve spring tester, Part No. 3375182, to check the
springs.

Replace if not within limits in Table 1, shown below.

NOTE: Cummins Engine Company, Inc. recommends that
new springs be installed during rebuild.

Table 1: Spring Data

Load Required to Compress Spring to Length

Length Minimum Maximum
mm Kg Kg
fin] [ib] [ib]
Inlet Valve 5.08 0.272 0.340
[0.20] [0.60] [0.75]
Unloader 10.0330 1.53 1.90
[0.385] [3.38] [4.18]
Exhaust Valve 5.08 0.272 0.340
[0.20] [0.60] [0.75]
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Cylinder Head

Inspect and replace if cracks, nicks, gouges or damaged
threads are found.

inspect the unloader seal bore for scoring or pitting.
Replace the cylinder head if damaged.

Assembly

Turn the cylinder head bottom side up and install it in a
soft jawed vise.

Install the following parts.
a. New washer
b. Inlet valve seat
c. Inlet valve
d. Inlet vaive spring

Air Compressor Seat Socket, Part No. 3823528 and
Torgue Wrench

Tighten the cage.
Torque Value: 108 Nem [80 fi-Ib]

Unloader and Cylinder Head Disassembly (4-02)

qap

2)73

Page 4-15
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install the following parts:
a. New washer
b. Exhaust valve spring
c. Exhaust valve disc

3/4 inch Allen Wrench or Air Compressor Seat
Socket, Part No. 3823528, and Torque Wrench

Tighten the seat.

Torque Value: 108 Nem [80 ft-Ib]

Install a new gasket and the cylinder head to the cylinder
block, aligning the scribe marks.

Install the four capscrews.

8/16 inch and Torque Wrench
Tighten the capscrews.

Torque Value: 30 Nem [22 fi-ib]
Tighten the capscrews again, in the sequence shown.
Torque Value: 41 Nem [30 fi-Ib]
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Install a new o-ring on the unloader pin.

1-1/4 inch and Torque Wrench
Install the following parts:
a. Spring
b. Unloader pin
¢. New washer
d. Unloader cover
Tighten the cover.
Torque Value: 41 Nem [30 ft-Ib]

Warning: The air discharge line must be capable of with-
standing extreme heat and pressure to prevent personal
injury and property damage. Refer to the manufacturer’s
specifications.

Continue to check for carbon buildup in the air discharge
line connections up fo the first or wet tank.

Clean or replace any lines and fittings with carbon de-
posits greater than 1.6 mm [0.06 (1/6 inch]. Refer 1o the
manufacturer’s specifications for cleaning or replacement
instructions.

Instali and tighten the air inlet and outiet connections.

Torque Value:
Inlet 5 Nem [48 in-ib]
*Qutlet 24 Nem [18 fi-Ib]

*1/2 NPT fitting in head

NOTE: Torque of discharge line dependent upon line size
and type. Consult vehicle manufacturer for correct torque
value.

&

%)

10® B

Unloader and Cylinder Head Disassembly (4-02)
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@ Close the wet tank draincock.
Operate the engine and check for air leaks.

Gasket Leaks, Air Compressor, Check
(4-03)
Shut off the engine.

Open the drain cock on the wet tank to release air from
the system. Close the draincock after the pressure is
released.

%ﬁ\ ©a800wb

Operate the engine to activate the air compressor.

With the air compressor pumping between 550 to 680 kPa
[80 to 100 psi], use a solution of soapy water to check for
air leaks in the following areas:

= Unloader cover gasket
¢ Unloader pin o-ring
¢ Air compressor head gasket

If air leaks are found, refer to Procedure 4-02 for repair of
these components.

Air Governor and Compressor Un-
loader Valve - Check (4-04)

Air Compressor Will Not Pump

Remove the air governor hose from the air compressor
unioader body.

If the air governor is mounted directly on the air com-
pressor, then remove the air governor from the
COMpressor.
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Warning: During this test, do not exceed maximum ve-
hicle air system pressure or 1035 kPa [150 psi] whichever
is lower. Refer to the manufacturer’s specifications.

Operate the engine to activate the air compressor.

If the air compressor does not pump, then the fault is in
the air compressor.

Remove and inspect the cylinder head and unloader com-
ponents. Refer to Procedure 4-02. If no problems are
found during disassembly or inspection of the cylinder
head or unloader components, then the compressor
should be removed and disassembled to determine the
cause of the problem.

Refer to Procedure 4-09 and Shop Manual, Bulletin No.
3810433.

Warning: During this test, do not exceed maximum ve-
hicle air system pressure or 1035 kPa [150 psi] whichever
is lower. Refer to the manufacturer’s specifications.

Operale the engine and check air compressor operation
with the air governor removed.

Install the air governor line to the unloader body and
tighten.

A

Air Governor and Compressor Unloader Valve - Check {4-04)

Page 4-19
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Air Governor - Check (4-05)

Air Compressor Pumps Continuously

Remove the accessory air lines from the air governor
unloader port.

NOTE: Do not disconnect the line from the air compressor
unioader valve. Do not disconnect the reservoir air line from
the air governor. If the governor is mounted on the com-
pressor, do not remove the governor from the compressor.

Install pipe plugs in the air governor unloader ports where
accessory air lines were removed.

Operate the engine to activate the air compressor.

If the air compressor stops pumping (air pressure stops
rising) at the governed air pressure, there is a leak in an
accessory or an accessory air line. Refer to the equip-
ment manufacturer’s instructions for troubleshooting and
repair.

if the air compressor does not stop pumping (air pressure
continues to rise) at the governed air pressure, connect
a regulated shop air pressure line to the the air compres-
sor unioader valve port.

NOQTE: If the governor is mounted on the air compressor,
then the governor will have 1o be removed.

NOTE: Be sure the air pressure gauge is accurate and the
supply lines and fittings are in good condition before per-
forming any air pressure checks.

Use a master gauge of known accuracy to check the air
pressure gauge.
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Apply 690 kPa [100 psi] air pressure to the unloader port.

If the air compressor stops pumping (air pressure stops
rising), the air governor is malfunctioning and must be
repaired or replaced. Refer to the manufacturer’s
instructions.

if the air compressor continues to pump (air pressure
continues to rise), the unloader valve is malfunctioning
and must be repaired or replaced. Refer to Procedure

4-02.

Remove the pipe plugs from the unloader ports used for
accessory air lines.

Install and tighten the accessory air lines.
Connect the line to the unloader valve.

Operate the engine and check for air leaks.

<=

<>

Air Governor - Check (4-05)
Page 4-21
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Air Compressor - Removal (4-06)

Preparatory Steps:

» Steam clean the air compressor and dry with com-
pressed air.

¢ Drain the engine coolant if the air compressor has
a liquid cooled cylinder head. If compressor is air
cooled, then the engine coolant need notbe drained.

» Open the drain cock on the wet tank to release air
from the system. Close the draincock after the pres-
sure is released.

%@ Remove the air connections from the air compressor.

156/16 in, 7/8 in
Remove the coolant lines from the air compressor (does

%] not apply to air cooled compressors).

*\“‘m u -~) , 8/16 inch
“ @)'; i i
7 '-\\ ¢ Remove the oil supply line.
’, WS

=t 3




Section 4 - Compressed Air System
B Series

15/16 in

Remove the oil return line from the bottom of the air
COmMpressor.

18 mm, 14 mm, 10 mm

Remove the air compressor support bracket and cap-
screws.

Remove the air compressor mounting nuts.
Remove the air compressor.

Inspection

Visually inspect the compressor housing for cracks or
damage.

Visually inspect the drive gear for cracks or damaged.

Be sure the gasket surfaces of the gear housing and air
compressor are clean and not damaged.

Air Compressor - Removal (4-06)
Page 4-23
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Power Steering Coupling (if Applicable)
Inspect the coupling for wear or cracks.
Replace the coupling if damaged.

cpY9cpsa

Power Steering Adapter
Inspect and replace the adapter if any damage is found.

cpBadsa

Air Compressor Timing (For Single Cylinder
Air Compressor only)

@5 Locate TDC on the compressor crankshaft by removing
the unloader valve or head, (refer to the (respective) air
compressor manual.) TDC does not have to be exact. The
system is tolerant of some misalignment.

o)
= cpS8csha

—— . Use ink or dychem to mark the air compressor gear face
at TDC (12:00 o’clock position when viewed from the
front.)

cpggewa
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Be sure to disengage the timing pin after locating TDC.

Locate TDC for cylinder No. 1 by barring the crankshaft
slowly while pushing on the Timing pin.

Rotate the compressor TDC mark to 80 degrees, or 6
teeth on a 36 tooth gear, before TDC. This is approxi-
mately 10:00 o’clock when viewed from the front of the air
compressor.

NOTE: Holset air compressors Series SS, QE220, 296 and
338 will have a radial line etched on the gear representing
TDC.

Installation
18 mm, 14 mm, 10 mm

Use a new gasket. Install the air compressor to the gear
housing.

Install the air compressor supporti bracket.

Mounting Nuts 77 Nem [57 fi-Ib]
Support Capscrews 24 Nem [18 ft-Ib]

NOTE: No timing of gears is necessary.

Torque Values:

8/16 inch
install the oil supply line.

Torque Value: 15 Nem [12 fi-lb]

5 K&

2

Air Compressor - Removal (4-06)
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ﬂ 15 mm
L Install the oil drain to the bottom of the compressor.

G Torque Value: 24 Nem [18 ft-Ib]

15/16 in, 7/8 in

Caution: If rubber grommets are used on the coolant or
air lines, be sure they are installed carefully to prevent
cuts or tears to the grommets which will cause leaks.

G Install the coolant lines.
(£
Q) Torque Value: 24 Nem

[18 ft-Ib]

‘JD Install the air lines.
&

Fill the engine cooling system (liquid cooled air compres-
sor).

Operate the engine and check for leaks.
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Operate the engine to activate the air compressor.

With the air compressor pumping between 550 to 690 kPa
[80 to 100 psi], use a solution of soapy water to check for
air leaks.

5 ' o= : NN Z
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NOTES
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General Information - Fuel Systems

Fuel System Components and Flow - Distributor Type Fuel Injection Pump

Most of the engines will be equipped with a cam actuated fuel transfer pump. Two types of fuel transfer pumps
are available for rotary type fuel injection pumps.: a) A diaphragm style fuel transfer pump and 2) a piston style
fuel transfer pump. The piston style fuel transfer pump is offered as an option, and may be disassembled, cleaned
and reassembied, using a fuel transfer pump rebuild kit. Fuel flow begins as the fuel transfer pump pulls fuel from
the supply tank though a mandatory prefilter. The fuel transfer pump supplies low pressure fuel (21-35 kPa [3-5
psi]) to the fuel filter head, through the filter and then to the distributor injection pump.

The distributor pump builds the high injection pressures required for combustion, and routes the fuel! through
individual high-pressure fuel lines to each injector.

When the high-pressure fuel reaches the injector, the pressure lifis the needle valve against the spring tension to
let the fuel enter the combustion chamber.

Any leakage past the needle valve enters the fuel drain manifold. The fuel drain manifold routes controlied venting
from the distributor injection pump and leakage from the injectors back into the fuel tank.

Fuel System Components and Flow - In-Line Fuel Injection Pump

A cam-actuated piston style fuel fuel transfer pump provides positive fuel pressure to the fuel injection pump. Fuel
flow begins as the fuel transfer pump pulls fuel from the supply tank. The system should have a pre-filter or screen
to remove larger contaminants from the fuel before reaching the fuel transfer pump. The fuel transfer pump supplies
low pressure fuel through the fuel filter head and fiiter to the fuel injection pump at 172 kPa [25 psi].

The Bosch P7100 fuel injection pump is used on higher rated automotive 91 B Series engines and all 94 B Series
automotive engines. The Nippondenso EP-8 is used on the higher horsepower marine B Series engine.

The fuel injection pump builds the high injection pressures required for combustion and routes the fuel through
high pressure fuel lines to each injector.

All B Series engines use closed-nozzle, hole-type injectors. When the high-pressure fuel reaches the injector, the
pressure lifts the needle valve against the spring tension to allow fuel to enter the combustion chamber.

Any leakage past the needle valve enters the fuel drain manifold.

On engines equipped with the P7100 fuel injection pump, the manifold routes leakage from the injectors to the inlet
side of the fuel filter. On engines equipped with the Nippondenso EP-9 fuel injection pump, the manifold routes
leakage from the injectors to the supply tank.
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Fuel System

Fuel System Components and Flow

Fuel System Components and Flow
The following illustration identifies the components of the fuel system.

eNOOsON

Fuel from Supply Tank
Pre-Filter or Screen
Lift Pump

Fuel/Water Separator

. Fuel Filter

Low Pressure Supply Line

. Turbo Boost control Line

Robert Bosch P7100
Injection Pump

. Robert Bosch Rotary

Injection Pump

. Fuel Drain Manifold
. High Pressure Line
. Robert Bosch, 17mm Closed-

Nozzle, Hole Type Injectors

. Fuel Return to Supply Tank

Page 5-5
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Fuel System Identification

Beginning in 1991, the B Series engine will use six different fuel injection pumps depending on the horsepower
rating and application.

The Lucas CAV DPA distributor type fuel injection pump.
e Marine
e |ndustrial

fp901gp

The Lucas CAV DPS distributor type fuel injection pump.
* European automotive ratings.

fp801gq

The Bosch VE distributor type fuel injection pump.
e Industrial
e 1991 low horsepower automotive ratings

fp901igr
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The Stanadyne DB4 distributor type fuel injection pump.

¢ Gensels

The Bosch P7100 in-line fuel injection pump.
e 1991 high horsepower automotive ratings
e 1994 automotive, all 6B ratings

The Nippondenso EP-9 in-line fuel injection pump with
the RSV governor.

e higher horsepower marine rating

Fuel System Identification
Page 5-7

ip900g)

BOSCH P7100
With RQV-K Governor

{p801igs

pe01gt
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Maximum Inlet Restriction to the
Fuel Transfer Pump Must Not Ex-
ceed - mm Hg [in Hg]

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

Maximum Allowable Pressure Drop

Across Fuel Filter - kPa [psi]

Maximum Inlet Pressure to the In-
jection Pump Must Not Exceed -
kPa [psi]

Fuel System Specifications
Distributor Type Fuel Injection Pumps

4B3.9 4BT3.9

4BTA3.9

Section 5 - Fuel Systems
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6B5.9 6BT5.9 6BTA5.9

In-Line Type Fuel injection Pumps

Maximum Iniet Restriction to the
Fuel Transfer Pump Must Not
Exceed mm Hg [in Hg]

Fuel Lift Pump Maximum Output
Pressure - kPa [psi] @ Rated RPM

Fuel Filter Restriction (Maximum
Pressure Drop Across Filters) - kPa

[psi]

Fuel Pump Gallery Pressure - kPa
Ipsi] Minimum @ Rated RPM

Fuel Return Maximum Restriction -
mm Hg [in Hg]

......................................................

.....................................................

.......................................................

.....................................................

.......................................................

.....................................................
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Fuel System - Service Tools
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The following special tools are recommended to perform procedures in Section 5. The use of these
tools is shown in the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No. Tool Description Tool lliustration
Bosch Timing Tool (VE)
3377259
Injector Pulier
Used to pull the injector.
3823276
Injector Bore Brush
Used to clean the injector bore.
3822509

3822509

3824469

Fuel Pump Gear Puller
Used to pull the fuel pump gear.
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B Series

Fuel Transfer Pump (Diaphragm Style)
Diagnosing Malfunctions (5-01)
A malfunctioning fuel transfer pump can cause low power

from the engine. The diaphragm style pump cannot be
cleaned and rebuiit.

The transfer pump is mechanically driven by a lobe on the
camshaft. Wear on the lever or a damaged lobe can
reduce the pumping action.

(A) - Do not operate the fuel system with a suction re-
striction of more than 100 mm [4 in Hg].

If the diaphragm ruptures, fuel will drain from the weep
hole (B) in the housing.

Normal pressure drop across the filter is 21 kPa [3 psi],
maximum.

The pressure drop will increase as the filter removes
contamination from the fuel. Therefore, a worn transfer
pump will have reduced capacity to force fuel through a
dirty filter. This can cause low engine power.

NOTE: Frequent filter replacement to get full power from the
engine can indicate a worn transfer pump.

Fuel Transfer Pump - Testing (5-02)

The output of the fuel transfer pump can be checked two
ways.

Test 1: Measure the output pressure using an in-line
pressure gauge.

Test 2. Measure the flow volume.

Test 1: Output Pressure Test (Diaphragm
Style) '

Start the engine and measure the output pressure of the
fuel transfer pump using an in-line pressure gauge.

Minimum Pressure
21 kPa [3 psi]
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Test 2: Flow Volume Test (Diaphragm Style)

Caution: To prevent the engine from starting, discon-
nect the fuel shutdown wiring. Residual fuel in the in-
jection pump may cause the engine to start.

Caution: Do not crank the starter for more than 30 sec-
onds at a time. Doing so may result in starter damage.

Disconnect the fuel shutdown solenoid wire and measure
the engine cranking speed with a hand held tachometer
(Part No. 3377462).

9a800ka

Caution: Leave the shutdown solenoid disconnected for ﬁ
the following check.

Disconnect the output pressure line from the fuel transfer
pump and run it into a container.

Measure the fuel transfer pump flow volume, while crank-
ing the engine with the starter for 30 seconds.

Use the chart in the illustration to find the correct flow volume P/N 3904374
specification for the diaphragm fuel transfer pump. mi DIAPHRAGM [0z
e Draw a straight vertical line above the measured cranking 425 14.4
RPM. 400 135
e Draw a straight horizontal line from the measured flow 375 7 12,7
volume to the engine cranking RPM vertical line to find the o 350 7 11.9
intersection point. E 325 11.0
¢ Anyintersection point above the required flow line indicates s 300 4 10.2
an acceptable flow. s 275 |— @ 9.3
e Any intersection point below the required flow line indicates £ 2850 |—— D -.@—— 8.5
unacceptable flow and a defective pump or too much line 225 : = 7.6
restriction. 200> |2E: Maximam Reatriction]{ 6-8
Example 1 Engine cranking speed 230 RPM 175 LT 59
Good Pump  Flow volume 260 M1 [8.8 0z] 200 225 250 275 300 400
Engine Cranking Speed [RPM]  fsp00nb

Example 2 Engine cranking speed 290 RPM
Bad Pump Flow volume 240 M1 [8.1 oz]
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Fuel Transfer Pump (Piston Style) - Diagnos-
ing Malfunctions

The B series engine uses three different piston style fuel
transfer pumps. All three deliver different flow volumes.

Piston style fuel transfer pump, Part No. 39180786, is of-
fered as an option on B series engines equipped with
distributor type fuel injection pumps.

NOTE: Part No. 3918076 and 3918000 are identical in ap-
pearance. The pumping spring free length can be measured
to identify the fuel transfer pump.

Fuel transfer pump 3918076 spring free length 53.5 mm
[2 7/64 in].

Piston style fuel transfer pump, Part No. 3918000, comes
standard on the 300 HP marine B series engine.

NOTE: Part No. 3918076 and 3918000 are identical in ap-
pearance. The pumping spring free length can be measured
to identify the fuel transfer pump.

Fuel transfer pump 3918000 spring free length 58 mm [2
9/32 inl.

Piston styie fuel transfer pump, Part No. 3821550 comes
standard on the 91 B series engines equipped with the
Bosch P7100 in-line fuel injection pumps.

Piston style fuel transfer pump, Part No. 3925709, comes
standard on the 94 B series engines equipped with the
Bosch P7100 in-line fuel injection pumps.
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The piston style fuel transfer pump is mechanically driven
by a plunger running against a special lobe on the cam-
shaft. The fuel transfer pump contains a pumping piston
and check valves to control the flow of fuel, and bleed

back during engine shutdown.

Normal pressure drop across the fuel filter is 35 kPa [5
psi], maximum.

The pressure drop will increase as the fuel filter removes
contamination from the fuel. Therefore, a worn fuel trans-
fer pump will have reduced capacity to force fuel through
a dirty fuel filter. This can cause low engine power.

NOTE: Frequent fuel filier replacement to get full power from
the engine can indicate a worn transfer pump.

The output of the piston style fuel transfer pump can be
checked two ways.

Test 1: Measure the output pressure using an in-line
pressure gauge.
Test 2: Measure the flow volume.

Test 1: Output Pressure Test (Piston Style)

Operate the engine and measure the output pressure of
the fuel transfer pump using an in-line pressure gauge.

Minimum Pressure @ Rated Speed
172 kPa [25 psi]

Fuel Transfer Pump - Testing (5-02)
Page 5-13

Low Pressure
Supply Line

Inlet Fuel

Piston Line

fs801gv

= = tgetka

f8900kn
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30 Seconds

P/N 3918076
mi Option foz]
428 144
400 138
o I8 F 12.7
E  awm 12
;.5 328 1.0
2 E3
g 800 —— HOK 10.2
R
250 ; : 8.5
225 p 7.6
|-¥k-#eximum Restriction
209 Lo L. s 8.5
200 228 280 275 300 400
Engine Cranking Speed [RPM]} £5000nc
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Test 2: Flow Volume Test (Piston Style)

Caution: To prevent the engine from starting, discon-
nect the fuel shutdown wiring. Residual fuel in the fuel
injection pump may cause the engine to start.

Caution: Do not crank the starier for more than 30 sec-
onds at a time. Doing so may result in starter damage.
Also, high voltage during cranking may damage the shut-
down solenoid.

Disconnect the fuel shuldown solenoid wire and measure
the engine cranking speed with a hand held tachomster,
(Part No. 3377462},

Caution: Leave the shutdown solenscid disconnecied for
the foliowing check.

Disconnect the oulput pressure line from the transfer
pump and run it into a container.

Crank the engins for 30 seconds and measure the fuel
transfer pump flow volume.

Use the chart in the iliustration to find the correct flow volume
specification for P/N 3818078 fuel transfer pump.

e Draw a straight vertical line above the measured cranking
RPM.
Draw a straight horizontal line from the measured flow
volume 10 the engine cranking RPM vertical line to find the
intersection point.
Any intersection point above the required flow line indicates
an accepiable flow.
Any intersection point below the required flow line indicates
unacceptable flow and a defective pump or oo much line

@

restriction.
Example 1 Engine cranking speed 240 RPM
Good Pump Flow volume 280 M1 18.5 oz]
Example 2 Engine cranking speed 280 RPM
Bad Pump Flow volume 280 M1 [8.8 oz]
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Use the chart in the illustration to find the correct flow volume
specification for P/N 3918000 fuel transfer pump, used on the 300
HP B series marine engine.

e Draw a straight vertical line above the measured cranking
RPM.

e Draw a straight horizontal line from the measured flow
volume to the engine cranking RPM vertical line to find the
intersection point.

¢ Anyintersection point above the required flow line indicates
an acceptabie flow.

e Any intersection point below the required flow line indicates
unacceptable flow and a defective pump or too much line

restriction.
Example 1 Engine cranking speed 240 RPM
Good Pump Flow volume 260 M1 [8.8 oz]
Example 2 Engine cranking speed 280 RPM
Bad Pump Flow volume 235 M1 [7.9 oz]

Use the chart in the illustration to find the correct flow volume
specification for P/N 3917334 fuel transfer pump, used with the
Bosch P7100 in-line injection pump.

e Draw a straight vertical line above the measured cranking
RPM.

e Draw a straight horizontal line from the measured flow
volume to the engine cranking RPM vertical line to find the
intersection point.

e Any intersection point above the required flow line indicates
an acceptable flow.

e Any intersection point below the required flow line indicates
unacceptable flow and a defective pump or too much line

restriction.
Example 1 Engine cranking speed 240 RPM
Good Pump Flow volume 390 M1 [13.2 0z]
Example 2 Engine cranking speed 290 RPM
Bad Pump Flow volume 360 M1 [12.2 oz]

If the flow volume measured falls below the line in the
respective chart above, check inlet restriction before dis-
assembling and cleaning the fuel transfer pump.

Iniet restriction must not exceed 100 mm Hg [4 in Hg].

If the fuel is aerated or the volume is low, isolate the fuel
transfer pump by connecting the fuel transfer pump inlet
o a temporary supply and perform the same check as
above.

Fuel Transfer Pump - Testing (5-02)

Page 5-15
mi foz]
350 1.9
328 11.0
g a0 10.2
=2
£ o -, 9.3
z - gy
2 a0 ; @ 8s
208 Nl : 78
“-)k—Maxlmum Rostrlct!on[
200 .8
200 225 250 275 300 400
Engine Cranking Speed [RPM
9 g Speed [RPM]  o00nd
mi {oz]
825 212
200 20.3
575 71 195
550 7 188
M 528 7 178
E so0 16.9
% 475 18,4
= 450 183
z 425 14.4
L 400 13.8
[T

1”7

378
350 T 11.8
1.0

300 .é__{*unx!mum chm:tlon]. 10.2
278 L 9.3
200 225 250 275 300 400
Engine Cranking Speed [RPM} 5300ne

fs900nf

~ Temporary |
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N If the fuel transfer pump delivers the required volume of
= ‘ @ (2) 9 fuel from a temporary supply, check for restrictions or
f;‘ 7 g | = suction leaks in the fuel circuit to the fuel transfer pump:
,,, ”"&r 1. Supply line
"“E"N @'. 2. Pre-filter
O w‘ g1y
‘J)’x ' ﬂ 3. Supply line
“‘z'“'/ | 4. Supply tank
SNCN NN/ =77 B > e
-5 & 5. Tank vent
, Py 3901gw

Look for a plugged supply tank vent first.

f8800s¢c

Replace or clean the pre-filter.

In cold weather look for gelled fuel blocking the pre-filter.

Hlnx\lﬂninnu
pevgtl

1
H\\Hll\nlnnn

RYRIRRLASAAS

Look for kinks that can restrict the fuel supply lines
< Remove and blow out the fuel supply lines

ft900ea
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Air In The Fuel System (5-03)

A replacement of fuel supply lines, fuel filters, fuel injec-
tion pump, high pressure fuel lines and injectors will let
air enter the fusl system. Foliow the specified procedure
to bleed the air from the system.

Since the fuel transfer pump provides a positive pressure
through the fuel filter and fuel supply line to the fuel
injection pump, loose connections or defective seals will
show as a fuel leak.

The most common place for air to enter the fuel system
is between the inlet of the fuel transfer pump and the
suction tube in the fuel tank. Fuel tanks that have the fuel
outlet fitting at the top will have a suction tube that ex-
tends down in the tank. Cracks or pin holes in the weld
that joins the tube to the fitting can let air enter the fuel
system.

Air in the fuel system will make the engine: hard 1o start,
run rough, misfire, produce low power, and can cause
excessive smoke and a fuel knock.

Air In The Fuel System (5-03)
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Fuel Water Separator/Filter Unit (5-04)
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Section 5 - Fuel Systems
B Series

The pressure relief valve arrangement on the Bosch P7100
fuel injection pump in the supply side of the fuel circuit
creates a self-bleeding system for air introduced during
replacement of the supply side components.

Small amounts of air can be bled from the pump by

operating the hand primer on the fuel transfer pump or by
cranking the engine.

The Bosch P7100 fuel injection pump has a jump-over
tube to route return fuel and entrapped air from the pres-
sure relief valve directly to the supply tank.

The Nippondenso EP-9 in-line fuel injection pumps will
require additional venting prior to initial start-up, pump

replacement, or if the engine has been allowed to run out
of fuel.

Fuel Water Separator/Filter Unit (5-04)

Filtration and separation of water from the fuel is impor-
tant for trouble-free operation and long life of the fuel
system. Some of the clearances between the fuel injec-
tion pump parts are very close. For this reason, the parts

can easily be damaged by rust formation and contami-
nants.

Be sure to use the correct element.
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The element has a valve which can be opened regularly
to drain the collected water.

A dual water separator/filter adapter provides additional
filtering capacity. The fuel flows through the adapter to a
larger combination fuel water separator filter, and back to
the fuel filter for final filtering.

Regular maintenance, including draining moisture from
the fuel water separator/filter and supply tanks, is essen-
tial to keep water out of the fuel.

1991 model and newer automotive B series engines that
are equipped with the Bosch P7100 in-line fuel injection
pump have the fuel filter mounted at the rear of the intake
manifoid, as shown.

Fuel Water Separator/Filter Unit (5-04)
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Fuel Injection Pump (Distributor Type)
- Troubleshooting (5-05)

The fuel injection pumps, Bosch VE, Lucas CAV DPA,
Stanadyne DB4, and Lucas CAV DPS, are rotary distrib-
utor pumps. These pumps perform the four basic func-
tions of:

1. Producing the high fuel pressure required for injection.

2. Metering the exact amount of fuel for each injection
cycle.

3. Distributing the high pressure, metered fuel to each
cylinder at the precise time.

4. Varying the timing relative to engine speed.

A single plunger or rotor is used by the fuel injection
pumps to develop and distribute the high pressure re-
quired for injection.

A four-cylinder Robert Bosch VE fuel injection pump
plunger is shown in this illustration.

A four-cylinder Lucas CAV DPA rotor is shown in this
iflustration.

A worn or damaged rotor or plunger can affect the pres-
sure and amount of fuel injected, thus reducing the power
from the engine. Generally, if the fuel injection pump is
injecting fuel from one outlst, it will deliver from all outlets.

A single rotor with two plungers is used by the Stanadyne
DB4 fuel injection pump to develop and distribute the high
pressure required for fuel injection.

A four-cylinder DB4 rotor is shown in this illustration.

A worn or damaged rotor or plunger can affect the pres-
sure and amount of fuel injected, thus reducing the power
from the engine. Generally, if the pump is injecting fuel
from one outlet, it will deliver from all outlets.
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Governor Malfunctions

Balance between the governor flyweights and control le-
ver position controls the metering of the amount of fuel to Governor
be injected. Flyweights

The fuel injection pump governor performance and set-
ting can affect engine power. Special equipment and qual-
ified personnel are required to verify governor perfor-
mance. If the seals are broken on the external Robert
Bosch VE adjustment screw, the fuel rate may be out of

oaat
adjustment. { Weight Force| Spring Force >

Balance 1pso2gh
The Lucas CAV DPA/DPS fuel injection pump uses a B
coded spring connection to change the governor setting. N\ A .
Incorrect connection of the governor spring can affect = =
performance. D LR | i
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Fuel Control Lever Travel and Adjustment

The amount of fuel injected and subsequently the speed
and power from the engine is controlled by the fuel control &
lever. Restricted travel of the lever can cause low power.
Always check for full travel of the lever when diagnosing

a low power complaint.

ipSlvwa

Stanadyne DB4 Fuel Injection Pump Adjust-
ment Screw

The low idle adjustment screw on the DB4 fuel injection
pump is mounted on the control lever assembly. The
adjustment screw can be used to increase the idle speed
to compensate for accessory loading. The low idle ad-
justment screw must be adjusted by an authorized ser-
vice dealer and resealed..

NOTE: Never turn the idle adjusting screw out (reduce idle
speed) on the speed drop governor equipped fuel injection
pump; this can result in disengagement of the throttle lever
from the guide bushing.
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The high idle adjustment screw (A) is sealed. The ad-
justment screw on the DB4 fuel injection pump is mounted
on the control level assembly. The high idle adjustment
screw must be adjusted by an authorized service dealer.

The speed droop adjustment screw (B) is located above
the delivery head. The fuel pump governor sensitivity can
be adjusted to increase or decrease governor regulation.

Lucas CAV DPA/DPS Fuel Injection Pump
Adjustment Screws

The idle adjustment screw provides a stop for the lever at
low speed. The adjustment screw can be used to increase
idle speed for accessory loading or, if required, to lower
the idle speed. The high idle screw is sealed and must be
adjusted by an authorized repair shop, and then resealed.

A - Idle screw
B - High idle screw

Robert Bosch VE Fuel Injection Pump
Adjustment Screws

A - idle Screw
B - High ldle Screw

The high speed adjustment screw on both fuel injection
pumps provides the stop for full speed. The high speed
adjusting screws are sealed. Adjustment of this screw
must be performed only by an authorized fuel injection
pump service center, and then resealed.

The high speed adjusting screw can be used {o derate
engines.

Caution: The fuel control lever on the Robert Bosch VE
fuel injection pump is indexed to the shaft during pump
calibration. if the lever has been removed and reinstalled
incorrectly, engine speed and power will be affected.
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Manual Shut Down Levers

Both fuel injection pumps are equipped with mechanical
shut down levers. These levers are spring-loaded in the
run position. Not all applications will use these manual
shut down controls and there will be no cable or rod
connected to the lever.

NOTE: Partial actuation of the mechanical shut down levers
wiil affect fuel flow and engine power.

=S54 ROBERT BOSCH VE —

Low power or the inability to stop the engine with the
manual shut down control can be corrected by adjusting
the cable/rod length to permit stop-to-stop lever travel.

\\,__,_LUCAS CAV DPA /DPS tooivua

Low power or the inability to stop the engine with the
manual shut down control can be corrected by adjusting
the cable or rod length o permit stop-to-stop lever travel.

b

C—::m ‘
Stanadyne DB4:

O 5}-‘]—_0\ @ l by IPSUD

Advance Timing Mechanism

Regulated pressure produced by a vane supply pump in
both fuel injection pumps is used to advance the timing
as the engine speed increases. A return spring is used to
retard the timing as the engine speed is reduced. If a
spring should break, the timing will go to the advance
position resulting in torque loss, a fuel knock and possible
engine overheating.

Retarded (late) timing will result in torque loss, high fuel
consumption and white to black smoke.
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The Lucas CAV DPA/DPS advance timing mechanism
uses a check ball in the circuit which, if omitted during
assembly, will result in no timing advance. If the fuel
injection pump has been replaced or the mechanism has
been removed to fix a leak, the problem can be that the
check ball is missing.

Electrical Shut Off Valves

The fuel injection pumps are equipped with electrical shut
off valves. These solenoid-operated valves block the sup-
ply of fuel to the high pressure pumping and distribution
componenis.

The Robert Bosch VE shut off valve is located at the top,
rear of the pump.

The Lucas CAV DPA/DPS shut off valve is located at the
bottom rear of the pump.

Both 12 and 24 volt activate-to-run and activate-to-stop
solenoids are available.

The Stanadyne DB4 shut down solenoid is located under
the governor cover.

Both 12 volt and 24 volt energize-to-run and energize-to-
stop solenoids are availablie.
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Test the shutdown solenoid on the Stanadyne DB4 fuel
injection pump by applyng an electrical current to the
terminals and listening for an audible “‘click’. If a solid
“click’ is heard, the solenoid is operating freely.

Caution: Do not check energize-to-run solenoid opera-
tion with governor cover removed from the fuel injection
pump.

Use the following values to check energize-to-run sole-
noids with an ohmmeter:

Stanadyne DB4 Solenoid
Volts to Energize

Volts {Minimum)
12 8.8
24 17.6

When the valve on the Lucas CAV DPA/DPS pump opens,
a ‘““click” can be heard.

Use the following values to check the solenoid with an
ohmmeter.

CAV Solenoid Values

Resistance Volts to Energize
Volts Ohms {(Minimum)
12 9 @ 22°C [71.6°F] 9
24 36 @ 22°C [71.6°F] 18

200we

The Robert Bosch valve does not make a very audible
sound when actuated, but it can be checked with an
ohmmeter for the following values:

Robert Bosch Resistance Peak
Shut Down Values Ohms Amperes -
12 Volt 74 + 05 2
24 Volt 295 + 25 1 J’\ - \
V ‘ E"- .,J:':x.f - ,;\:‘,‘ ; kot
!; § Frerm E{ ;:: i}iﬁpm
I N I = v

Caution: Do not connect the electrical wire to the so- ﬁ
lenoid when the plunger has been removed. Without the
plunger, the valve can be damaged.

Malfunctioning valves and electrical wiring to the valve
can be diagnosed by removing the plunger and spring,
then reinstall the solenoid.

{5800ba
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Caution: Use the mechanical shut down lever to stop the
engine.

If the engine will start without the valve, the valve or the
wiring to the valve is malfunctioning.

This method of removing the plunger to start the engine
can be used if necessary to move the equipment to a
service location.

Delivery Valves (Back Leakage Valves On
Lucas CAV Pumps)

There is a valve for each discharge tube. The purpose of
the valve is to control the residual pressure in the high
pressure line. A malfunctioning valve will cause an im-
balance of the residual pressure resulting in rough engine
operation or surging.
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Stanadyne DB4 (Generator Application) (5-06)

Speed Droop Governor - Adjustment

Governor regulation of 3 psrcent to 5 percent can be attained with the speed droop governor. Precise control of
governor regulation is done by decreasing or increasing the effective length of the governor controil spring, this
also decreases or increases the spring control spring rats. The governor control spring is threaded into an adjusting
cap assembly and is referred to as the control rod assembly. By turning the adjusting cap in the clockwise direction,
as viewed from the fuel transfer pump end, the conirol rod spring shortens and becomes less sensitive, thereby
increasing governor reguiation. Turning the adjusting cap in the counter-clockwise direction increases the control
rod spring length and sensitivity which will decrease governor regulation.

The exiernal speed droop adjustment screw, located at the rear of the fuel injection pump housing, controls the
governor sensitivity. The droop screw adjustment varies the governor regulation by changing the effective spring
rate. This adjustment will affect both full load and no load frequency settings and may require that the high speed
stop screw be reset.

Speed droop adjustments must be made while the engine is operating. After each adjustment of the droop screw,
the engine must be shut down briefly in order to aliow the governor spring o unload and the adjusting mechanism
to seek its final position in the spring.. Turning the screw in shortens the control spring, making it less sensitive
and increases speed droop. Turning the adjusting screw out has the opposite effect. Speed droop is the fuel
injection pump’s ability to respond to changing sngine loads.

Adjust the governor as follows:

s, INCREASE

% DECREASE

ipBoua

Speed Droop Adjustment
1. Operate the engine until normal operating temperature is obtained (195°F).

Note: If serious surging occurs during the warm-up period, turn the speed droop adjusting screw clockwise until
the surging siops.

2. When the engine reaches operating temperature, position the throttle to attain rated speed and apply 100 percent
load. Adjust the throtile position as necessary to obtain 100 percent performance.

3. Remove the load and check for the specified no-load or, in the case of a generator set, note the frequency. If the
no-load speed is incorrect, loosen the locking cap and adjust the speed droop adjusting screw (clockwise for
increased droop, counter-clockwise for less droop). If surging occurs when the load is removed, turn the adjusting
cap clockwise to eliminate the surge. Tighten the locking cap to secure the adjusting screw.

Note: When the speed droop adjustments are made, it is necessary to adjust the throtile position,
4, Check the 100 percent load and no-load performance again and make adjusiments as necessary,
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Cold Start Timing Advance System (KSB) - Wax Motor Style (5-07)

The wax motor style KSB is used on pre-1891 B series automotive engine ratings using the Bosch VE fuel pump.

NOTE: The electrical solenoid style KSB is used on 1991 model and newer B series atuomotive engine ratings using
the Bosch VE fuel injection pump. See Procedure (5-08), Cold Start Timing Advance System (KSB) - Electrical Solenoid
Style, for additional information.
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Wax Motor Style KSB Electrical Solenoid Style KSB
Note: Temperature switch is located in coolant jacket.  Note: Temperature switch is located in intake manifold.

Need For KSB on 1988 VE Pumps

1988 emission requirements prompted the need for a cold start timing advance system (KSB) to minimize white
smoke.

After the engine starts, the wax motor style KSB fully advances the ignition timing at low idle until the engine warms
up. The KSB is not functional after the engine reaches 160°F coolant temperature.
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VE Pump Timing Advance Principles (Without KSB)

Pump housing pressure acts on an internal timing piston (1), Figure 1, to partially advance the injection timing at
idle, and fully advance the timing when the engine RPM reaches approximately 60% of rated speed. As pump
pressure increases, timing advances.

The pump housing pressure is controlled by the pressure regulator valve (2) (a spring loaded slider vaive). The
valve is shown in the open and closed position.

When housing pressure is low, the spring (3) forces the slider (4) into the closed position. This permits the housing
pressure to increase by preventing fuel draining through the return passage (5).

As housing pressure increases, it forces the slider (4) to compress the spring (3). This action opens the return
passage (5) and relieves the housing pressure.

A relief port (6), located on the spring side of the slider valve, allows fuel that seeps past the slider (4) to drain.
Relief port drainage is necessary to avoid a hydraulic lock of the slider valve, which would render the pressure
regulator valve (2) inoperable. In fact, it is this characteristic that is used in conjunction with the KSB to advance
the timing during cold engine operation.

Closed

VE Pump
without KSB

Housing Pressure
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* Advanced Plston Assembly
Rotated 90 Degrees for Clarity
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Figure 1, VE pump timing, regulated by opening and closing the pressure regulator valve.
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VE Pump Timing Advance Principles (With Wax Motor KSB Installed)

The KSB introduces a new fuel line (1), Figure 2, which routes fuel from the relief port (2) of the pressure regulator
valve (3) to a pressure holeing valve (4), bypassing the normal return passage (6), Figure 1.

The pressure holding valve (4), Figure 2, is closed when the engine is cold. When the engine starts, the pressure
regulating valve (3) attempts to regulate fuel pressure as before (without KSB) but the fuel from the relief port (2)
now meets a ‘dead end’ at the closed pressure holding valve (4). This action hydraulically locks (closes) the pressure
regulator slider valve (4), Figure 1.

Housing pressure (5), Figure 2, is not regulated because the pressure regulator valve (3) is inoperable and so the
pressure continues to increase. This action fully advances the timing. The timing remains fully advanced until the
pressure holding valve (4) is opened.

The pressure holding valve (4), Figure 3, is opened by the expansion of an internal wax peliet (6). When the wax
peilet expands, it causes the pin (7) to extend and open the pressure holding valve (4). The wax pellet is expanded
by a resistance heating element. This element is wired to the shut down solenoid valve (8) and receives current
when a thermal switch (9) in the engine block is closed. This swiich actuates at 160°F.

Fuel from the relief port of the pressure regulating valve now has a drain path (10} through the pressure holding
valve (4) (which is now open) to an alternate drain. The pressure regulator valve resumes normal operation and

the injection timing is regulated accordingly.

Normally Open Normally Open
Coolant Temp Switch (160°) Coolant Temp Switch (160°)
To Thermal
From Key —— Switch in From Key

Switch 7=\ Block Switch
) I

To Thermal
Switch in
Block

f8502¢a

Figure 2, Cold engine operation (pressure holding valve Figure 3, Warm engine operation (pressure holding valve
closes, no pressure regulation, advanced timing). open, pressure regulator valve regulates pressure, nor-
mal timing).
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KSB Hardware Definition

There are currently two versions of pump mounted wax motor style KSBs released in the Cummins system and
one remote mounted version. The remote mounted option is necessary in applications where the pump mounted
KSB causes interference (i.e. with the air compressor, etc.).

Pump Mounted KSBs

The early pump mounted KSB is a different design using two control lines. The two line version was superseded
in mid-1988 with a one control line version which is the current design used for both production and service.

There is no remote mount hardware available for the two control line KSB so they cannot be remote mounted.

i

-—  ¢5900gx

Two Control Line KSB

1. KSB (one control line).

2. Wiring Harness
Part Number 3918364 (4B)
Part Number 3918431 (6B).

3. 160°F Temperature Switch
Part Number 3915945

Pump Mounted Wax Motor Style KSB
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Remote Mounted KSB

The remote mounted KSB is used on B series automotive
engines which have an air compressor.

Caution: Most pumps will have a shim between the KSB
and the timing piston. This shim must be reassembled
between the cover plate and the timing piston. If this
shim sticks to the KSB and is installed with the remote
mounting hardware, it wili block the regulating valve
drain path and damage the pump. This damage is usually
evidenced by a fuel leak.

The four cylinder engine using remote mounting requires
the temperature switch to be installed in the cylinder head
as illustrated.
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Troubleshooting The Wax Motor Style KSB
27 mm

Remove the tempserature switch.

Caution: The switches are not interchangeable. White
smoke will be present if the wrong temperature switch is
used.

Notes:

1) The wax motor KSB (used on pre-91 engines) uses a
160°F [71°C] normally open coolant temperature
switch, Part No. 3915945,

2) The electrical solenoid style KSB (used on 91 modeils
and newer) uses a 90°F [32°C] normally closed intake
manifold temperature switch, Part No. 3921642.

The operation of the temperature switch for the wax motor
style KSB can be checked by connecting a voit chmmeter
to the switch, placing the switch in water, and then heating
the water to 160°F [71°C].

Connect the VOM to the two pins on the left when viewed
with the plastic tang on top.

Check the water temperature with a thermometer.

The VOM should indicate an open circuit below 180°F
[71°C], and a closed circuit above 160°F [71°C].

Replace the switch if necessary.

A

Cold Start Timing Advance System (KSB) - Wax Motor Style (5-07)
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KSB Wiring Harness - Inspection (5-08)
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cs9swmb

12 Volts

cs9swvd

cs9swmb

Fuel Pump Shutdown
Solenoid Connector

KSB Wax Motor
Connector

Metro-pack
Connector

€s800wd
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KSB Wax Motor Element
22 mm

Loosen and remove the KSB electrical element from the
KSB housing.

Apply 12 volis to the electrical terminal and a ground strap
to the hexagonal portion of the element. Observe for
extensional movement of the plunger. If the plunger does
not move after approximately one minute, check to make
sure the element has been correctly connected to ground.
If all connections are correct and the plunger does not
move, the element is defective and must be replaced.

NOTE: The amount of plunger movement will vary depend-
ing upon the ambient temperature.

22 mm

Install the original element or a replacement into the KSB
housing.

Torque Value: 22 Nem [16 fi-Ib]

KSB Wiring Harness - Inspection

(5-08)

The wiring harness used on the wax motor style KSB can
be inspected using a volt/ohm meter.

NOTE: Pin ‘C’ of the metro-pack connector is blank on the
wax motor style KSB wiring harness.
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Use a volt/ohm meter to perform a continuity check be-
tween port ‘A’ of the metro-pack connector and the female
spade connector at the fuel pump shut down solenoid:
connector.

Repair the wire if there is an open circuit.
Ohms Resistance - Less than 10.

Use a volt/ohm meter to perform a continuity check be-
tween Port ‘B’ of the metro-pack connector and the fe-
male spade connector at the KSB wax motor connector.

Repair the wire if there is an open circuit.
Ohms Resistance - Less than 10.

KSB Wiring Harness - inspection (5-08)
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Cold Start Timing Advance System (KSB) - Electrical Solenoid Style (5-09)

The electrical solenoid style KSB is used on 1991 model and newer B series automotive engine ratings using the
Bosch VE fuel pump.

Note: The wax motor style KSB is used on pre-1991 B series automotive engine ratings using the Bosch
VE fuel pump. See Section (5-07), Cold Start Timing Advance System (KSB) - Wax Motor Style, for additional
information.

1 ©s900gs cs800gt

Wax Motor Style KSB Electrical Solenoid Style KSB
Note: Temperature switch is located in coolant jackgt. Note: Temperature switch is located in intake manifold.
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VE Pump Timing Advance Principles (Without KSB)

Pump housing pressure acts on an internal ’umtng piston (1), Figure 1, to partially advance the injection timing at
idle, and fully advance the timing when the engine RPM reaches approx1mately 60% of rated speed. As pump
pressure increases, timing advances.

The pump housing pressure is controlled by the pressure regulator valve (2) (a spring loaded slider valve). The
valve is shown in the open and closed position.

When housing pressure is low, the spring (3) forces the slider (4) into the closed position. This permits the housing
pressure to increase by preventing fuel drainage through the return passage (5).

As housing pressure increases, it forces the slider (4) to compress the spring (3). This action opens the return
passage (5) and relieves the housing pressure.

A relief port (6) located on the spring side of the slider valve, allows fuel that seeps past the slider (4) to drain. Relief
port drainage is necessary to avoid a hydraulic lock of the slider valve, which would render the pressure regulator
valve (2) inoperable. In fact, it is this characteristic that is used in conjunction with the KSB to advance the timing
during cold engine operation.

Closed

VE Pump
without KSB

Housing Pressure

"\/\/\/\/\/\Z—m-

J

I
* Advanced Piston Assembly ‘-é‘ ° ]
Rotated 90 Degrees for Clarity 5

Figure 1, VE pump timing, regulated by opening and closing the pressure regulator valve.
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VE Pump Timing Advance Principles (With Electrical Solenoid KSB Installed)

The KSB introduces a new fuel line (1), Figure 2, which routes fuel from the relief port (2) of the pressure regulator
valve (3) to the plunger end (6), Figure 3, of the electrical solenocid, bypassing the normal return passage (6}, Figure
1.

With-the key switch on, current flows from the key switch line to the 90°F normally closed intake manifold switch
to the 12V electrical KSB solenoid (see Figure 2). When the engine starts, the pressure regulating valve (3) attempts
to regulate fuel pressure as before (without KSB) but the fuel from the relief port (2) now meets a ‘dead end’ at
the plunger of the KSB soienoid (6), Figure 3. With the key switch on, the plunger moves outward and closes off
the flow path of the fuel (8), Figure 3. This action hydraulically locks (closes) the pressure regulator slider valve
(4), Figure 1.

Housing pressure (5), Figure 2, is not regulated because the pressure regulator valve (3) is inoperable and so the
pressure continues to increase. This action fully advances the timing. The timing remains fully advanced until the
plunger (8), Figure 3, is opened and fuel is allowed to drain through fuel drain flow path (8), Figure 3.

When the intake manifold temperature reaches 80°F, the 80°F normally closed IMT switch opens and voltage is
no longer applied to the KSB solenoid (10). With no voltage applied to the KSB solenoid (13), fuel pressure
overcomes the plunger force and pushes the plunger back to open the fuel drain flow path (8).

Fuel from the relief port of the pressure regulating valve now has a drain path (8), Figure 4, past the KSB solenoid
plunger (8), Figure 4 (which is now open) to the drain. The pressure regulator valve resumes normal operation and
the injection timing is regulated accordingly.

The electrical solenoid style KSB is also equipped with a pressure relief valve (7), Figure 3. If the engine is taken
to high idle with the KSB solenoid plunger in the closed position (6), Figure 3, housing pressure can increase
enough to rupture the fuel pump housing. The pressure relief valve (7), Figure 3, will pop off its seat before this
occurs, however. At a pressure of 4 bar (60 psi), the pressure relief valve (7), Figure 3, opens and allows fuel to
drain through an alternate flow path (9), Figure 3.
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Cold Start Timing Advance System (KSB) - Electrical Solenoid Style (5-09)
Page 5-39

VE Pump Timing Advance Principles (With Electrical Solenoid KSB Installed)

Normally Closed 90° F Intake

From Key | Manifold Temperature (IMT)

Switch

To Thermal
Switch in
Intake Manifold

\‘V

o)

~ T

Electrical
Solenoid
KSB 1p900gh

Figure 2: Bosch VE Fuel Pump With Electrical Solenoid KSB

From
1 IMT Switch 1

6 i1

10 AN

Figure 3: Cold Engine Operation (Less
Than 90°F IMT), Advanced Timing

From
IMT Switch

i0

1p800gl

Figure 4: Warm Engine Operation (More
Than 90°F IMT), Retarded Timing
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Two types of electrical solenoid style KSB valves are avail-
able.

The first type is the pump mounted KSB, as shown.

. :

&
=
=

a— M.mum\\,\\\\\\g)
i

The second type is the remote mounted KSB, as shown.

The remote mounted KSB is used on B series automotive
engines which have an air compressor.

Caution: Most pumps will have a shim between the KSB
and the timing piston. This shim must be reassembled
between the cover plate and the timing piston. If this
shim sticks to the KSB and is installed with the remote
mounting hardware, it will block the regulating vaive
drain path and damage the pump. This damage is usually
evidenced by a fuel leak,

Both the 4 and 6 cylinder have the temperature switch
mounted in the intake manifold as shown.

'ml !.mm\\\\\p\\\al
e
L)
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Troubleshsooting the Electrical Solenoid
Style KSB

27 mm
Remove the temperature switch from the intake manifoid.

s

Caution: The switches are not interchangeabie. White
smoke will be present if the wrong temperature switch is
used.

Check the part number to be sure the correct temperature
switch is used.

NOTE: The electrical solenoid style KSB (used on 91 models
and newer) uses a 90°F [32°C] normally closed intake man-
ifold temperature switch, Part No. 3921642.

Part
Number

c©5900gv

Although the electrical solenoid style KSB uses an intake
manifold temperature switch, the operation of the switch Plastic Tang Part Number
can be checked by connecting a volt/ohm meter to the 3920598
switch, placing the switch in ice water, and then heating
the water to 90°F [32°C].

Connect the VOM to the two ouiside pins of the temper-
ature switch.

Not Used

cs8swwa

Check the water temperature with a thermometer.

The VOM should indicate a closed circuit below 90°F
[82°C] and an open circuit above 90°F [32°C].

Replace the switch if necessary.
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c$900ma

12 Volts

¢s9swve

KSB Electrical Solenoid - Inspection
24 mm

&

Remove the KSB electrical solenoid from the KSB housing.

Apply 12 volts to the electrical terminal and ground the
hexagonal portion of the element. The magnetic coil of the
solenoid must push the plunger outward.

If the plunger does not push outward when voltage is
applied, the solenoid is defective and must be replaced.

cs900ma

cs8vama

24 mm

Install the original solencid or a replacement into the K&SB
housing.

Torque Value: 22 Nem  [16 fi-Ib]

17 mm

R

Remove the pressure relief valve.
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Thoroughly flush the pressure relief valve with cleaning
solution.

Use a very small screwdriver to be sure the check ball is
not sticking.

NOTE: A sticking or malfunctioning pressure relief valve will
result in either white smoke or a ruptured fuel pump housing.

Replace the pressure relief valve assembily if necessary.

17 mm

Install the original pressure relief valve or a replacement
into the KSB housing.

Torque Value: 13 Nem [10 fi-Ib]

KSB Wiring Harness - Inspection

Engines with CPL 1579 do not have a resistor in the
harness.

Q]

Cold Start Timing Advance System (KSB) - Electrical Solenoid Style (5-09)
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w7z 2.
8 2as:

KSB Electrical
Solenold Connector

Metro-pack
Connector

¢s800we

3 Ohm
Resistor

KSB Electrical
Solencid Connector

590002

KSB Electrical

B Series

Engines with CPL 1351 must be wired with the resistor
in the harness.

The wiring harness used on the electric solenoid style
KSB can be inspected using a volt/ohm meter.

NOTE: Pin ‘B’ of the metro-pack connector is blank on the
electric solenoid style KSB wiring harness.

The electric solenoid style KSB wiring harness contains
a 3 ohm resistor in the wire leading from Port ‘C’ of the
metro-pack connector to the KSB electrical solenoid con-
nector.

The 3 ohm resistor is mounted to a bracket which is used
as a ‘heat sink’ to absorb heat that is generated by the
resistor.

Use a volt/ohm meter to perform a continuity check be-
tween Port ‘C’ of the metro-pack connector and the KSB
electrical solenoid connector.

Repair the wire if there is an open circuif.
(Spec = Less than 10 ochms).
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Use a volt/ohm meter to perform a continuity check be-
tween Port ‘A’ of the metro-pack connector and the fuel
pump shut down solenoid connector.

Repair the wire if there is an open circuit.
(Spec = Less than 10 ohms).

Fuel Injection Pump (In-Line Type) -
Troubleshooting (5-10)

Beginning in 1991, the B series engine used the Bosch
P7100 in-line fuel injection pump on higher horsepower
automotive ratings. In 1994 all automotive 6B series en-
gines will use the Bosch P-7100 in-line fuel injection pump.

The B series engine also uses the Nippondenso EP-9
with RSV governor on 250 and 300 horsepower marine
rating.

Refer to the B Series Marine Operation and Maintenance
Manual, Bulietin No. 3810468, for additional information.

The fuel injection pump performs the three basic func-
tions of:

1) Producing the high fuel pressure required for injec-
tion.

2) Metering the exact amount of fuel for each injection
cycle.

3) Delivering the high pressure metered fuel to each
cvlinder at the precise time.

Fuel Injection Pump (In-Line Type) - Troubleshooting (5-10)

Page 5-45

Fuel Pump Shutdown
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Balance

Spring Force | Welght Force

fp8Goke

fe900ka

{o8lvna

B Series

Individual plungers are used in the pumps to develop and
distribute the high pressure required for injection.

A worn or damaged plunger in the pump will affect only
one cylinder.

Governor Malfunctions

Balance between the governor flyweights and control le-
ver position controls the metering of the amount of fuel to
be injected.

The pump governor performance and setting can affect
engine power. Special squipment and qualified personnel
are required to verify governor performance. If the seals
are broken on the external adjustment screw, the fuel rate
may be out of adjustment.

Air Fuel Control (AFC) Malfunctions

The RQVK governors are equipped with an air fuel control
(AFC) device to help control emissions. The AFC regu-
lates the fuel to air mixture by sensing manifold pressure.
A malfunction of the AFC can cause low power or exces-
sive exhaust smoke under load. Leaks at the fittings or a
restriction in the tube from the intake manifold to the AFC
can also cause low power.

Fuel Control Lever Travel and Adjustment

The amount of fuel injected and subseguently the speed
and power from the engine is controlied by the fuel control
lever. Restricted travel of the lever can cause low power.
Always check for full travel of the lever when diagnosing
a low power complaint.
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Fuel Injection Pump ldie Adjustment Screws

The idle adjustment screw provides a stop for the lever at
low speed. The adjustment screw can be used toincrease
idle speed for accessory loading or, if required, to lower
the idie speed.

The high speed screw is set at the factory and can only
be adjusted at a certified fuel pump shop.

A - ldle Screw
B - High Idle Screw

Shut Down Solenoid (In-Line Type
Injection Pump) - Troubleshooting
(5-11)

Engines using the Bosch P7100 fuel injection pump with
the RQVK governor are equipped with the synchro-start
fuel shut off solenoid to actuate the shut off lever. Both 12
volt and 24 volt external fuel shut off solenoids are avail-
able.

NOTE: Refer to Procedure (5-31), Fuel Shut Off Solenoid
Adjustment/Replacement - Bosch P7100, for instructions to
replace and adjust the synchro-start solenoid.

The synchro-start has a weatherpack connector with 3
wires in it.

Color Description Weatherpack Port
Black Ground T
White Pull In ‘B’
Red Hold In ‘A

Wiring Guidelines:

Refer to the chart below to find the correct gauge size and
length of continuous wire for the white (pull-in) wire, which
connects to the solenoid wiring.

Length of Wire
0-4.5 ft 0-7.0 ft 0-11 ft
Gauge 14 12 10

NOTE: 14 gauge wire is required for the red (hold-in) wire,
which connects to the ‘‘Run’’ terminal on the ignition switch.

NOTE: The black {(ground) wire must be the same size as the
white (pull-in) wire.

Shut Down Solenoid (In-Line Type Injection Pump) - Troubleshooting (5-11)

Page 5-47
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High Pressure Fuel Lines (5-12)
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Black to RBed - Hold In

Black to White - Pull In

iv900sa
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Solenoid Resistance Check

The synchro-start solenoid can be checked using a volt-
ohmmeter. Disconnect the wiring harness and check the
solenoid resistance.

Resistance
Solenoid Min Ohms
Voltage Pull-in Hold-in
12 0.22 11.1
24 0.82 41.3

Solenoid Voltage Check

If the synchro-start solenoid checks good, the problem is with
the wiring circuit to the solenoid.

To preform the solenoid voltage check, connect the wiring
harfnzlelss and apply voltage to the solenoid with the ignition key
as follows:

1. With the key in the run position check the voltage hold-in.

2. With the shut down lever held in the shut down position
move the key to the start position and check the pullin

voltage.
Battery Min Voltage
Voltage Pull-in Hold-in
12 8.5 4.0
24 13.0 8.0 v

High Pressure Fuel Lines (5-12)

Caution: The high pressure lines must be clamped se-
curely and routed so they do not contact each other or
any other components.

The high pressure fuel lines are designed and manufac-
tured to deliver fuel at injection pressure io the injectors.
The high pressure pulses will cause the lines to expand
and contract during the injection cycle.

Shown here are the high pressure fuel lines for distributor
type injection pump.

Shown here are the high pressure fuel lines for the Bosch
P7100 in-line injection pump.
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Do not weld or substitute lines; use only the specified
part number for the engine.

The length, internal size and rigidity of the lines is critical
to smooth engine operation. An attached metal tag is
used to identify each line with a part number.

ftgtbge

Caution: The pressure of the fuel in the line is sufficient
to penetrate the skin and cause serious bodily harm.

Use cardboard to check for cracks and leaks. With the
engine running, move the cardboard over the fuel lines
and look for fuel spray on the cardboard. Fuel leaks can

cause poor engine performance.

It is normal to have entrapped air in the fuel lines after
replacing the pump or the lines. Air in the lines will cause
the engine to run rough or produce a fuel knock.

Bleed the air from the high pressure line at the fitting that
connects the injector. Bleed one line at a time until the
engine runs smooth.

If the air cannot be removed, check the pump and supply
line for suction leaks.

30 Seconds

{6800sz




Injectors (5-13)
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Part Number

fis01ga

Fuel Drain
Manifold

High Pressure
Line

fig00ke

Fuel Drain
Manifold

fig00kd
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Injectors (5-13)
Caution: Use only the specified injector for the engine.

All engines use closed nozzle, hole-type injectors. How-
ever, the injectors can have different part numbers for
different engine ratings. The last four digits of the Cum-
mins part number are used to identify the injectors.

During the injection cycle, high pressure from the injec-
tion pump rises to the operating (pop) pressure which
causes the needle valve in the injector to lift. Fuel is then
injected into the cylinder. A shimmed spring is used to
force the needle valve closed as the injection pressure
drops below the pop pressure to seal off the nozzle after
injection.

Failure of the needle valve to lift and close at the correct
time or needle valve stuck open can cause the engine to
misfire and produce low power. Fuel leaking from the
open nozzle can cause a fuel knock, poor performance,
smoke, poor fuel economy and rough running.

To find which cylinder is misfiring, operate the engine and
loosen the fuel line nut at one injector and listen for a
change in engine speed.

A drop in engine speed indicates the injector was deliv-
ering fuel to the cylinder.

Check each cylinder until the malfunctioning injector is
found.

Be sure to tighten the fuel line nut before proceeding to
the next injector.
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Remove the malfunctioning injector to test or replace it.

If the engine continues to misfire after replacing the in-
jector, check for leaks in the high pressure line. Also
check for a defective delivery valve that lets the fuel drain
back into the injection pump.

Carbon build up in the orifices in the nozzle will also
cause low power from the engine. Remove and check the
spray pattern or replace the injectors.

Fuel Drain Manifold (5-14)

The fuel system is designed to use fuel to cool and lu-
bricate the injection pump and injectors. Fusl is contin-
ually vented from the injection pump and a small amount
of fuel leaks by the injector needle valve during injection.
This fuel is returned to the supply tank by the fuel drain
manifold.

Restriction of the fuel drain manifold can affect the Lucas
CAV DPA/DPS fuel injection pump metering controls and
the operation of the injectors. Restricting the fuel drain
manifold raises the case pressure of the fuel injection
pump which can prevent injection.

If the engine will restart after a waiting period following an
unexplained shut down, look for a restriction of the man-
ifold drain line.

NOTE: Restriction can cause the fuel temperature 1o rise
reducing power from the engine.

Fuel Drain Manifoid (5-14)
Page 5-81
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Venting the Fuel Systems (5-15)
Page 5-52
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Venting the Fuel Systems (5-15)

Controlied venting is provided at the injection pump
through the fuel drain manifold. Small amounts of air
introduced by changing the filters or injection pump sup-
ply line will be vented automatically if the fuel filter is
changed in accordance with the instructions.

However, manual bleeding will be required if:

The fuel filter is not filled prior to installation.

Fuel injection pump is replaced.

e 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.

Low Pressure Lines and Fuel Filter - Venting

10 mm
€

Open the bleed screw.

Operate the hand lever until the fuel flowing from the
fitting is free of air.

Tighten the bleed screw.

Torque Value: 9 Nem [7 fi-Ib]
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Injection Pumps - Venting

Air/fuel can be vented from the illustrated vent locations
on the Nippondenso EP-9 and the Lucas CAV fuel injec-
tion pumps. The Lucas CAV fuel injection pump requires
the fuel solenoid valve be energized before venting.

Loosen the vent screw and operate the priming lever on
the fuel transfer pump until fuel injection pump is primed.
Tighten the vent screw.

Caution: It is necessary to put the engine in the ‘“‘run”
position: Because the engine may start, be sure to follow
all the safety precautions. Use the normal engine start-
ing procedure.

Caution: When using the starting motor to vent the sys-
tem, do not engage it for more than 30 seconds at atime:
Wait two (2) minutes between engagements.

Air can also be vented through the fuel drain manifold line
by operating the starting motor.

High Pressure Fuel Lines - Venting
17 mm, 19 mm

Caution: The pressure of the fuel in the line is sufficient
to peneirate the skin and cause serious bodily harm.

Loosen the fittings at the injector, and crank the engine
to allow entrapped air {o bleed from the line. Tighten the
fittings.

Caution: Do not bleed a hot engine as this could cause
fuel to spill onto a hot exhaust manifold creating a dan-
ger of fire.

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

Venting the Fuel Systems (5-15)
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Fuel Filter - Replacement (5-16)
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Fuel Filter - Replacement (5-16)
E‘ 80 to 85 mm, Filter Wrench
g Remove the combination water separator/fuel filter.

s

80 to 95 mm, Filter Wrench
If used, remove the two filters from the dual filter adaptor.

axs

n 24 mm, Flat Blade Screwdriver

If a leak is found, remove the dual filier adapter and
replace the o-rings.

Torque Value: 32 Nem [24 fi-Ib]

R

Fill the new filter(s) with clean fuel.
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Lubricate the seal with clean lubricating oil.

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

Install the filter as specified by the filter manufacturer.

91 model and newer automotive B series engines that are
equipped with the Bosch P7100 in-line fuel injection pump
have the fuel filter mounted at the rear of the intake
manifold as shown.

Low Pressure Fuel Line Replacement -
Distributor Pumps (5-17)

14 mm and 17 mm

Remove theline from the fuel transfer pump and fuel filter
head.

Low Pressure Fuel Line Replacement - Distributor Pumps (5-17)

Page 5-55
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Low Pressure Fuel Line Replacement - Bosch P7100 Fuel injection Pump (5-18)
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When replacing fuel lines, replace banjo fitting seal-
ing washers (1) each time they are removed.
Install the fuel line and tighten the fittings securely.

10 mm
Bleed the fuel line by opening the banjo bleed screw.

10 mm

Operate the hand lever until the fuel flowing from the
fitting is free of air.

Tighten the bleed screw.

Low Pressure Fuel Line Replacement -
Bosch P7100 Fuel Injection Pump
(5-18)

14 mm, 20 mm

@@ Remove the fuel line from the piston style fuel transfer

pump.
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12 mm
Remove the fuel drain manifold line at the filter head.

17 mm
Remove the fuel line from the filter head.

17 mm, 12 mm, 14 mm, 20 mm

When replacing fuel lines, replace banjo sealing wash-
ers (1) each time they are removed.

Install the fuel line in the reverse order of removal.

ftgtbhe

10 mm, 17 mm
Bleed the fuel line by opening the banjo bieed screw.

f19tbwb




Fuel Injection Pump Supply Line Replacement - Distributor Type Pumps (5-19)
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Section 5 - Fuel Systems
B Series
10 mm, 17 mm

Operate the priming button on the fuel transfer pump until
the fuel flowing from the fitting is free of air.

Tighten the bleed screw.

Fuel Injection Pump Supply Line
Replacement - Distributor Type Pumps
(5-19)

17 mm

Remove the bieed screw banjo fitting and complete the
following steps.

14 mm and 17 mm

Remove the fuel line from the Bosch fuel injection pump
fitting.

NOTE: To prevent loosening the fuel injection pump inlet
fitting, use two wrenches when removing the fuel supply line.

14 mm, 16 mm, 19 mm and 24 mm

Remove the fuel supply line assembly from the two Lucas
CAV fuel injection pump fittings.

NOTE: Replace the seals in the fittings if the line is
disassembled.
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17 mm T

- ngn
Install the fuel supply line in the reverse order of removal. ,(@\\ oAl ~_ [ A\;\\\\

Tighten the fuel line securely to the fuel injection pump r r \ (R \“"5 s
L2 L= 4 \ iy TSy
fittings. < te‘;, 'h N &\\\\w\\‘(‘yj ‘Kyy

Banjo Screw Torque Value: 32 Nem [24 fi-Ib]

Operate the hand lever 10-20 strokes to fill the fuel supply
line.

| ffopgva

Fuel Injection Pump Supply Line
Replacement - Bosch P7100 Pump

(5-20)
17 mm

Remove the banjo capscrew and sealing washers at the
filter head.

19 mm

Remove the banjo capscrew and copper sealing washer
at the fuel injection pump iniet.

ftecama
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n 17 mm, 19 mm
Install in the reverse order of removal.

s

ft9csha

Fuel Transfer Pump Replacement -
Diaphragm Style (5-21)

Preparatory Step:

e Disconnect the low pressure fuel lines.

E‘ 10 mm ;
Remove the fuel transfer pump and complete the follow-

ing steps.
&

{s300me

Clean the mounting surface on the cylinder block.

fsShseb
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10 mm
Install the fuel transfer pump with a new gasket.
Torque Value: 24 Nem [18 ft-Ib]

13900nt

14 mm and 17 mm

Install the low pressure fuel lines.

10 mm

Open the banjo bleed screw to bleed the low pressure fuel
line.

10 mm

Operate the hand lever until the fuel flowing from the
fitting is free of air.

Tighten the bleed screw.

fif@pova




Fuel Transfer Pump Replacement/Rebuild - Piston Style (5-22) Section 5 - Fuel Systems
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Inlet Fitting

Hand Prime
Fitting
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B Series

Fuel Transfer Pump Replacement/
Rebuild - Piston Style (5-22)
Preparatory Step:

e Clean debris from the fuel line fittings and the fuel
transfer pump.

Removal
14 mm, 17 mm, 20 mm Wrench

Disconnect the fuel line from the fuel transfer pump and
fuel filter head.

Use two wrenches to disconnect the fuel line from the fusl
transfer pump.

10 mm Wrench
Remove the fuel fransfer pump.
Clean the mounting surfaces on the cylinder block.

20 mm, 26 mm Wrench

Caution: The hand-prime filting and inlet fitting are
spring loaded. Sudden removal of these two fittings can
cause personal injury.

Secure the fuel transfer pump in a vise, taking care not
to damage the pump housing.

Remove the rubber boot from the hand-prime fitling.
Remove the three illustrated fittings.
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Remove all internal components of the fuel transfer pump.

NOTE: Make sure the check valve gaskets are removed from
the inlet fitting.

(A) Outlet Fitting(B) Inlet Fitting
(B) Inlet Fitting
(C) Hand Primer Fitting

Cleaning

Thoroughly flush the fuel transfer pump with a cleaning
solution to remove any debris.

Assembly
20 mm, 26 mm Wrench

Assemble the fuel transfer pump with the new compo-
nents supplied in the rebuild kit.

Check valves

Check valve gaskeis

O-ring seal

Outlet fitting/check valve

*O-ring seal (25 mm)

*Q-ring seal (30 mm) or (25 mm)

IR S e

* O-ring required is determined by the size of the inlet
fitting. Discard unused o-ring.

NOTE: Extreme caution must be used to make sure the
check valves are installed to open in the direction of the fuel
flow.

improper installation of the check valves will result in low
power from the engine.

&

Fuel Transfer Pump Replacement/Rebuild - Piston Style (5-22)
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High Pressure Fuel Line Replacement - Distributor Type Pumps (5-23)
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Place the fuel transfer pump in a vise and torque the
fittings to the following values:

(A) Outlet Fitting 30 Nem [22 fi-lb]
(B) Hand-Prime Fitting 30 Nem [22 ft-1b]
(C) Inlet Fitting 30 Nem [22 ft-1b]

Installation
10 mm

Caution: Aliternately tighten the mounting capscrews.
As the capscrews are tightened the fuel transfer pump
plunger is pushed into the pump. Failure to tighten the
capscrews in an even manner can result in the plunger
being bent or broken.

Install the pump.
Torque Value: 24 Nem [18 ft-lb]

14 mm, 17 mm, 20 mm Wrench

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

pump.
Torque Value: 24 Nem [18 fi-lb]

Refer to Procedure 5-15 for venting the low pressure fuel
lines.

High Pressure Fuel Line Replacement
- Distributor Type Pumps (5-23)
17 mm

Disconnect the high pressure fuel lines from the injectors
and complete the following steps.

NOTE: Thoroughly clean area around fuel lines before
removal.
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B Series

10 mm

Remove the fuel line clamp capscrews from the intake
cover.

14 mm and 17 mm
Remove the fuel lines from the fuel injection pump.

NOTE: Use two wrenches to prevent the delivery valve holder
from turning.

10 mm
Assemble the fuel lines in the reverse order of removal.

Torque Value: 30 Nem [22 fi-Ib]

Warning: Do not bleed a hot engine as this could cause
fuel to spill onto a hot exhaust manifold creating a dan-
ger of fire.

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

ftgbkma
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High Pressure Fuel Line Replacement - Bosch P7100 Pump (5-24) Section 5 - Fuel Systems

Page 5-66

B Series

High Pressure Fuel Line Replacement
- Bosch P7100 Pump (5-24)

Preparatory Steps:
e Clean debris.

ﬂ 19 mm
q NOTE: If individual fuel lines are to be replaced, remove the
support clamp from the set of fuel lines containing the line

@ to be replaced.

Disconnect the fuel line(s) from the injectors.

10 mm
q Remove the fuel line clamp capscrews from the intake

@@ cover.

19 mm
S Disconnect the fuel line(s) from the fuel injection pump.

R



Section 5 - Fuel Systems Fuel Drain Manifold Replacement - Distributor Type Pumps (5-25)

B Series

if removed, reinstall the support clamp in the original

position and make sure the lines do not contact each.

other or another component.

Loosen the vibration isolator capscrews so the fuel lines
can be easily moved. '

NOTE: To prevent breakage to the fuel lines, they must be
connected to the injector and fusl injection pump in a ‘‘free
state’” without forcing the connecting nuts. Since the fuel
lines are properly sized for specific application, bending
should not be necessary.

Install the fuel lines in the reverse order of removal.

Torque Value:

(Line Fittings) 30 Nem [22 ft-Ib]
(Support Clamp) 6 Nem [ 4 ft-Ib]
(Support Bracket) 24 Nem [18 fi-Ib]

NOTE: The inside holes of the intake manifold are drille
through and require liquid teflon sealant. :

Fuel Drain Manifold Replacement -
Distributor Type Pumps (5-25)

10 mm

Remove the capscrews from the hold-down clamps and
complete the following steps.

10 mm
Remove the banjo fitting screws and washers.

Page 5-67
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Fuel Drain Manifold Replacement - Distributor Type Pumps (5-25) Section 5 - Fuel Systems
Page 5-68 B Series

17 mm
'i Disconnect the fuel drain line fittings.

Assemble the fuel drain line and fuel drain manifoid in the
qap
%\7 reverse order of disassembly.

NOTE: Use new seals for the fittings.

' ftgtbhg

The installation torque for the banijo fitting screw is 9 Nem

t»gng 7 ft-Ib).
NOTE: Use new sealing washers for the fuel drain manifold.

{t9waha

The installation torque for the clamp capscrews is 24 Nem
[18 ft-Ib].

fs9osma
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B Series

Fuel Drain Manifold Replacement -
Bosch P7100 (5-26)
Preparatory Steps:

e Clean debris.

10 mm, 12 mm

Remove the banjo capscrews and copper sealing wash-
ers at the fuel filter head.

Remove the fuel line support bracket capscrew from the
intake manifold.

10 mm

Remove the banjo capscrews and copper sealing wash-
ers from the injectors.

Install the fuel drain manifold in the reverse order of re-
moval.

Torque Value:

¢ injector Banjo 9 Nem [ 7fi-lb]
e Fuel Filter Head 13 Nem [10 fi-Ib]

NOTE: The fuel line support bracket capscrew in the intake
manifold requires liquid teflon sealant.

Pressure Relief Valve Replacement -
Bosch P7100 (5-27)

19 mm

Remove the pressure relief valve and copper sealing
washer.

Fuel Drain Manifold Replacement - Bosch P7160 (5-26)
Page 5-69




Air Fuel Control Tube Replacement - Bosch VE Pump (5-28)
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Section 5 - Fuel Systems
B Series

Use a small screwdriver to check that the check ball is not
sticking in the high pressure relief valve assembly.

Caution: A sticky check ball will result in engine low
power.

Thoroughly flush the high pressure relief valve with clean-
ing solution.

ﬂ 10 mm, 19 mm
Install the high pressure relief valve assembly in the re-

db verse order of removal.
I,

Air Fuel Control Tube Replacement -
Bosch VE Pump (5-28) ‘

12 mm, 1/2 inch

Remove the fuel tube from the manifold fitting and from
the pump. '

NOTE: Use new sealing washers when installing the tube.
Assemble in the reverse order of removal.



Section 5 - Fuel Systems Air Fuel Control Tube Replacement - Bosch P7100 Pump (5-29)
B Series Page 5-71

Air Fuel Control Tube Replacement -
Bosch P7100 Pump (5-29)

13 mm
Remove the AFC tube.

= N feStbmb

Inspect the rubber sealing washers and replace as
necessary.

fthavsa

Install the AFC tube in the reverse order of removal.
Torque Value: 24 Nem [18 ft-ib]

Fuel Shut Off Valve Replacement -
Bosch VE (5-30)

8 mm

Remove the electrical wire and complete the following
steps.

Cr——a:[j
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Fuel Shut Off Valve Replacement - Bosch VE (5-30) Section 5 - Fuel Systems
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B Series

Clean around the valve.

24 mm
m Remove the valve.

@ NOTE: The Bosch VE valve is shown. The valve for Lucas
CAV is located at the bottom of the pump.

Caution: When removing the valve, be careful not to
drop the plunger and spring.

<l “Package” the solencid, o-ring, spring and plunger.



Section 5 - Fuel Systems Fuel Shut Off Solenoid Adjustment/Replacement - Bosch P7100 (5-31)
B Series Page 5-73

24 mm

Tighten the solenoid securely.
Connect the electric wire.
Torque Value: 43 Nem [32 ft-lb]

DK

v900hb

Fuel Shut Off Solenoid Adjustment/
Replacement - Bosch P7100 (5-31)

Preparatory Steps:
e Label and disconnect the wiring.

10 mm (

Remove the two hold-down capscrews and clip pin.
Remove and replace the fuel shut off solenoid.
Torque Value: 9 Nem  [7 ft-Ib]

@ &b K]

o
18900ma

Adjustment

Refer to Procedure (5-11), Shut Down Sclenoid (In-Line
Type Injection Pump) - Troubleshooting, for troubleshoot-
ing the solenoid.

Turn the key to the *‘on’’ position. This will energize the
red (hold) wire and black (common) wire.

This is the low current hold-in coil and must be energized
continuously during this adjustment.

NOTE: Do not turn the key to the “‘run’’ position at this time.
This will energize the white (pull-in) wire.

fv800kb




Fuel Shut Off Valve Replacement Stanadyne DB4 (5-32) Section 5 - Fuel Systems
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B Series

Move the shutoff lever by hand to the full run position.

10 mm, 16 mm
Check the plunger travel.
A = 66.9 mm [2.64 in] maximum

NOTE: Dimension A is measured from the bottom of the
mounting bracket to the top of the pivot pin.

Adjust the solenoid linkage as necessary so that the
plunger is magnetically held in now with the shutoff lever
in the absolute full run position. Turn the large hex on the
end of the plunger to make adjustments.

Fuel Shut Off Valve Replacement
Stanadyne DB4 (5-32)

" Removal

Remove the selectrical wiring.

Remove the fuel drain line.

Remove the throtile/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
terminal studs of the new solenoid.

Instali the valve into the cover.
Torque Value: 14 Nem [12 in-lb]



Section 5 - Fuel Systems Back Leakage Valve and Sealing Washer (Lucas CAV DPA) - Replacement (5-33)

B Series

Installation
5/16 Inch
Install the cover and gasket onto the fuel injection pump.

With the tool installed as shown, place the cover in po-
sition on the pump housing. Twist the fool to release it and
slide it out from between the cover and the housing.

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

In the event that the service tool is not available, the
governor cover should be installed as follows:

Move the shut off lever to the stop position.

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 Nem [41 in-lb{

Back Leakage Valve and Sealing
Washer (Lucas CAV DPA) - Replace-
ment (5-33)

17 mm

Disconnect the high pressure line.

MOTE: Because the valves are installed 90 degrees to the
pump axis, the pump may need to be removed to change the
valves close to the cylinder block.

16 mm

Remove the valve.

N
R
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Back Leakage Valve and Sealing Washer (Lucas CAV DPA) - Replacement (5-33) Section 5 - Fuel Systems
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B Series

Inspect the valve to be sure it is not stuck.

Inspect the sealing surfaces for possible leak paths.

ﬂ 16 mm

X Caution: The installation torque is very critical. Over-
tightening can distort the bore in the pump hydraulic
head causing the rotor to seize in the bore. Never tighten
the valve with the engine running.

A Assemble the back leakage valve and new washers.
&
Tighten the valve to 30 Nem [23 fi-ib].

17 mm
S Connect the high pressure line.



Section 5 - Fuel Systems
B Series

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

External Pump Leaks (Distributor Type
Pumps) - Repair (5-34)

Make sure that the surrounding area is clean before
removing the leaking part.

NOTE: Accessible sealing washers and gaskets can be re-
placed without removing the pump.

Refer to the Shop Manual, Bulletin 3810206 for additional
information.

Fuel Injection Pump Replacement
(Distributor Type Pumps) (5-35)

Bosch VE, Lucas CAV DPA, and Stanadyne
DB4

Preparatory Steps:
e Disconnect the fuel drain manifold.

Remove the injection pump supply line.
Remove the high pressure lines.

Disconnect the electrical wire to the fuel shut off
valve.

L

Remove the fue! air control tube, if used.

Removing the Pump

Caution: Do not remove the control lever. The Bosch VE
lever is indexed to the shaft during pump calibration.

Disconnect all control linkage.

External Pump Leaks (Distributor Type Pumps) - Repair (5-34)

Page 5-77
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Fuel injection Pump Replacement (Distributor Type Pumps) (5-35)
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Section 5 - Fuel Systems
B Series

13 mm
Remove the pump support bracket.

22 mm
3 Remove the access cap and gear retaining nut and

washer.
K

Be sure to disengage the pin after locating TDC.

Locate TDC for Cylinder No. 1 by barring engine slowly
while pushing in on TDC pin.

9/16 inch

Loosen the CAV fuel injection pump lock screw and po-
sition the special washer, then tighten the lock screw
against the pump drive shaft.

Torque Value: 7 Nem |5 fi-Ib]



Section 5 - Fuel Systems Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35)

B Series

3/8 Inch

Loosen the Stanadyne DB4 fuel injection pump lock screw
and position the special washer. Tighten the lock screw
until contact is made with the fuel injection pump drive
shaft.

Torque Value: 12 Nem [9 fi-Ib]

8 mm Allen Wrench or 10 mm Hex

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

Torque Value: 30 Nem [22 fi-Ib]
NOTE: Wire the washer to the pump.

75 mm T-Bar

Pull the fuel injection pump drive gear loose from the
pump drive shaft.

13 mm
Do not drop drive gear key when removing the pump.

Remove the 3 mounting nuts and take off the fuel injection
pump.

@

&
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Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35) Section 5 - Fuel Systems
Page 5-80 B Series

s

@ Remove the gasket and clean the surface.

Instaliing the Pump

Verify Cylinder No. 1 is at TDC by barring engine slowly
while pushing in on TDC pin.

G install a new gasket.
Sy

e
\\ {p8gkha

Caution: The drive shaft must be clean and free of all oil
before instaliation. Failure to ensure the drive shaft is
free of oil can result in the drive gear slipping on the
shaft.

NOTE: The shaft of a new or reconditioned pump is locked
so the key aligns with the drive gear keyway when Cylinder
No. 1 is at TDC on the compression stroke.

Install the pump. Make sure the key does not fall inio the
gear housing.

@ fsGkeaa




Section 5 - Fuel Systems
B Series

Use your hands to tighten the three mounting nuts. The
pump must be free to move in the slots.

22 mm
Caution: Do not overtighten. This is not the final torque.

Install the pump drive shaft nut and spring washer. The
pump will rotate slightly because of gear helix and clear-
ance. This is acceptable providing the pump is free 1o
move on the flange slots and the crankshaft does not
move.

Torque Value: 15 t0 20 Nem [11 to 15 ft-ib]

13 mm

if installing the original pump, rotate the pump to align the
scribe marks.

Torque Value: 24 Nem [18 f-Ib]

If installing a new or rebuilt pump without scribe marks,
take up gear lash by rotating the pump against the di-
rection of drive rotation. Tighten the flange mounting nuts.

Torque Value: 24 Nem [18 ft-Ib]

D& D&
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Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35)
Page 5-81
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Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35)
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Section 5 - Fuel Systems
B Series

Permanently mark the injection pump flange to match the
mark on the gear housing.

9/16 inch

Loosen the CAV pump lockscrew and position the special
washer behind the lockscrew head.

Torgue Value: 20 Nem [15 ft-Ib]

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.

8 mm Allen or 10 mm Hex

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

Torque Value: 13 Nem [10 fi-Ib]



Section 5 - Fuel Systems Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35)
Page 5-83

B Series

Disengage the timing pin before rotating the
crankshatft.

10 mm

Install the injection pump support bracket. Finger tighten
all capscrews before final tightening.

NOTE: Tighten the bracket to block mounting capscrew
before tightening the bracket to injection pump capscrews.

Torque Value: 24 Nem [18 ft-Ib]

22 mm
Tighten the pump retaining nut.

Torque Value: Bosch 65 Nem [48 fi-Ib]
Stanadyne 65 Nem [48 fi-Ib]

fpOnuhe




Fuel Injection Pump Replacement (Distributor Type Pumps) (5-35) Section 5 - Fuel Systems
Page 5-84 B Series

Gl D Install the access cap.
&

geYevha

g Install all fuel lines and the electrical wire to the fuel shut

off valve.

ftStbhk

12 mm and 1/2 inch |
‘ g If required, install the air fuel control tube.
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) L\~// C(CC«@-. ~

== In

feStbma

~— When connecting the cable/rod to the control lever, adjust
the length so the lever has stop-to-stop movement.




Section 5 - Fuel Systems Fuel Injection Pump Timing (5-36)
B Series Page 5-85

Adjust the length of the cable or rod to the mechanical —
shut down lever so there is stop-to-stop movement.

n
fsSlvua

Bleed all air from the fuel system.
Refer to Procedure (5-15).

{s900wg

If necessary, adjust the idle speed.
LUCAS CAV | BOSCH VE | STANADYNE

Fuel Injection Pump Timing (5-36)

Pump-to-engine timing is extremely critical. Pump timing
that is off by only a few crankshaft degrees will cause:

1. Poor performance - starting and power.
2. Excessive smoke and emissions.
3. Poor fuel economy.

oig0ivm




Fuel Injection
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Pump Timing (5-36)
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Latter on
Bump Geer  Englne Model

Injection Pump Certification
A 4839, 4BTI.® Stanadyne Non-Certifiad
A £B3.5, 4B73.9,48TA3.9  Lucas CAVDPA Pump  All Non-Ceriified
B 483.9, 4BTALY | Robaert Boach VE Pump  88.87 EPA
All pre-88
All Non-Cerililed
[ oBY%.9, 6BTAB.S Rober Bosch VE Pump 86,87 EFA
pra-08
Al Non-Centitied
CPL 800
o 8us.9, GBTE.L Staradyne Non-Certitiod
[+] €85.9, 6BTE.3, 85TAS.S  Luoes CAY DPA Pump . All Non-Cartifled
g SBYS.9, 6BYASS Rober Bosch VE Pump  98,07,88,89,90,01,92 CARE
88,89,90,91,92 EPA
F 48739, 4BTAZ.9 Rober Boach VE Pump  56,87,88,89,90,91,82 CARB
25,82,90,61,92 EPA
Q@ 4BTAES Lusas CAY DPA All Fire Pump
CPLYt6S
H Mot Used at This Tine
it900ga
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it800we
DPA, DPS
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Section 5 - Fuel Systems
B Series

Engine pump timing begins with the timing of the fuel
injection pump drive gear to the camshaft gear.

The first step is the location of TDC of the compression
stroke for Cylinder No. 1.

Then, depending on the engine configuration, a letter on
the gear may need to be aligned with the mark on the
camshaft gear.

This table must be used to make sure of proper fuel
injection pump-to-engine timing. The critical parts list
(CPL) number from the engine data plate and the Control
Parts List Manual, Bulletin No. 3379133-20, must be used
to determine whether or not the engine is certified, and
if so, what year and regulating agency (EPA or CARB).

Given this information, use the following table to deter-
mine which letter on the fuel injection pump drive gear is
aligned with the camshaft gear.

NOTE: Timing mark alignment is not required for the Nip-
pondenso EP-9 or Bosch P7100 drive gear.

To verify that the fuel injection pump is timed correctly,
first check the alignment marks on the pump flange and
gear housing.

NOTE: 1 mm of rotation past the timing mark will advance
or retard (depending on direction of rotation) the pump timing
by 1 degree.

The Lucas CAV DPA, DPS, Stanadyne DB4, and the
Bosch VE fuel injection pumps all have a provision for
locking the pump shaft at a position corresponding to
top-dead-center for Cylinder No. 1. New and recondi-
tioned fuel injection pumps should be received with the
shafts located in this position.



Section 5 - Fuel Systems
B Series

At the point of injection the key way of the shaft will align
with the delivery valve receiving the injection, and the
illustrated hash mark on the seal housing.

NOTE: The illustrated mark is for reference only and should
not be used for setting the fuel injection pump timing.

The number one cylinder delivery valve is marked as
illustrated.

4 cylinder = A
6 cylinder = D
Firing Order
4 Cylinder 6 Cylinder
A= D =1
B =3 E =5
C =4 F=3
D=2 A =6
B =2
C =4

The engine is equipped with an engine timing pin to
locate TDC for Cylinder No. 1.

Caution: If the timing pin is incorrectly located on the
gear housing, the timing procedure will not ensure that
the pump is timed correctly.

After precisely locating TDC for Cylinder No. 1, the factory
positions the timing pin assembly to the gear housing
using the timing pin and the hole in the camshaft gear. If
the gear housing or timing pin assembly are removed, the
same precision is required to relocate it. Refer to Proce-
dure (7-20).

If the timing pin assembly is incorrectly located, reposi-
tion the timing pin. Refer to Procedure (7-20).

Fuel injection Pump Timing (5-36)

Page 5-87
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Fuel Injection Pump Timing (5-36)
Page 5-88

Section 5 - Fuel Systems
B Series

The flange of a replacement pump must be marked to
align with the mark on the gear housing after instal-
lation.

During production, after the locked pump is fitted to the
engine with Cylinder No. 1 at TDC, a mark is stamped on
the gear housing and the pump flange. Thereafter, when
these marks are aligned, the pump is correctly timed to
the engine.

NOTE: The marks on the gear housing and the pump flangs
are unique to each engine.

A special indicator can be used to measure the position
of the Robert Bosch VE fuel injection pump plunger to
check pump timing.

@ Refer to Timing Check - (Bosch VE Pump) - Procedure

(5-36).

Stanadyne DB4 Fuel Injection Pump Timing

Clean all debris from around the fuel injection pump tim-
ing window cover.

@@ Remove the fuel injection pump timing cover.



Section 5 - Fuel Systems
B Series

Rotate the fuel injection pump drive shaft in the direction
of pump rotation to align the timing line on the weight
retainer hub with the line on the cam ring.

Position the fuel injection drive shaft locking key plate in
the locked position. Turn the locking screw in until contact
is made with the drive shaft.

Torque Value: 11.9 Nem [105 in-ib]

Verify the timing marks are aligned after lock timed.

install the fuel injection pump timing cover.

Fuel injection Pump Timing (5-36)
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Fuel Injection Pump Timing (5-36)
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Section 5 - Fuel Systems
B Series

CAV DPA/DPS Fuel Injection Pump Timing

Correct timing of the Lucas CAV DPA/DPS fuel injection
pump can be verified by removing the inspection plate.

NOTE: Special equipment in an authorized shop is required
to precisely time the Lucas CAV DPA fuel injection pump.
However, for troubleshooting and in an emergency, visual
alignment of the timing mark is close enough for the engine
to run.

Both of these checks are described in the fuel injection
pump replacement discussion. Installation of the timing
pin housing is described in the Base Engine Components
Section.

Timing Check - (Bosch VE Pump)
Rotate the crankshaft to TDC.

12 mm
Remove the plug from the end of the pump.

3377259 Timing Indicator
Caution: Do not bend the fuel lines.

Install the timing indicator. Be sure to allow adequate
travel for the indicator.

In order to install the timing indicator, it may be necessary
to disconnect one or more of the fuel lines from the fuel
pump.

NOTE: The indicator is marked in increr.ents of 0.01 mm.
One revolution of the indicator needle is equal to 0.50 mm.



Section 5 - Fuel Systems Fuel Injection Pump Timing (5-36)
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Bar the crankshaft in the direction opposite engine rota-
tion until the indicator needle stops moving. Adjust the
indicator face to read zero.

Rotate the crankshaft back to TDC and count the number
of revolutions of the indicator needle. The reading shown
when the engine timing pin engages is the amount of
plunger lift the pump has at that point.

erso0wg

13 mm

Rotate the pump on the mounting studs until the indicator
reads the correct value for plunger lift. This illustration
gives an example of the indicator readings for the various
plunger lift values.

Tighten the flange mounting nuts.
Torque Value: 24 Nem [18 fi-Ib]

12 mm
Remove the timing indicator. Install the plug.
Torque Value: 10 Nem [7.5 ft-ib]

Pump Timing Check - Lucas CAV DPA, w N
Stanadyne DB4, Nippendenso EP-9, and
Bosch P-7100

Rotate the engine to TDC.

cg9plwa
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Page 5-92

STANADYNE oo

|

(O, ws.o 85 0

B RURA e | B TSI g _‘"[‘hﬂ Snpims ol 0. 44005088
e Engia Gomeny e Tk T | precr @ e 3903383
18, Yoo ook ot Cust, Bpoa.

Oo*lbh. Oml
o oy Box Vet o3 s s e | P G 13,49 BERP o M jpng R
o e Saase or TS Nt [~ 750 ol e M g eemeirohe

e ol ¥ 4/27/83 B8 odal s 43v8.3,9

apSplwb

Section 5 - Fuel Systems
B Series

Correct timing of the Lucas CAV DPA and Stanadyne DB4
fuel injection pump can be verified by removing the timing
window cover plate.

The Nippendenso EP-9 and Bosch P-7100 fuel injection
pumps are checked by removing the timing pin access
plug and verifying the slot in the pin will fit over the timing
tooth in the fuel injection pump.

NQOTE: Special equipment in an authorized shop is required
to precisely time the Lucas CAV DPA fusl injection pump.
However, for troubleshooting and in an emergency, visual
alignment of the timing mark is close enough for the engine
to run.

To correct the timing on the Bosch P-7100 and Nippen-
denso EP-9 refer to the replacement procedure for the
respective pump.

Two injection pump timing marks are used on the Stana-
dyne DB4 for timing injection of fuel into the No. 1 cyl-
inder. One mark is located on the governor weight retainer
hub. The other is located on the internal cam ring. These
two marks must be aligned at No. 1 cylinder Top Dead
Center.

On the Lucas CAV DPA the correct timing letter can be
located on the engine data plate as shown.

The letter G indicated refers to the correct timing lelter
alignment as shown in the previous frame.



Section 5 - Fuel Systems
B Series

In-line Fuel Injection Pump Spill-Port Timing

Use the No. 1 intake valve to make sure the engine is at
fop dead center (TDC) on the compression stroke for
cylinder No. 1. Refer to page 7-141.

Fabricate a timing mark pointer for the front of the engine.
This can be done by forming a piece of wire that can be
tightened under one of the gear cover capscrews. Sharpen
the wire at the vibration damper end so that it comes to
a point for better accuracy.

Attach a degree whee! or degree tape to the front of the
vibration damper.

Line the “TDC’’ mark up with the pointer.

The degree wheel/tape should measure to an accuracy of
at least one degree.

install the fuel injection pump per the procedures for a
new fuel injection pump installation. If the fuel injection
pump is already installed, continue the procedures.

<

Fuel injection Pump Timing (5-36)
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Fuel Injection Pump Timing (5-36)
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Remove the No. 1 high pressure fuel line from the fuel
Q} injection pump.

NOTE: Lines 2 through 6 must not be removed or loosened.

Caution: When attaching the fabricated tube, do not
bend the No. 1 high pressure fuel line. This could cause
the inside of the fuel line to flake and cause injector
failure.

A sshortlength of high pressure line that is compatible with
the fuel lines used on the engine should be bentina “U”’
shape and installed onto the delivery valve holder of the
fuel injection pump. The line is used to observe when the
fuel is or is not flowing through the delivery valve holder
assembly. Place a container under the tube to catch the
fuel or drain the fuel back into the spill port pump.

Remove the overflow valve from the fuel injection pump.
Install a 14 mm threaded plug and sealing washer into the
fuel return port of the fuel injection pump.

NOTE: The fuel return port is located on the inboard front
side of the fuel injection pump for automotive in-line appli-
cation and on the outboard front side for most of the indus-
trial applications.

&

Remove the supply line from the fuel filter head to the fuel
injection pump.

Attach the high pressure outlet hose from the spili port to
the fuel injection pump supply port.

&
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Before continuing, make sure the fuel injection pump
lock-timing pin is disengaged.

the front of the engine, to approximately 40 degrees be-

Rotate the crankshaft counterclockwise, as viewed from
fore TDC.

8r800ws

Governor Lever Positioning

Caution: The governor lever must be positioned before
pressurizing the fuel injection pump.

The RQV governor throttle lever must be in the low idle
lever position.

The RQV-K governor throttle lever must be in the high idle
throttle position.

\\\\\\ - {pG0owo

Both the RQV and RQV-K governor require the shut down . -

lever to be in the full run position. 2 -
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Section 5 - Fuel Systems
B Series

The RVS governor throttle lever must be in the low idle
position and the shutdown lever needs to be wired or
locked in a suitable fashion to hold the shutdown lever in
the 1/2 travel position.

Turn on the spill timing cart pump.
Check the fuel pressure.
The pressure must be between 300 psi and 370 psi.

The fuel should be flowing out of the tube attached to the
No. 1 cvlinder of the fuel injection pump. If the fuel is not
flowing, recheck the procedures carefully.

Slowly rotate the crankshaft in the clockwise direction, as
viewed from the front of the engine, until the fuel flow from
the No. 1 cylinder begins.

The No. 1 plunger element is now approaching “port
closure’’. Continue to rotate the crankshaft slowly until the
flow is reduced to a fast drip (more than one drip per
second.} At the point where the steady stream of fiow
changes from a solid flow to a fast drip, stop. This is the
static timing position of the fuel injection pump.
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If the flow does not slow down to a drip, check the gov-
ernor position. Also make sure that the engine is before
TDC on the compression stroke.

Turn off the spill port pump.

Check the degree wheel on the vibration damper to see
what engine degree the timing pointer is indicating. This
is spill port static timing. Compare this number to the
timing specification for your particular application.

If the fuel injection pump static timing, as measured by
the above method, does not agree with the specifications
you have been given, remove the large nut that fastens
the fuel injection pump camshaft to the fuel pump drive
gear. If the crankshaft has rotated, turn on the spill port
pump and rotate the crankshaft to find port closure.

Turn off the spill port pump.

Use a gear puller tool, pull the fuel injection pump drive
gear from the fuel injection pump camshaft taper.

Fuel Injection Pump Timing (5-36)
Page 5-87
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Slowly rotate the crankshaft counterclockwise about 40
degrees past the desired static timing specification. Slowly
rotate the crankshaft in the clockwise direction until the
timing pointer is indicating the desired static timing.

Tighten the fuel injection pump drive nut.

Make sure the static timing has not changed after the fuel
injection drive nut is torqued to the required specification.

Torque Value:

PESB6A Fuel Injection Pump 92 Nem | 68 ft-Ib]
PESBMW Fuel Injection Pump 104 Nem [ 77 ft-ib]
PES6P Fuel Injection Pump 165 Nem [122 ft-Ib]

Repeat this procedure as needed until the timing is found
to be in agreement with the specification.

The fuel injection pump lock timing pin should fit over the
injecting pump pointer when the engine is at TDC or on
the compression stroke for the No. 1 cylinder. If it does
not, the fuel injection pump should be adjusted by an
authorized fuel injection pump shop or the fuel injection
pump was instalied incorrectly.
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Fuel Injection Pump Replacement
(In-line) (5-37)
Bosch P7100
Preparatory Steps:
e Clean debris.
o Disconnect all fuel lines to the pump.
e Remove control linkage.
e Disconnect AFC tube.
e Disconnect waste-gate turbo control line.

Removal

9/16

Disconnect the external oil feed line at the inboard side
of the fuel injection pump and the main oil rifle.

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 timing pin after locating
TDC.

10 mm
Remove the fuel injection pump mounting bracket.

Fuel Injection Pump Replacement (in-line) (5-37)
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B Series

n 30 mm ,
g Remove the gear cover access cap.

@@ Remove the nut and washer from the fuel injection pump
shatft. o

ge9cama

T-Bar Puller
q Pull the fuel injection pump drive gear loose from the

g@ shaft.

fs9gema

15 mm
9 Remove the four mounting nuts.

@@ Remove the fuel injection pump.

Installation
Make sure the engine has Cylinder No. 1 at TDC.




Section 5 - Fuel Systems
B Series

The fuel injection pump also has a timing pin (1), located
in the governor housing, to position the pump shaft to
correspond with TDC for Cylinder No. 1. The pin is to be
reversed and stored in the housing (2) after the pump is
installed.

24 mm
Remove the access plug.

Remove the timing pin.

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

Fuel Injection Pump Replacement (In-line) (56-37)
Page 5-101




Fuel Injection Pump Replacement (in-line) (5-37)
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Reverse the position of the timing pin so the slot of the
timing pin will fit over the timing tooth in the pump.

Install and secure the timing pin with the access plug.

Use a 50/50 mixture of clean engine oil and STP or
equivalent to lubricate the gear cover housing to ensure
the fuel injection pump will slide into the gear cover hous-
ing easily.

Also lubricate the mounting flange of the fuel injection
pump.
NOTE: The P7100 fuel injection pump driveshaft has a pro-

vision for a Woodruff key, however, it is not required. Timing
mark alignment is not required for the P7100 drive gear.

Caution: The fuel injection pump drive gear inside di-
ameter and the shaft outside diameter must be clean and
dry before installing the 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.
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Do not attempt to pull the pump flange into the gear
housing with the mounting nuts as damage to housing will
occur.

15 mm

Install the mounting nuts.

A Q=
{(Ee)
Torque Value: 43 Nem [32 ft-Ib] Y sl

t’)‘ \

30 mm
install the retaining nut and washer.

Torque Value: 10 to 15 Nem [7 to 11 ft-lb] (S

To prevent damage to the timing pins, do not exceed the

forgue value given. This is not the final torque value for
the retaining nut.

Disengage the engine timing pin. \

it9pima
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Page 5-104 B Series
24 mm

Remove the fuel injection pump timing pin plug, Reverse
the position of the timing pin and install the timing pin,
plug, and sealing washer.

Torque Value: 15 Nem  [11 fi-Ib]

30 mm
m Tighten the fuel injection pump drive nut.
Torque Value: 165 Nem [122 fi-Ib]

Install the gear cover access cap hand tight.

[/
@dgnuha

10 mm

Install the fuel injection pump mounting bracket cap-
SCrews.

Tighten all capscrews by hand to ensure proper align-
ment.

Torque Value: 24 Nem [18 fi-Ib]

Install the fuel lines, AFC line, control linkage and turbo-
charger wastegate line.

Torque Values:

High Pressure Fuel Lines 30 Nem [22 ft-ib]
Low Pressure Fuel Supply Fitting 15 Nem [11 ft-Ib]
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Install the external oil feed line at the inboard side of the
fuel injection pump and the main oil rifle.

19 mm

Caution: The pressure of the fuel in the high pressure
line is sufficient to penetrate the skin and cause serious
bodily harm.

Vent the high pressure fuel lines. Loosen the fitting at the
number 1 injector. Place the fuel control in the run posi-
tion. Crank the engine so air can bleed from the fuel lines.
Then, tighten the fitting.

Torque Value: 30 Nem [22 ft-Ib]

Vent each high pressure line separately until the engine
runs smoothly.

idle Speed Adjustment - Bosch P7100
(5-38)
Idle speed adjustment on the Bosch P7100 can be made

by loosening the idle screw locknut (1) and turning the idle
screw (2) to achieve the desired idle speed.

Idle Speed Adjustment - Bosch P7100 (5-38)

Page 5-105
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Turn the screw down (clockwise viewed from top) to de-
crease idle sped.

Turn the screw up (counterclockwise viewed from top) to
increase idle speed.

After the desired idle speed is obtained, tighten the
locknut.

M ’
N f ) ip9aswb

Idle Speed Adjustment - Distributor
LUCAS CAV | BOSCH VE | STANADYNE Pumps (5-39)

10 mm
. Loosen the adjusting screw locknut and adjust the idle as
required.
Caution: Do not reduce idle spped from factory setting

on the Stanadyne DB4 fuel injection pump. internal dam-
age may result.

Injector - Replacement (5-40)
Preparatory Steps:
e Clean around the injectors.
e Disconnect the high pressure fuel supply lines.
® Disconnect the fuel drain manifold.
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Rust Penetrating Solvent

Caution: When rust has formed on the hold down nut,
the injector can turn in the bore when the nut is loos-
ened. This will cause severe damage to the head by the
injector locating ball cutting a groove in the bore.

Soak the hold down nut with a rust penetrating solvent for
a minimum of 3 minutes.

Brass Drift Pin, Hammer
Hit the injector body with the drift pin to loosen any rust.

24 mm Box Wrench, Adjustable Wrench
Hold the injector body with an adjustable wrench while

you loosen the hold down nut with a 24 mm box wrench. @@

fisboca

Injector Puller 3823276
Remove the injectors. An injector puller is available for <

difficult to remove injectors. %}




Injector - Replacement (5-40)
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It may be necessary to tap the injector with the injector
puller to work the injector up and down in order to remove
it.

Injector Bore Brush 3822509
Clean the injector nozzle bore.

ay Assemble the injector and new copper sealing washer.
Use only one copper washer.

Service Tip: A light coat of clean 15W40 engine oil be-
tween the washer and injector can help to keep the washer
from falling during installation.

Warning: Early model injectors (pre 1991) have a 9 mm
injector tip which cannot be used in engines built in 1991
or later as these engines use a 7 mm injector tip.
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7 mm injectors can be used in early model (8 mm) injector
holes providing the special adapter sleeve is installed
onto the 7 mm injector tip.

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

24 mm Deep Well Socket

Caution: Align the injector’s protrusion with the notch
in the bore.

Torgue Value: 60 Nem [44fi-Ib]

NOTE: The current Bosch injector has an o-ring located
above the hold down nut. After lightening the injector be sure
to push the o-ring into the groove.

Assemble the fuel drain manifold and high pressure lines.
Leave the high pressure fittings loose at the injectors.

Injector - Replacement (5-40)
Page 5-109
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Injector - Replacement (5-40)
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17 mm, 19 mm

Caution: it is necessary to put the engine in the “run”
position. Because the engine may start, be sure to follow
all the safety precautions. Use the normal engine start-
ing procedure.

Crank the engine to aliow entrapped air to bleed from the
lines. Tighten the fittings.



Electrical System - Section 06
B Series Page 6-1

Electrical System - Section 06
Section Contents

Page
J N o o T R o 1 ToT o (1 T U 6-16
Abnormal Charging SYSIEm OPeration ............iiiiiiieiiiris it esesreesers s st s teas s e a e e e e s eaavasesarasaesesesssons 6-18
Abnormal INdicator Lamp OPeration ......cccccccicirieirerieerrie e s s s e e s eesceisssrrareerraeeesassseeesereeestetestatessereerrereastreenees 6-16
Alternator - Replacement ... e e et e e e e e ee s praneeaeanees 6-25
Battery Checking ........ccoo i st st e e s s s s s s s r s r e e e e s AR e aa s a T e T e e e et e r et a b s e e e rrsanenannan 6-9
Battery Terminal Connections - Checking ..ottt et r e e e s 6-10
Block Water Heater Replacement. .. ...t aer et e sr st e s e s tbrsaeeaaraneaessbassnerasssarnes 6-28
Coolant or Pan Heater - CheCK ...t e s s r e v ettt s ba et ban e e teesseesassssasarenstes 6-20
Electrical System ~ ServiCe TOOIS ... ..o et r e st r e e e e e e e e e rr e e e e e et areaetrtatere s 6-8
Engine Electrical System Replacement Procedures..............ccccocoiiiiiiiiiiniiin it er e e 6-24
Starting Motor - Replacement ... ..ot e st rer e eren s s et st e e rer e tea e e e e ene b e renaeaenrnnns 6-24
Flow Diagrams - Electrical SYStem......... .o et e s et re e e e s s e s s rearreeeaaaens 6-3
Basic Wiring Circuit (with auxillary magnetic SWItCh).........uvrririeiriiir i ansrs s e eaaans 6-4
Delco Remy Model 27MT/2BMT Starting MotOr. ...t s e e e e e e v renaanes 6-3
Nippondenso “R’ type Starting MOTOF ..........er ettt ade e st e et rese s brtrereensrebeaarsnsacnnrnnsns 6-4
Typical Bosch K1 charging SYSIEM CITCUIL ..........oveiiiiiiie et e e e eeee e asaa e e e n e e s e e s s ereserareranaees 6-5
Typical Delco charging system CIFCUIL ........cvviiiiii i e seeeeeceesernane 6-5
General Information - EleCtrical SYStem .. ........cico it eebe e s e e r e s s e s e re et e rr b s 6-2
intake Manifold Heater - Chelk .........oo oo ce et et e e s e s e e bt s es s e s ensaneareeessanees 8-22
Preheat Cycle - CheCK ... s ee s e r e s e e s e s s e s e s r e rn e neansenassnnns 6-23
Lubricating Oil Pressure SWItCh = CheCK.........ccccviiiiiiiiiirrrr s s e e e e 6-19
Lubricating Oil Pressure Switch - Replacement ...........c.ccccccceeeeees et he b eret et e r e b st e ereeer e areveaueeranes 6-26
Lubricating Oil Pressure Switch and Temperature Sensor - Checking...........cc i, 6-19
Oil Pan Heater Replacement...... ..t e scr it e s s reebsa e s s eea e e et een s e e e e s aaabn e e reraseneraanas
Specifications - Electrical System.............c.cccoiiiiii
Battery Cable specifiCalions ...t e ce e e e e et e s et e er et r e e et e e e e s e e et e tet e b ersnrrarnenene
S Lo g O o =T 1 41 OO U S OO U PP U TRUURUTR
Starting Circuit ResSiStance ..ooovver i ceeaceerrrncs e eensraenneene
Wiring Size Recommendations - Starter and Fuel Solenoid
Starting Circult - CheckiNg ..o sttt n et e e s bbb rnnana
Engine Cranking Speed TOO SIOW ...c...i i ociirier i rirrcee s et e s s essararereees o saassnsseeneesseesaasnnanarsnansenenas
Magnetic SWitch - CheCKING. . .vviiiiiiiiiri e e e es s e st recater s e e r e e e e s e e e s reen b nnnanes
Starting Motor Solenocid and Starting Motor - Checking .......ocooicierien e re e r e e e e e s ennnes
Starting Motor SWtoh - CRECKING . ...oii it et s e r et e e r e e et e e e neeneeereaeteeaes
Temperature Sensor - ChecK ...
Temperature Sensor - Replacement ..o
White SIMOKE = CRECK ..ottt cs et st sbas e e asteaeeaaeaaaeaaneeeaeaaenee et rraetese s aer s nnnna e nnnnnn

Normal Operation of the Intake Manifold Heater System........c...coiiiiin



General Information - Electrical System Electrical System - Section 06
Page 6-2 B Series
General Information - Electrical System

The electrical system basically consists of the starting motor and the alternator.

The rotary injection pump uses an electrical fuel shut off valve. The in line injection pump use an electrically
activated solenoid shut down system. The function of the vaive is discussed in the fuel system section.

The engine should have temperature and oil pressure sensors connected to indicators or wired for automatic
shutdown. The engine may also be fitted with a block heater, an oil pan heater, or an intake manifold air heater.

NOTE: When troubleshooting a Cummins B Series generator set, refer to the Operation and Maintenance Manual Bulletin
No. 3810208.
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Flow Diagrams - Electrical System
Delco Remy Model 27MT/28MT Starting Motor

“B* OR BATTERY 28 MT
TERMINAL

*$" OR SWITCH M TERBMINAL

TERMINAL
START SWITCH
START SWITCH AUX. MAN.

.|l o

HOLD-IN SWITCH

WINDING s
- \ B

VI
BATTERY (g £ o= E CONTACTS

l , 574 : TO
7 STARTING MOTOR MOTOR
PULL-IN
CONNECT TO GROUND WINDING = |BATTERY

(MAY BE DIRECT GROUND
AS SHOWN OR THROUGH NEUTRAL

SAFETY SWITCH OIL

PRESSURE SWITCH, FUEL PRESSURE

SWITCH OR OTHER CONTROL UNIT) woo1gs
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Nippondenso “R’’ type starting motor

*M* TERMINAL

MAGNETIC
START SWITCH SWITCH

> ..g(’;]g..
’r_—

*S* OR SWITCH TERMINAL

CONNECT TO GROUND
(MAY BE DIRECT GROUND
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TERMINAL PRESSURE SWITCH, FUEL PRESSURE
SWITCH OR OTHER CONTROL UNIT)
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Basic Wiring Circuit (with auxillary magnetic switch)
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Typical Bosch K1 charging system circuit

A 2 WATT
20-80 OHMS
BAT. (12 OR 24 VOLT)
~NE s
7 IGN. RESISTOR
SWITCH . )
| A—
OR
N\ - INDICATOR
LAMP y
2 WATTS
12 V OR
A 3 WATT
AMP METER 24V
OR Jj
i _F
ALTERNATOR sts01g0
Typical Delco charging system circuit
OPTIONAL CONNECTIONS
TO #1 TERMINAL - USE ONE
T I B ool
! | 10 OHM, 15 WATT TO
SENSOR re—AAA—e4 50 OHM, 3 WATT
! ! (10 OHM RECOMMENDED)
SYSTEM VOLTAGE —@ o 3cPBuLs
SYSTEM .L IGN SWITCH
L ) ° °B¢
par, SHUNT AMMETER (F USED)\R
CHARGING LINE CABLE = .
= BAT

TACHOMETER
CHARGED INDICATOR

égé'gusgﬁg\E! IND. OF POLES X RPM\Q
120

#6 CABLE OR LARGER

CAUTION : DO NOT EXCEED
4 RECOMMENDED CHARGING
CAPABLE 1/2 GEN OUTPUT |
V = 1/2 VRMS GEN OUTPUT SYSTEM INDICATOR
*IF EQUIPPED

i
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Specifications - Electrical System
Battery Capacity

4B3.9 4BT3.9 4BTA3.9 6B5.9

Minimum Recommended Battery
Capacity - With Light Accessories®

- 12V Starter ..o e 625CCA 625CCA 625CCA 800CCA

- 24V Btanter ......ccoeveeeein e 312CCA 312CCA 312CCA 400CCA
With Heavy Accessories™”

= 12V Staner ..o 800CCA 800CCA 800CCA 950CCa

= 24V Starter ......cceeieeieeeereeeeeeneneene 400CCA 400CCA 400CCA 475CA

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

Starting Circuit Resistance
Maximum Allowable Resistance of Start-

ing Circuit
- With 12 V Starter - Ohms ... Medium duty .0012 Heavy duty .00075
- With 24 V Starter - Ohms ................. Medium duty .004 Heavy duty .0020

Battery Cable specifications

Cable Size Nominal Resistance Maximum Total Length
In Ohms (sum of both cables)
12V 24V

Gauge Per Meter Per Foot Meter Feet Meter Feet
4 0.000984 0.00030 NR* NR* 2.03 6.7
2 0.000615 0.000188 1.63 5.3 3.26 10.6
1 0.000492 0.000150 2.03 6.7 4.06 134
0 0.000386 0.000118 2.59 8.5 5.18 17.0
00 0.000292 0.000020 3.43 11.3 6.86 22.6
000 0.000232 0.000071 4.32 14.2 8.64 28.4

* Not recommended
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Wiring Size Recommendations - Starter and Fuel Solenoid

MAGNETIC .

FUEL

STARTER
SOLENOID

\\

2a800gc

RECOMMENDED WIRE GAUGE:
Values in table are AWG. size for 12/24 volt systems.

Wire length BAT to A. A. to B. A . toC.
in circuit:
3 ft. 10/14 12/14 14/18
4 fi, 10/12 10/14 14/16
5 ft. 8/10 10/12 14/16
9 #. 6/8 8/10 12/14
18 fi. 4/6 6/8 8/10

Wire length in circuit means total length in each individual circuit, e.g: BAT. to
A. = One circuit.

For example, in a 12 volt circuit:
BAT. 1o A. = 5 ft; gauge required =
A. to B. = 5 ft; gauge required = 10g.
A. to C. = 9 fi; gauge required = 12g.

if the system is double pole wiring, (no frame ground), then the Fuel & Starter

solenoid circuit lengths would include the return cable run to the battery
negative.

8g.

pou !
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Electrical System - Service Tools

The following special tools are recommended to perform procedures in Section 6. The use of these
tools is shown in the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No. Tool Description Tool lllustration

Digital Muitimeter
Use to measure voltage (voits) and resistance (ohms) in a circuit.
3376898

3376898
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Battery Checking (6-01)
Fill each battery cell with distilled water. Refer to the @

manufacturer’s specifications.

NOTE: Maintenance-free batteries are sealed and do not
require the addition of water.

If conventional batteries are used (now maintenance free),
check the specific gravity of the battery electrolyte in each
cell.

All batteries, including maintenance free, can be checked
by measuring the voltage between the positive battery
cable and the engine block (ground). Note the voltage.

Using a remote start connection, aitempt o engage the
starter while observing the voltage.

If the voltage reads less than 10 volts DC, charge the

battery.

If the voltage drops rapidly more than 2 volts DC, replace @
the battery.

Battery Checking (6-01)
Page 6-9
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Battery Terminal Connections - Checking (6-02)
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Battery Terminal Connections -
Checking (6-02)

Visually inspect the battery terminals for loose, broken, or
corroded connections.

Repair or replace broken cables or terminals.

If the connections are corroded, remove the cables and
use a battery brush to clean the cable and battery ter-
minals.

install and tighten the battery cables.

Use grease to coat the battery terminals to prevent
corrosion,

Starting Circuit - Checking (6-03)
Magnetic Switch - Checking

Caution: Be sure the starting motor switch is in the
““‘OFF’’ position to prevent electrical shock and personal
injury.

Remove the cabie connscting the magnstic switch to the
starting motor solenoid from the magnetic switch termi-
nal.

Connect the leads of Part No. 3376898 Digital Multimeter
or eguivalent to the two large switch terminals.

Set the multimeter to measure rasistance (OHMS).

With the starting motor switch in the “OFF”’ position, the
multimeter must indicate resistance at infinity.

Turn the starting motor switch to the ““START"’ position.

The multimetsr must indicate zero (0”’) or very little
resistance.
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If the multimeter indicates resistance at infinity with the
starting motor switch in the “START” position:

e Turn the starting motor switch to the ““CFF”’ position.
e Set the multimeter scale to read DC voltage.

o Connectone multimeter lead to the magnetic switch
terminal marked “‘S” and the other lead to the
ground.

o Turn the starting motor switch to the “START"” po-
sition.
o |f the multimeter indicates no voltage, the magnetic

switch is not the cause of the complaint. Refer to
“Starting Motor Switch - Check” in this Procedure.

¢ Turn the starting motor switch to the “OFF’’ position.

¢ Remove the multimeter leads and connect the mag-
netic switch to the starting motor solenoid wire.

Starting Motor Switch - Checking

Caution: Be sure the starting motor switch is in the
“QOFF"* position to prevent electrical shock and personal
injury.

Remove the wire connecting the starting motor switch to
the magnetic switch (marked “S” or “‘Start’’) from the
starting motor switch terminal.

Connect the positive lead of Part No. 33768098 Digital
Multimeter or equivalent to the starting motor switch ter-
minal and the negative lead to a chassis or engine ground
location.
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NOTE: With the starting motor switch in the ““OFF" position,
there must not be volitage at the starting motor switch ter-
minal. If the meter indicates voltage, the starting motor switch
is malfunctioning and must be replaced.

Turn the starting motor switch to the “START"’ position.
The multimeter must indicate system voltage.

If there is not voltage:
e Turn the starting motor switch to the ““OFF’’ position.

e Connect the multimeter positive lead to the starting
motor switch terminal having a wire connecting the
starting motor switch to the starting motor solenoid
“B” terminal.

if the meter indicates system voltage at the starting motor
switch input terminal, the starting motor switch is defec-
tive and must be replaced.
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If the meter indicates no voltage, the switch is not the
cause of the complaint.

Check the wiring from the starting switch to the starting
motor solenoid “B”’ terminal and from the starting motor
solenoid to the battery for broken or damaged wires.

Starting Motor Solenoid and Starting Motor -
Checking

Before troubleshooting the starting motor, make sure the
battery terminals are not loose or corroded.

Starting Motor Solenoid

If the starting motor solenoid does not make an audible
sound, check for loose wiring connections.

Use a Digital Multimeter such as Part No. 3377161 o set
the voltage scale.

Check for system volitage at the starting motor solenoid
battery terminal.

<

& (@

Starting Circuit - Checking (6-03)
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If the multimeter indicates system voltage at the starting
motor battery terminal, check the voltage at the starting
motor solenoid S’ terminal, which the starting swiich is
energized.

If the muliimeter indicates system voltage at ‘S” termi-
nal, but the starter does not engage, the starting motor
solenoid is malfunctioning and the siarter must be
replaced.

if the multimeter does not indicate system voltage at the
S’ terminal, check:

e Fuses

e \oltage to the ignition switch and magnetic switch.
Refer to “Starting Motor Switch and Magnetic Switch
- Checking” in this section,

e Application safety shutcff systems.

Starting Motor

Check for system voltage at the “M” terminal of the
starting motor, while the starter swiitch is energized.

# System Voliage: Starting motor is malfunctioning or
not adeguately grounded and must be repaired or
replaced.

e Mo Voltage: Starting Motor sclenoid is malfunction-
ing and must be replaced.

if the starling motor solenoid makes an audible sound,
turn the switch off and attempt to bar the crankshaft in
both directions.
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Bar the crankshaft as follows:
1. Direction of engine rotation.
2. Direction opposite engine rotation.
3. Direction of engine rotation.

If the crankshaft will bar at step No. 3, attempt to start the
engine. If the starting motor cranks the engine, check the
starting motor pinion gear and flywheel ring gear for
damage.

Engine Cranking Speed Too Slow

Make sure the wiring connections are clean, tight and not
damaged.

Checkthe battery voitage. Refer to *‘Batteries - Checking'.

If the crankshaft was not rotated to check the starting
motor, bar the crankshaft in the direction of engine rota-
tion to make sure the engine is free and does not have an
internal malfunction.

if the engine is free, check the voltage at the starting
motor during cranking. If the voltage drops more than 2.4
volis on a 12 volt system, check that all connections are
tight. The limit for 24-volt systems is 4.8 voits.

If the cables are correct and the voltage drop exceeds the
limit, replace the starting motor.

&
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Starting Circuit - Checking (6-03)
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if the crankshaft requires more than a normal effort to bar,
check for excessive ioad from the driven units and
accessories.

Alternator - Checking (6-04)

The terminals on the alternator are shown in this illus-
tration. The “R” (Delco) and “W’’ (Bosch) terminal pro-
vide one-half system voltage and is used to operate ac-
cessories such as the tachometer on generator sets.

Trouble with the charging system may be indicated by the
indicator lamp or ammeter.

Abnormal Indicator Lamp Operation

Check the indicator lamp for normal operation as shown
below.

Engine Switch Lamp Ammeter
Stopped Off Off 0
Stopped On On -

Running On On +
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Switch Off, Lamp On, Engine Stopped

Disconnect the lamp lead at the ignition switch. If the
lamp stays on, there is a short to a positive wire on the
ignition side of the lamp.

if the lamp goes out, there is a short in the switch.

Switch On, Lamp Off, Engine Stopped

This condition can be caused by an open in the circuit. To
determine where an open exists. Check for a blown fuse,
aburned out bulb, defective bulb socket, or an openin No.
1 or “D+" lead circuit between alternator and ignition
switch.

Switch On, Lamp On, Engine Running

Check the drive belt and alternator pulley o be sure the
alternator is rotating.

Alternator - Checking (6-04)
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Disconnect the lead to Terminals No. 1 and No. 2 (Delco)
or D+ (Bosch K1). if the lamp stays on, there is a short
to ground on the alternator side of the lamp.

If the lamp goes out, replace the alternator.

Abnormal Charging System Operation
Check the battery and all wiring connections.

inspect the wiring for defects. Check all connections for
tightness and cleanliness, including the slip connectors
at the alternator and firewall, and connections at the
battery.

With ignition switch on and all wiring harness leads con-
nected, connect a voltmeter from:

A. Alternator “BAT” (Delco 158H“B+" (Bosch K1) ter-
minal to ground.

B. Alternator No. 1 (Delco 1581) to ground.
C. Alternator No. 2 (Delco 15SI) to ground.
D. Alternator D+ (Bosch K1) to ground.

A zero reading indicates an open between the Alternator
connections and the battery.

Locate and repair the open circuit.
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With all accessories turned off, connect a voltmeter across
the battery. Operate engine at moderate speed.

If voltage is 15.5 or more on a 12 voit system, remove the
alternator for repair. The limit for 24 volt systems is 28
volis.

Lubricating Oil Pressure Switch and
Temperature Sensor - Checking (6-05)
When diagnosing problems with either the pressure switch

or the temperature sensor, check for loose or corroded
connections and for broken wires.

Lubricating Oil Pressure Switch -
Check (6-06)

Remove the lubricating oil pressure switch, install a gage,
start the engine and measure the lubricating oil pressure.
Minimum lubricating oil pressure:

Low Idle (675 to 725 RPM) 69 kPa [10 PSI]
High Idle 207 kPa [30 PSI|

NOTE: The Pressure switch is set to actuate when oil pres-
sure drops to 55 kPa [8 PSI].

...........................................

Temperature Sensor - Check (6-07)

Check for continuity. The sensor will have continuity only
when coolant temperature is above 107°C [225°F].

&

Lubricating Oil Pressure Switch and Temperature Sensor - Checking (6-05)
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Coolant or Pan Heater - Check (6-08)
When operating, the engine block or oil pan heater should

make an audible sound and the adjacent parts should be

\W warm to the touch.

Pan
Heater

cs9swgb

Some heaters will operate continuously when plugged
into the correct voltage electrical socket. Operate them
only when the ambient temperature is below 0°C [32°F].

csgswwb
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White Smoke - Check

White smoke indicates unburned fuel during cold engine operation.

The intake manifold heater system is not directly connected to the fuel system but it monitors the temperature of
the air to the engine. The thermistor sends varying resistance values to the Electronic Control Module or equivalent.
The ECM in turn controls the ““Wait to Start’”’ light and the heater solenoids.

The intake manifold heater elements operate in both the preheat and postheat modes.

e |n preheat, the ignition switch is on but the engine has not been started.
e |n postheat, the engine is running.

The proper operation of the intake manifold heater system and starting procedures will preclude excessive engine
starter motor use and minimize white exhaust smoke when the engine is first started.

- Normal Operation of the Intake Manifold Heater System

Engine Intake | Preheater Cycle Time Post Heater Cycle Oc-
Manifold Ignition Key ‘“ON’’ Be- curs Ignition Key “ON”’

Temperature fore Crank Cycle After Crank Cycle

Above 15°C [59°F] 0-Seconds No

-9°C to 15°C *10-Seconds Yes

[15°F to 59°F]

-18°C {0 -9°C 15-Seconds Yes

[0°F to 15°F]

-26°C 10 18°C 17-Seconds Yes

[-15°F to 0°F]

Below -26°C [15°F] 20-Seconds Yes

* Heater Control Modules/Electronic Control Modules with serial numbers below 0080000A will not have a Preheat
Cycle during this cycle.
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Intake Manifold Heater - Check (6-09)

@ Check the battekry voltage.
Minimum: 6.5 Volts

@ Check the thermistor.
Disconnect the thermistor.
%} Turn the ignition switch to the **ON’’ position.

NOTE: The ““Wait to Start” light should come on.
The solenoids should click on.

@ Wait 20 seconds.
The solenoids should click off.
The **Wait to Start” light should begin flashing.

NOTE: The “Wait to Start”’ light will flash indicating an open
circuit in the thermistor wiring. Disconnecting the thermistor
simulates this condition.
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Turn the ignition switch to the ‘““OFF" position.
Connect the thermistor wire harness.

Preheat Cycle - Check
Turn the ignition switch to the ““ON’’ position.
Do not start the engine.

The solenoids (2) should click on.

NOTE: If the engine has been running, the temperature is
probably above 15°C [69°F].

After the preheat period, the ““Wait to Start” light will go
off and not flash.

Set the multimeter scale to read DC-voltage.

Connect the multimeter lead to the intake manifold heater
terminals. Check each terminal individually.

Intake Manifold Heater - Check (6-09)
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lfvoltage is present, check the pull-in coil of the solenocids.
Check for voltage at the pull-in coil of solenoid.

1. lf voltage at pull-in coil, replace electronic control mod-
ule.

2. If no voltage present at pull-in, replace solenoid.

Start the engine.

Do not hold the ignition switch in the start position longer
than 10 seconds.

If the engine does not start, turn the ignition switch to the
““OFF”’ position.

Return the ignition switch to the ““ON’’ position then begin
the normal starting cycle again.

Engine Electrical System Replacement
Procedures (6-10)

Starting Motor - Replacement

Preparatory Steps:

e Disconnect the ground cable from the battery ter-
minal.

e |dentify each electrical wire with a tag indicating
location.
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17 mm

Remove the battery cabie from the solenoid.

10 mm

Remove the starting motor. ‘

Install the starting motor in the reverse order of removal.
Torque Value: 43 Nem  [32 ft-lb]

st900mce

Alternator - Replacement (6-11)
Preparatory Steps:

e Disconnect the ground cable from the battery ter-
minal.

e Remove the drive belt from the alternator pulley.

11 mm

Remove and tag all wires and complete the following
steps.

eaf00vb
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13 mm
< Remove the alternator link capscrew.

16 mm
g Remove the alternator mounting capscrew.

R

To assemble the alternator, the alternator mounting com-
€p) ' .
%‘V ponents must be loosened and tightened in the following
sequence.

1. Alternator-to-alternator bracket capscrew.
2. Lower brace-to-alternator capscrew.

3. Alternator-to-water inlet capscrew.

4. Water inlet-to-block capscrews.

NOTE: Wrench size and torque value is determined by the
make and model of alternator. Refer to the Engine Compo-
nent Torque Values.

Lubricating Oil Pressure Switch -
Replacement (6-12)

Disconnect the wire from the sending unit.

NOTE: The sending units illustrated may differ from those
installed by the equipment manufacturer.
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Reconnect the wire to the sending unit.

Torque Value:
(installed into Cast iron)
16 Nem [12 fi-ib]
(Installed into Aluminum)
10 Nem {7 ft-lb]

Temperature Sensor - Replacement
(6-13)
Preparatory Step:

e Drain coolant

10 mm or Screwdriver
Disconnect the temperature sensor wiring.

22 mm
Remove the temperature sensor.

Temperature Sensor - Replacement (6-13)
Page 6-27
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22 mm
g Apply liquid teflon sealant to the threads when installing
the temperature sensor. “
(S
&G\r) Reconnect the wiring.
Torque Value:
(Installed into Cast iron)
50 Nem [37 ft-Ib]

(installed into Aluminum)
30 Nem [22 ft-Ib]

Block Water Heater Replacement
(6-14)
Preparatory Step:

@ e Drain at least 19 litres [5 U.S. gallons] of coolant.
Disconnect the block heater electrical cord.

. 10 mm
n Loosen the block heater retaining nut.

@@ Remove the block heater from the block.

Clean the core plug hole thoroughly. Make sure there are

not burrs or sharp edges that might cut the o-ring.
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Lubricate the new heater o-ring with clean engine oil.

cs9orwa

The locking channel (T-Bar) should be threaded out to the
end of the bolt. if so equipped, do not remove the retaining
wire used to position the channel (T-Bar).

¢s800wg

Hook the element and one leg of the channel (T-Bar) into G
the hole as illustrated. %V

cs900wh

Hook the other leg of the channel in the hole and push the
heater into the hole as far as possible by hand.
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Plastic Hammer

Caution: Do not pull the heater into location with the
locking bolt as the channel (T-Bar) can bend or cause the
threads to strip.

If necessary, use a plastic hammer to tap the heater in
until the shoulder contacts the block.

10 mm Socket, Inch 1b. Torque Wrench
Tighten the locking bolt to:

Minimum: 1.3 Nem [12 in-Ib]

Maximum: 2.8 Nem [25 in-Ib]

Do not over-tighten.

Insert the power cord into the socket being careful to align
the pins with the sockets of the power cord. Tighten the
retaining nut by hand.

Do not apply power until the cooling system is filled, and
run long enough for the thermostats to open and ensure
all air has escaped.

Oil Pan Heater Replacement (6-15)
Preparatory Step:
¢ Drain the engine oil.
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Disconnect the oil heater electrical cord. Remove the
heater element. @Q}

Ratchet, 1 inch Deep Well Socket, Torque Wrench

Replace the heater element. Refill the engine to the cor- x
rect oil level. )

Torque Value: 120 Nem [88 ft-Ib] %g

Qil Pan Heater Replacement (6-15)
Page 6-31

\ op9swma

op9swha




Qil Pan Heater Replacement (6-15) Electrical System - Section 08
Page 6-32 B Series

NOTES




Section 7 - Base Engine Components System
B Series Page 7-1

Section 7 - Base Engine Components System
Section Contents

Base Engine Components - General Information .............c.cccoiiiiiir e 7-6
8= {1 01 1] o OO PP TOUPPPN: 7-6

Base Engine Components = Service TOOIS...... ... cr s ee s e r e et e e e e s e e s ee s e e s eranes 7-4

Base Engine Components Specifications ...t e e 7-26
07 T T-1 01 1 S OSSO P R RTT 7-28
ConNECLING RO ... e ettt te et v e ey et s se s ee s e s s e s e s s s seas e s eeenesearaasaeeanasessenevassesnnnsnens 7-29
CrankSNAT ... e e r e s s e e e e rerna e e e et e eeaaeetaetta e aeeernnrnns 7-29
CYlINAer BIOCK ..ottt et e ettt ettt et e st e e e e s aeeeeae s e e e e e ae et e eerae et e ererteanee et araaaraaeeesaaasanranas 7-30
CYNAET BOTE ...eeviitiiiiiii ittt r e e es e e st en et s et e e eae e bt R et e ann e ee e n e fabereeeaaearaaaenss 7-31
GEAT TTAIN .o e r b L e st e s et e s e s ta bR e et e nr e R Rt neaeeen et tne e araeaeneaaaeses 7-27
g1 (o T2 - PR OSU 7-28
JLE: o] 11 T OO PP OUOUPP N 7-28
AV Y I = 11 £ BTSSRSO 7-26

Camshaft and Tappet - Replacement ......... ..ot e e e s e e s 7-116
Camshaft and GEar - INSPBCLION .....ccvvei i ircver e e e e e s asen e arereretrrassasarassssssrrastrassssensnnsss
Camshaft Bushing - Replacement
Camshaft Installation ...........coccviciiniinernncrannnn.

Camshaft REMOVAL. ..o e s er et v s ie s s e e s s e s e s a e rs s an et e batn e eeeeearerranrabannnnnnns
Edge Deterioration (Breakdown) Criteria .........ccocovimeeiiiiiincnennnnn. e eteaaeaenans
Pitting REUSE CritBria..ccuuu it it cer it r s r s erse s rs e s e s ettt reaeeatbaa s eeabeatn e saseeseransaanansasaseseeeernensnnnn
Tappet INSAlAtION .....uuviri b n et rn st reanraeaeees
Tappet Removal ..ot e e en e nerees
TAPPEIS ~ INSPECHON ..ttt st a bt s s s b s e e rere e neenaeens

Camshaft Gear - ReplaCement. ... s erse e e s eeeses s era e et ratrnnar s s seseeenenssssnsrasasaanas
Cleaning and INSPECHON ......uiiii e errerrr e ettt eeetstrete s eb i aesesersun st asenseeesenssnannnsesaenesseseneens
Installing the Camshaft GBar ...t n et tte e e e e e saenreneeeennnes
oY 1107 P PSSR

Connecting Rod Bearing - Replacement ..ot e e e e e e e s ana s
Cleaning and INSPECHON ........iiii vt ccrearir s e s et eees e ereaaseassssetaratn st ssaserneatstssnsnssseeereessnsnnsssnsnrareneeens
L2053 0= 1] F= 1 Lo o U U R
L 11 [ 17 O O ORI

Connecting Rods - ReplaCement. ... s er s e s s te i a e ea et e s aaaeeatreearaeaeesesesassanraons
Cleaning and INSPECHON c.....cu i sttt ru e et renes s ssnsssass s ssanasnnassssnsasnssnnsannssranseneennses
L e e 1T T« OO SO SRR
T 4o | U O USRS

Crankshaft Gear - Replacement. ... ..o rcen e e er e s e rrrr s e s e n e nr e e bR et e rern s e sranas

Cylinder Bore Deglaze ... s e e ee s e s aeaceaes s
ASSEIMIDIY Lo et s st s e e s b b e e bt e ber st nn e e b rnnasnrenuats
03 [T- o1 5T TR OO PP TP POP PP
LT o 1 E- A 1o« TSP O OO PO PP PSP UOP
DT T T4 o1 YO PO SUPUE
LT o<t 4o o O TP

Cylinder Head - Replacement............oviiiiiiii ittt s s e s s s n e ree e s esenacneaeansens
Cylinder Head - ASSEMDIY ... s s s e e e s e reeae s as s e nanns
Cylinder Head - Cleaning .....ooovir it cre e s e e s e et recete s e e s st s s s r s s s s sesneraeeannenres
Cylinder Head - Disassembly ......c..cooiiiiiiiiii i e e s s e a s
Cylinder Head - Installation............oo it eaa e rarn
Cylinder Head - Precheck Before Disassembly ...t
Cylinder Head Cracks - Reuse Guidelings ..........ccoiciiiiiiiiiimnnnein s
Cylinder Head Deck Inspection ...................
BRBIMOVAL .. 1ttt ee e e e e e e s e e ee s e s e e e s b s ee e en e e s a et et s et tees s ae s s e e san e nane e e e e eee e aranneeeaesanareeaneres
VAIVE = INSPECHION coeviii ittt s e e e e s b s et R et r e e e et ann s naaeeeeareannn
Valve GUIAE INSPBCHION ... i er s e esr e re e s st s s s et s s bt s bbaas s s sba i csetsnn s nensnsnsneensnssssnansnnn
Valve Seat INSPECHON ...ttt e et st e e e es e e e e e s e e et e et s eeee st e tn e e renan e nn b tnaeteaeaaaeeeennns
Valve Spring INSPECHON .. .. i v e s e se b s e s ea e ae e r e e s s st e rrer e rbren i enaane

Diagnosing Base Engine Component Malfunctions...........ccooeeeeiri e e
Air and Fuel SYSIEmMS « CREOK .......oeiiiieieiirerece s receers e ee s e st e te e s e s cene s e e nte s nte s sesnasnnnrssrsesenenenananenns




Section 7 - Base Engine Components System

Page 7-2 B Series
Page
Compression CRECK . ... ettt re e s e s e e eaeee st st esenerere e e e et e s e s e s s 7-16
Crankshaft and Main Bearings ..ot st e e sttt es e e s e s eae e seaesar e seaeeranrressssetressssersnnss 7-24
CYINAer BlIOCK ....oveiic ittt ettt e e e e st s s e st ar e e st et e s s e e R ee s e raeaeas s e et ae st e e e e e e aeaaerrenraanananans 7-25
Fiywheel Housing and FIYWRhee!l ... e e e s e e 7-25
Front Gear Housing and Gear TraIN ....coociviieieiiiciiie s seciineiee s e s s srarteessesertraasssssssessassaassnnertassaasesasssesnsssnssenes 7-20
INJECION PIOIIUSION Lovviiiiiiieiiit i e e e s e be bt e e et rmsrr e e ae e ea s ba et ceenae s e san s snnnbeneons 7-19
Piston and Connecling Rod ASSEMDIY ... ..ot e e e e s e e e e s e s e ar e e es s 7-22
Rocker Lever, Valve Stem, Push Rod, Tappet, and Camshaft 7-21
Valve AdJUSIMEnt « CheCK .. ...ttt et e e e e e et e e a v e v eev e
Valve S@AI - WBAT ...ttt i r e ettt e s e e re et aeare s et e r R e et tabe e et arenaens
Valve Train and Head Assembly .
Vibration Damper ..o
Exhaust Manifold - Replacement
L0 =TT o DO PP TR R ST
INSEAHAHION .o eeee e v e e a b ettt ran s et e essaaa e s et e anr e re s e s et aeeaerarenn
BREBIMOVA] ...t crre e e s st s ree s e e e s s raneee st bt b h e s e asee e ne e e s e r e aseneratn e e st nr e e e nn s e e naearrans
Expansion Plug Replacement. ...ttt r e e
AN et reveeeerar v e e ere e e er e it i e i ee it tetet et eerr e et eeetrtaeeaasenanaesaassaae aesaasas s s s ansn s bantsEneeRaevaaae et teeetaeeeaeanettarenrererrans
a1 11 =) (o 2 USRS OO TEPPRS R
BBIMOVAL ... oottt r e e e tetetetre s teaa e e er e e e nnneaoenn e b eeternrerntt e ean
Flywheel Housing - Replacement ... s 7-153
Cleaning and INSDEBCHOM ... a bt a et et e et ae et et ae e e e e e e e re s raa e e raaaaaaeaaeans 7-185
Flywheel Housing Bore Alignment - Check ... 7-156
Flywheel Housing Face Alignment - Check ...t n e s 7-158
Installation (Dry ClUtch APPICEHON] ..o s s e s s e e e eas e s rarerereesaeesssarassssnannen 7-1585
Installation (Wet ClUtCh ADPHCATION] .....uiiriiiiiiiiiie it ire s s i e ress et raeseaearassereseesasaasnnnuensnesnssnstes 7-160
BemMOVAL ... oo e s e e r e e e e e e s R e st s e e e e es e e b err s e e teean e nrenerunes 7-153
Flywheel/Ring Gear - Replacement........cccccoirviiii i irccer s e tee et e e reeeaeseerecease e srenentes 7-147
Flywhee!l - INStallation ... et ean 7-148
Ring Gear - Replacament .. .. oo i crstis s ettt ettt a e r e anata et et e e aeeeaaesretenretrernrnures 7-147
Front Seal - Beplacemient. ... et re e r e ere e r e e et e raea s et e et v e un s e e e e e ranaaa e as 7-107
Cleaning and INSPECHON ... sttt e s e e e s s s v e e e ae s ab b e n e e eea e e aeeaeae e nnrrreeeans 7-108
LT f= Y=t o L OO PSS 7-108
LR L1 Te - | T PSSP UPRRS 7-107
Gear Cover - Replacement ... ... e e rrre et e e rr e e e b n s aa s r et e s tr et b s reeennn e ens 7-112
Cleaning and INSDPBCHION ... a et e e e e e e et raeeraee et eaesantaesaansanerssasssssn e sarasanraraearaaasansres 7-113
INSAHALION oo e e e e e es et e e e s s e rrett st s et e recerat s e nen e ne e et aen e reanaaneres 7-114
R CT o | RS SUP PP SRR 7-112
Gear Housing or Gasket - Replacement. ..ot cencs s ee s v erennan s s s asanen s eseasaneassses 7-136
Cleaning and INSPECTION (... e ettt e e e e e e as e en 7-137
oL = =t e o O SRS 7-138
Pan Gasket - REDEIT ...t eorrrerenr et s s e s rosna e s e re s st e e acn et saa s s e s s et e e r e e n e s e e et annnaeeaes 7-137
Relocating the Timing Pin.. e cer s e e s aosceen e asatssonnan e s sannssnananansas 7-141
FRBIMOVAL .. ciieiiieiiirirecinesesereerseerceirtsrn ot et bar s sss s e s eesecnetuassnsnasasssasarsensnnsnsnnssssesecsssunnsnssnnesssssessensnsssorernsnsnsansesss 7-136
Main Bearing - Replacement ... ..o erevicii e s e e e e e teren et s ea st e anaa s eaaseaeeaneeenr e s e taerann e eeaeaas 7-93
Main Bearing Preliminary INSDBCHOMN ... e e e s e 7-93
Main Bearing Replacement ..ot se e e e irar s s b ar et s e abb s e e e s £ e rn ot e e e enens 7-94
Operation and DescriPion ... et et e e e e s 7-7
Camshaft, Tappets and Push BOTS ...ttt ne s an st s e nnen s 7-8
Crankshaft and Main Bearings ... e er e eir e ve e s aeererenrusesassatvearsscsassesssearmersasesesrueennmnnnrsees 7-12
LT e L=t gl = LT o OO PP UTPRT TP RPRUPPRTRI 7-13
Cylinder Head and Valve TFaiN ..o bt s s s s e e s 7-7
Fiywheel Housing and FIYWRee! ... e 7-9
Front ©rankshafl Seal........coiiiiiiiiii et e s e a s s e ar e e e b ran e eanseeeane 7-8
Front Gear Housing and Gear TralN....cc.oiiiiii it i e s s b er s e n e s 7-8
LUBMCALNG Gl PaIN .ottt e rs s e r e s e s i r b e te e o s s aareaaa et s s r e e b e e e e v et b s e e raeetn s Rnn e es 7-14
Piston and Connecling Rod AssembliBs.. ... e ereee e 7-10
Rear Crankshafl Seal ... ..o i st r s s s e s e st a e e e e e e annebenen 7-14
Pipe Plug - RePIBCE ......ciiii i e e e e e 7-161
Cleaning and INSPECHON ...t r s erer e s s trererbans e ererrstnnssaaesesesaaatnsrananrsenarnnaasnsessnnes 7-182

T U LT DT TRURT ettt naaan, 7-162



Section 7 - Base Engine Components System

B Series Page 7-3
Page
=] 11 e V2 | ISR 7-161
Piston and Rings - Replacement........coviiirioiiire st s s s s e e s e e nreas 7-65
Piston and Connecting Rod - Disassembly ........oovviiiiiieiiiiiriis it cencisenrrcessrernsasennesaearnrsnsessnnnaesaaranes 7-68
Piston and Connecting Rod Assemblies - Removal........c.oo oottt sesses s srsnise s e e e enen 7-66
Piston, Pin and Connecting Rod - Cleaning ... er e st e s sent e e reee s eeresse s e s escanaaseneenes 7-69
PISON ISP OORION 1 e s s s e s s e r e v ke s ae st s ea s s s s s re s 7-70
PISton PIn =~ INSPECHION. ..o e s et ea s n s sete s s e 7-71
Oil Pan Sealing SUrfaces - SEaJIANES ..o r e s naeenas 7-82
Piston and Connecting Bod - ASSEMDIY ...coiiiiiiiiiiie it e e s e r et e rerr e e s tetran e e e s aean s 7-71
Piston and Connecting Rod Assemblies - Installation...........covvereeiiiinei i e 7-79
Piston Grading For ‘94 Automotive Applications Only ... 7-72
Piston RiNg Gap - CheCKiNG ..ot et rs s e e s s e s s st basr e te s e s s s sbnans
Piston Rings - Installation ... eeerrerenrer e eenaae
Rear Seal - Replacement . ... b e e ernrr e

Rocker Levers and Push Rods - Replacement
Push Rod - Installation ...c....ccoeviiiiiiniiiiicens
Push Rods - Cleaning...........
Push Rods - Inspection ......cccceceeiviiniiniiinncnneninnn
Y21 Ve 7 | IO PO PP P IS TPRTPIP
Rocker Lever Assembly - InStaHation ..ot c s e s et e e e e e e
ROCKET LeVErs - ASSEIMIDIY ..o it s e ettt s e e e et s ere e et s et e e e e re e aereneaes
FOCKEr Levers = ClBANINMG ...ovviuiii ittt ciee i s eirtses e se sttt s s s e certeaseraraasacaennsseennsastsssenssesrenssrtsremnranseneeninercns
Rocker Levers - Disassembly .. ..o e e e e rea e r s e v e et e e arraasaane
Rocker Levers - INSPBOHION ... et e e s e e et s er e e r e r e e r s n e T n e et e e e rennan

Timing Pin Assembly - Replacement ...

Turbocharger - Replacement
Instaliation

T oo V7 | O O DU
T T e Tt 4T o
Four Cylinder Engine AdJUSTMENT ...t e s sses s s s s e sbber e e
Six-Cylinder Enging AdJUSTMBNT. ...t a s s e a s
Vibration Damper/Crank Pulley - Replacement ..., 7-104
TR T =t - Lo o RO T O O PPN 7-105
= Y110V O O OO 7-104
Rubber Element Vibration Damper - Inspection {(In-Chassis) ..cvcvev i eviivcrmniicinerrenircr s nesrrrrrscecesessennee 7-105
Viscous Vibration DamDer - INSDeCHON. ..ot eiieiiiieriecrinirerernensearressesesnnesensrntsersnnnsnsasssnunnssrssnnsssennns 7-105
Wear Sleeve, Rear Crankshafl Seal - Replacement..........ccccociiiiiiiciincnncenmrisssecierrentemssssissessecorsonerssnrmssnseseans 7-148
Cleaning and INSPECHON cc..ii i e re s e r s s s s r s e s s e s s an s e et e st e arbtneaessessenas 7-150
T o= Y =t o) o T O O O O PPE 7-151

R BT OVAL it iiie s e iiiisreerestusenasanennsasrtnsssteassassanssuaseserntasssassassssessssntessesnensessssseerencnsennsansenssnsancnsennronssnnenesnnrnnses 7-148



Base Engine Components - Service Tools

Page 7-4

Base Engine Components - Service Tools

Section 7 - Base Engine Components System

B Series

The following special tools are recommended to perform procedures in Section 7. The use of these
tools is shownin the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No. Tool Description Tool lllustration
Engine Barring Gear
Used to engage the flywheel ring gear to rotate the crankshaft. i
3377371 - s: 7
=
Injector Bore Brush
Used to clean carbon from injector bores.
3822509
Tappet Removal Tool Kit
Used to remove and install valve tappets.
3822513
3822513
Piston Ring Expander
U_sed to install.piston rings onto pistons without damaging or
3823137 distorting the rings.
3823137
Camshaft Bushing Tool
Used to remove camshaft bushings.
3823509
"\\ 323509
)
% ® 3823509
Camshaft Gear Installation/Removal Tool fb
Used to install/remove the camshaft gear without removing the
3823589 camshaft from the engine. @%
3823588
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Tool No. = Tool Description ' , Tool lllustration

Capscrew Length Gauge

Used to measure capscrew free length.

3823921

Wear Sleeve Installation Tool

Used to install the rear crankshaft lubricating oil seal wear sleeve.
3824078

0Oil Seal Installation Tool

Used to install the front crankshaft lubricating oil seal in the front
3824498 cover to a specified depth.

=

3824498




Base Engine Components - General Information Section 7 - Base Engine Componenis System
Page 7-6 B Series
Base Engine Components - General Information

This section of the manual defines the base engine components, describes the operation of those components,
provides guidslines for diagnosing malfunctions and gives procedures for component replacement and in-chassis

overhaul.
Definition

For the purpose of this manual, Base Engine Components are defined as mechanical functions not included in
the other major engine systems. The components include:

e Cylinder Head and Valve Train

e Front Gear Housing and Gear Train
Camshaft, Tappets and Push Rods

e Piston and Connecting Rod Assembilies @
¢ Crankshaft and Main Bearings

Cylinder Block d)
Flywheel Housing

ewd01ga
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Operation and Description

Cylinder Head and Valve Train

The cylinder head is a one piece, cross flow design with
two valves per cylinder. The head has integraliy cast vaive
guides and hardened valve seat surfaces which can be
repaired in a machine shop using the appropriate service
parts.

The cylinder head has a cast intake manifold, fuel filter
head, thermostat housing and an internal water bypass.
The injectors are mounted in the head for direct injection
into the cylinders. Fuel filter head is remote for engines
with inline fuel injection pump.

Separate pedestals for each cylinder are used to support
and route oil to the rocker levers.

The cylinder head gasket is a laminated design with print-
o-seal on both sides around the water holes. An emboss-
ment in the gasket seals the cylinder bores. As discussed
in the Cooling System, the gasket also provides orifices
to control coolant flow.

Operation and Description
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Front Gear Housing and Gear Train

The gear train consists of the crankshaft gear (1), lubri-
cating oil pump gear (2), idler gear (3), the camshaft gear
(4), the fuel injection pump gear (5) and the accessory
drive gear (8), if used. :

The gear housing provides a support for the fuel injection
pump, the timing pin and the accessory drive gear, if
used.

Front Crankshaft Seal

The front crankshaft seal is mounted in the front gear
cover. A double lipped Teflon seal is used. The sealing
surface on the crankshaft must be clean and free of lu-
bricating oil during assembly.

Camshaft, Tappets and Push Rods

The camshaft is gear driven from the crankshaft. A re-
placeable bushing is used for the front journal to carry the
side loading from the accessory drive. The remainder of
the journals operate in cast iron bores in the cylinder
block; however, these bores can be repaired in a machine
shop by installing service bushings.
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The camshaft has lobes to operate the intake and exhaust
valves and a special lobe to drive the fuel transfer pump.
The valve lobes contact ““mushroom’ shaped valve tap-
pets which operate the push rods. The operating arm of
the fuel transfer pump rides directly on the special lobe
on the camshaft. The profile of the camshaft lobes is the
same for all B Series engines except 1994 automotive
engines which use a new early intake valve opening in-
take lobe.

The tappets are mushroom shaped. The convex shape of
the surface which contacts the camshaft lobe causes the
tappet to rotate as it lifts the push rod.

The ball end of the push rod fits into a ball socket in the
tappet. The other end of the push rod is fitted with a socket
into which the ball end of the rocker lever adjusting screw
operaies.

Flywheel Housing and Flywheel

Several optional flywheel housing and flywheels are used
depending on the application. Ring dowels are used to
locate the housing within 0.20 mm [0.008 in] TIR.

NOTE: Service housings are drilied, Re-dowelling is not
required.

Operation and Description
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Some flywheel housings are machined for the use of an
optional engine barring device.

Piston and Connecting Rod‘Assemblies

Piston features include: high swirl combustion bowl! cast
aluminum body and 3 ring grooves. The piston for turbo-
charged, turbocharged/aftercooled engines includes a
ni-resist insert with a keystone profile for the top piston
ring. Always check the part number to be sure the correct
configuration is used during piston replacement.

In addition to the ni-resist insert, automotive turbocharged
engines also feature pistons with a hard-anodized com-
bustion surface.

The piston ring sets are also different. While both sets
consist of three rings, the top ring of the turbocharged/
aftercooled set has a keystone profile which operates in
a ni-resist insert cast into the piston. The naturaliy aspi-
rated top ring is square cut and operates in a groove
machined into the aluminum piston.

The 1894 automotive pistons utilize different top ring lo-
cations. The 160 hp to 175 hp ratings use 8 mm crown to
ring land pistons and 180 hp, 210 hp and 230 hp use 10
mm. The 1984 industrial pistons continue with the 14 mm
ring position.
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A free floating, hollow piston pin is used to attach the
piston to the connecting rod. Lubrication of the pin and
journal is accomplished by residual spray from piston
cooling.

The piston pin end of the connecting rod is angle cut to
provide additional bearing surface. The connecting rod
end is fitted with a bronze bushing.

In production, steel backed aluminum connecting rod
bearings are used for naturally aspirated engines. Steel
backed tri-metal bearings are used in production for the
additional loading resulting from turbocharging and
aftercooling.

Jo prevent incorrect use of the two bearings at time of
repair, only steel back tri-metal bearings are available for

service.

Operation and Description
Page 7-11
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Standard

Qversize
o/
.250 mm [.0098 in.]
.500 mm [.0197 in.}
.750 mm [.0295 in.]
1.000 mm [.0394 in.]

mb9bagd
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Standard

Oversize

0.25 mm (.009 in.)
0.50 mm (.019 in.)
0.75 mm (.029 in.)
1.00 mm (.039 in.)

mb900gg
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Oversize service connecting rod bearings are available
for use with re-ground crankshafts.

Crankshaft and Main Bearings

The crankshaft is a balanced, forged steel unit. Four
cylinder engines have 5 main bearings. Six cylinder en-
gines have 7 main bearings. The lower bearing shelis are
all the same. All of the upper bearing shells are also the
same with the exception of the journal adjacent to the rear
one. The next to the last journal is fitted with a flanged
upper bearing shell. The flanges control the end thrust of
the crankshaft.

The upper bearings have three holes in them. The middle
hole receives lubricating oil from the main oil rifle. One of
the adjacent holes is aligned with a drilling to the cam-
shaft journal and serves as an orifice for lubrication flow
{o the journal. The other adjacent hole supplies lubricat-
ing oil for piston cooling. The hole does not align perfectly
with the cooling nozzle. The hole is off-set to keep it away
from the highly loaded bearing area.

NOTE: Oversize service main bearings are available for
re-ground crankshafis.
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Cylinder Block

We have discussed the cylinder block relative to cooling and lubrication in those respective systems. We have also
discussed the interfaces of some of the above power functions with the block. This discussion will cover the
remaining interfaces including the cylinder bores.

The cylinder bores are machined directly into the cylinder
block during production. The size and condition of the
cylinder bore is critical to engine performance and life.
During repair, be sure to inspect the cylinder bore care-
fully. It will also be necessary to deglaze the cylinder walls
before reassembly. A 30 degree crosshatch pattern is
needed to seat the new piston rings.

The cylinder bores can be rebored in a machine shop and
fitted with an oversize service piston. The cylinder bore
may also be bored to accept a service liner and standard
pistons. Refer to the B Series Alternative Repair Manual,
Bulletin No. 3810234 for rebore procedures. @5

NOTE: The head surface of the block is also critical o
sealing the cylinder bores. Inspect the surface carefully dur-
ing repair before assembly. The cylinder head deck can be
resurfaced in a machine shop and a thicker surface cylinder
head gasket installed to keep the piston-to-head clearance
the same.
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B Series

After machining, the cylinder block is identified as follows:

Machining Mark
A - Standard None
B - .25 mm (.010 in) machined for first X
oversized gasket
C - .25 mm (.010 in) machined [.50 mm XX
{.020 in.) total] for second oversized

gasket

Lubricating Oil Pan

A front sump, rear sump or center sump lubricating oil
pan option may be used depending on the application.
The mounting of the lubricating oil pick up tube will vary
with the lubricating oil pan used.

Rear Crankshaft Seal

The rear crankshaft seal is mounted in a housing that
bolis to the rear of the cylinder block. Double lipped Teflon
seals are used. The sealing surface on the crankshaft
must be clean and free of lubricating oil during instal-
lation of the seal.

Diagnosing Base Engine Component
Malfunctions (7-01)

Vaive Train and Head Assembly

The sound emitted from the overhead can indicate a valve
{rain problem. Loose rocker levers will clatier. A squeak-
ing noise can mean lack of lubrication for adjusting screw
and the push rod socket.
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Caution: If one of the individual support pedestals is
removed during inspection or repair, all head bolts must A
be retightened according to the head bolt torque se-
quence. Refer to Procedure (7-07). @

kn@00ki

Air and Fuel Systems - Check

When diagnosing a low power problem, first troubleshoot
the air and fuel systems to make sure the engine is re-
ceiving adequate intake air and fuel.

Check the intake air system for leaks. Make sure a sealant
is used on the through-hole capscrews which secure the
manifold cover to the head.

Verify the turbocharger is operating correctly. @
Refer to Section 3 for additional air system checks.

Check the fuel system for correct timing and fuel delivery. @
Refer to Section 5 for fuel system malfunction diagnosis.
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B Series

Valve Adjustment - Check

Verify that the valves are adjusted correctly. Refer to
Procedure (7-04).

Compression Check

If the air and fuel system are functioning correctly, per-
form a compression check to determine whether the prob-
lem is:

® Piston ring sealing
e Valve sealing

e Cylinder head gasket sealing or a crack in the cyl-
inder head

Piston Ring Sealing

If the compression is low but can be increased signifi-
cantly by squirting lubricating oil into the cylinder, the
cause of low compression is inadequate sealing between
the piston rings and the cylinder walis.

Valve Sealing

if the compression is low on one or more non-adjacent
cylinders and the pressure cannot be increased by oiling
the rings, poor valve sealing is to be suspected.
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Valve leakage is often audible from the intake and/or
exhaust manifold.

The parent valve seats can be re-ground to a depth of .254
mm [.010 inch]. Re-ground seats are identified with a
mark on the cylinder head. Service valve seats must be
installed in previously ground valve seats. '

Head Gasket Sealing

If the compression was found low on adjacent cylinders
and the pressure cannot be increased by oiling the rings,
the head gasket is probably leaking between the cylinders.

Low compression on a single cylinder can be caused by
an external leak or a leak to a coolant passage.

<>
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tected by loss of coolant as the coolant is blown from the

@ A compression leak to the coolant will normally be de-
cooling system.

~ External cylinder head gasket leaks can be detected vi-
sually. Liquid soap can be used to locate external leaks.

R |5
0
// 78\ // 4 / '-/: /P‘y/ bpegklia

Valve Seal - Wear

\ / Worn valve seals are typically detected by excessive
smoke at idle or when the engine is unloaded when the
vehicle is going down hill. Verify the condition by remov-

ing the valve spring and inspecting the valve seals.

7
& QN
(7
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Hardening of the material and wear or damage io the
sealing surfaces will cause the valve seal to leak.
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Injector Protrusion

Injector protrusion can affect power from the engine. In
addition to a single sealing washer (A) on the injector, the
thickness (B) of the head gasket controls injector
protrusion.

Thicker service head gaskets are used when the head
surface on the block has been refaced.

After machining, the block is identified as follows:

Machining Mark
A - Standard None
B - .25 mm [.010 in] machined for first X
oversized gasket
C - .25 mm [.010 in] machined (.50 mm xXX
[.020 in] total) for second oversized

gasket

After determining the amount of machining that has been
performed, refer to the parts catalog for the proper over-
sized head gasket.

Page 7-19
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B Series

Front Gear Housing and Gear Train

Troubleshooting the front gear housing and gear train
consists of checking for leaks at the gaskets (front cover,
timing pin assembly and fuel injection pump) and the front
crankshaft lubricating oil seal, inspecting the gears and
measuring backlash when required.

Refer to Procedure 7-16 to replace the front crankshaft oil
seal.

Gear noise emitted from the cover can indicate worn gear
teeth.

NOTE: Excessive backlash can affect engine timing and
engine performance.

Vibration Damper

NOTE: There are two different design vibration dampers
used:

¢ Viscous damper (A) for certain marine engines and
some automotive applications

e Rubber element damper (B) for all other applications

As previously discussed in the fuel system, replacement
of the gear housing or the timing pin assembly necessi-
tates a realignment of the pin assembly on the housing to
correspond to TDC for Cylinder Number 1. Refer to Pro-
cedure 7-20 for replacement instructions.
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Rocker Lever, Valve Stem, Push Rod, Tappet,
and Camshaft

Excessive valve lash can indicate a worn valve stem or
rocker lever.

Loose rocker levers and the need to re-set the valve clear-
ance frequently, can also indicate camshaft lobe or tappet
wear. If an inspection of the levers, valve stems and push
rods does not show wear, then tappet and/or camshaft
lobe wear can be suspected.

Caution: Anytime a new camshaft is installed, new tap-
pets must also be installed.

The camshaft lobes can be visually mspected after re-
moving the lubricating oil pan. Similarly, the face of the
tappet can be inspected after removing the push rods and

lifting the tappet.

A severely damaged camshaft journai(s) can generate
metal chips which will be found in the lubricating oil pan
and lubricating oil filter. As the clearance between the
bushing(s) and journal(s) increases, a small decrease in
lubricating oil pressure may be detected.

Page 7-21
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Piston and Connecting Rod Assembly

There are a number of power related problems including

excessive lubricating oil consumption, smoke, biowby and

Crammosse poor performance that can be caused by inadequate seal-

py Breather ing between the piston rings and the cylinder walls. A
blowby measurement can help detect the problem.

SN

pi900ka

visual/dimensional inspection of rings, pistons and cyl-

. Verification of the damaged or worn component requires
inder bore.

@ The cause of piston ring wear can range from wear over
a long period of service to a dust-out in a short period of
time because of poor maintenance of the air intake sys-
tem. Refer to Section 3 for troubleshooting the Air System.

ci800kh

During repair it is essential that the cylinder wall be de-
glazed so that new rings will seat against the cylinder wall.
Failure of the rings to seat can result in high blowby and
excessive oil consumption.

Glazed

De-Glazed

PN
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However, it is also critical that the cylinder walls be thor-
oughly cleaned after the de-glazing. Grit left in the cyl-
inder wall will cause rapid wear out of the new rings
leading to the previously discussed power problems.

Overheating of the engine from a loss of coolant will
cause the cylinder to overheat resulting in seizure of the
piston. Loss of piston cooling lubricating oil can also lead
to piston seizure.

improper maintenance of the lubrication system is the
primary cause of reduced main bearing life.

Normally, worn bearings can be detected by reduced oil
pressure. But if this wear goes undetected, the excessive
clearance will cause the connecting rod to strike the crank-
shaft causing a distinct knocking sound.
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B Series
A connecting rod knock occurs when the engine is not

loaded. Verify by first applying load and then unloading
and listening for the knock.

Crankshaft and Main Bearings

‘Improper maintenance of the lubrication system is also

the primary cause of reduced main bearing life.

A malfunction of the crankshaft/main bearing will usually
be detected by reduced lubricating oil pressure. As with
rod bearings, continued operation with low lubricating oil
pressure will lead to a rapid deterioration of the bearings
and eventually will produce a knocking sound.

A main bearing will be heard when the engine is loaded.

A damaged, worn or missing thrust bearing flange of the
upper main bearing shell can be detected by measuring
the end play of the crankshaft.

Dimension (A) End Play Limits
MIN MAX
0.127 mm 0.431 mm
[0.005 in] 10.017 in]
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Failures of driven units at the front or rear of the engine . /
which increase the end loading can damage the thrust < &
bearing. .

Cylinder Block i —

Diagnosis of cylinder block malfunctions relative to cool- @ i
ing and lubrication have been discussed in those respec- O @ @ & ‘#
tive systems. The potential problems with cylinder, the % i @
camshaft bore and the crankshaft main journals has also — =

been discussed in this section. [H 1T =T =
ﬁl’ ]%LQGU ,"7/
R, - ” - s

ck800kb

Malfunctions of the cylinder block such as leaks, tappet
bore wear, etc. require a visual or dimensional inspection
to isolate the problem.

) =

Flywheel Housing and Flywheel
Diagnostics of the flywheel housing and flywheel is nor- N , C'@

mally limited to a visual inspection of the parts for damage
or wear.

fh800ka
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@ Occasional failure of a starting motor to engage can be
caused by damaged teeth on the ring gear. Service ring
gears are available for repairing flywheels (refer to pro-
cedure 7-23).

twlgeka

When troubleshooting a transmission vibration problem,

it may be necessary to measure the concentricity of fly-
wheel housing-to-crankshaft and flywheel housing face
alignment

@ Refer to Procedures 7-24.

the00kb

Base Engine Components Specifica-
¢ tions (7-02)

- Valve Train
© Valve Clearance
e [ntake 0.25 mm [0.010 in]
¢ Exhaust 0.51 mm [0.020 in]

progona

ix

{4

e Valve Guide Diametser (Maximum)
8.080 mm [0.3185 in] Max

8.019 mm [0.3157 in] Min

) kn8gunb




Section 7 - Base Engine Components System
B Series

e Valve Stem Diameter (Minimum)

7.94 mm [0.3126 in] Min
7.98 mm [0.3142 in] Max

e Valve Seat Angle
Intake 30 degrees
Exhaust 45 degrees
e Valve Depth (Installed)

0.99 to 1.52 mm [0.039 to 0.060 in]

e Cylinder Head Flatness

Use a straight edge and feeler gauge to measure the

overall flatness of the cylinder head deck.

The overall flatness must not exceed:
Side 1o Side
End to End - 4B

Refer to the Alternative Repair Manual, Bulletin No.
3810234, for regrind/milling procedures and limits.

Gear Train
¢ Gear Backlash (all gears)
0.08 to 0.33 mm [0.003 to 0.013 inj

.076 mm [.003 in]
203 mm [.008 in]
6B 305 mm [.012 in]

Visually inspect for any localized dips or imperfections. If
present, the cylinder head deck must be ground.

<>

Base Engine Components Specifications (7-02)
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B Series

Camshaft

® Journal Diameter (Minimum)

53.962 mm [2.1245 in]
* Valve Lobes (Min. Dia. at Peak of Lobe)
Iintake 47.040 mm [1.852 in]
Exhaust 46.770 mm [1.841 in]
e Lift Pump Lobe (Min. Dia. at Peak of Lobe)
35.5 mm [1.398 in]

Tappets

» Stem Diameter (Minimum at 28 mm height)
15.925 mm [0.627 in]

Pistons

e Skirt Diameter

101.823 mm MIN [4.0088 in]
101.887 mm MAX [4.0107 in]

e Pin Bore Diameter
40.006 mm MIN [1.5750 in]
40.025 mm MAX [1.5758 in]
NOTE: Measure the diameter on a vertical axis only.
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e Ring Groove (Maximum)
Top Groove
Use Keystone Gauge
Intermediate Groove (Ring Side Clearance)
0.150 mm [0.006 in]
Qil Contro!l Groove (Ring Side Clearance)

0.130 mm [0.005 in]

» Piston Pin Diameter (Minimum)
©.39.990 mm [1.5744 in]

Connecting Rod

¢ Pin Bore Diameter (Maximum) - Bushing Installed

40.019 MIN 1.5755
40.042 MAX 1.5765

Crankshaft
¢ Connecting Rod Journal

Minimum
68.962 mm [2.7150 in]"

68.712 mm [2.7052 in]

68.462 mm [2.6954 in]

Machined 0.75 mm 68.212 mm [2.6855 in]

Machined 1.00 mm 67.962 mm [2.6757 in}

e Journal Out of Round (Maximum)
0.050 mm [0.002 in]

e Journal Taper (Maximum)
0.013 mm [0.005 in]

Standard
Machined 0.25 mm
Machined 0.50 mm

Base Engine Components Specifications (7-02)
Page 7-29
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Cylinder Block

Use a straight edge and feeler gauge to measure the
overall flatness of the cylinder block. The overall flatness,

must not exceed .076 mm [0.003 in] end-to-end, and .051
mm [.002 in] side-to-side.

Visually inspect for any localized dips or imperfections. If
@5 present, the cylinder block head deck must be reground.

Refer to the Alternative Repair Manual, Bulletin No.
3810234, for regrind/milling procedures and limits.

Main Bearing Bore Diameter (Maximum)
83.106 mm [3.272 in} (with bearing installed)

., Camshaft Bore Diameter (Maximum)
57.258 mm [2.2543 in] (without bushing) No. 1 only
54.146 mm [2.1317 in] No. 1 with bushing
54,164 mm [2.1324 in] No. 2 through No. 7

cgobria

Tappet Bore Diameter (Maximum)
/ 16.055 mm [0.632 in]
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Cylinder Bore

e Cylinder Bore Diameter 2§i4_m]m
in,
Maximum 144.3 mm |
[4.5 in.]

102.116 mm [4.0203 in]
e Qut of Round (Maximum)
.035 mm [0.0014 in]
e Taper (Maximum)
0.076 mm [0.003 in]

S22

Rocker Levers and Push Rods -
Replacement (7-03)

Removal
15 mm

Remove the valve covers.

‘th@cvma

14 mm
Loosen the adjusting screw locknuts. Loosen the adjust-
ing screws until they stop.

Y oY -
e eE——
i = \ thsivwa

13 mm, 18 mm -
Remove the capscrews from the rocker lever pedestals.

Remove the pedestals and rocker lever assemblies. @@
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B Series

@@ Remove the push rods.

Rocker Levers - Disassembly

If the rocker lever and push rods are to be inspected for
reuse, follow these steps.

%@ Remove the retaining rings and thrust washers.

%@ Remove the rocker levers.

Caution: Do not disassemble the rocker lever shaft and
pedestal. The pedestal and shaft must be replaced as an
assembly.
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B Series

Remove the lock nut and adjusting screw.

Rocker Levers - Cleaning

Ciean all parts in a strong solution of laundry detergent
in hot water.

Use compressed air to dry the parts after rinsing in clean
hot water. :

NOTE: The pedestals are made from powdered metal and
will continue to show wetness after they have been cleaned
and dried.

Rocker Levers - Inspection

Inspect for cracks and excessive wear in the bore and the
contact surface for the valve stem.

Rocker Levers and Push Rods - Replacement (7-03)

R
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Section 7 - Base Engine Components System

B Series

Measure the rocker lever bore.
_ Limits

Diameter (Maximum): 19.05 mm {0.75 in}
Inspect the pedestal and shaft.

Measure the shaft diameter.

Limits

Minimum Diameter: 18.94 mm [0.746 in]

Rocker Levers - Assembly
Install the adjusting screw and lock nut.

Caution: Be sure to assemble the intake and exhaust
rocker levers in the correct location.
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Lubricate the shaft with engine lubricating oil.

Position the levers on the rocker shaft.

Install the thrust washers.

Install the snap rings.

Rocker Levers and Push Rods - Replacement (7-03)

Page 7-35
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Push Rods - Cleaning
Clean the push rods in hot soapy water.

pro00ea

Push Rods - Inspection

.= Inspect the push rod ball and socket for signs of scoring.
@] Check for cracks where the ball and the socket are pressed
into the tube.

prooosd

Check the push rods for roundness and straightness.

Push Rod - instaliation

G Install the push rods into the sockets of the valve tappets.
&

D~

[}

Lubricate the push rod sockets with clean engine oil.
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Make sure the rocker lever adjusting screws are com-
pletely backed out.

Rocker Lever Assembly - installation

Make sure the dowel rings in the pedestals are installed
into the dowel bores.

Inspect all cylinder head capscrews for proper length
using Service Tool Part No. 3823921.

Use clean engine oil to lubricate the threads and under
the heads of the capscrews.

Install the capscrews into the pedestals.

18 mm
Step 1: All
Tighten the cylinder head capscrews to 90 Nem [66 ft-Ib].

Step 2: (Long cylinder head capscrews only) Tighten the
cylinder head capscrews to 120 Nem [S0 ft-Ib].

Rocker Levers and Push Rods - Replacement (7-03)
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Valves - Adjustment (7-04)
Page 7-38

Step: 3

‘th9cvma

Section 7 - Base Engine Components System
B Series

18 mm
STEP 3:

After the long cylinder head capscrews have been tight-
ened to 120 Nem [90 ft-Ib], rotate all capscrews an ad-
ditional 90°.

13 mm

Tighten the 8 mm pedestal capscrews.
Torque Value: 24 Nem [18 ft-Ib]

Valves - Adjustment (7-04)
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 the crankshaft slowly while pressing on the en-
gine timing pin.
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When the timing pin engages in the hole in the camshaft
gear, Cylinder Number 1 is at TDC on the compression
stroke.

NOTE: To prevent damage to the engine or timing pin, be
sure to disengage the timing 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 is
“felt”’ when the feeler gauge is slipped between the valve
stem and the rocker lever. '

NOTE: Caution must be used when setting the exhaust valve
lash on marine cylinder heads with rotators. The top of the
valve stem is slightly recessed below the top of the valve
rotator.

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 (i
= Intake, E = Exhaust).

Tighten the locknut and measure the valve lash again.
Torque Value: 24 Nem [18 fi-Ib]

Valves - Adjustment (7-04)
Page 7-39
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Mark the vibration damper and rotate the crankshaft 360
degrees.

Caution: To prevent engine or pin damage, be sure tim-
ing is disengaged.

14 mm, Flat Blade Screwdriver

- Adjust the valves as indicated in the illustration.

Tighten the locknut and measure the valve lash again.
Torque Value: 24 Nem [18 fi-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).

Tighten the locknut and measure the valve lash again.
Torque Value: 24 Nem [18 fi-Ib]

Mark the pulley and rotate the crankshaft 360 degrees.

Caution: To prevent engine or pin damage, be sure tim-
ing pin is disengaged.
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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 Nem [18 ft-Ib]

15 mm
Install the valve covers and tighten capscrews.
Torque Value: 24 Nem [18 fi-Ib]

Turbocharger - Replacement (7-05)
Removal
Remove the exhaust and intake air piping.

16 mm and 19 mm

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

&

Turbocharger - Replacement (7-05)
Page 7-41
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Section 7 - Base Engine Components System
B Series
Screwdriver or 7/16 in

Remove the air crossover tube or charge air cooler piping
@@ from the turbocharger.

10 mm

Disconnect the lubricating oil drain tube from the bottom
%@ of the turbocharger.

Screwdriver
Disconnect the hose from the turbocharger wastegate.

&%

i5 mm
Remove the turbocharger mounting nuts, turbocharger

and gasket.

@@ NOTE: Inspection of the turbocharger is described in Com-
@ ponent Section 3.
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B Series
Installation

Install the turbocharger gasket and apply anti-seize com-
pound to the mounting studs.

15 mm
Install the turbocharger.

Torque Value: 45 Nem [33 ft-Ib]

13 mm, 7/16 inch

if required, loosen the turbine housing capscrews and the
compressor housing clamp to position the bearing hous-
ing for installation of the turbocharger drain tube.

10 mm

Install the turbocharger lubricating oil drain tube and gas-
ket.

Torque Value: 24 Nem [18 ft-Ib]

Turbocharger - Replacement (7-05)
Page 7-43
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B Series
13 mm

Ifloosened, tighten the turbocharger turbine housing cap-
screws.

Torque Value: 20 Nem [15 fi-lb]

7/16 inch

if required, loosen the compressor housing clamp and
position the housing to align with the air crossover tube.

Tighten the clamp.

Torque Value: 8 Nem [72 in-Ib]

Screwdriver or 7/16 inch

Install the air crossover tube or charge air piping. Tighten
the clamps.

Torque Value: 8 Nem [72 in-lb]

Caution: The turbocharger must be prelubricated.

Pour 50 to 60 cc [2 to 3 0z.] of clean engine lubricating oil
into the oil inlet fitting on top of the turbocharger while
spinning the turbocharger impeller to distribute the lu-
bricating oil in the bearing.
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16 mm and 19 mm

Install the lubricating oil supply line.

Tighten the fittings securely.

Torgue Value: 35 Nem [26 fi-Ib]

Screwdriver
Connect the hose to the turbochager wastegate.

Exhaust Manifold - Replacement (7-06)

Removal
Preparatory Steps:
¢ Remove the turbocharger. Refer to Procedure (7-05).

13 mm

Remove the mounting capscrews, exhaust manifold and
gaskets.

Exhaust Manifold - Replacement (7-06)
Page 7-45
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B Series
Cleaning
Clean the gasket sealing surfaces.

Installation

“Package’’ the exhaust manifold capscrews and gaskets
on the manifold. Apply anti-seize compound to the cap-
screws.

The bead on the exhaust manifold gasket can be in-
stalled in either direction.

13 mm

Install the exhaust manifold and gasksts.
Torque Value: 43 Nem [32 fi-lb]

Follow the sequence shown.

install the turbocharger. Refer to Procedure (7-05).
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Cylinder Head - Replacement (7-07)
Removal
Preparatory Step:

e Drain the coolant.

e Remove all water and heater hoses.

Remove the turbocharger and exhaust manifold. Refer to
Procedures (7-05) and (7-06). 656]
M
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Remove the injectors and fuel lines.

Remove the rocker levers and push tubes. Refer to Pro-
cedure (7-03). %@
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10 mm

Remove the intake manifold cover and intake heater (if
equipped).

Note the manifold cover orientation for proper direction
during installation.

3/8 inch Square Drive
Remove the drive belt.

13 mm
Remove the belt tensioner.

5 mm Allen
Rermove the belt tensioner bracket.
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10 mm

Remove the fan hub assembly.

NOTE: Omit this step if the fan bracket is not attached to the
cylinder head.

10 mm

Loosen the alternator link, mounting bolt and water inlet
connection capscrews.

Remove the alternator bracket mounting capscrews and
pivot the alternator away from the engine.

10 mm
Remove the thermostat housing assembily.

18 mm

Remove the cylinder head capscrews in the sequence
shown.

Cylinder Head - Replacement (7-07)
Page 7-49
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Remove the cylinder head and gasket from the cylinder
block.

Cylinder Head Weight:

4 Cylinder - 36 Kg [80 Ib]
6 Cylinder - 51.3 Kg [114 Ib]

NOTE: Inspect the coolant passages. A large build up of rust
and lime will require removal of the cylinder block for clean-
ing in a hot tank.

Straight Edge and Feeler Gauge

Use a straight edge and feeler gauge to measure the
overall flatness of the cylinder block. The overall flatness,
end to end and side to side, must not exceed 0.075 mm
[0.003 in].

Visually inspect the combustion deck for any localized
dips or imperfections. If present, the cylinder block head
deck must be ground.

Refer to the Alternate Repair Manual for regrind/milling
procedures and limits.

Cylinder Head - Precheck Before Disassem-
bly

Clean the cylinder head with solvent.

Visually inspect the cylinder head for cbvious damage
that would prohibit reuse. Check for cracks and damage
to the deck surface that would result in loss of sealing.
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Cylinder Head - Disassembly

The following disassembly and assembly procedures are
provided for inspection purposes only. Refer to the Shop
Manual, Bulletin No. 3810208, for complete rebuild in-
structions.

Mark the valves to identify their location.

Compress the valve spring and remove the valve stem
collets. Remove the collets.

R

Release valve spring and remove the retainer spring. @@

Remove the remaining coliets, retainers, springs and
valves. @@
Keep the valves in a labeled rack for a correct match
with companion seats while making measurements.

Cylinder Head - Replacement (7-07)
Page 7-51
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@@ Remove the valve stem seals.

kn9shma

Cylinder Head - Cleaning

" Injector Bore Brush 3822509

Clean the carbon from the injector nozzle seat.

fi9bref

Scrape the gasket material from all gasket surfaces.

Clean the build-up of deposits from the coolant passages.
Excessive deposits may be cleaned in an acid tank but
the expansion plugs must first be removed.

kngbdef
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Clean the cylinder head combustion deck with a Scotch-
Brite® pad or an equivalent cleaning pad and diesel fuel
or solvent.

Warning: Wear protective eye covering.

Clean carbon deposits from the valve pockets with a high
quality steel wire wheel installed in a drill or a die grinder.

NOTE: An inferior quality wire wheel will loose steel bristles
during operation, thus causing additional contamination.

Wash the cylinder head in hot soapy water solution.
After rinsing, use compressed air to dry the cylinder head.

Warning: Wear protective eye covering.
Clean the valve heads with a soft wire wheel.

Keep the valves in a labeled rack to prevent mixing
prior to making measurements.

Cylinder Head - Replacement (7-07)
Page 7-53
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@/g

Polish the valve stem with a Scotch-Brite® pad or equiv-
. alent cleaning pad and diesel fuel or solvent.

kn9vasb

= Valve - Inspection
Inspect for abnormal wear on the heads and stems.

éé knYvasc

Measure the valve stem diameter.

Valve Stem Diameter

mm in
7.94 MIN 0.3126
7.98 MAX 0.3142

kn9vata

Check the valve stem tip for flathess.

kn9vasd
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Visually inspect for bent valves.

Measure the rim thickness to determine if there is enough
stock to grind the valve.

Limits
Minimum (T): 0.79 mm [0.031 inj

If the valves are determined to be suitable for resurfacing,
refer to the B Series Shop Manual, Bulletin No. 3810206.

Valve Guide Inspection
Inspect the valve guides for scuffing or scoring.
Measure the valve guide bore.

Valve Guide Bore Diameter

mm in
8.019 MIN 0.3157
8.090 MAX 0.3185

If the inspection reveals damaged valve guides, refer o
the Alternative Repair Manual, Bulletin No. 3810234.

Cylinder Head Deck Inspection

Use a straight edge and feeler gauge to measure the
overall flatness of the cylinder head deck. The overall
flatness, side to side, must not exceed 0.075 mm [0.003
in]. The overall flatness, end to end, must not exceed .203
mm {.008 inch) for the 4B and .305 mm (.012 inch) for the

6B.

Visually inspect for any localized dips or imperfections. If
present, the cylinder head deck must be ground.

Refer to the Alternative Repair Manual, Bulletin No.
3810234 for regrind/milling procedures and limits.

Cylinder Head - Replacement (7-07)
Page 7-55
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Valve Seat Inspection
Inspect the valve seats for cracks or burned spots.

Refer to the following reuse guidelines for any cracks
discovered. Service valve seats are available for seats
with burned spots that will require more than 0.254 mm
{0.010 in] grinding to clean up. Refer to the Alternative
Repair Manual, Bulletin No. 3810234, for valve seat in-
stallation procedures. :

Cylinder Head Cracks - Reuse Guidelines

These guidelines apply only to cracks extending from the
injector bore to the intake valve seats. Replace cylinder
heads which exhibit valve bridge cracks in any other
location.

The reuse guidelines for a cylinder head with a crack
extending from the injector bore to the intake valve seat
are as follows:

If the crack does not extend into the valve seat, the cyl-
inder head is reusable.

If the crack extends into or through the vaive seat, the
cylinder head must be repaired by installing a vaive seat
insert per the Alternative Repair Manual, Bulletin No.

<> 3810234,
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Valve Spring Inspection
Inspect the valve springs.
Measure the valve spring.

Limits

Approx. Free Length (L): (1991) 55.63 mm [2.190 in]
Maximum Inclination: 1.0 mm [0.039 in]
Approx. Free Length {L): (1994) 60.00 mm [2.362 in]
Maximum Inclination: 1.00 mm [0.039 in]

A load of 289.13 t0 321.16 N. [65.0 to 72.2 Ib] (1991) and
359 to 397 N. [80.7 to 89.2 Ib] (1994) is required to com-
press the spring to a height of 48.25 mm [1.94 in].

Cylinder Head - Assembly

NOTE: Clean all cylinder head components before assem-
bling.

Install the valve stem seals.
The intake and exhaust seals are the same.

Lubricate the stems with SAE 90W engine oil before in-
stalling the valves.

D
3V

Cylinder Head - Replacement (7-07)
Page 7-57
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Valve Spring Compressor

Compress the valve spring after assembling the spring
and retainer.

kngsphd

kngctha

Plastic Hammer :
X Caution: Wear eye protection. If the collets are not cor-

rectly installed, they can fly out when the stems are hit
with a hammer.

After assembly, hit the valve stems with a plastic hammer
to make sure that the collets are seated.

knSvawd

Cylinder Head - Installation

Caution: Be sure the gasket is correctly aligned with
holes in the cylinder block.

el Position the cylinder head gasket over the dowels.
B




Section 7 - Base Engine Components System
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Carefully put the cylinder head on the cylinder block and
seat it onto the dowels. ,

Cylinder Head Weight:

4 Cylinder - 36 Kg [80 ib]
8 Cylinder - 51.3 Kg [114 Ib]

Push Rods - Installation
Position the push rods into the valve tappets.

Lubricate the push rod sockets with engine lubricating oil.

Rocker Levers - Installation
Lubricate the valve stems with engine lubricating oil.

@
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&

Cylinder Head - Replacement (7-07)
Page 7-59
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Section 7 - Base Engine Components System
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14 mm, Fiat Blade Screwdriver
Completely loosen the rocker lever adjusting screws.

NOTE: The rocker lever pedestals are aligned with dow-
els.

Install the pedestals.

Inspect all cylinder head capscrews for proper length
using Service Tool Part No. 3823921.

Lubricate the 8 mm pedestal capscrew threads and under
the capscrew heads with engine lubricating oil.

Instail the capscrews finger tight.

Lubricate the 12 mm pedestal/head capscrew boltthreads
and under the capscrew heads with engine lubricating oil.
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Lubricate the threads and under the heads on the re-
maining head capscrews with engine lubricating oil. O~
Install the capscrews finger tight. A
&

Use the illustrated sequence to tighten the cylinder head
capscrews.

kngcsma

18 mm
Step _ Torque Value

1 TIGHTEN ALL CAPSCREWS 90 Nem [66 ft-Ib]

2 Recheck to 90 Nem [66 ft-Ib]

3 Long Capscrews Only 120 Nem [89 fi-Ib]

4 Recheck Long Capscrews 120 Nem [89 fi-ib]

5 Advance All 90 degrees

kn8csod

13 mm

Tighten the 8 mm pedestal capscrews.
Torque Value: 24 Nem [18 fi-Ib]

rh8csoa
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Valve Clearance - Adjustment
Adjust the valve clearance. Refer to Procedure (7-04).

<>

ﬂ 10 mm
Y Install the manifold cover plate, fuel filter head, and intake

heater.
@@ Use the illustrated capscrews to secure the cover plate.
The remaining holes are used to secure fuel line brackets.

Torque Value: 24 Nem [18 ft-Ib]

im@cvmb

Install the injectors and fuel lines.

| T
WS

Install the exhaust manifold and turbocharger. Refer to

@QJ Procedures (7-05) and (7-08).
<>
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Thermostat - Instaliation
Position the thermostat as shown in the illustration.

“Package’’ the lifting bracket and thermostat gasket to
the thermostat and thermostat housing.

Make sure the gasket is aligned with the capscrew holes.
Install the capscrews and use your fingers to tighten.

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

10 mm
Install the ‘“‘package’’.

Torque Value: 24 Nem [18 ft-Ib]
Fan Hub - Installation

10 mm

install the fan hub.

Torque Value: 24 Nem [18 ft-Ib]

10 mmor 13 mm

Install the fan hub puliey.

Torgue Value
24 Nem [18 fi-lb]
43 Nem [32 fi-1b]

8 mm Capscrew
10 mm Capscrew

Cylinder Head - Replacement (7-07)
Page 7-63
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Section 7 - Base Engine Components System
B Series
Belt Tensioner - installation
5 mm Allen
install the tensioner bracket to the cylinder head.
Tighten the socket head screws.

Torque Vaiue: 24 Nem [18 fi-ib]

13 mm

Position the belt tensioner on the bracket and secure it

with the capscrew.
Torque Value: 43 Nem [32 fi-Ib]

NOTE: Some tensioners can be bolted to two different lo-
cations on the bracket. Install into the location dictated by
your requirement.

Alternator - installiation

10 mm

Assemble the alternator bracket to the thermostat hous-
ing.

Torque Value: 24 Nem [18 fi-lb]

Check the alternator pulley visually or with a straight edge
to make sure it is aligned with the other pulleys and is
paralle! to the front face of the block.
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Tighten all capscrews in the following sequence:

1. Alternator-to-alternator bracket capscrew.
2. Lower brace-to-alternator capscrew.

3. Alternator-to-water inlet capscrew.

4, Water inlet-to-block capscrews.

NOTE: Wrench size and torque value is determined by the
make and model of aiternator. Refer to the Engine Compo-
nent Torque Values.

Drive Belt - Installation
3/8 Inch Square Drive
Lift the tensioner and install the beit.

Service Tip: lfdifficulty is experienced installing the drive
belt (the belt seems too short), position the belt over the
grooved pulleys first and then while holding the tensioner
up, slide the belt over the water pump pulley.

Piston and Rings - Replacement (7-08)
Preparatory Steps:

e Drain the coolant.

o Remove the cylinder head. Refer to Procedure (7-07).

17 mm
Drain the lubricating oil.

After lubricating oil is drained, install the drain plug and
a new sealing washer.

Torque Value: 80 Nem [60 ft-lb]

Piston and Rings - Replacement (7-08)
Page 7-65
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Piston and Rings - Replacement (7-08)
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Section 7 - Base Engine Components System

B Series
l é‘@ @@ Remove the dipstick bayonet.
T S
i (s

ST

|

2

i

L

1g900ma
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10 mm

%@ Remove the lubricating oil pan.

op800me

Piston and Connecting Rod Assemblies -
Removal

Mark each connecting rod cap according to cylinder.

~— Rotate the crankshaft until the pistons are below the car-
bon deposits which are found above the ring travs! area.

pig00we
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Use a scraper or a blunt edged instrument to loosen the
carbon deposits. Do not damage the cylinder with the
scraper.

Remove the remaining carbon with a Scotch-Brite® clean-
ing pad or equivalent.

Warning: To prevent serious eye damage wear eye pro-
tection during this operation.

An alternative method to remove the carbon ridge is fo
use a high quality steel wire wheel installed in a drill or die
grinder.

NOTE: An inferior quality wire wheel will lose steel bristies
during operation, thus causing additional contamination.

Do not use the steel wire wheel in the piston travel
area. Operate the wheel in a circular motion to remove
the deposits.

Mark each piston according to the cylinder.

NOTE: On pistons with anodized coatings, do not stamp on
the anodized coating or on the outer rim.

Piston and Rings - Replacement (7-08)
Page 7-67
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12 mm ;
g Remove the capscrews, connecting rod cap and con-

@@ necting rod bearings.

inder bore. Care must be taken not to mutilate the con-

@@ Push the connecting rod and piston assembly out of cyl-
necting rod or bearing.

Piston and Connecting Rod - Disassembly

@@ Remove the retaining rings.

%@ Remove the piston pin.

Heating the piston is not required.
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Piston Ring Expander Part No. 3823137

Remove the piston rings.

Piston, Pin and Connecting Rod - Cleaning

Caution: Do not use the bead blast method to clean the
piston. The piston will be damaged by blast material
embedded in the aluminum.

Soak the pistons in cold parts cleaner.

Soaking the pistons overnight will usually lcosen the car-
bon deposits.

Caution: Do not clean the pistons and rods in an acid
tank.

Wash the pistons and rods in a strong solution of laundry
detergent in hot water.

Caution: Do not use a ring groove cleaner and be sure
not to scratch the ring sealing surface in the piston
groove.

Clean the remaining deposits from the ring grooves with
the square end of a broken ring.

D>
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Piston and Rings - Replacement (7-08)
Page 7-69
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Piston Inspection {7-09)

Page 7-70
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Section 7 - Base Engine Components System
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Wash the pistons again in a detergent solution or solvent.

After rinsing, use compressed air to dry.

Piston Inspection (7-09)

Inspect the piston for damage and excessive wear. Check
the top, ring, grooves, skirt and pin bore.

NOTE: If severe piston damage has occurred, check the
turbocharger and other exhaust components for damage
from debris.

Measure the piston skirt diameter as illustrated.

Diameter
mm in
101.823 MIN {4.0088]
101.887 MAX [4.0107]

Use a new piston ring to measure the clearanceinthering

groove.
Ring Clearance
mm in
Top
e (Turbocharged) No Check Needed
e (Naturally 0.075 MIN [0.003]
Aspirated) 0.150 MAX [0.0058]
Intermediate 0.075 MIN [0.003]
0.150 MAX [0.0059]
Oil 0.040 MIN [0.00186]
Control 0.130 MAX [0.0051]
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Measure the pin bore.

Diameter
mm in
40.006 MIN [1.5750]
40.025 MAX [1.5758]

Piston Pin - Inspection (7-10)

Inspect the piston pin for nicks, gouges and excessive
wear.

Measure the pin diameter.

Diameter
mm in
39.990 MIN [1.5744]
40.003 MAX [1.5749]

Piston and Connecting Rod - Assembly

Be sure ““‘front’’ marking on piston and the numbers on
the connecting rod and cap are oriented as illustrated.

install the retaining ring in the pin groove on the “*front”
side of the piston.

Piston Pin - Inspection (7-10)
Page 7-71
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Piston Pin - Inspection (7-10)
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Lubricate the pin and pin bores with engine lubricating oil.

G Install the pin. ;

% - Pistons do not require heating to install the pin, how-
ever, the pistons do need to be at room temperature
or above.

Gl Install the second retaining ring.
Y |

Piston Grading For ‘94 Automotive Applica-
tions Only

When rebuilding an engine with the original cylinder block,
crankshaft, and pistons, make sure the pistons are in-
stalled in the original cylinder. If replacing the piston(s),
make sure the replacement piston(s) are the same grade
as the original piston. If a new cylinder block or crankshaft
is used, the piston grading procedure Must be performed
to determine the proper piston grade for each cylinder.
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install the connecting rod/piston assembly into the No. 1
cylinder without the rings installed.

NOTE: The connecting rod bearing shells must be installed
in the original connecting rod and cap.

install the upper bearing shell in the connecting rod with
the tang of the bearing in the slot of the connecting rod.

Use clean lubricating oil to coat the inside diameter of the
connecting rod bearing shell.

Install the bearing shell in the connecting rod cap with the
tang of the bearing in the slot to the cap.

Use clean lubricating oil to coat the inside diameter of the
bearing shell.

The four digit number stamped on the connecting rod and
cap at the parting line must match and be instalied on the
oil cooler side of the engine.

install the connecting rod cap and capscrews to the con-
necting rod.

Piston Pin - Inspection (7-10)
Page 7-73

cx8behh

cx8cshb




Piston Pin - Inspection (7-10)
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12 mm, Torque Wrench
Tighten the two capscrews.
Torque Value: 35 Nem [26 ft-Ib]

3823495 dial indicator

Use a fine grit home to remove any burrs from the cylinder
block head deck.

Zero *'0” the dial indicator to the cylinder block head
deck.

Move the dial indicator over the piston directly over the
piston pin to eliminate any side-to-side movement. Do not
place the indicate tip on the anodized area.

Rotate the crankshaft to top dead center (TDC). Rotate
the crankshaft clockwise and counterclockwise to find the
highest dial indicator reading.

Record the reading.
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B Series Page 7-75
Remove the piston/connecting rod assembly from the No.
1 gylinder and install the assembly into the No. 2 cylinder. @@
Repeat the procedure for every cylinder using the same
piston/connecting rod assembly. ng
3
Determine the grade of the piston being used by referring NG usSE PART NUMBER
o the chart. { PROTRUSION GRADE  180/178  150/230
.024-.028 (.808mm-.711mm) A 3922571| 3922577

L. ) ., 1020-024 (508mm-.609mm) 3922572 3922576

Four digits on top of piston are the last four digits of the [016-,020 (.406mm-508mm) __ 1 3020573] 3922579

part number. 038-032 (71 {mm 813mm
.024-.028 (.608mm-.711mm
.020-.024 (.508mm-.608mm

3622571 39225771
3022572 | 3922578
3922573 9922579
39§2571F 3902577
3

3922578
7 22573 ] 3922579

.032-.036 (.813mm-.914mm)
.028-.032 (711mm-.813mm)
.024-.028 (809mm-.711mm)

"™

O > [OJw» |O/m)

pig00ge
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PISTON PROTRUSION
MEASURING USE PART NUMBER
PISTON PROTRUSION GRADE 160/175 190/230
A .024-.028 (.609mm-.711mm) A 3922571 3922577
A .020-.024 (.508mm-.609mm) B 3922572 3922578
A .016-.020 (.406mm-.508mm) C 3922573 3922579
B .028-.032 (.711mm-.813mm) A 3922571 3922577
B .024-.028 (.609mm-.711mm) B 3922572 3922578
B .020-.024 (.508mm-.609mm) c 3922573 3922579
Cc .032-.036 (.813mm-.914mm) A 3922571 3922577
C .028-.032 ((711mm-.813mm) B 3922572 3922578
cC .024-.028 (.609mm-.711mm) C 3922573 3922579

The specification for Piston Protrusion is 0.024 to 0.028 inch.
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Piston Ring Gap - Checking

The top ring for a turbocharged engine is not the same

as the top ring for a naturally aspirated engine.

Position each ring in the cylinder and use a piston to

square it with the bore.
A = 89 mm [3.5in].

Use a feeler gauge to measure the gap.

Ring Gap

mm in
Top 0.40 MIN [0.0180
{Turbocharged) 0.70 MAX 10,0275
Top 0.25 MIN 0.0100
{N. Aspirated) 0.55 MAX [0.0218
Intermediate 0.25 MIN [0.0100

0.55 MAX [0.0215
Oif Controf 0.25 MIN [0.0100

0.55 MAX 0.0215

Piston Rings - Installation

Caution: If aring expander tool is being used, be careful

not to over expand the ring.

The top surface of the top and intermediate rings are

identified as illustrated.

The oil control ring can be assemblsd with sither side up.

A

Piston Pin - Inspection (7-10)
Page 7-77
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Piston Pin - inspection (7-10)
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Section 7 - Base Engine Components System
B Series

&) Position the oil ring expander in the control ring groove.
R

Install the oil control ring with the end gap 180° from the
ends of the expander.

Piston Ring Expander, Part No. 2823137
instali the intermediate ring.

Piston Ring Expander, Part No. 3823137

The top ring for a turbocharged engine is not the same
as the top ring for a naturally aspirated engine.

Install the top ring.
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Piston and Connecting Rod Assemblies -
Installation G

Install the bearing shells into both the connecting rod and %‘V
the connecting rod cap. Make sure the tank on the bear-

ing shells is in the slot of the connecting rod cap and
connecting rod.

cxgbehd

Lubricate the connecting rod bearings with a light film of
Lubriplate 105@. O~,

cx8bewa

Lubricate the rings and piston skirts with clean engine
lubricating oil. O~
Big00wh
Position the rings. €l
O
&\
pigrink
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75-125 mm [3-5 in]

Caution: If using a strap type ring compressor, make
sure the inside end of the strap does not hook on a ring
gap and break the ring.

Q:’@é Compress the rings.

D>

pigtohb

Lubricate the cylinder bore with clean engine lubricating
oil.

Position the connecting rod journal for the piston fo be
installed to bottom dead center (BDC).

Take care not to damage the cylinder wall when in-
serting the connecting rod.

Position the piston and connecting rod éssémbly into
cylinder bore with the word “front”’ on piston towards the
front of the cylinder block. :

pi800hD
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Piston Pin - Inspection (7-10)
B Series

Page 7-81

Carefully push the piston into the bore while guiding the G
connecting rod to the crankshaft journal.

¢cx800id

Lubricate the threads and underside of the connecting
rod capscrew heads with engine lubricating oil. O~

cxgcswb

Caution: The four digit number stamped on the rod and
cap at the parting line must match and be installed on the
oil cooler side of the engine.

Install the connecting rod cap and capscrews to the con- (>§rb
necting rod. Q)

12 mm, Torque Wrench
Alternately, tighten the two capscrews.

Step Torque Value

1 35 Nem [26 ft-1b]
2 70 Nem [51 fi-Ib]
3 100 Nem [73 fi-Ib]

cxBcsob
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Measure the side clearance between the connecting rod
and crankshaft.

Do not measure the clearance between the rod cap
and crankshaft.

Side Clearance Limits
0.10 to 0.33 mm [0.004 to 0.013 inch]

Caution: The crankshaft must rotate freely.

Check for freedom of rotation as the connecting rod caps
are installed. if the crankshaft does not rotate freely, check
the installation of the connecting rod bearings and the
bearing size.

NOTE: If the connecting rod is not properly oriented (tang
opposite the camshaft), it will contact the camshaft and lock
the engine.

Oil Pan Sealing Surfaces - Sealants

Use Cummins Sealant, Part No. 3823494, 1o fill the joinis
between the lubricating oil pan rail, gear housing and rear
cover,

Assemble the lubricating oil pan and capscrews as illus-
trated.

Torque Value: 24 Nem [18 fi-lb]



Section 7 - Base Engine Components System
B Series

10 mm

Install the cylinder head. Refer to Procedure (7-44).
Fill the cooling system.

Fill the engine with lubricating oil.

Operate the engine to normal operating temperature and
check for leaks.

Connecting Rods - Replacement (7-11)

Removal
Drain the coolant.
Remove the cylinder head. Refer to Procedure (7-07).

Drain the lubricating oil.
Remove the lubricating oil pan.

CV

&
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Connecting Rods - Replacement (7-11)
Page 7-83
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Remove the piston and connecting rod assemblies from
@@ the engine. Refer to Procedure (7-10).

@ Remove the pistons from the connecting rods. Refer to
Procedure (7-10).

@2 —

£x800ma

Cleaning and Inspection

Warning: When using a steam cleaner, wear protective
clothing and safety glasses or a face shield. Hot steam
can cause serious personal injury.

Use a nylon bristle brush to clean the oil drillings.

Use steam or solvent to clean the connecting rods. Dry
with compressed air.

cx900eb

damage.

Replace the connecting rod if the ‘“I-beam’’ is nicked or
damaged.

Inspect the connecting rods and connecting rod caps for

cx800sf

Visually inspect the piston pin bore for damage or mis-
alignment of the oil passage and bushing,

¢x9brsb
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Measure the connecting rod piston pin bushing 1.D.

Piston Pin Bushing Diameter

mm in
40.019 MIN 1.5755
40.042 MAX 1.5765

Measure the connecting rod crank bore with the bearing
shells removed and the capscrews torqued {o 100 Nem
[73 ft-Ib].

Connecting Rod Diameter (Bearings Removed)

mm in
72.987 MIN 2.8735
73.013 MAX 2.8745

If the crank bore measurements are not within specifica-
tions, replace the rod assembly.

Measure the connecting rod crankshaft bore inside di-
ameter with the bearings installed (capscrews torqued to
100 Nem [73 ft-Ib].

Connecting Rod Diameter (Bearings Installed)

Standard 69.051-69.103 mm  [2.7185-2.7205 inj
25 mm O/S  68.801-68.853 mm [2.7087-2.7107 in]
B0 mm O/S  68.551-68.603 mm [2.6989-2.7009 in]
75 mm O/S  68.301-68.358 mm  [2.6880-2.6910 in]
1.00 mm O/S 68.051-68.103 mm  [2.6812-2.6832 in]

Measure the diameter of the rod journal on the crankshaft.

Crankshaft Rod Journal Diameter

Standard 68.962-68.012 mm [2.7150-2.7170 in]
25 mmU/S  68.712-68.762 mm  [2.7052-2.7072 in]
50 mm U/S  68.462-68.512 mm [2.6953-2.6973 in]
75 mm U/S  68.212-68.262 mm [2.6855-2.6875 in]
1.00 mm U/S 67.962-69.012 mm [2.6757-2.6777 in]

NOTE: If crankshaft rod journals are not within the given
specifications, the crankshaft must be removed and re-
ground. Refer to Bulletin No. 3810234.

Connecting Rods - Replacement (7-11)
Page 7-85
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Connecting Rods - Replacement (7-11)
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Bearing Clearance
1 Minus 2
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Section 7 - Base Engine Components System
B Series

Bearing clearance = rod inside diameter (with bearing)
minus crankshaft journal diameter.

Bearing Clearance

mm in
.038 MIN 0015
116 MAX 0045

Bearing clearance can also be determined with plasti-
gauge during engine assembly.

Instaliation

Install the pistons on the connecting rods. Refer to Pro-
cedure (7-10).

Install the pistons and connecting rod assemblies.

G Install iubricating oil pan.
%V Install the cylinder head. Refer to Procedure (7-07).

<=
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Fill the lubricating oil pan.
Fill the cooling system.

Operate the engine to normal operating temperature and o
check for leaks.

0ig01ivn

Connecting Rod Bearing - Replace-
ment (7-12)

Removal %@

Drain the lubricating oil.

Remove the lubricating oil pan.

op800me

Rotate the crankshaft to position two of the connecting
rods at “‘BDC”’ (Bottom Dead Center).

cx900wf
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12 mm
g Remove the connecting rod capscrews and connecting

rod caps.
&

cap and mark it with the letter L (lower) and the.cylinder

@@ Remove the lower bearing shell from the connecting rod
number it was removed from.

Push the connecting rod away from the crankshaft to
@@ allow the upper bearing shell to be removed.

‘cx9bemne

Remove the upper bearing shell and mark it with the letter
@@ “U" (upper) and the cylinder number it was removed

from.

‘cx8bega




Section 7 - Base Engine Components System
B Series

Cleaning and Inspection

Wash the bearing and connecting rod caps. Dry with
compressed air.

Visually inspect the connecting rod caps, connecting rod
bearing saddles, and capscrews for nicks, cracks, burrs,
scratches, or fretting.

Visually inspect the bearings for damage.
Replace any bearings with the following damage:
Pitting
Fiaking
Corrosion

Lock tang damage
Scratches

Visually inspect the bearing shell seating surface for nicks
or burrs.

If nicks or burrs cannot be removed with Scotch-Brite®
7448 or equivalent, the bearings must be replaced.

Connecting Rod Bearing - Replacement (7-12)
Page 7-89
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B Series

Use an outside diameter ball tipped micrometer to mea-
sure the connecting rod bearing thickness.

Connecting Rod Bearing Dimensions

Standard

.25 mm O/S
.50 mm O/S
.75 mm O/S
1.00 mm O/S

Installation

1.955-1,.968 mm
2.080-2.093 mm
2.205-2.218 mm
2.330-2.343 mm
2.455-2.468 mm

[.0770-.0775 in]
[.0819-.0824 in]
[.0868-.0873 in]
[.0917-.0922 in]
[.0967-.0972 in]

NOTE: Used bearings must be installed in the same location
from which they were removed.

Use Lubriplate 105® or equivalent to coat the inside di-
ameter of the bearing shell.

Install the upper bearing shell in the connecting rod with
the tang of the bearing in the slot of the connecting rod.
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Install the bearing shell in the connecting rod cap with the apy
tang of the bearing in the slot of the connecting rod cap. %‘V
Use Lubriplate 105® or equivalent to coat the inside di-
ameter of the bearing shell. D~
cx8beht
Use clean 15W-40 oil to lubricate the threads and un-
derside of the connecting rod capscrew head. D,

connecting rod cap at the parting line must match and be

The four digit number stamped on the connecting rod and ng
instalied on the lubricating oil cooler side of the engine. NV

Install the connecting rod cap and capscrews to the con-
necting rod.

12 mm, Torque Wrench
Alternately tighten the two capscrews. q
Gj
Step Torque Value D)‘g
1 35 Nem [26 T-lb]
2 70 Nem [51 ft-Ib]
3 100 Nem [73 fi-Ib]

cx8csob
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Measure the side clearance between the connecting rod
and crankshaft.

Do not measure the clearance between the connecting
rod cap and crankshaft.

Side Clearance Limits
0.10 10 0.33 mm [.004 to .013 in]

The crankshaft must rotate freely.

Check for freedom of rotation as the connecting rod caps
are installed. If the crankshaft does not rotate freely, check
the installation of the connecting rod bearings and bear-
ing size.

install the lubricating oil pan.
Fill the lubricating oil pan.

Operate the engine to normal operating temperature and
check for leaks.
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Main Bearing - Replacement (7-13)
Main Bearing Preliminary Inspection

Drain the lubricating oil and remove the lubricating oil
pan.

NOTE: Before removing the main bearing caps, make cer-
tain that the caps are clearly marked for their location on the
lubricating oil cooler side of the main bearing cap.

Perform a visual inspection of the main bearings and
crankshaft journals. Remove the No. 2 and 3 caps and
check the crankshaft journals for signs of overheat, deep
scratches or other damage. If there is no damage, there
is no need to pull the other main bearing caps at this time.

Inspect the main bearing caps for dents, cracks, or other
damage.

Inspect the crankshaft journals for deep scratches, indi-
cations of overheating and other damage.

NOTE: If the crankshaft journals or main caps are damaged,
the engine will need to be removed to complete the overhaul.

axs

&

Main Bearing - Replacement (7-13)
Page 7-93
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Main Bearing Replacement

Remove all main bearing caps except the No. 1 and 7
main bearing cap for 6 cylinder engine. The 4 cylinder
engine is depicted in the illustration.

Flywheel / mbsoohg

Use a pin to roll out the upper bearings from between the

i(ozbsg g‘;“) crankshaft and cylinder block.
. n.
To make a pin, grind a 6 mm capscrew to the dimensions
shown.

30 mm
(1.181 in.)

mb8toxa

Install the pin into the lubricating oil hole in the crankshaft.
Rotate the crankshaft so the pin pushes against the end
of the main bearing opposite the tank. Remove the main

bearing.
Follow this procedure to remove the other main bearings.

)

N

S

1

Inspect all main bearing caps and main bearing crank-

@ €| shaft journals.
|

ksSbdsb
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Determine the size of the main bearing removed and
obtain the same size for installation.

Refer to Base Engine Component Specifications for the
dimensions of the standard and undersize main bearing
journals.

Caution: Do not lubricate the side that is against the
cylinder block.

Apply a coat of Lubriplate 105® to the new upper main
bearings.

Position the new main bearing on the crankshaft and
install as far as possible by hand.

Using the pin, finish pushing the main bearing in slowly
being sure it is aligned with the cylinder block. Make sure
the tang on the main bearing sets into the notch.

Main Bearing - Replacement (7-13)

Page 7-85
Standard
@ Overslze

0.25 mm (009 in.)
0.50 mm {019 In.)
0.75 mm (029 in.)
1.00 mm (039 In.)

mbs00gg
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cx8besb
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ﬁ Caution: Make sure the pin does not slide under the
bearing.

e ———

mb8tobe

ap Install the lower main bearings into the main bearing
%V caps. Apply a coat of Lubriplate 1059 {o the main bearings.
DQ.’

23 mm
L %] Caution: Make sure the caps are correctly installed with
ﬁ the number towards the oil cooler side of the engine.

Install a main bearing cap afier each upper main bearing
is installed to keep the main bearing in place while the

6)3,5 other uppers are installed.
o Tighten the capscrews to 50 Nem [37 fi-lb].

Do not tighten to the final torque value at this time.

mb900gh

mbgbemd

@@ Use the same procedure to remove and install rear main
b

earing cap, No. 5 or No. 7.
)
S,
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Flat Blade Screwdriver

Caution: Use care so the screwdriver does not damage
the crankshaft or cylinder block.

NOTE: The front main, No. 1, does not have a hole in the
journal so the pin cannot be used to replace the bearing.

Use a flat blade screwdriver. Gently bump the end of the
bearing to loosen it from the cylinder block. Then, use
finger pressure against the main bearing shell and rotate
the crankshaft to roll the main bearing out.

Lubricate and install the main bearing.

Use the screwdriver to push the main bearing into posi-
tion as you rotate the crankshaft.

23 mm
Caution: The crankshaft must rotate freely.
Tighten the capscrews evenly and in sequence.

Step Torque Value

T 60 Nem [44 Tt-Ib]
2 119 Nem [88 fi-ib]
3 176 Nem [129 fi-lb]

Check the main bearing installation and the size of the
main bearings if the crankshaft does not rotate freely.

NOTE: The dimensions of the thrust bearing and crankshaft
journal determine end play.

Measure the crankshaft end play.

Dim. (A) End Play Limits

MIN MAX
0.102 mm 0.432 mm
[0.004 in] [0.017 in]

A

R

Main Bearing - Replacement (7-13)

Page 7-97
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B Series
10 mm
% Install the lubricating oil pan.
G
&

/~—\ Fill the system with lubricating oil. Operate the engine at
idle for 5 to 10 minutes. Check for loose parts and leaks.

Cylinder Bore Deglaze (7-14)
Disassembly

@ Drain the coolant.
Remove the cylinder head. Refer to Procedure (7-07).

Drain the lubricating oil.
Remove the lubricating oil pan.
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Remove the piston and connecting rod assemblies. Refer
to Procedure (7-10).

inspection

Measure the cylinder bore diameter at 25.4 mm [1 in] and
170.7 mm [5.5 in] from the top of the cylinder block.

Bore 1.D. Max - 102.116 mm [4.0203 in]
Bore out of round - .085 mm [.0015 in]
Bore taper - .076 mm [.003 in]

NOTE: Do not proceed with in-chassis overhaul if the cyl-
inder bores are worn beyond specifications.

Deglazing

Deglazing gives the cylinder bore the correct surface
finish required to seat the rings.

NOTE: New piston rings may not seat in glazed cylinder
bores.

Wrap the connecting rod journals with a clean cloth.

<>

Cylinder Bore Deglaze (7-14)
Page 7-99

25.4 mm
[1in]

144.3 mm

Glazed

De-Glazed
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Cover the cloth with waterproof tape.

Place a clean shop towel around the top main bearing
saddle to deflect water and residue from the piston cool-
ing nozzles.

Also cover the lubricating holes and tappet holes in the
top of the cylinder block with waterproof tape.

A correctly deglazed surface will have a crosshatched
appearance with the lines at 15 to 25 degree angles with
the top of the cylinder block.
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Use a drill, a fine grit flex-hone and a mixture of equal
parts of mineral spirits and SAE 30W engine lubricating
oil to deglaze the cylinder bores.

The crosshatch angle is a function of drill speed and how
fast the hone is moved vertically.

This illustration shows the result of the drill speed too slow
or the vertical stroke too fast.

This illustration shows the result of the drill speed too fast
or the vertical stroke too slow.

Cylinder Bore Deglaze (7-14)
Page 7-101
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L VN TIPN NOTE: Vertical strokes must be smooth continuous passes
1 Stroke /fe Secon along the full length of the cylinder bore.

10 to 20
Strokes

Inspect the cylinder bore after 10 strokes.
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Cleaning

Use a strong solution of hot water and laundry detergent
to clean the cylinder bores.

Caution: Clean the cylinder bores immediately after de-
glazing.

Rinse the cylinder bores until the detergent is removed.
Dry the cylinder block with compressed air.

>

ckBbrel

Be sure to remove the tape covering the tappet and
lubricating oil holes after the cleaning processis com-
plete.

Check the cylinder bore cleanliness by wiping with a
white, lint free, lightly oiled cloth. If grit residue is still
present, repeat the cleaning process until all residus is
removed. Wash the cylinder bores with solvent. Dry the
cylinder block with compressed air.

8 -~
=
fo-wal ck8brej
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Be sure to remove the covering from the piston cool-
ing nozzies.

Remove the protective tape and cloth, and clean the
crankshaft journals.

Use a solvent and a brush to clean any residue that may
have splashed on the camshaft.

NOTE: inspect the camshaft lobes and tappet faces for signs
of wear or damage. Refer to Procedure (7-19).

Assembly

Install the piston and connecting rod assembilies. Refer to
Procedure (7-10).

install the lubricating oil pan.
Install the cylinder head. Refer to Procedure (7-07).

>

<>

Cylinder Bore Deglaze (7-14)
Page 7-103
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Vibration Damper/Crank Pulley - Replacement (7-15)
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Fill the lubricating oil pan. Fill the engine with coolant.

Operate the engine to normal operating temperature and
check for leaks.

Vibration Damper/Crank Pulley -
Replacement (7-15)

Removal

Remove the drive beilt.

15 mm
Remove crankshaft pulley/vibration damper.

(On six cylinder engines, a vibration damper is integral to
the crankshaft pulley.)
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Rubber Element Vibration Damper - Inspec-
tion (In-Chassis)
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 vibration damper hub (B) for cracks. Replace
the damper if the hub is cracked.

Installation

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
onthe hub. Replace the damper if any movement is detected.

Viscous Vibration Damper - Inspection

Check the mounting web for cracks. Check the housing
for dents or raised surfaces. Replace the damper if any
of these defects are identified. Refer to replacement pro-
cedure in this section.

Remove the viscous vibration damper. Refer to replace-
ment procedure in this section. ,

Clean the damper with a solvent cleaner.

Vibration Damper/Crank Pulley - Replacement (7-15)
Page 7-105
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The viscous damper is filled with a silicone fluid. After
many hours of use, the silicone fluid may become thicker
and expand. To determine if the damper thickness is
correct, remove the paint from the damper in four loca-
tions on either side of the damper. Measure and record
the thickness of the damper in four places. Measure the
thickness 3.175 mm [0.125 inch] from the out side of the
damper. Replace the damper if its thickness varies by
more than 0.25 mm [0.010 inch].

Spray the damper with spot check developer, Type
SKD-NF or its equivalent. Heat the damper in an oven
(rolled lip side down) at 93°C [200°F] for 2 hours.

Caution: Wear protective gloves to prevent personal in-
jury when handling parts that have been heated.

Remove the damper from the oven and check for fluid
leakage. If there is leakage, replace the damper.

Refer to replacement procedure in this section.

15 mm

Install the crankshaft pulley/vibration damper. Do not
tighten the capscrews to the correct torque value at this
time.

Install the drive belt.
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Tighten crankshaft pulley/vibration damper capscrews.
Torque Value: 125 Nem [92 ft-Ib]

Front Seal - Replacement (7-16)

Removal
Remove the drive belt.

NOTE: Removal is easier if the crankshaft pulley is loosened
before removing the belt.

15 mm
Remove the crankshaft pulley.

Remove the front cover. Refer to Procedure (7-18).

&

Front Seai - Replacement (7-16)
Page 7-107
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Remove the oil seal from the gear cover. Drive the oil seal
from the back side of the cover toward the front side of the
cover, while supporting the gear cover.

Cleaning and Inspection

Clean the gear cover seal bore and the crankshaft surface
free of all oil and seal residue.

Inspect the crankshaft for excessive wear.

NOTE: [f the crankshaft has excessive wear, a service wear
sleeve is available.

Installation

Apply a bead of Loctite 277 or equivalent to the outside
diameter of the seal.
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3824498 installation Tool .
Leave the plastic pilot installation tool in the lubricating oil n

seal.

S
Position the seal on the service tool, Part No. 3824499, Ga\k/
with the lubricating oil seal dust lip facing outward.

gcdtohd

NOTE: Properly support the front cover lubricating oil seal
flange to prevent damage to the lubricating oil seal and front
cover.

Press the lubricating oil seal into the front cover from the
back side of the cover toward the front side of the cover.

Press the lubricating oil seal until the service tool botioms
against the front cover.

Apply a thin bead of Three Bond™ to the cover side of the aR
front cover gaskst only.

NOTE: Do not remove the plastic seal pilot tool from the
lubricating oil seal at this time. Use the plastic seal pilot ool
to guide the seal on the crankshaft,

Install the gasket and front cover on the engine.

.{ geohshb
i

Tighten the front cover mounting capscrews.
Remove the plastic pilot tool from the crankshafi.
Torque Value: 24 Nem [18 fi-Ib]

goltomb
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Gl Install the crankshaft pulley. Do not tighten the capscrews
K\ fo the correct torque value at this time.

ﬂh Install the drive belt.
k3%

Tighten the crankshaft pulley capscrews.
" Torque Value: 125 Nem [92 ft-Ib]

Rear Seal - Replacement (7-17)
Preparatory Step:

¢ Remove the transmission,

¢ Remove the flywheel.
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1/8 inch Drill

Drill two holes 180 degrees apart into the seal carrier.

No. 10 Sheet Metal Screw, Slide Hammer Dent
Puller

Remove the rear seal.

Caution: The seal lip and the sealing surface on the
crankshaft must be free from all oil residue to prevent

seal leaks.
Clean and dry the rear crankshaft sealing surface.

Install the seal pilot, provided in the replacement kit, onto
the crankshaft. Push the seal onto the pilot and crank-

shaft.
Remove the seal pilot.

Hear Seal - Replacement {7-17)
Page 7-111
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depth in the housing. Use a hammer to drive the seal into
the housing until the alignment tools tops against the
housing.

Hit the tool at 12, 3, 6 and 9 o’clock positions to drive the
seal evenly and to prevent bending the seal carrier.

< Use the alignment tool to install the seal to the correct
Sy

19 mm
< Install the flywheel. Tighten the capscrews in sequence
an as shown in the illustration.
%v Torque Value: 137 Nem [101 ft-Ib]

ap Install the clutch, transmission and starter. Operate the
engine and check for ieaks.

Gear Cover - Replacement (7-18)

Removal
<) Remove the drive belt.
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15 mm
Remove the crankshaft pulley.

10 mm

If required remove the fan hub pulley.

10 mm

Remove the front gear cover.

Cleaning and Inspection

Clean the gear cover and gear housing gaskst surface.

Gear Cover - Replacement (7-18)
Page 7-113
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Inspect the gear cover for cracks or damage.

Caution: The crankshaft must be clean, dry and oil free
before installing the gear cover. Failure to properly clean
the sealing surface will result in an oil leak.

installation

install a new seal in the gear cover. Refer to Procedure
(7-16).

front cover gasket only.

G Apply a thin bead of Three-Bond™ to the cover side of the

NOTE: Do not remove the plastic seal pilot tool from the
lubricating oil seal at this time. Use the plastic seal pilot tool
to guide the seal on the crankshaft.

Instail the gasket and front cover on the engine.
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10 mm

Tighten front cover capscrews.

Remove the plastic pilot tool from the crankshatft.
Torque Value: 24 Nem [18 ft-lb]

15 mm

Install the crankshaft pulley. Do not tighten the capscrews
to the correct torque value at this time.

Install the drive belt.

Tighten crankshaft pulley capscrews.
Torque Value: 125 Nem [92 ft-lb]

Gear Cover - Replacement (7-18)
Page 7-115
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Page 7-116

I

i

er800sa

Section 7 - Base Engine Components System
B Series

Camshaft and Tappet - Replacement
(7-19) '

Preparatory Steps:

e Remove the valve covers.

¢ Remove the push rods.

¢ Remove the drive belt.

¢ Remove the crankshaft pulley.
e Remove the gear cover.

= Remove the fuel transfer pump.

Camshaft Removal
Tappet Changing Tool, Part No. 3822513

Insert the dowels through the push tube holes and into the
top of each tappet securely. When properly installed, the
dowels can be used to pull the tappets up and should not
be able to be pulied out without considerable effort.

Pull the tappets up and wrap a rubber band around the
top of the dowel rods. This will prevent the tappets from
dropping down. ’

Rotate the crankshaft to align the crankshaft to camshaft
fiming marks. '
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13 mm

Remove the capscrews from the thrust plate.

cg8csma

Remove the camshaft and thrust plate.

\
o (O
Y cg9shma

Tappet Removal
Insert the trough to the full length of the cam bore.

tadtohb

Make sure the trough is positioned so it will catch the
tappet when the wooden dowel is removed.




Camshaft and Tappet - Replacement (7-19)
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Only remove one tappet at a time. Remove the rubber
@Q} band from the two companion tappets, securing the tap-
pet not to be removed with the rubber band.

Pull the wooden dowel from the tappet bore allowing the
%@ tappet to fall into the plastic trough.

ﬂ Flashlight

g When the tappet is dropped into the trough, most of the
time it will fall over. However, if it doesn’t, gently shake the
trough just enough to allow the tappet to fall over before
removing.

NOTE: Special care should be taken, when removing the
Number 6 Cylinder tappets, not to knock or shake the tappet
over the end of the trough.
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Carefully pull the trough and tappet from the cam bore
and remove the tappet. Repeat the process until all tap-
pets are removed. :

Tappets - Inspection

inspect the socket, stem and face for excessive wear,
cracks and other damage.

Visual Limits
(A) - Normal Contact (exaggerated)
(B) and (C) - Irregular Contact: Do not reuse.

Pit marks on the tappet face are acceptable.

The following criteria defines the size of the pits allowed.
1. A single pit cannot be greater than 2 mm [0.078 in].
2. Interconnection of pits is not allowed.

3. Total pits when added together should not exceed 6
mm [0.236 in] diameter or a total of 4 percent of the
tappet face.

4. No pitting is allowable on the edges of the wear face
of the tappet.

Measure the valve tappet stem.

Diameter
mm in
15.936 MIN [0.627]
15.977 MAX [0.629]

R

Camshaft and Tappet - Replacement (7-19)
Page 7-119
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Camshaft and Gear - inspection

inspect the fuel transfer pump lobe, valve lobes and bear-
ing journals for cracking, pitting or scoring.

Inspect the camshaft gear teeth for pitting; look for cracks
at the root of the teeth.

Measure the fuel transfer pump and vaive lobes.

Diameter at Peak of Lobe

mm in
Intake 47.040 MIN 1.852
47.492 MAX 1.870
Exhaust 46.770 MIN 1.841
47.222 MAX 1.859
Lift Pump 35.50 MIN 1.398
36.26 MAX 1.428

Measure the bearing journals.

Journal Diameter
mm in
53.962 MIN 2.1245
54.013 MAX 2.1265
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Pitting Reuse Criteria

A single pit should not be greater than the areaofa 2 mm
[.079 in] diameter circle.

interconnection of pits is not allowable and is treated as
one pit.

The total pits, when added together, should not exceed a
circle of 6 mm [0.236 in].

Only one pitis allowed within + or-20 degrees of the nose
of the cam lobe.

Camshaft and Tappet - Replacement (7-19)
Page 7-121
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Edge Deterioration (Breakdown) Criteria

The area of edge deterioration should not be greater than
the equivalent area of a 2 mm [0.079 in] circle within +
or -20 degrees of the nose of the cam lobe.

¢g800sh

lobe, the areas of edge deterioration should not be greater

QOutside of the + or -20 degrees of the nose of the cam
than the equivalent area of a 6 mm [0.236 in] circle.

¢g900si
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The first of the following illustration shows normal grain pattern and a casting flaw within the nose area. Both of
these conditions are acceptable for reuse.

The following three illustrations show wear patterns that are not acceptable for reuse.
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Camshaft and Tappet - Replacement (7-19) Section 7 - Base Engine Components System
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Camshaft Bore - inspection

Inspect the camshaft bore for obvious damage and ex-
cessive wear.

Measure the camshaft bore.

Inside Diameter
No. 1 bushing 54146 mm MAX [2.1317 in]
All Except No. 1 54.164 mm MAX [2.1324 in]

NOTE: if the bores without a bushing are worn beyond the
limit, the engine must be removed for machining and in-
stallation of service bushings or replacement of the cylinder
block.

Camshaft Bushing - Replacement
Camshaft Bushing Tool, Part No. 3823509
Remove the camshaft bushing from the No. 1 bore.

Mark the camshaft bushing and cylinder block so you can
align the lubricating oil hole in the cylinder block with the
lubricating oil hole in the bushing.

Camshaft and Tappet - Replacement (7-19)
Page 7-125
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ﬂ Cam Bushing Tool, Part No. 3823509
Install the camshaft bushing so that it is even with the

ap front face of the cylinder block.
c &N/

Be sure the lubricating oil hole is aligned.

A 3.2 mm [0.128 in] diameter rod must be able to pass
through the lubricating oil hole.

Measure the installed camshaft bushing.

Camshaft Bushing Bore

mm in
54 107 MIN 2.1302
54,148 MAX 2.1317

Tappet Installation
G nsert the plastic trough the full length of the cam bore.
&
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B Series

Lower the tappet installation tool down the push tube hole,
through the tappet bore, and into the trough.

Feed the installation tool through the cam bores by care-
fully pulling the plastic trough/instaliation tool out the
front. The barrier at the rear of the trough will pull the tool
out most of the time.

Lubricate the tappets with Lubriplate™ 105.

Insert the installation tool into the tappet.

NOTE: To aid in removing the installation tool after the tappet
is installed, work the tool in and out of the tappet several
times before installing the tappets.

Camshaft and Tappet - Replacement (7-19)
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B Series

Slide the trough into the cam bore.

™ Pull the tool/tappet through the cam bore and up into the
%V tappet bore.

apy if difficulty is experienced in getting the tappet to make the

%V bend from the trough up to the tappet bore, pull the trough
out enough to aliow the tappet to drop down and align
itself, then puil the tappet up into the bore.

After the tappet has been pulled up into position, slide the
trough back into the cam bore and rotate it 1/2 turn. This
will position the round side of the trough up, which will
hold the tappst in place.
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Remove the installation tool from the tappet.

Install a wooden dowel into the top of the tappet. Wrap
rubber bands around the wooden dowels to secure the
tappets.

Repeat this process until all tappets have been installed.

Camshaft Installation
Apply a coat of Lubriplate 105 to the front camshaft bore.

Lubricate the camshaft lobes, journals and thrust washer
with Lubriplate™ 105.

&
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Install the camshaft. While pushing in slightly, rotate the
%@ camshaft and carefully work the camshaft through the

camshaft bushings. As each camshaft journal passes
through a bushing, the camshaft will drop slightly and the
camshaft lobes will catch on the bushings. Rotating the
camshaft will free the lobe from the bushing and allow the
camshaft to be installed.

Caution: Do not try to force the camshaft into the cam-
shaft bore as damage to the camshaft bushing can re-
sult.

Before the camshaft gear engages the crankshaft gear,
check the camshaft for ease of rotation. When installed
properly, the camshaft should rotate freely.

ap Install the thrust washer, Align the timing marks as illus-
%V trated and finish installing the camshaft.

Install the thrust washer capscrews and tighten to 24 Nem

ap
%V [18 ft-Ib].
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Verify the camshaft has proper backlash and end play.
A = 0.12 10 0.47 mm [0.005 to 0.018 inch]
B = 0.76 to 0.330 mm [0.003 to 0.013 inch]

Complete the instaliation of the removed parts.
e Gear cover. Refer to Procedure (7-18).
¢ Vibration damper. Refer to Procedure (7-15).

e Rocker levers and valve cover. Refer to Procedure
(7-03).

e Fuel transfer pump. Refer to Procedure (5-21).

e Operate the engine at idle for 5 to 10 minutes and
check for leaks and loose parts.

Camshaft Gear - Replacement (7-20)

A camshaft gear removal/installation tool, Part No.
3823589 is available for replacing the camshaft gear in
restricted areas where the camshaft can not be removed
from the engine. Follow the directions included with the
tool.

Removal

Remove the fan pulley.

Remove the crankshaft puliey. Refer to Procedure (7-15).
Remove the gear cover. Refer to Procedure (7-18).
Remove the camshaft. Refer to Procedure (7-19).
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B Series

18 mm
\ On bolted camshafts, remove the camshaft bolt and
washer.

Bolted camshafts are only used on 1991 engines equipped
with an inline pump. ‘

%] Remove the gear.

@@ Remove the camshaft key.

Cleaning and Inspection

Visually inspect the camshalft gear for cracks, chipped, or
@ broken teeth.

Inspect the camshaft bore for fretting or burrs.

NOTE: If the fretting, burrs or raised material cannot be
removed with Scotch-Brite® 7448 or equivalent, replace the
camshaft gear.
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Inspect the camshaft gear keyway for burrs.
Remove burrs with Scotch-Brite® 7448, or equivalent.

NOTE: If the keyway is damaged or the burrs cannot be
removed, the camshaft gear must be replaced.

Visually inspect the camshaft nose for fretting or burrs.

NOTE: If fretting or burrs cannot be removed with Scotch-
Brite® 7448, or equivalent, replace the camshaft.

Installing the Camshaft Gear
Install the key.

Lubricate the camshaft surface with Lubriplate 105 or
equivalent.

Camshaft Gear - Replacement (7-20)
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Section 7 - Base Engine Components System
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Caution: The camshaft gear will be permanently dis-
torted if overheated. The oven temperature should never
exceed 177°C [350°F].

Heat the camshaft gear for non bolted 91’ camshafts in
an oven at 149°C [300°F] for 45 minutes.

Heat the camshaft gear for bolted 91’ camshafts (steel
gear) and all 94’ automotive to 177°C [350°F].

Wear protective gloves to handle the hot gear.

Install the camshaft gear with the timing marks away from
the camshatft.

Be sure the gear is seated against camshaft shoulder.

Using a .001 inch feeler gauge, check to see if the feeler
gauge can be inserted between the camshaft gear and
the shoulder on the camshatft. If the feeler gauge can be
inserted, the camshaft gear is not properly seated.

Bolted Camshafts (1991 engines equipped with an
inline pump)

18 mm

Install camshaft bolt and washer. Torque the capscrew to
27 Nem [20 ft-b], then rotate the capscrew an additional
180 degrees.
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Install camshatft. Refer to Procedure (7-96).
Install gear cover.

Install crank pulley.

Install fan pulley.

Timing Pin Assembly - Replacement
(7-20)
1/2 inch Drive, 3377371, Engine Barring Gear

Locate Top Dead Center (TDC) for Cylinder Number 1 by
barring crankshaft slowly while pressing on the engine
fiming pin.

Service Tip: If the timing pin has been damaged and
cannot be used fo locate TDC, refer to Procedure 7-21.

T-25 Torx
Remove the timing pin assembly and seal.

Instal! a new seal and, if required, new timing pin assem-
bly. Hold the pin (A) in the hole (B) in the camshaft gear
to align the housing.

Torgue Value: 5 Nem [4 fi-ib]
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B Series

Gear Housing or Gasket - Replacement
(7-21)

Removal

Preparatory Steps:

e Remove the valve cover rocker levers and push

rods. :

* Remove the vibration damper. Refer to Procedure
(7-15).

* Remove the camshaft. Refer to Procedure (7-19).

¢ Remove the fuel pump. Refer to Procedures (5-35)
or (5-37).

10 mm
Remove the six front oil pan capscrews.

10 mm
Remove the gear housing capscrews.

Using a feeler gauge, attempt to separate the lubricating
oil pan gasket from the gear housing.
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Plastic Hammer g

Remove the gear housing.

gheoome

Cleaning and Inspection
Clean the gasket material from the cylinder block.

ck9gkea

Inspect the lubricatin oil pan gasket. If it is not torn, coat
with Three Bond 1207-C® sealant. ,

op8gkwe

Pan Gasket - Repair

ifthe gasketis torn, it may be repaired. Cut the torn gasket
off even with the front of the cylinder block.

opSgkwi
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Using the old gasket as a pattern, cut the front section of
a new gasket to the same size.

Clean the sealing surfaces and coat the new gasket on
both sides with Three Bond 1207-C® sealant.

Use common thread or a very fine wire to hold the new
gasket spiice in position as illustrated.

Instaliation

Mark and trim 1.59 mm [1/16 inch] off of the new gear
housing gasket. ’

NOTE: When properly trimmed, the gear housing gasket
should be even with the lubricating oil pan gasket when
installed.
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Position the gasket on the alignment dowels.

10 mm

Carefully install the gear housing, making sure both gas-
kets are in place.

Torque Value: 24 Nem [18 fi-Ib]

Caution: If a new housing or other than the original
housing is installed, the timing pin assembly must be
accurately located. Refer to procedure (7-20).

Start the oil pan capscrews in the holes not being used
to tie the gasket in place.

Remove the thread or wire holding the gasket in place.

Gear Housing or Gasket - Replacement (7-21)
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10 mm
Y Install the remaining two capscrews and tighten the cap-
AR screws to 24 Nem [18 ft-lb].
v,

Lubricate the camshaft and thrust washer with Lubri-
plate™ 105.

Ry

< B Install the camshaft/thrust washer.
%V Make sure the alignment marks on the camshaft and

camshaft gears are aligned.

Refer to the camshaft installation procedure procedure
(7-19) if additional information is needed.

apy Install the thrust washer capscrews.
Torque Value: 24 Nem [18 fi-lb]
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Verify the camshaft has proper backlash and end play.
A = 0.12 to 0.47 mm [0.005 to 0.018 in]

B = 0.076 to 0.330 mm [0.003 to 0.013 in]

i
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Remove the wooden dowels from the tappets.

Install and lubricate the push tubes.

Relocating the Timing Pin

NOTE: Omit this step if the removed gear housing was
installed; proceed to page 7-143 and complete the installa- @
tion of the rocker levers.

The location of the timing pin assembly on the gear hous-
ing is critical for correct engine adjustments. Follow this
procedurs to install the assembly so that it corresponds
to Top Dead Center (TDC), for Cylinder Number 1.
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Verify that the No. 1 cylinder is at or near TDC on the
compression stroke by rotating the crankshaft until the
engine timing pin engages in the cam gear hole or the
hole is visible through the gear housing. Disengage the
timing pin.

10 mm

Install the rocker lever, pedestal assembly for Cylinder
Number 1.

Refer to Procedure (7-03).

10 mm
Remove the injector nozzles from all of the cylinders.

This step is important fo vent the cvlinders so the crank-
shaft can be rotated smoothly to locate TDC for Cylinder
Number 1.

18 mm
Temporarily install the crankshaft damper or crankshaft

G pulley.
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Fabricate and install a wire pointer for the front of the 4b
engine. This can be done by forming a piece of wire that %V
can be lightened under one of the gear housing cap- ;

screws. The wire should extend from the gear cover to a . - .
place on the crankshaft vibration damper that is easily '
seen,. ! .

daglowd

Rotate the crankshaft one-quarter revolution in the direc-
tion of normal engine rotation.

Jdaglikg

Tighten the adjusting screw for the No. 1 intake vaive to
zero (0) lash plus 5 turns.

Caution: Use extreme care when rotaling the crankshafi.
Use of {oo much force could damage the valve or push
rod.

Rotate the crankshaft slowly in the opposite direction of
normal engine rotation until the piston touches the intake
valve.

Mark the vibration damper at the wire poinier.
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Caution: Make sure that the piston touches the intake
valve with approximately the same amount of force as in
the previous step.

Rotate the crankshaft in the direction or normal engine
roation until the piston touches the intake valve.

Mark the vibration damper at the wire pointer,

Measure the distance and mark the vibration damper at
one-half the distance between the two marks. This mark
is the TDC mark.

da900wg

Caution: Completely loosen the intake valve adjusting
screw. Failure to do so will result in damage to the intake
valve or push rod when the crankshaft is rotated.

Rotate the crankshaft in the direction of normal engine
rotation until the pointer is aligned with the TDC mark,
then rotate the crankshaft one additional revolution.
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The timing pin hole in the cam gear should be visible or

felt through the back side of the gear housing. If not, the
crankshaft must be rotated one revolution in the direction

of engine rotation.

Apply a coat of Loctite™ 59241 to the threads of the torx i
screws and install the timing pin assembly and new o-ring. %V

Torque Value: 5 Nem [4 ft-ib]

T-25 Torx E‘
Hold the timing pin in the hole to align the housing.

Gear Housing or Gasket - Replacement (7-21)
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B Series

10 mm
Y Tighten the rocker lever pedestal mounting capscrews.
@ Refer to Procedure (7-03). ~

Complete the installation of the removed components.
¢ Adjust the valves. Refer to Procedure (7-03).
» [njectors. Refer to Procedure (5-13).

e Fuel injection pump. Refer to Procedures (5-35) or
(5-37).

» Gear cover. Refer to Procedure (7-18).
e Vibration damper. Refer to Procedure (7-15).

/= Operate the engine at idle for 5 to 10 minutes and check
for leaks and loose parts. ‘ ‘

Crankshaft Gear - Replacement (7-22)

The crankshaft gear cannot be removed in-chassis. To
@ remove crankshaft gear, refer to B Series Engine Shop
Manual, Bulletin No. 3810206.
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Flywheel/Ring Gear - Replacement
(7-23)
Preparatory Step:

® Remove the transmission.

Ring Gear - Replacement
18 mm
Remove the flywheel.

fhg00mb

Brass Drift Pin
Warning: Wear eye protection when you drive the gear 9

from the flywheel. Do not use a steel drift pin.
Use the drift pin to drive the ring gear from the flywheel.

A
&

fhegema

Heat the new ring gear for 20 minutes in an oven pre-

heated to 127°C [260°F].
. --__“l _.\
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B Series
Warning: Wear protective gloves when you mstall the
A heated gear.

Ay Install the ring gear. The ring gear must be installed so
%V the bevel on the teeth is toward the crankshaft side of the
flywheel.

Flywheel - Installation

< Use two capscrews in the front of the crankshaft, or sim-
%‘v ilar device, to hold the crankshaft when the flywheel cap—
screws are being tightened.

18 mm Torque Wrench
< Tighten the capscrews in the sequence shown.

Torque Value: 137 Nem  [101 fi-Ib]

Wear Sleeve, Rear Crankshaft Seal -
Replacement (7-24)

Removal

If the crankshaft seal has worn a groove in the crankshaft
flange, a wear sleeve must be installed to prevent oil
leakage,
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B Series

Disconnect the driveline and remove the transmission, if
equipped. Refer to the manufacturer’s instructions.

19 mm

Remove the clutch and flywheel, if equipped. Refer to
Procedure 7-25.

Remove the flywheel housing. Refer to Procedure 7-25.
Loosen the oil pan mounting capscrews four revolutions.

10 mm

Remove the four oil pan mounting capscrews which se-
cure the oil pan to the rear cover.

Caution: Use extreme care when releasing the oil pan
gasket from the rear cover to prevent damage to the
gasket. If the gasket is damaged, the oil pan must be
removed and the gasket replaced. Refer to Procedure
2-086.

Insert a feeler gauge or shim stock between the rear cover
and the oil pan gasket. Move the feeler gauge or the shim
stock back and forth to release the gasket from the rear
cover.

Remove the capscrews from the rear cover, and remove
the cover from the crankshaft flange.

Remove the seal from the rear cover.

&
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Hammer, Chisel
g If the crankshaft currently has a wear sleeve, it must be

%@ removed before installing a new one.

Caution: Do not nick or gouge the crankshaft with the
: chisel. If the crankshaft is damaged, it must be replaced.

Use a dull chisel that is only as wide as the wear sieeve.

Make one or two soft blows with a hammer to make chisel
marks across the wear sleeve. This will expand the wear
sleeve allowing the sleeve to be removed.

kelslve

Cleaning and Inspection

Clean the gasket surface of the cylinder block and rear
cover.

Use a crocus cloth to remove any rust or other deposits
from the crankshaft flange.

Use a clean cloth to clean the crankshaft flange.

rcBsusb

Inspect the crankshaft flange for dirt or nicks.

ka901sy

Inspect the rear cover for cracks or other damage.

ks8seta
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installation

NOTE: Do not use any kind of lubricant to install the seal.
The oil seal must be installed with the lip of the oil seal and
the crankshaft clean and dry to ensure proper oil sealing.

NOTE: The combination crankshatft oil seal (A)/wear sleeve
(B) replacement kit for service usage is installed on the
crankshaft as an assembly. The crankshaft rear oil seal
should not be removed from the crankshaft rear seal wear

sleeve.

Install the rear cover and gasket.

NOTE: install the rear cover capscrews. Do not tighten. If the
oil pan is installed, loosen the oil pan capscrews to allow
clearance for rear cover and gasket clearance.

NOTE: The seal installation is being used to properly align
the rear cover. Do not push or force the cover in any direction
to prevent irregular seal lip position after seal installation.

NOTE: The oil seal for a wet flywheel housing requires soap
on the cuiside diameter of the seal case. Nothing is required
on the outside diameter of the seal case for dry housings.

Wear Sleeve, Rear Crankshaft Seal - Replacement (7-24)
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Section 7 - Base Engine Components System
B Series

Use a service tool, Part No. 3824078, to install oil seal/
wear sleeve assembly. Install two (2) threaded studs into
the crankshaft capscrew holes.

Apply a small amount of clean 15W-40 engine oil to the
crankshaft, threaded studs, and inside diameter of the
crankshaft rear seal/wear sleeve installation tool.

Position the chamfered end of the wear sleeve (A) onto the

.end of the crankshaft (B). Position the counterbore end of

installation tool (C) over threaded studs and align with
wear sleeve, perpendicular to the end of the crankshaft.
Install the washers (D) and nuts (E) onto the threaded
studs.

Alternately tighten the nuts until the installation tool con-
tacts the end of the crankshaft.

NOTE: Do not exceed 1/2 revolution of each nut to prevent
wear sleeve binding and irregular stretch.

Torque Value: 20 Nem [15 fi-Ib]
Remove the installation tool and threaded studs.

10 mm

Align the rear cover even with both sides of the oil pan rall
on the cylinder block.
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Tighten the rear cover capscrews.

Torque Value: 9 Nem [80 in-Ib]

Trim the gaskets even with the oil pan mounting surface.

Make sure the gasket trim does not enter the engine.

Flywheel Housing - Replacement
(7-25)
Removal

Remove the transmission, clutch and ali related compo-
nents (if equipped). Refer to the manufacturer’s
instructions.

Remove the flywheel/ring gear assembly. Refer to Pro-
cedure (7-23).

Flywhee! Housing - Replacement (7-25)
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B Series
Q} Adequately support the engine to prevent damage.
@ Disconnect the battery cables.
Remove the starting motor.

15 mm
g Remove the capscrews and both rear engine mounts.

s

@@ Remove the mounting capscrews.

The component weights 23 kg [50 Ib] or more. To avoid
personal injury, use a hoist or get assistance to lift the
® component.

QJ Use a rubber hammer to loosen the flywheel housing.
% Remove the flywheel housing and rectangular seal.
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Cleaning and Inspection

Warning: When using a steam cleaner, wear protective
clothing and safety glasses or a face shield. Hot steam
can cause serious personal injury.

Use steam or solvent to clean the flywhesl housing. Dry
with compressed air.

Inspect the flywheel housing for cracks, especially in the
bolt pattern area.

Visually inspect all surfaces for nicks, burrs, or cracks.
Use fine crocus cloth to remove small nicks and burrs.

Inspect for damaged threads commonly caused by cross
theaded capscrews or installing an incorrect capscrew.
Heli-coils are available to repair damaged threads.

Installation (Dry Clutch Application)

Flywheel Housing - Replacement (7-25)
Page 7-155
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B Series

Visually inspect the rear face of the cylinder block and
flywheel housing mounting surface for cleanliness and
raised nicks or burrs.

Install the flywheel housing over the two ring dowels.

NOTE: Be sure the sealing ring is not damaged during
installation.

15 mm

Tighten the flywheel housing capscrews in sequence
shown.

Torque Value: 77 Nem
60 Nem

[57fi-Ib] cast iron housing
[44 ft-Ib] aluminum housing

Flywheel Housing Bore Alignment - Check

Attach a dial indicator to the crankshaft. The dial indicator
can be mounted by any method that holds the extension
bar of the indicator rigid so it does not sag. If the bar sags
or the indicator slips, the readings obtained will not be
accurate.

Position the indicator in the 6 o’clock position and zero the
gauge.

Slowly rotate the crankshafi. Record the readings ob-
tained at the 9 o’clock, 12 o’clock, and 3 o’clock positions
as [a], [b], and [c] in the concentricity work sheet. Re-
check zero at the 6 o’clock position.

The values for [a], [b], and [¢] could be positive or neg-
ative. Refer to the accompanying figure to determine the
correct sign when recording these values.
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Rotate the crankshaft until the dial indicator is at the 12
o’clock position and zero the gauge.

Caution: do not force the crankshaft beyond the point
where the bearing clearance has been removed. Do not
pry against the flywheel housing. These actions could
cause false bearing clearance readings.

Using a pry bar, raise the rear of the crankshaft to its upper
limit. Record the value as [d] in the concentricity work
sheet. This is the vertical bearing clearance adjustment
and will always be positive.

Using the concentricity work sheet, determine the values
for the ‘total vertical’ and ‘total horizontal’ values.

The ‘total horizontal’ is equal to the 9 o’clock reading, [al,
minus the 3 o’clock reading, [c].

The ‘total vertical’ is equal to the 12 o’clock reading, [b],
plus the bearing clearance, [d].

Example:
6 o’clock = ref = 0
9 o'clock = [a] = 0.004”
12 o'clock = [b] = 0.003"
3 o'clock = [¢] = -0.002

Using the work sheet and the numbers from the exampile,
the ‘total horizontal’ value = 0.006’’ and the ‘total verti-
cal’ value = 0.005".

Mark the ‘total horizontal’ value on the horizontal side of
the chart and the ‘total vertical’ on the vertical side of the
chart.

Using a straight edge, find the intersection point of the
“otal horizontal’ and ‘total vertical’ values. The intersec-
tion point must fall within the shaded area for the flywheel
housing concentricity to be with specification.

Using the ‘total horizontal’ and ‘total vertical’ values from
the previous example, the intersection point falls within
the shaded area. Therefore, the flywheel housing con-
centricity is within specification.

Flywheel Housing - Replacement (7-25)
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Concentricity Worksheet

g o’clock a = 0.004

3 o’clock c = -0.002

Total Horizontal a - ¢ = .008
12 o'clock b = .003
Bearing Clearance d = .002

Total Vertical b+ d=.005

ol800vf

TOTAL VERTICAL READING

00

NOTE: DIMENSIONS

ARE IN {mm}

Q010 -0012

2 ~Q.
{=005) {+0.10) (=0.15) (=0.20) (=0.25) (=0.30}

TOTAL HORIZONTAL READING 6i%00vg
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If the intersection point falls outside the shaded area, the
ring dowels must be removed and the housing reposi-
tioned.

NOTE: The ring dowels are not required tc maintain con-
centricity of the housing; the clamping force of the cap-
screws holds the housing in pace.

After the ring dowels are discarded, install the flywheel
housing on the engine.

To position the housing, tighten the capscrews enough to
hold the flywheel housing in place, but loose enough to
enable small movement when struck lightly with a mallet.

Recheck the concentricity. When concentricity is within
specification, torque the capscrews to the specified value.

Flywheel Housing Face Alignment - Check

Caution: The dial indicator tip must not enter the cap-
screw holes or the gauge will be damaged.

Install a dial indicator as illustrated.

NOTE: The extension bar for the indicator must be rigid for
an accurate reading. It must not sag. Position the indicator
at the 12 o’clock position. Adjust the dial until the needle
points fo zero.

Slowly rotate the crankshaft. Record the readings at the
3 o’clock, 6 o’clock and 9 o'clock positions.

NOTE: The crankshaft must be pushed toward the front of
the engine to remove the crankshaft end clearance each
time a position is measured.

Continue to rotate the crankshaft uniil the indicator is at
the 12 o’clock position. Check the indicator to make sure
the needle points to zero. If it does not, the readings wili
be incorrect.
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Determine the Total Indicator Reading (TIR).

Example: mm in

12 o’clock 0.00 0.000
3 o'clock +0.08 +0.003
6 o’clock - 0.05 - 0.002
9 o’clock +0.08 +0.003

Equals TIR 0.13 0.005

The maximum allowable Total indicator Reading (TIR) is
determined by the diameter of the housing bore. If out of
specifications, replace the housing.

SAE Bore Diameter
No. mm in mm in

2 4476810 447.80 17.625t0 17.30 0.20 0.008
3  409.58 {0 408.70 16.1251t0 16.130 0.20 0.008

TIR Max

Install both rear engine mounts.

Install the flywheel and clutch (if equipped). Refer to the
manufacturer’s instructions.

Install the transmission and related components. Refer to
the manufacturer’s instructions.

Install the starting motor.
Connect the battery cables.

=

Flywheel Housing - Replacement (7-25)
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installation (Wet Cluich Application)

Perform all the steps in the procedure for dry clutch in-
staliation in addition to the following:

Coat the flywheel housing drain plug with pipe sealant
and install in the hole in the bottom of the flywhee! hous-

ing.
Tighten the plug.

Refer {o the pipe plug torque values in Section 10 for
different plug sizes.

Install the plastic plug in the tachometer drive access
hole.

13 mm

Install the access plate and new gaskest.
install the capscrews and tighten.
Torgue Value: 24 Nem [18 fi-lb]

Thoroughly clean the flywhee! housing and cylinder block
mating surfacss. These surfaces must be clean and free
of oil or debris.

MOTE: The capscrew holes on the mounging pads are drilled
through. Coat set screws with Loctite™ 277 and install info
holes.

Set Screw Instaliation Depth
mim in
0.00 MIN 0.000
3.00 MAX 0.118
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Apply a continuous bead of three bond around all cap-
screw holes on the mounting surface of the flywheel

housing.

Coat the threads of the mounting capscrews with Loctite™

277.
Install and tighten the capscrews.
Torque Value: 60 Nem [45 fi-Ib]

Install the plug into the barring gear hole.

Pipe Plug - Replace (7-26)
Removal
Remove the pipe plug.

Pipe Plug - Replace (7-26)
Page 7-161
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Pipe Plug - Replace (7-26)
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Pipe Plug Torque Values

Size Torque Torque
Actual In Aluminum in Cast fron or
Thread Thread 0.D. Components Steel Components
in. mm tin} Nem fft-ibs] Nem {ft-ibs}
116 8.1 [0.32) 5 [45in-Ib] 15 [10]
178 10.4 [0.41] 15 (10} 20 (18]
114 13,7 10.54] 20 115) 25 {20]
38 17.3 10.68] 25 {20} 35 {25]
12 21.8 {0.85} 35 (25} 55 40}
3/4 26.7 [1.08) 45 {a5) 75 {55]
1 335 [1.32] 80 {45] 95 {70)
1% 42.2 {1.86] 75 {55} 115 {85}
12 48.3 {1.801 85 [65] 138 {100}

ck8ppoa
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Cleaning and Inspection

Use spray cleaner, Part No. 3375433, or equivalent to
clean the threads of the pipe plugs and threaded bores.

Visually inspect the threads of the pipe plugs for mutlla-
tion or damage.

Visually inspect the threaded bores for damage.

Installation

Apply a film of pipe plug sealant, Part No. 3375066, or
equivalent, to the threads.

Instail and tighten the pipe plugs.
Refer to the foliowing chart for torgue values.

Tighten pipe plugs to the appropriate torque values.
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Expansion Plug Replacement (7-27)

Removal
Clean the area near the expansion plug of all debris.

Punch, Visegrips

Remove the large expansion plugs (58.06 mm [2.29 in.])
from the coolant passages.

Care should be taken not to drive the expansion plug out
and into the water jacket, especially the plug on the end
of the cylinder block.

Service Tip: If it becomes apparent the expansion plug is
not going to pivot in the bore, use a center punch to catch
the edge of the expansion plug and pry against the cyl-
inder block to pivot the expansion plug out.

Cleaning

Thoroughly clean the expansion plug hole using scotch-
brite or equivalent. Use spray cleaner 3375433 or equiv-
ilant to final clean the bore.

Visually inspect the cup plug bores for damage.

Expansion Plug Replacement (7-27)
Page 7-163
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Installation

Caution: Excessive sealant can run back into the engine
and cause damage to other components. Allow the seal-
ant to dry for a minimum of 2 hours before operating the
engine.

Apply a 2 mm [1/16 inch] bead of expansion plug lock ‘N
seal, Part No. 3375068, or equivalent to the outside di-
ameter of the expansion piug and the inside diameter of
the expansion plug instaliation bore.

Using an appropriate deep socket as a driver, instéll the
expansion plug.

The expansion plug must be installed with the edge of the
expansion plug 0.5 to 1.0 mm [0.020 to 0.040 in] deeper
than the entrance chamber of the bore.

NOTE: Do not install the expansion plug too deep. If the
expansion plug is not installed straight and flat, it must be
replaced with a new expansion plug.
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Engine Testing - Service Tools

Section 8 - Engine Testing
B Series

The foliowing special tools are recommended to perform procedures in section 8. The use of these
tools is shown in the appropriate procedure. These tools can be purchased from your local Cummins
Authorized Repair Location.

Tool No.

Tool Description

Tool llustration

ST-434

Vacuum Gauge

Check the fuel filter restriction during the engine performance
test. Hose Adapter, Part No. ST-434-2, and vacuum gauge, Part
No. ST-434-12, are used to perform the test.

B

egBtoge

ST-1273

Pressure Gauge

Use to measure the engine intake manifold pressure and ex-
haust restriction.

agBtogl

3375049

Qil Filter Wrench
Use to remove or tighten spin-on lubricating oil or fuel filters.

it8togb

3822476

Blowby Checking Tool
Use to check engine crankcase blowby

ST-1111-3

Manometer

Used with the blowby check tool to measure engine crankcase
pressure.

3375275

Pressure Gauge (0-160 psi)
Used to measure lubricating oil pressure

3375275
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Tool No. Tool Description Tool llustration

Digital Optical Tachometer
Used to measure engine speed (RPM).
3377462

3377462
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Engine Testing - Engine Side Views
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Engine Testing - Engine Side Views
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Engine Testing - Engine Side Views

Fuel Injection Nozzles

Turbo Wastegate
Oit Fill

Front Engine
- Lifting Bracket

Water Qutlet

Lubricating Ol Fitter

O ] Lubricating O# Cooler

® ® Water Inlet

® ® 1/2 NPTF Water
8 {Heater Return)

-
Starter Motor T
and Solenoid i T S
Provision for Oil oo |
immersion Heater ——____ |

Oil Drain




Engine Testing - General Information Section 8 - Engine Testing
Page 8-6 B Series
Engine Testing - General information

The engine test is a combination of an engine run-in and a performance check. The engine run-in procedure
provides an operating period that allows the engine parts to achieve a final finish and fit. The performance check
provides an opportunity to perform final adjustments needed to optimize the engine performance.

An engine test can be performed using either an engine dynamometer or a chassis dynamometer. If a dyna-
mometer is not available, an engine test must be performed in a manner that simulates a dynamometer test.

Check the dynamometer before beginning the test. The dynamometer must have the capability to test the
performance of the engine when the engine is operating at the maximum RPM and horsepower range (full power).

The engine crankcase pressure, often referred to as engine blowby, is an important factor that indicates when the
piston rings have achieved the correct finish and fit. Rapid changes of blowby or values that exceed specificatin
more than 50 percent indicate that something is wrong. The engine test must be discontinued until the cause has
been determined and corrected.

General* Engine Test Specifications
Maintain the following limits during a chassis dynamometer test:
Intake Restriction (Maximum)

e Clean Filter (light duty) ..o e s e s e e 254 mm H,0 [10 in H,0]

(medium duty) ... 305 mm H0 [12 in. H,0]

(MEaVY ULY) . ettt eerr s e r s e st a e 381 mm H,0 [15 in. H0]

e Dirty Filter (IGht dUlY).cmii ittt et e s re e s s 635 mm [25 in]

{Medium dULY) ..o e e st ra e s et e 635 mm [25 in]

(NEAVY QULY) coeiiicriiniriiieiimerriieerceasiesenaearanaerennenresaseraussnesstaeisssnsssnasesnstennasananasnses 635 mm [25 in]

Exhaust Back Pressure (maximum) Non AutomotiVe ... 76 mm Hg [3.0 in Hg]

Exhaust Back Pressure (maximum) Automotive With Catalyst........c..coovvviiviimiiiiininnn, 152 mm Hg [6.0 in. Hg]

Exhaust Back Pressure {maximum) Automotive Without Catalyst.......ccccccceviiviniiiinioniinnn 114 mm Hg [4.5 in. Hg]
Oil Pressure

e Low ldle (minimum allowable) . ... e 89 kPa [10 psi]

* Rated Speed (minimum allowable).........ccccciiiiiiiiiiiiiiic e 207 kPa [30 psi]

Fuel Inlet Restriction (IMaximiUm) ..o e rerrce et erenrnan s cena s senanssennnsens 100 mm Hg [4 in Hg]

Fuel Return Restriction (MadtimuUmM) .o irareieerirrennnenenssonensccsseransmonarmsunsnnuseesssenes 518 mm Hg [20.4 in Hg]

* Due to variations in ratings of different engine models, refer to the specific engine data shest for the particular
engine model being tested.

Blowby** (at Given Speed, 100% Load)

New (L/Min) Worn (L/Min)
4B @ 2200 18 36
4B @ 2500 20 40
4B @ 2800 23 46
4BT @ 2200 45 90
4BT @ 2500 51 102
4BT @ 2800 57 114
6B @ 2200 26 52
6B @ 2500 30 60
6B @ 2800 34 68
6BT @ 2200 63 126
6BT @ 2500 76 152
6BT @ 2800 85 170

**Blowby checking tool, Part No. 3822476, has a special 5.613 mm [0.221 in.] orifice that must be used to get an
accurate reading.
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Blowby Conversion Chart (5.613 mm [0.221 in] Orifice)

Inches of Water Liters/Minute Inches of Water Liters/Minute
1 27 19 121
2 40 20 124
3 58 22 181
5 64 23 135
6 71 24 137
7 76 25 140
8 81 26 144
9 86 27 147

10 90 28 150
11 94 29 154
12 98 30 157
13 102 3 160
14 105 32 163
15 109 33 166
16 112 34 169
17 115 35 172

18 118
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Engine Dynamometer Test - Installa-
tion of the Engine (8-01)

Use engine lifting fixture, Part No. ST-125, to instali the
engine to the test stand. Align and connect the dyna-

mometer. Refer to the manufacturer’s instructions for
aligning and testing the engine.

NOTE: Make sure the dynamometer capacity is sufficient to
permit testing at 100 percent of the engine rated horsepower.
If the capacity is not enough, the testing procedure must be
modified to the restrictions of the dynamometer.

Install the coolant temperature sensor.
Minimum Gauge Capacity: 107° C [225° F]

Connect the coolant supply o the water inlet connection
(1).

Connect the coolant return to the water outlet connection
(2).

Instali the drain plugs, close all the water drain cocks, and
make sure all the clamps and fitlings are tight.

Fill the cooling system with coolant to the bottom of the
fill neck in the radiator fill (or expansion) tank.
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Inspect the engine for coolant leaks at connections, fii-
tings, plates, and plugs. Repair as necessary.

Connect a water manometer {o the turbocharger air inlet
pipe to test air restriction.

NOTE: The manometsr connection must be installed at a 90
degree angle to the air flow in a straight section of pipe, one
pipe diameter before the turbocharger.

NOTE: A vacuum gauge can be used in place of the water
manometer.

Minimum Gauge Capacity: 780 mm H,0 [30 in. H,0]

Connect a mercury manometer to a straight section of the
exhaust piping near the turbocharger outlet to check ex-
haust restriction.

MOTE: A pressure gauge can bs used in place of the mer-
cury manometer.

NOTE: For auiomotive applications a taped hole is provided
on the inlet side of the catalyst for checking exhaust restric-
fions.

Minimum Gauge Capacity: 254 mm Hg. [10 in. Hg.]

Attach the lubricating oil temperature sensor in the loca-
tion shown.

Minimum Gauge Capacity:150° C [300° F]

Engine Dynamometer Test - Installation of the Engine (8-01)
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| On
S

rifle drilling in the cylinder block.

A - ap Attach the lubricating oil pressure sensor to the main oil
&

Minimum Gauge Capacity: 1034 kPa [150 psi]

L~}

EN ck800vo

ﬁ Caution: The lubricating oil system must be primed be-
fore operating the engine after if has been rebuiit to avoid
internal damage.

pgb To prime the system using external pressure, connect the
V7 supply to a tapped hole in the main {ubricating oil rifle.

tinuous pressure. Connect the pump to the port on the
main lubricating oil rifle as shown.

(>§h Use clean 15W-40 lubricating oil to prime the system until
QY the oil pressure registers on the gauge.

%@ Use a pump capable of supplying 210 kPa [30 psi] con-

Remove the lubricating oil supply tube, and install the
plug.

< Make sure the lubricating oil has had time to drain to the
lubricating oil pan, and fill the engine to the high mark as
measured on the dipstick.

ig900sa
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If an external pressure pump is not available, prime the
lubricating system according to the following procedure.

Fill the engine with lubricating oil to the high level mark
on the dipstick.

ig900sa

Disconnect the turbocharger lubricating oil supply tube.

Pour50ccto 60 cc|2.01l. 0z. 10 3.0fl. 0z.] of clean 15W-40
lubricating oil into the turbocharger lubricating oil supply
hole.

Connecti the lubricating oil supply tube to the turbocharger.

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

Fill the lubricating oil filters with clean 15W-40 lubricating (>§D
oil. Q

Screw the filters onto the filter head fitting uniil the gasket
contacts the filter head surface.

Tighten the filter as specified by the manufacturer.

To make sure the lubricating oil pump is providing ade-
quate lubricating oil to the engine, first disconnect any %@
wires leading to the fuel injection pump solenoid.
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Caution: Do not crank the starting motor for periods
longer than 30 seconds. Excessive heat will damage the
starting motor.

Crank the engine until the lubricating oil pressure gauge
indicates system pressure.

NOTE: Allow 2 minutes between the 30-second cranking
periods so the starting motor can cool.

NOTE: If pressure is not indicated, find and correct the
problem before continuing.

Allow the lubricating oil to drain into the lubricating oil
pan, and measure the lubricating oil level with the dip-
stick.

Add fubricating oil as necessary io bring the level to the
high ievel mark.

Lubricate the gasket on the fuel filter with clean 15W-40
fubricating oil.

Fill the fuel filter with clean fuel.

Screw the fuel filter onto the filter head until the gasket
contacts the filter head surface.

Tighten the filter an additional 1/2 10 3/4 turn.
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Make sure the voltage supply matches that of the fuel
pump solenoid before connecting the electrical wires to
it.

Attach the throttle control rod onto the fuel injection pump
throttie lever.

If the air crossover tube does not have a pipe plug and
tapped hole, perform the following procedure.

Remove the air crossover tube from the engine.

Drill and tap a 1/8 inch pipe thread hole in the crossover
fube in the location shown.

Clean all metal shavings from the air crossover tube.
Install the crossover tube.

To determine the amount of turbocharger boost, remove
the pipe plug in the air crossover tube; and install the
intake manifold pressure sensor or pressure gauge, Part
No. 8T-1273.

Minimum Gauge Capacity: 1905 mm Hg [75 in. Hg]

For accurate engine crankcase blowby measurement, in-
sert a blowby checking tool in the crankcase breather
vent.

Connect a water manometer to the blowby tool. A pres-
sure gauge can be used in place of the manometer.

Minimum Gauge Capacity: 1270 mm H,0 [50 in. H,0]

Page 8-13
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ap To measure fuel filter restriction, connect vacuum gauge,
(% Part No. 8T-434, to the injection pump inlet line.

Minimum Gauge Capacity: 760 mm Hg [30 in. Hg]

compressed air to the unloader (1). This air line must

‘>§' B To be abie to unload the compressor, connect a source of
NV contain a valve between the source and the unloader.

NOTE: All air compressors manufactured by Cummins En-
gine Company, inc. must be loaded during engine run-in. All
air compressors must be unloaded during the engine per-
formance check.

NOTE: The compressed air load in the accompanying illus-
tration must be attached to the air compressor outlet (2).

G To provide a load on the air compressor, connect an air
%V tank (2) to the compressor outlet, use steel tubing or a
high temperature hose (1).

Install an air regulator (3) that can maintain tank air pres-
sure of 345 kPa to 517 kPa [50 psi to 75 psi] at both the
minimum and the maximum engine RPM.

Hose Temperature (Minimum): 260° C [500° F]

Inspect the voltage rating on the starting motor before
installing the electrical wiring.

teries, if used.

NOTE: if another method of starting the engine is used,
@ follow the manufacturer’s instructions to make the neces-
sary connections.

G| Attach electrical wires to the starting motor and the bat-
B!
Y
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Engine Dynamometer Test - Engine
Run-In (8-02)

The engine run-in period allows the tester to detect as-
sembly errors and to make final adjustments needed for
performance that meets specifications.

NOTE: The amount of time specified for the following engine
run-in phases are minimums. Additional time can be used,
if desired, at each phase except engine idle periods.

Measurements from these indicators and gauges must
be observed closely during all phases of the engine run-in
period. Refer to page 8-6 for specifications and accept-
able readings.

To correctly evaluate the engine performance, this addi-
tional measurement must be observed during engine
run-in phases.

It is good practice to observe these measurements even
if engine performance meets specifications. If engine per-
formance does not meet specifications, these measure-
ments  can indicate possible reasons  for
under-performance.

Engine Dynamometer Test - Engine Run-In (8-02)

Page 8-15

Coolant Out  Lube Oil
Temp.

intake Manifold
Pressure
(Turbocharger Boost)

8090002

Fuel in Restriction  Exh. Back Pres.

Air inlet Restriction Fuel Drain Pres.

Also:
Coolant
Pressure

6g900wb




Engine Dynamometer Test - Engine Run-In (8-02)

Page 8-16

!

=
siBbdba

0i90Tvr

3 to 5 Minutes

012000t

A

A

Section 8 - Engine Testing
B Series

Caution: Do not crank the engine for more than 30 sec-
onds. Excessive heat will damage the starting motor.

Crank the engine and observe the lubricating oil pressure
when the engine starts. If the engine fails to start within
30 seconds, aliow the starting motor to cool for 2 minutes
before ranking the engine again.

Engine lubricating oil pressure must be at least 69 kPa
[10 psi] at 700 RPM.

Caution: [fthe lubricating oil pressure is not within spec-
ifications, shut off the engine immediately. Low lubri-
cating oil pressure will cause engine damage.

Correct the problem if the lubricating oil pressure is not
within specifications.

Caution: Do not operate the engine at idle speed longer
than specified during engine run-in. Excessive carbon
formation will cause damage to the engine.

Operate the engine at approximately 700 RPM for3to 5
minutes.

Listen for unusual noises; waich for coolant, fuel, and
iubricating oil leaks; and check for correct engine oper-
ation in general.

NOTE: Repair all leaks or component problems before con-
tinuing the engine run-in.
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Move the throttle to obtain 1,200 RPM engine speed, and
set the test load to 25 percent of the rated load.

Operate the engine at this speed and load level until the
coolant temperature is 70° C [160° F]. Check all gauges
and record the data.

NOTE: Do not proceed to the next step until a steady blowby
reading is obtained.

Open the throttle to the speed at which peak torque oc-
curs, and adjust the dynamometer load to 50 percent of
forque peak load. Operate the engine at this speed and
load level for 2 minutes.

Check all gauges and record the data.

NOTE: Do not proceed to the next step until blowby is stable
within specifications.

With the engine speed remaining at torque peak RPM,
increase the dynamometer load to 75 percent of torque
peakioad. Operate the engine at this speed and load level
for 2 minutes. Check all gauges and record the data.

NOTE: Do not proceed to the next step until blowby is stable
within specifications.

Move the throttle lever to its fully opened position, and
increase the dynamometer load until the engine speed is
attorque peak RPM. Operate the engine atthis speed and
load level for 10 minutes or until the blowby becomes
stable within specifications.

Check all gauges and record the data.

Engine Dynamometer Test - Engine Run-In (8-02)
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Test Load

70°C [160°F]
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Torque Peak

2x (Test Load)
(50% Rated Load)

2 Minutes
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Torque Peak

3x (Test Load)
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Section 8 - Engine Testing
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Reduce the dynamometer load until the engine speed
increases to the engine’s rated RPM.

Operate the engine at rated RPM for 5 minutes.
Check all gauges and record the data.

Caution: Shutting off the engine immediately after op-
erating at full load will damage the turbocharger and
internal components. Always aliow the engine to cool
before shutting it off.

Remove the dynamometer load completely, and operate
the engine at 700 RPM for 3 to 5 minutes. This period will
allow the turbocharger and other components to cool.

Shut off the engine.

Engine Dynamometer Test - Perfor-
mance Checking (8-03)

Make sure the air compressor will be unloaded during the
performance check.

Apply regulated air pressure of 655 kPa [95 psi] to the air
compressor unloader (1).

NOTE: The compressed air load in the accompanying illus-
tration must be attached to the air compressor outlet (2).
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Caution: Do not crank the engine for more than 30 sec-
onds. Excessive heat will damage the starting motor.

Crank the engine and observe the oil pressure when the
engine starts. If the engine fails to start within 30 seconds,
allow the starting motor to cool for 2 minutes before crank-
ing the engine again.

Caution: Ifthelubricating oil pressure is not within spec-
ifications, shut off the engine immediately. Low lubri-
cating oil pressure will cause engine damage. Correct
the problem if lubricating oil pressure is not within spec-
ifications.

Engine lubricating oil pressure must be at least 69 kPa
[10 psi] at approximately 700 RPM.

Make sure the engine is at operating temperature.

Move the throttle lever to the “FULL OPEN" position.
Adjust the dynamometer load until the engine maintains
the rated RPM.

Allow the readings 1o stabilize. Read the horsepower.
Check all the gauges, and record the readings.

NOTE: The horsepower reading will not be accurate if the
lubricating oil temperature and fuel temperature are not
within specifications.

Lubricating Oil Temperature: MIN 80° C [180° F]
Fuel Temperature: MAX 32° C [90° F]
Check all gauges and record the data.

Caution: Do not shut off the engine immediately after it
has been loaded. It must be allowed to sufficiently cool.

Remove the dynamometer load completely, and operate
the engine at idle speed for 3 to 5 minutes. This will allow
the turbocharger and other components to cool.

NOTE: |dle periods longer than 5 minutes are to be avoided.

<=

Engine Dynamometer Test - Performance Checking (8-03)
Page 8-19
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Shut off the engine after the cooi-down period.

Remove all testinstrumentation. Remove the engine from
the dynamometer. ‘

NOTE: If the engine is to be stored temporarily and does not
have permanent-type antifreeze, it is necessary to drain all
coolant. Drain locations are identified on the engine side
views, pages 8-4 and 8-5.

Prepare the engine for Engine Painting (8-08)

Chassis Dynamometer - Operation
(8-04)

The performance of an engine installed in on-highway
vehicles can be tested on a chassis dynamometer.

MNOTE: Due o driveline efficiency and engine-driven acces-
sories, the engine horsepower when measured at the rear
wheeis will be reduced by approximately:

e 20 percent for single axle vehicles
e 25 percent for tandem axle vehicles

NOTE: These percentages are used for engine run-in only
and are not to be used as absolute figures.

Caution: Follow all the vehicle manufacturer’s safety
precautions before installing or operating a vehicleon a
chassis dynamometer.
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Caution: Low profile radial tires are more sensitive to
heat than bias ply tires. Excessive operating time at full
load can damage tires due to overheating. Check the tire
manufacturer’s recommendations for the maximum al-
lowable chassis dynamometer operating time.

Follow the general safety precautions listed below while
operating the chassis dynamometer:

¢ Use tires that have more than 160 kilometers [100
miles] on them. Do not use new tires.

¢ Do not use recapped tires or tires of different sizes
or designs.

e Make sure the tires are inflated to the manufactur-
er’'s specifications.

e Remove all rocks or other material from the tread of
all tires that will be rotating on the dvnamometer
roliers.

e Make sure there is correct overhead clearance for
exhaust stacks, air deflectors, or other attachments
above the cab.

A
<>

<>

Chassis Dynamometer - Operation (8-04)
Page 8-21
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e Carefully position the vehicle on the rollers.

Caution: To prevent damage to the chassis dynamom-
eter, there must be some slack in the tension of the
tie-down chains.

e Attach the tie-down chains to the rear of the vehicle,
and put wheel chocks in front of the front wheels.

< e Adjust the vehicle and dynamometer room exhaust
system to make sure all exhaust gases are removed
from the room.

¢ Refer to the chassis dynamometer and vehicle man-
ufacturer’s recommendations and specifications for
testing procedures.

0i802vb

4]

General Engine Test Procedures -
(Chassis Dynamometer) (8-05)

The following procedure assumes that the lubricating ol
and fuel systems were correctly primed, the dipstick cal-
ibrated, and the engine filled o the correct levels with
lubricating oil and coolant during installation of the engine
into the chassis. If these systems were not serviced dur-
ing installation of the engine, refer to Engine Dynamom-
eter Test - instaliation of the Engine (8-01) for instructions

VAN on priming the lubricating oil and the fuel systems and
calibrating the dipstick. Refer o the latest B Series Op-
N [ oSz eration and Maintenance Manual, Bulletin No. 3810205,
forinstructions on filling the lubricating oil and the cooling

systems.

The number of instruments and gauges required to per-
form a chassis dynamometer test will vary according to
the type and the capability of the test equipment used.

Refer to pages 8-4 and 8-5 for the correct system pressure
and temperature gauge connecting locations.

2] ’Hg...oscv
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To correctly monitor an engine’s performance, record the
following parameters:

Exhaust Back Pressure

Lubricating oil pressure (vehicle instrument panel)
Coolant temperature (vehicle instrument panel)
Coolant pressure”

Intake manifold pressure™

Inlet air restriction™

Blowby*

Engine speed (RPM) (vehicle instrument panel)
Wheel horsepower (WHP) (dynamometer controis)

® © © 8 © & © ©

*See the following for the Service Tools required and the
installation locations on the engine.

Measure the coolant pressure at the cylinder head, rear
fuel pump side.

Minimum Gauge Capacity: 415 kPa [60 psi]

boost). Install a pressure gauge, Part No. ST-1273, in the
location shown.

Minimum Gauge Capacity: 1905 mm Hg [75 in. Hg] (%s

Measure the intake manifold pressure (turbocharger

ciSgahb

Connect a water manometer o the turbocharger air inlet
pipe to test air restriction.

NOTE: The manometer connection must be installed at a 90
degree angle to the air flow in a straight section of pipe, one
pipe diameter before the turbocharger.

NOTE: A vacuum gauge can be used in place of the water
manometer.

Minimum Gauge Capacity: 760 mm H,0 [30 in. H;0]

gy ci9gaha
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Measure the blowby by installing blowby checking tool in
the crankcase breather vent. Connect the blowby tool to
a water manometer.

NOTE: Excessive blowby indicates a turbocharger malfunc-
tion or an engine internal components malfunction, allowing
combustion gases to enter the crankcase.

Minimum Gauge Capacity: 1270 mm H,0 [50 in. H,0]

NOTE: If a sudden increase in blowby occurs, or if blowby
exceeds the maximum allowable limit during any run-in step,
return to the previous step and continue the run-in. If blowby
does not reach an acceptable level, discontinue the run-in
and determine the cause.

NOTE: Avoid long idle periods. Operate the engine at low
idle only long enough (3 to 5 minutes) to check for correct
lubricating oil pressure and any fuel, lubricating oil, water, or
air leaks.

Caution: Do not allow the engine speed to exceed 1,000
RPM before run-in. The internal components can be
damaged.
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Caution: Do not shut off the engine immediately after
the last step of the run-in is completed. Allow the engine
o cool by operating at low idie for a minimum of 3 min-
utes to avoid internal component damage.

Engine Run-Iin Procedure - (Chassis
Dynamometer) (8-06)

Caution: Refer to General Engine Test Procedures -
{Chassis Dynamometer) (8-05) before operating the en-
gine to avoid internal component damage.

NOTE: Refer to Chassis Dynamometer Operation on page
8-20 for general operating procedures and safety precau-
tions.

NOTE: Operate the vehicle in a gear that produces a road
speed of 80 to 85 km/h [55 to 60 mph].

Operate the engine at 1,200 RPM and 25 percent of
torque peak load until the water temperature reaches 70°
C [160° FL.

Operate the engine at 1,200 RPM and 40 percent of
forque peak load for 2 minutes. Check the gauges, and
record the readings.

A

A

&5

Engine Run-In Procedure - (Chassis Dynamometer) (8-06)
Page 8-25
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Engine Run-In Procedure - (Chassis Dynamometer) (8-06) Section 8 - Engine Testing
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torque peak load for 5 minutes. Check the gauges, and

1500 RPM | B . Operate the engine at 1,600 RPM and 65 percent of
i Y
record the readings.

0i802vn

Torq Peak RPM 4 minutes. Check the gauges, and record the readings.

AN Operate the engine at torque peak RPM and full load for
o~

< NOTE: Refer to the engine data sheet for the torque peak
RPM of the engine mode! being tested.

0i802vo

Operate the engine at rated speed (RPM) and full load for
4 minutes. Check the gauges, and record the readings.

Compare the readings to those published on the appro-
priate engine data sheet.

Caution: Do not shut off the engine immediately after
the run-in is complsted. Allow the engine to cool by
operating it at low idle for a minimum of 3 minutes to
avold internal component damage.

Make sure all instrumentation is removed before remov-
ing the vehicle from the dynamomster.

| Hg € bp9gama’
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Engine Run-in Procedure ‘‘In Chassis’’
- (On- and Off-Highway Vehicles) (8-07)

On-Highway

Caution: Refer to General Engine Test Procedures -
(Chassis Dynamometer) (8-05) before operating the en-
gine to avoid internal component damage. A

Operate the engine at 1,500 to 1,800 RPM in high gear
for the first 80 fo 160 kilometers [50 to 100 miles] after
rebuild.

NOTE: Do not idie the engine for more than 5 minutes at any
one time during the first 160 kilometers [100 miles] of
operation.

Off-Highway

Caution: Refer to General Engine Test Procedures - ﬁ
(Chassis Dynamometer) (8-05) before operating the en-
gine to avoid internal component damage.

Operate the engine as follows during the first 3 hours after
rebuild:

: 5
:::::
-

I <Z = Y S

Hours Hours '+ =%<<«~7 0i100vx

1. Do not idle the engine for more than 5 minutes at any
one time.

2. Operate the engine at 75 percent throttle while loaded.

LY
{0}0[0/of—2=={0]0[0[3]
olojoln olojo3 Hours Hours
Hours Hours oit00vy
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Section 8 - Engine Testing
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3. Do not operate the engine at rated speed (RPM) and
full load for more than 5 minutes at any one time.

Engine - Painting (8-08)
Remove all belts from the engine.
Cover the following paris of the engine:

e Ajl puliey belt surfaces

e Exhaust and intake openings

e Electrical components

Fuel inlet and drain connections

e Any exposed fitlings, threads, and electrical wire
terminals

Warning: When using a steam cleaner, wear protective
clothing and safely glasses or a face shield. Hot steam
can cause serious personal injury.

“ Use steam to clean the engine, and dry with compressed

air.

NOTE: Make sure all engine surfaces are clean and dry
before painting the engine.

Protect the following components from the paint:

®

All dataplates

Valve and injector set marks.

Exhaust manifold

@

Turbocharger turbine housing
e Flywhesl

Flywheel housing transmission mounting surface
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Paint the engine.

ewg00wr
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Section 9 - Engine Removal and Installation
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General Information

The procedures required to replace an engine will vary
with different engine models, the type of equipment, op-
tional equipment, and the shop facilities. Use the follow-
ing procedures as a guide:

NOTE: Ali replacement steps will not apply to all types of
equipment. Complete only the steps which apply to the
equipment involved. Use the equipment manufacturer’s rec-
ommendations and precautions for removal of chassis parts
to gain access to the engine.

Engine - Removal (9-01)

Place a tag on all hoses, lines, linkage, and electrical
connections as they are removed to identify their locations.

Disconnect the battery cables.
Drain the engine coolant.

Drain the lubricating oil.

Disconnect the starter cable, engine ground straps, cab
or chassis 1o engine hoses, tubing, electrical wires and
hydraulic lines.
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B Series Page 9-3
Disconnect the intake and exhaust pipes. iy

s
Disconnect all chassis mounted engine driven %@

accessories.
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Disconnect the throttle linkage from the fuel injection
pump control lever. @(&]

Disconnect the drive units from the flywheel.

bpa00ome

Warning: If a liquid refrigerant system (air conditioning)
is used, wear eye and face protection and wrap a cloth A
around the fittings before removal. Liquid refrigerant can

cause serious eye and skin injury.

Refrigerant

pst
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Remove all chassis components necessary to remove the §
engine from the squipment. @Q} ;
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NOTE: On applications where the rear engine mounts are
attached to the transmission, it may be necessary to remove
the engine and transmission as an assembly.

Warning: The engine lifting equipment must be designed
to safely lift the engine and transmission as an assembly.
The dry weight of the standard 6BTA5.9 without acces-
sories is 411 kg [905 Ib]. Refer to the equipment manu-
facturer’s specifications for the transmission weight.

A

Use a properly rated hoist and engine lifting fixture, at-
tached to the engine mounted lifting brackets to remove
the engine.

qap
S,

@ NOTE: If the transmission is not removed, place a support
under the transmission to prevent it from falling.

Cover all engine openings to prevent dirt and debris from
entering the engine.

Place the engine on suitable engine support stands.

Remove all remaining accessories and brackets to use
with the replacement engine.

R
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Engine Mount - Inspection (9-02)

Inspect all rubber-cushioned mounts for cracks or dam-
age.

Inspect all mounting brackets for cracks or damaged bolt
holes. -

NOTE: Damaged engine mounts and brackets can cause
engine misalignment, drive line components damage, and
result in vibration complaints.

Engine - Installation (9-03)

Install all accessories and brackets that were removed
from the previous engine.

NOTE: On applications where the rear engine mounts are
attached to the transmission, it may be necessary to install
the engine and transmission as an assembly.

Warning: The enginelifting equipment must be designed
to safely lift the engine and transmission as an assembly.
The dry weight of the standard 6BTA5.9 without acces-
sories is 411 kg [905 Ib]. Refer o the equipment manu-
facturer’s specifications for the transmission weight.

Use a properly rated hoist and engine lifting brackst,
attached to the engine mounted lifting brackets to install
the engine.

Engine Mount - inspection (8-02)
Page 9-5
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Section 8 - Engine Removal and Installation
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Align the engine in the chassis and tighten the engine
mounting capscrews. Refer to the equipment manufac-
turer’s torque specifications.

D
S

Connect all engine and chassis mounted accessories
that were removed.

NOTE: Be sure all lines, hoses, and tubes are properly
routed and fastened to prevent damage. Be sure the air
intake and exhaust pipe connections are tight and free of
leaks.

Throttle Control Lever Connection

When connecting the cable/rod to the control lever, adjust
the length so the lever has stop-to-stop movement.

qp
%

Adjust the length of the cable/rod to the mechanical shut
down lever so there is stop-to-stop movement.

Fill the engine with clean 15W-40 lubricating oil.
NOTE: The total oil system capacity, including lubricating oil

filters is:
Liters U.S. Gt.
4 Cylinder..en e, 1.0 e
BOylinder...oocoeeiiiein 16.4 17.3
Optional 8 Cylinder .......ccoceeeenene 12.6 13.3
Optional 6 Cylinder (Ford)........... 18.9 20.0
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Fill the cooling system with a premixture of 50 percent
water, 50 percent sthylene glycol base antifreeze and
DCA4 corrosion protection. Refer to Procedure 1-06.

NOTE: The total coolant capacity (engine only) is:

Liters U.S. Qt.
4 0ylinder...coooceviieciveniii 7 7.4
4 Cylinder (Water Aftercooled)........ 9.7 10.3
6 Cylinder....ccoovvereeereeniiineciiiinnns 10.5 11.1
6 Cylinder (Water Aftercooled)........ 14.5 15.3

Caution: Installation of the radiator cap at this point is
critical to proper purging of air trapped in the cooling
system. Improper purging of air from the cooling system
will result in engine damage from overheating.

Perform a final inspection to make sure that all hoses,
wires, linkages, and components have been properly in-
stalled and tightened.

Make sure the fuel is shut off by removing the wire from
the fuel solenoid or the mechanical fuel shutoff is in the
“QOFF" position. This is necessary to prevent the engine
from starting during the lubricating oil rifle pressure charg-
ing operation.

Caution: Do notengage the starting motor for more than
30 seconds. Wait 2 minutes between starter engage-
ments to cool the starting motor.

Crank the engine until the lubricating oil pressure gauge
indicates a positive pressure.

<>

A

Engine - Installation (9-03)
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After pressure is observed, connect the wire to the fuel
solenoid.

Prime the low pressure fuel system by opening the bleed
SCrew.

Operate the plunger on the fuel transfer pump until the
fuel flowing from the fitling is free of air.

Tighten the bleed screw.

Operate the engine at low idle for 2 to 3 minutes.

Warning: Do not remove the radiator cap from a hot
engine. Hot steam can cause serious personal injury.
The engine coolant temperature must be below 50°C
[122°F].

Shut off the engine and wait 5 to 7 minutes for the lubri-
cating oil to drain to the lubricating oil pan and check the
fubricating oil and coolant levels again.

Fill the engine to the correct lubricating oil and coolant
levels if necessary.
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Operate the engine at 1000 o 1200 RPM for 8 to 10
minutes. Check for proper operation, unusual noises, and
coolant, fuel or lubricating oil leaks.

Repair all leaks and component problems. Refer to the
appropriate procedures.

Refer to Section 8 for the Engine Run-in and Test
Procedures.

<>

Engine - Installation {8-03)
Page 8-9
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Section V - Engine Component Specifications
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Component or Assembly (Procedure) Ref.No./Steps Metric U.s.
Component Specifications and Torque Values
Cooling System Specifications
Fan Hub Shaft End Clearance 0.15 mm MAX 0.008 in
Thermostat Operating Temperature
Initial Opening Temperature 80°C MIN 176°F
83°C MAX 182°F
Fully Open Temperature 95°C MAX 203°F
Maximum Opening Distance 8.6 mm MAX 0.260 in
Viscous Fan Drive Viscous Fan Drive Operating Temperature
Operating Temperature Start Modulation 85°C 185°F
g y Maximum Speed 93°C 200°F
Range  winimum Haximom
ot s
A 8 N Radiator Cap Pressure Test
A - 104°C [220°F] 103 kPa MIN 15 psi
B - 99°C [210°F] 48 kPa MIN 7 psi
Cooling System Torgue Values
Aftercooler Mounting 24 Nem 18 fi-ib
Fan Hub Pulley Mounting Capscrews 24 Nem 18 fi-lb
Hose Clamps 5 Nem 40 in-ib
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Component Specifications and Torque Values
Page V-3

Component or Assembly (Procedure) Ref.No./Steps  Metric U.S.
Thermostat Housing Mounting Capscrews 24 Nem 18 fi-lb
Coolant Inlet Connection 43 Nem 32 ft-b
Water Inlet Plugs 24 Nem 18 fi-lb
Water Pump Mounting Capscrews 24 Nem 18 ft-ib
Lubricating Oil System Specifications
Crankshaft Weight
4 Cylinder 36 Kg 801ib
6 Cylinder 55 Kg 123 1b
4 Cylinder & Cylinder
38 a8 W] ﬁ 8.3 kg 1238
ke801inb-h
Oil Cooler Pressure Test
Pressurize the cooler ) 483 kPa 70 psi
Check for ieaks by submerging in water
Oil Pump Gear A
Backlash Limits 0.076 mm MIN 0.003 in
0.330 mm MAX 0.013in
Oil Pump Idler Gear B
Backlash Limits 0.076 mm MIN 0.003 in
0.330 mm MAX 0.013in . )
| 7°<\~!p§oon€-h
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Component or Assembly (Procedure) ﬁef.No./Steps ; Metric U.S.
Oil Pump Tip Clearance 0.025 mm MIN 0.001 in
0.178 mm MAX 0.007 in
Oil Pump Port Plate Clearance 0.127 mm MAX 0.005 in
Oil Pump Body Bore Clearance 0.127 mm MIN 0.005 in
0.381 mm MAX 0.015in
Lubricating Oil System Torque Values
Oil Cooler Assembly 24 Nem 18 fi-lb
\ Oil Drain Plug 80 Nem 60 fi-lb
opdpxhb-h
Oil Fill Tube Mounting 43 Nem 32 fi-lb

Ol Filter

&/4 turn after contact
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Component or Assembly (Procedure) ﬁef.No./Steps Metric U.S.
Oil Pan Heater Plug 80 Nem 60 ft-lb %/
op8swha-h
Qil Pan Mounting Capscrews 24 Nem 18 ft-Ib
Oil Pressure Regulator Plug 80 Nem 60 ft-lb
Oil Pump Mounting Capscrews 24 Nem 18 ft-lb
Oil Pump Suction Tube Brace 24 Nem 18 fi-ib
10 mm Wrench
opftbhb-h
Oil Pump Suction Tube Flange 24 Nem 18 ft-ib
13 mm Wrench
opStbna-h
Combustion Air System Specifications
Charge Air Cooler
Differential Pressure Across Cooler 21 kPa MAX 3 psi ?; gspi*]’
) Max,
im800sa-h
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Component or Assembly (T’rocedure) ﬁef.No./Steps Metric U.s.
Naturally | Turbocharged Intake Alr Restriction 65.8 cm H,0 MAX 25.0in H0

Aspirated

Exhaust Gas Restriction

Non Automotive 76.2 mm/Hg MAX 3in Hg
91 EPA Cert 114.3 mm/Hg MAX 4.5 in/Hg
94 EPA Cert. with oxidation catalyst 1582.6 mm/Hg MAX 6 infHg

Turbocharger Axial Clearance

Holset A 0.030 mm MIN 0.012in
0.46 mm MAX 0.018 in
With Engine Serial Numbers Before 840638 0.10 mm MIN 0.004 in
0.16 mm MAX 0.006 in

With Engine Serial Numbers After/Including
840638 0.03 mm MIN 0.001 in
. 0.08 mm MAX 0.003 in

Turbocharger Radial Clearance - Side to
Side B .03 mm MIN 0.001 in

0
08 mm MAX 0.003 in

o0

Combustion Air System Torque Values

Exhaust Manifold 43 Nem 32 fi-lb
Torque Value and Sequence

Exhaust Outlet Pipe Bracket 43 Nem 32 ft-lb

Exhaust Outlet Pipe, V-Band 8 Nem 72 in-lb
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Component or Assembly (Procedure) Ref.No./Steps  Metric U.S.
Intake Heater Plug 125 Nem 92 ft-lb
intake Manifold Cover 24 Nem 18 ft-lb
Turbocharger Air Crossover Hose Clamps 8 Nem 72 in-lb
Turbocharger Compressor Housing Clamp 8 Nem 72 in-Ib
Turbocharger Discharge Elbow 8 Nem 75 inb
Turbocharger Mounting Nut and Stud 45 Nem 33 ft-lb
Turbocharger Olf Drain Mounting 24 Nem 18 ft-lb
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Component or Assembly (Procedure) ﬁef.No./Steps Metric U.s.
Turbocharger Oil Supply 35 Nem 26 ft-lb
s =l
AN
7 (8 e
il
' i;,bs_fsm.aé
Turbocharger Turbine Housing Capscrews 20 Nem 15 ft-lb
5 = Compressed Air System Torque Values
I Air Compressor Mounting Nuts 77 Nem 57 ft-Ib
\ZE{’;,: N """Lii@s‘ac;;nc-‘n-v
Air Compressor Support Capscrews 24 Nem 18 fi-lb
Air Compressor Oil Supply Line 15 Nem 12 fi-lb
Air Compressor Coolant Lines 24 Nem 18 ft-lb
TR Fuel System Specifications
PSR RSN s This table must be used to make sure of proper fuel injection pump-io-engine timing. The critical
P e e SRR parts list (CPL) number from the engine data plate and the Control Parts List Manual, Bulletin No.
b ommmm e i 3379133-20, must be used to determine whether or not the engine is certified, and if so, what year
ey e SISO and regulating agency (EPA or CARB).
T B Given this information, use the table to determine which letter on the fuel injection pump drive gear
oo is aligned with the camshaft gear.




Section V - Engine Component Specifications Component Specifications and Torque Values

B Series Page V-8
Component or Assembly (Procedure) Ref.No./Steps  Meiric U.s.
Fuel Drain Line Restriction 70 kPa MAX 10 psi

Fuel Filter Restriction
Pressure Drop Across Filter 35 kPa MAX 5 psi

Fuel Injection Pump
Fuel Inlet Pressure (Rotary Pump) 70 kPa MAX 10 psi

Fuel Injection Pump

Fuel Return Line Restriction 518 mm Hg MAX 20.4 in Hg

Fuel Injection Pump Drive Gear A

Backlash Limits 0.076 mm MIN 0.003 in
0.330 mm MAX 0.013in

Fuel Transfer Pump inlet Restriction
6B, 6BT, 6BTA 100 mm Hg MAX 4 in Hg

Fuel Transfer Pump Outlet Pressure at

High idle

Rotary Pump 70 kPa MAX 10 psi
in-Line Pump 193 kPa MAX 28 psi

{8900ki-h
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Component or Assembly (T’rocedure) Ref.No./Steps Metric U.S.
Injection Pump Throttle Lever
Breakover 3.18 mm MIN 0.125 in
6.35 mm MAX 0.250 in
Leakage Test:
a. Open valve
b. Operate lever to hold pressure 20 bar [290 psi] below opening pressure
c. No drops are to fall from the tip within 10 seconds
Fuel System Torque Values
AFC Air Fuel Control Fitting 24 Nem 18 ft-ib
Fuel Filter 8 Nem 6 ft-ib
(1/2 turn after contact)
e e Fuel Filter Adapter Nut 32 Nem 24 ft-lb
|2
ool
b
Fuel Filter Banjo Screw (in Head) 24 Nem 18 ft-ib
Fuel Drain Banjo Screw (In injector) 8 Nem 72 in-lb
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Component or Assembly (Procedure) Ref.No./Steps Metric U.S.
Fuel Banjo Screw (in Pump) 32 Nem 24 ft-b

High Pressure Fuel Line Fittings 30 Nem 22 ft-ib
Fuel Injection Pump Lock (CAV) 7 Nem 60 in-lb I
Fuel Injection Pump Unlock (CAV) 20 Nem 15 ft-lb 1 =
1 i & fpowana-h
Fuel Injection Pump Lock (Bosch Rotary) 30 Nem 22 ft-lb
Fuel Injection Pump Unlock (Bosch Rotary) 13 Nem 10 fi-Ib

Fuel Injection Pump Mounting Nuts

Bosch 24 Nem 18 ft-lb
Nippendenso 43 Nem 32 fi-lb
Lucas, CAV 30 Nem 22 #t-lb
Fuel Injection Pump Fuel Supply 32 Nem 24 ft-lb R e
“?;ig\{?m%“ e
§t9tbhb-h
High Pressure Fuel Support 6 Nem 48 in-b

oY o @
e . TR . ft9bkmb-h
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Component or Assembly ('l5rocedure) Ref.No./Steps Metric ~ U.S.
Injection Pump Drive Gear Nut
Bosch, CAV (Rotary) and Stanadyne 65 Nem 48 fi-lb
Nippondenso 123 Nem 92 fi-lb
Bosch In-Line 165 Nem 122 fi-lb
Injector Retaining Nut 60 Nem 44 #t-b

Electrical System Specifications
Alternator Mounting Bracket Dimension

Delco 10/1581 55.72 mm 23/16in
Motorola 100 Amp 81 mm 33/16in
Delco 20/2781 98 mm 378in
Lucas 78 mm 3in

Electrical System Torque Values

Alternator Assembly Torque Sequence 1. Alternator-to-alternator bracket capscrew.
2. Lower brace-to-alternator capscrew.
3. Alternator-to-water inlet capscrew.
4. Water inlet-to-block capscrews.

Alternator Belt

New Belt Tension 360 N MIN 80 Ibf
Used Belt Tension 490 N MAX 100 Ibf
Belt Tensioner Capscrew 43 Nem 32 ft-lb

Alternator Link
8 mm Capscrew
10 mm Capscrew

24 Nem 18 fi-lb
43 Nem 32 ft-ib

w»

e
i ehlkna-hy
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Component or Assembly {Procedure) Ref.No./Steps Metric U.s.

Alternator Mounting Bolt B

10 to 158l 43 Nem 32 ft-lb

2081, 2781, 298! 80 Nem 59 fi-lb

Alternator Bracket Mounting Capscrews 24 Nem 18 ft-lb

8 mm

Alternator Pulley 80 Nem 59 ft-lb

Batteries Specific Gravity State of Buttery State | Specific Gravity
at 27°C [80°F] Charge of Charge @ 27°C [80°F]
1.260 to 1280 100 percent y
1.230 to 1250 75 percent o L
1.200 to 1220 50 percent S
1.170 to 1190 25 percent S0% 12001220
1.110 to 1130 Discharged %% 1.170-1.190

Discharged 1‘”0'1'1.'?»?%..}1

Coolant Heater 12 Nem 108 in-b

Oil Pressure Switch

Installation - Cast lron 16 Nem 12 fi-lb

Installation - Aluminum 10 Nem 84 in-lb

Starting Motor Mounting Capscrews 43 Nem 32 ft-lb
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Component or Assembly (Procedure) Ref.No./Steps Metric U.s.
Temperature Sensor
Installation - Cast iron 50 Nem 37 ft-lb
Installation - Aluminum 30 Nem 22 ftlb
.w//// \
Base Engine Specifications
Aftercooler - Inspection
Inspect the housing and core for damage.
Check the core for leaks:
e Plug the bottom inlet tube
e Pressurize the core to 483 kPa [70 psi] and submerge in a container of water.
Balancer End Play Limits 0.130 mm MIN 0.005 in
0.630 mm MAX 0.025 in
E 0.075 mm MIN 0.003 in
0.176 mm MAX 0.007 in
Balancer ldler Gear Backlash AtoD 0.088 mm MIN 0.003 in
0.420 mm MAX 0.017 in
BtoeC 0.153 mm MIN 0.006 in
0.355 mm MAX 0.014 in
AtoC 0.088 mm MIN 0.003 in
0.420 mm MAX 0.017 in
Cam Thrust Plate 24 Nem 18 ft-lb
Camshaft Bearing Journal Diameter 53.962 mm MIN 2.1245 in
54.013 mm MAX 2.1265 in
Camshaft Bore Diameter - Cylinder No. 1
With Bushing Installed 54.107 mm MIN 2.1302 in
54,146 mm MAX 21317 in

3
cgebrne-h
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Component or Assembly (Procedure) Ref.No./Steps  Metric U.s.

Camshaft Bore Diameter
All Journals Except Cylinder No. 1 54.164 mm MAX 2.1324 in

Camshaft Diameter at Peak of Lobe

intake 47.040 mm MIN 1.852 in
47.492 mm MAX 1.870 in
Exhaust 46.770 mm MIN 1.841 in
47.222 mm MAX 1.859 in
Lift Pump 35.50 mm MIN 1.398 in
36.26 mm MAX 1.428 in

Camshaft Deterioration
Gear Edge (+ or -20 degrees nose of cam
lobe) 2mm MAX 0.079 in

QOutside nose (+ or -20 degrees edge

deterioration) 6 mm MAX 0.236 in

Camshaft Capscrew Torque Step 1 27 Nem 20 ft-lo
Step 2 + 180°

Camshaft End Play A 0.12 mm MIN 0.005 in

0.47 mm MAX 0.018 in

Camshaft Gear Backlash Limits B 0.076 mm MIN 0.003 in

0.330 mm MAX 0.013 in

Camshaft Gear Temperature (45 minutes) 148°C MAX 300°F
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Component or Assembly (Procedure) ﬁef.No./Steps Metric u.s.
Camshaft Thrust Plate Thickness 9.340 mm MIN 0.368 in
9.580 mm MAX 0.377 in
= e
Connecting Rod Bearing Thickness
(Standard) 1.955 mm MIN 0.0769 in
1.968 mm MAX 0.0775 in
Connecting Rod Crankshaft Bore 1.D. 72.987 MIN 2.8735in
(Without Bearings) 73.013 MAX 2.8745 in
F Connecting Rod Length (Center to Center) 191.975 mm MIN 7.5581 in
« 192.025 mm MAX 7.5600 in
Oraet Connecting Rod Alignment
‘: 4 e With Bushing 0.150 mm MAX 0.006 in
T
iy
cxzbom
Connecting Rod Twist
e With Bushing 0.180 mm MAX 0.008 in
Connecting Rod Pin Bore Diameter 1.D.
(with bushing installed) 40.019 mm MIN 1.57585 in
40.042 mm MAX 1.5764 in
Connecting Rod Side Clearance Limits 0.100 mm MiN 0.004 in
0.330 mm MAX 0.013in
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Component or Assembly (Procedure) Ref.No./Steps Metric U.S.
Crankshaft Bearing Clearance
With plastigauge during engine assembly
Clearance 0.114 mm MAX 0.0045 in
Crankshaft End Clearance A 0.102 mm - MIN 0.004 in
0.432 mm MAX 0.017 in —| |a
ks801ina-h
Crankshaft Main Bearing Journal O.D.
Diameter 82.962 mm MIN 3.2662 in
83.013 mm MAX 3.2682 in
Out of roundness 0.050 mm MAX 0.002 in
Taper 0.013 mm MAX 0.0005 in
Bearing clearance 0.119 mm MAX 0.0047 in
Crankshaft Rear Oll Seal Flange O.D. 129.975 mm MIN 51171 in
130.025 mm MAX 51191 in
Crankshaft Rod Journal Mean Diameter 68.962 mm MIN 2.7150 in
69.013 mm MAX 27170 in
Qut of Roundness 0.080 mm MAX 0.002 in
Taper 0.013 mm MAX 0.0005 in
Clearance 0.114 mm MAX 0.0045 in
Crankshaft Gear Temperature (45 minutes) 148°C MAX 300°F
Crankshaft Thrust Bearing Width
{Standard) 37.305 mm MIN 1.4887 in
37.355 mm MAX 1.4707 in
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B Series

Component or Assembly (Procedure) ﬁef.No./Steps Metric U.s.

& Cylinder
Bk [1141b]
kn8bdnb-h

f

knBgunb-h

Main Bearing Bore Diameter {Bearings

Installed)

Measure the crankshaft bore with the

bearings installed and the capscrews

tightened. 176 Nem 130 ft-lb

Record the smallest diameter. 83.106 mm 3.272in

Cylinder Head Cracks - Reuse Guidelines

These guidelines apply only to cracks extending from the injector bore to the intake valve seats.
Replace cylinder heads which exhibit valve bridge cracks in any other location,

If the crack extends into or through the valve seat, the head must be repaired by installing a valve
seat inset per the Alternative Repair Manual, Bulletin No. 3810234.

Cylinder Head Flatness

End to End
4 cylinder 0.203 mm MAX 0.008 in
8 cylinder 0.305 mm MAX 0.012in
Side to Side
4 cylinder and 6 cylinder 0.076 mm MAX 0.003 in

Cylinder Head Weight

4 Cylinder 36 Kg 801b
8 Cylinder 51 Kg 114 1b
Valve Grinding Angle Intake: 30 degrees

Exhaust: 45 degrees

Valve Guide Bore Diameter 8.019 mm MIN 0.3157 in
8.090 mm MAX 0.3185 in
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Component or Assembly (Procedure) Ref.No./Steps  Metric U.s.
Valve Head Rim Thickness T 0.79 mm MIN 0.031 in
®
kn9vatc-h
Valve Seats
Grinding Cleanup Depth 0.254 mm MAX 0.010in
Valve Seat-to-Valve Guide Concentricity ~
360 Degrees : 0.05 mm MAX  0.002in D~z
- Do oy =
= 1T
D=1
TS kn9toxe-h
Valve Seat Grinding Angle Intake: 30 Degrees ,
Exhaust: 45 Degrees =
Mosgolefcelcol
o 22, . knSvanc-h
Valve Seat Grinding Deﬁth . B 0.254 mm MAX 0.010 in ®
Seat Grinding Depth is the Difference in
Dimension “B’’ Before and After Grinding
Aa%
Al
kn9vand-h
Valve Seat Grinding Width
Grind Area
(A) with a 80 degree stone, (B) with a 15 )ﬁ
degree stone 1 1.5 mm MIN 0.080 in B Sy
2 2.0 mm MAX  0.080 in , N
0
L\i\
kn@vane-h
Valve Spring Compression
Height 49.25 mm [1.94 in] 289.13 N MIN 65.0 Ibf
321.16 N MAX 72.2 bt

Cx

|kn@sptb-h
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Component or Assembly (5rocedure) -Ref.No.ISteps Metric U.S.

Valve Spring Measurement
Free Length 55.63 mm MIN 2.180 in
Inclination: 1.0 mm MAX 0.039 in

kn@spta-h

© Valve Depth C 0.9 mm MIN 0.039 in
. 1.52 mm MAX 0.060 in

\

( knSvanf-h

Valve Inspection

Valve Stem Diameter 7.93 mm MIN 0.313in
7.98 mm MAX 0.314 in
N
P
kn8vata-h
Exhaust Manifold Flatness 0.10 mm MAX 0.004 in

Ring Gear Replacement
Heat the new ring gear for 20 minutes in an oven preheated fo 127°C [260°F].

Flywheel Bore Alignment T.L.R. SAE No.
1 0.020 mm MAX 0.008 in
2 0.020 mm MAX 0.008 in
3 0.020 mm MAX 0.008 in

Flywheel Bore Runout T.I.R. 0.127 mm MAX 0.005 in

§wB00nb-h
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Component or Assembly (Procedure) Ref.No./Steps Metric U.s.
Main Bearing Thickness (Standard) 2.456 mm MIN 0.0967 in
2.464 mm MAX 0.0970 in
Piston Pin Bore Diameter 40.006 mm MIN 1.5750 in
40.025 mm MAX 1.5758 in
pigbrtc-h
Piston Pin Diameter 39.990 mm MIN 1.5744 in
40.003 mm MAX  1.5749 in {>‘_
Piston Ring Clearance {In Ring Groove)
Top (Turbocharged) No Check Needed
(Naturally Aspirated) 0.075 mm MIN 0.003 in
0.150 mm MAX 0.0059 in
Intermediate 0.075 mm MIN 0.003 in
0.150 mm MAX 0.0059 in
Oil Control 0.040 mm MIN 0.0016 in
0.130 mm MAX 0.0051 in pig00te-h
Piston Ring Gap SFeeler Gauge)
Top (Turbocharged 0.40 mm MIN 0.016 in
0.70 mm MAX 0.028 in
Top {Naturally Aspirated) 0.25 mm MIN 0.010 in
0.55 mm MAX 0.022 in
Intermediate 0.25 mm MIN 0.010 in
0.55 mm MAX 0.022 in
Oil Control 0.25 mm MIN 0.010 in
0.55 mm MAX 0.022 in

3.5in

pigrits

ey
©
3
3

‘;»i

Piston Skirt 0.D. Diameter 101.823 mm MIN 4.0088 in
101.887 mm MAX 4.0107 in

pig00te-h
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Component or Assembly (Procedure) ﬁef.No.lSteps Metric U.S.

Piston Protrusion 0.609 mm MIN 0.024 in

0.711 mm MAX 0.028 in

Rocker Lever Bore Diameter 19.000 mm MIN 0.7480 in

, 19.051 mm MAX 0.7500 in

Rocker Lever Pedestal Shaft Diameter 18.938 mm MIN 0.7456 in

18.975 mm MAX 0.7470 in

Valve Adjustment Procedure
With Cylinder No. 1 at TDC compression
stroke (timing pin will engage) Step A - Four Cylinder

Step A - Six Cylinder

Perform Step B of the valve set procedure with Cylinder No. 1 at TDC plus 360 degrees (timing pin
will not engage).

Mark the crankshaft and front cover. Rotate the crankshaft one full turn,

Step B - Four Cylinder
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Component or Assembly (Procedure) Ref.No./Steps = Metric Uu.s.
Step B - Six Cylinder
Valve Stem to Rocker Lever Clearance
Intake 0.25 mm 0.010 in
Exhaust 0.51 mm 0.020 in .
ST
Valve Tappet Bore Diameter 16.000 mm MIN 0.630 in
16.055 mm MAX 0.632 in =0
[ kiSbrnb-h
Valve Tappet Stem Diameter 15.94 mm MIN 0.627 in
15.88 mm MAX 0.629 in

Valve Tappet Reuse Guidelines

Pit marks on the tappet face are acceptable.
The following criteria defines the size of the pits allowed.
1. A single pit cannot be greater than 2 mm [0.078 in].

2. Interconnection of pits is not-allowed.

3. Total pits when added together are not to excead 6 mm [0.236 in] diameter or a total of 4 percent

of the tappet face.

4. No pitting is allowable on the edges of the wear face of the tappst.

Vibration Damper
Index line out of alignment
Missing rubber member chucks

Base Engine Torque Values

Balancer
Torque Value and Sequence

A 1.58 mm
B 3.18 mm
1 50 Nem
2 80 Nem
3 175 Nem

MAX
MAX

116 in
1/8 in

36 ft-lb
58 ft-lb
129 ft-lb

18 mm
kfaQote-h

a 2 g

T ]
2 mm

% I oup

Ry

€D ‘ -
o~ =

dasQina-h
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Component or Assembly (5rocedure) ﬁef.No.lSteps Metric U.S.
Balancer ldler Gear 43 Nem 32 ft-lb
Connecting Rod Step 1 35 Nem 26 ft-lb

Step 2 70 Nem 52 fi-lb
Step 3 100 Nem 74 ft-Ib
Crankshaft Damper and Pulley

125 Nem 92 #-Ib
Cylinder Head Mounting Capscrews Step 1 90 Nem (All capscrews) 66 ft-lb
Step 2 Recheck to 90 Nem {All capscrews) 66 ft-ib
Step 3 120 Nem (Long capscrews only) 90 ft-lb
Step 4 Recheck to 120 Nem (Long capscrews only) 90 fi-ib

Step 5 + 90 degrees (All capscrews)
Valve Cover 24 Nem 18 ft-lb
Front Engine Support Mounting 77 Nem 57 ft-lb

smBsuna-h

Flywheel 137 Nem 101 ft-lb
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Component or Assembly (-ﬁrocedure) Ref.No./Steps Metric U.s.
Fiywheel Housing
Aluminum 60 Nem 44 fi-lb
Cast lron 77 Nem 57 fi-lb
Flywheel Housing Cover 24 Nem 18 ft-lb
Flywheel Housing Plug 36 Nem 27 it-lb , —
fhpxna-h
Gear Cover 24 Nem 18 ft-lb
Gear Housing 24 Nem 18 ft-lb
Lifting Bracket (Rear) 77 Nem 57 ft-lb
Main Bearing Capscrew
Torque and Sequence Step 1 60 Nem 44 ft-lb
Step 2 119 Nem 88 ft-lb
Step 3 176 Nem 129 ft-lb
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Component or Assembly (Procedure) Ref.No./Steps Metric U.S.

Rear Seal Cover Mounting S Nem 48 in-lb

Rocker Support Capscrews 24 Nem 18 ft-ib
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Drive Belt Tension

SAE Belt Size Belt Tension Gauge Belt Tension Belt Tension Range
Part No. New Used*
Click-type Burroughs N Ibf N Ibf
.380 in. 3822524 620 140 270 to 490 60 to 110
440 in, 3822524 620 140 270 to 490 80 to 110
1/2 in, 3822524 ST-1138 620 140 270 to 490 60 to 110
11/16 in. 3822524 ST-1138 620 140 270 to 490 60 to 110
3/4 in. 3822524 ST-1138 620 140 270 to 490 60 to 110
7/8 in. 3822524 ST-1138 620 140 270 to 490 60 to 110
4rib 3822524 ST-1138 620 140 270 to 490 60 to 110
5 rib 3822524 ST-1138 670 150 270 to 530 60 to 120
6 rib 3822525 ST-1293 710 160 290 to 580 65 to 130
8 rib 3822525 ST-1293 890 200 360 to 710 80 to 160
10 rib 3822525 3823138 1110 250 440 to 890 100 to 200
12 rib 3822525 3823138 1330 300 530 to 1070 120 to 240

* A belt is considered used if it has been in service for ten minutes or longer.
* If used belt tension is less than the minimum value, tighten the belt to the maximum used belt value.
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FRACTION, DECIMAL, MILLIMETER CONVERSIONS
8 16 32 64 8 16 32 64
THS. | THS. | NDS. | THS. | INCHES MM THS. { THS. | NDS. | THS. | INCHES MM
1 0.0156 0.397 33 0.5156 13.097
1 0.0313 0.794 17 0.5313 13.494
3 0.0469 1.191 35 0.5469 13.891
1 0.0625 1.588 ] 0.5625 14.288
5 0.078t1 1.984 37 0.5781 14.684
3 0.0938 2.381 19 0.5938 15.081
7 0.1094 2.778 39 0.6094 15.478
1 0.1250 3.175 5 0.6250 15.875
9 0.1406 3.572 41 0.6406 16.272
5 0.1563 3.969 21 0.6563 16.669
1 0.1719 4.366 43 0.6719 17.066
3 0.1875 4.763 1 0.6875 17.463
13 0.2031 5.159 45 0.7031 17.859
7 0.2188 5.556 23 0.7188 18.256
15 0.2344 5.953 47 0.7344 18.653
1/4 0.2500 6.350 3/4 0.7500 19.050
17 0.2656 6.747 49 0.7656 19.447
9 0.2813 7.144 25 0.7813 19.844
19 0.2069 7.541 51 0.7969 20.241
5 0.3125 7.938 13 0.8125 20.638
21 0.3281 8.334 53 0.8281 21.034
11 0.3438 8.731 27 0.8438 21.431
23 0.3594 9.128 55 0.8594 21.828
3 0.3750 9.525 7 0.8750 22.225
25 0.3906 9.922 57 0.8806 22.622
13 0.4063 10.319 29 0.9063 23.019
27 0.4219 10.716 59 0.9219 23.416
7 0.4375 11.113 15 0.9375 23.813
29 0.4531 11.508 61 0.9531 24.209
15 0.4688 11.906 31 0.9688 24.606
31 0.4844 12.303 63 0.9844 25.003
1/2 0.5000 12.700 | 1IN, 1.0000 25.400
CONVERSION FACTOR: 1 INCH = 25.4MM
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Weight and Measures - Conversion Factors
QUANTITY U.S. CUSTOMARY METRIC FROM U.S. FROM METRIC
CUSTOMARY | TO U.S.
TO METRIC CUSTOMARY
MULTIPLY BY | MULTIPLY BY
Unit Name Abbr. Unit Name Abbr.
Area sq. inch in? sq. millimeters | mm? 645.16 0.001550
sq. centimeters | cm? 6.452 0.155
sq. foot ft sq. meter m? 0.0929 10.764
Fuel pounds per Ib/hp-hr | grams per g/kw-hr 608.277 0.001645
Consumption horsepower kilowatt hour
hour
Fuel miles per mpg kilometers per km/l 0.4251 2.352
Performance gallon liter
gallons per gpm liters per I/km 2.3527 0.4251
mile kilometer
Force pounds force Ibf Newton N 4.4482 0.224809
Length inch in millimeters mm 25.40 0.039370
foot ft millimeters mm 304.801 0.00328
Power horsepower hp kilowatt kw 0.746 1.341
Pressure pounds force psi kilopascal kPa 6.8948 0.145037
per sq. inch
inches of in Hg kilopascal kPa 3.3769 0.29613
mercury A
inches of in H,O kilopascal kPa 0.2488 4.019299
water
inches of in Hg millimeters mm Hg 25.40 0.039370
mercury of mercury
inches of in HO millimeters mm H,O | 25.40 0.039370
water of water
bars bars kilopascals kPa 100.001 0.00998
bars bars millimeters of mm Hg 750.08 0.001333
mercury
Temperature fahrenheit °F centigrade °C (°F-32) +1.8 {(1.8x°C) +32
Torgue pound force ftlb Newton-meter Nem 1.35582 0.737562
per foot
pound force inlb Newton-meter Nem 0.113 8.850756
per inch
Velocity miles/hour mph kilometers/hour | kph 1.6093 0.6214
Volug'!e: galion (U.8)) gal. liter | 3.7853 0.264179
liqui " -
displacement galk.)n'(lmp ) gal. liter | 4.546 0.219976
cubic inch in® liter I 0.01639 61.02545
cubic inch in® cubic cm® 16.387 0.06102
centimster
Weight (mass) | pounds (avoir) | Ib kilograms kg 0.4536 2.204623
Work British Thermal | BTU joules i 1054.5 0.000948
nit
Sritish Thermal | BTU kilowatt-hour kw-hr 0.000293 3414
nit
horsepower hp-hr kilowatt-hour kw-hr 0.746 1.341

hours
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Newton-Meter to Foot-Pound Conversion Chart
Nem ft-lb Nem ft-lb Nem ft-lb
1 8.850756 in-lb 55 41 155 114
5 44 in-lb 60 44 160 118
6 53 in-ib 65 48 165 122
7 62 in-b 70 52 170 125
8 71 in-lb 75 55 175 129
9 80 in-lb 80 59 180 133
10 89 in-Ib 85 63 185 136
1 0.737562 ft-lb 90 66 190 140
12 9 95 70 195 144
14 10 100 74 200 148
15 11 105 77 205 151
16 12 110 81 210 155
18 13 115 85 215 159
20 15 120 89 220 162
25 18 125 92 225 165
30 22 130 g6 230 170
35 26 135 100 235 173
40 30 140 103 240 177
45 33 145 107 245 180
50 37 150 111 250 184
NOTE: To convert from Newton-Meters to Kilogram-Meters divide Newton-Meters by 9.8083.
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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 the wrong capscrews can result in engine damage.

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 lines stamped on the head of the capscrew.

The following examples indicate how capscrews are identified:

Metric - M8-1.25 X 25 U.S. Customary [5/16 X 18 X 1-1/2]
M8 1.25 25 5/16 18 1-1/2
Major Distance Length Major Number Length
Thread Between in Thread Threads in
Diameter in Threads in Millimeters Diameter per Inch Inches
Millimeters Millimeters in Inches

NOTES:
1. Always use the torque values listed in the following tables when specific torque values are not available.

2. Do not use 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.

4. When the ft-lb value is less than 10, give consideration to converting the ft-lb value to in-lb to obtain a better
torque with an in-lb torque wrench. Example: 6 ft-lb equals 72 in-ib.
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Capscrew Markings and Torque Values - Metric

Commercial Steel Class

8.8 10.9 12.9
Capscrew Head Markings
P > [/ O s /7
) o $
<> \\\\\\\\\\ e \\\\\\\
P & A ) D q )
Loy - y &
Body
Size Torque Torque Torgue
Diam. Cast lron Aluminum Cast lron Aluminum Cast lron Aluminum
mm Nem ft-lb Nem ft-lb Nem ft-Ib Nem ft-lb Nem fi-Ib Nem ft-lb
6 9 5 7 4 12 9 7 4 14 9 7 4
7 14 9 11 7 18 14 11 7 23 18 11 7
8 25 18 18 14 33 25 18 14 40 29 18 14
10 45. 33 30 25 60 45 30 25 70 50 30 25
12 80 60 55 40 105 75 55 40 125 95 55 40
14 125 90 90 65 165 122 90 65 195 145 90 65
16 180 130 140 100 240 175 140 100 290 210 140 100
18 230 170 180 135 320 240 180 135 400 290 180 135

Capscrew Markings and Torque Values - U.S. Customary

SAE Grade Number 5 8
Capscrew Head Markings
These are all SAE Grade 5 (3) line D %D
S/
BB T
_ Capscrew Torque - Grade 5 Capscrew Capscrew Torque - Grade 8 Capscrew
Capscrew Body Size Cast lron Aluminum Cast lron Aluminum
Nem ft-ib Nem ft-lb Nem ft-lb Nem ft-lb
174 - 20 9 7 8 6 15 11 8 8
- 28 12 9 g 7 18 13 9 7
5/16 - 18 20 15 16 12 30 22 16 12
- 24 23 17 18 14 33 24 19 14
3/8 - 16 40 30 25 20 55 40 25 20
- 24 40 30 35 25 60 45 35 25
7/16 - 14 80 45 45 35 S0 €5 45 35
- 20 65 50 55 40 95 70 55 40
12 - 13 95 70 75 55 130 95 75 55
- 20 100 75 80 60 150 110 80 60
9/16 - 12 135 100 110 80 180 140 110 80
- 18 150 110 115 85 210 155 15 85
5/8 - 11 180 135 150 110 255 190 150 110
- 18 210 185 160 120 290 215 160 120
3/4 - 10 325 240 255 190 460 340 255 1980
- 18 365 270 285 210 515 380 285 210
7/8 - 9 490 360 380 280 745 550 380 280
- 14 530 390 420 310 825 610 420 310
1-8 720 530 570 420 1100 820 570 420
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Tap-Drill Chart - U.S. Customary & Meiric

NOTE ON SELECTING TAP-DRILL SIZES: The tap drill sizes shown on this card give the theoretical tap drill size for approximately 60%
and 75% of full thread depth. Generally, it is recommended that drill sizes be selected in the 60% range as these sizes will provide about
90% of the potential holding power. Drill sizes in the 75% range are recommended for shallow hole tapping (less than 1 1/2 times the hole
diameter) in soft metals and mild steel.

Tap Size Drili Tap Size Drill Tap Size Driil Tap Size Drill
60%% T5%0 Size B0% 755 Size 0% 7500 Size 60% 75% Size
48 4.40mm 7.50mm 13.25mm
1.95mm 12-24 16 19/64 5/8-11 17/32
5/64 4.50mm 7.80mm M15x1.5 13.50mm
3-48 47 18 N M15x1.5 13.75mm
2.00mm M5.5x.9 4.60mm 7.70mm 5/8-11 35/64
M2.5x.45 2.05mm 12-24 12-28 14 Mox1.25 7.75mm M16x2 14.00mm
48 13 7.80mm 14.25mm
348 3056 45 4.70mm 7.80mm 5/8-18 9/18
2.10mm M5.5x.9 4.75mm 3/8-18 5/18 M16x2 M16x1.5 14.50mm
M2.5x.45 | M2.6x.45 2.15mm 12-28 3/16 M8x1.25 Mox1 8.00mm 5/8-18 37/64
3-56 4-36 44 12 o 14.75mm
2.20mm 4.80mm 8.10mm M16x1.5 15.00mm
M2.6x.45 2.25mm 11 Mox1 8.20mm 19.32
4-36 4-40 43 4.90mm P 15.25mm
2.30mm 10 8.25mm 39/64
2.35mm 9 8.30mm M17x1.5 15.50mm
4-40 4-48 42 M6x1 5.00mm 3/8-18 1/8-27NPT | 21/84 M17x1.8 M18x2.5 15.75mm
3/32 8 8.40mm . 5/8
M3x.6 2.40mm 5.10mm 3/8-24 Q M18x2.5 M18x2 16.00mm
4-48 41 114-20 7 M10x1.5 8.50mm M18x2 16.25mm
2.45mm 13/64 8.60mm 3/4-10 41/64
40 6 R M18x1.5 16.50mm
M3x.6 M3x.5 2.50mm Mé6x1 5.20mm 3/8-24 8.70mm 3/4-10 M19x2.5 21132
39 5 1/8-2TNPT 1132 M1i8x1.5 16.75mm
5-40 38 M6x.75 5.26mm M10x1.25 | 8.75mm M19x2.5 17.00mm
M3x.5 2.60mm 5.30mm M10x1.5 8.80mm 43/64
5-40 5-44 37 1/4-20 4 S 17.25mm
2.70mm M6x.75 5.40mm 8.90mm 3/4-16 3/4-16 11718
5-44 6-32 36 1/4-28 3 M10x1.25 | M10x1 9.00mm M20x2.5 17.50mm
2.75mm 5.50mm T 17.75mm
7/64 7132 9.10mm 45/64
35 5.60mm 23/84 M20x2.5 M20x2 18.00mm
2.80mm 1/4-28 2 M10x1 9.20rmm M20x2 18.25mm
34 5.70mm 9.30mm 23/32
6-32 6-40 33 5.75mm 7/16-14 U M20x1.5 18.50mm
M3.5x6 2.90mm 1 9.40mm 47/64
32 5.80mm M11x1.5 9.50mm M20x1.5 18.75mm
M3.5x6 3.00mm 5.90mm 3/8 19.00mm
6-40 31 A \ 3/4
3.10mm 15/64 9.80mm 19.25mm
118 M7x1 8.00mm 9.70mm 7/8-9 49/64
3.20mm B 8.75mm M22x2.5 19.50mm
Mé4x.75 3.28mm 6.10mm Mi1x1.58 9.80mm 7/8-9 25/32
30 C 7/18-14 w 19.75mm
Méx.7 3.30mm M7l 8.20mm 8.80mm M22x2.5 M22x2 20.00mm
M4x.75 3.40mm D 7/16-20 25164 7/8-14 51/64
Méx.7 8-32 29 M7%.75 8.25mm 10.00mm M22x2 20.25mm
3.50mm 6.30mm 7/16-20 X M22x1.5 20.50mm
836 28 E M12x1.75 | 10.20mm 718-14 13/16
8-32 8/64 74 Y 20.78mm
3.80mm M7x.78 8.40mm 13/32 M22x1.8 M24x3 21.00mm
8-36 27 8.50mm Z 53/64
3.70mm 5/16-18 F M12x1.76 | M12x1.5 10.50mm 21/25mm
26 6.60mm 1/2-13 27164 27132
M4.52.75 3.75mm G Mi2x1.5 Mi2x1.253 | 10.78mm M24x3 21.50mm
10-24 25 8.70mm Mi2x1.25 11.00mm 21,75mm
3.80mm 17/64 1/2-13 718 55/64
24 M8x1.25 8.75mm 1/4-18NPT M24x2 22.00mm
M4.5x.75 3.90mm 5/16-18 H 11.28mm 17-8 7/8
23 6.80mm 11.50mm M24x2 22.25mm
5/32 6.90mm 20/64 M24x1.5 22.50mm
10-24 22 5.16-24 { 11.75mm 18 57164
MSx1 4.00mm M8x1.28 M8x1 7.00mm 11.50mm M24x1.5 22.75mm
10-32 21 J 1/2-20 29/64 M25x2 23.00mm
20 7.10mm 9/16-12 15132 112 29/32
MSx.9 4.10mm 5/16-24 K M14x2 12.00m M25x2 23.25mm
MSx1 M5x.8 4.20mm 9/32 12.25ram 17x12 1714 59/64
10-32 19 Mexi1 7.20mm 8/16-12 31/64 M25x1.5 23.50mm
M5x.8 4.25mm 7.25mm M14x2 Mi14x1.5 12.50mm M20x1.5 23.75mm
M5x.8 4.30mm 7.30mm 9/16-18 172 1714 15/16
18 L M14x1.5 M14x1.258 12.78mm
11/64 7.40mm M14x1.25 13.00mm
17 M 9/16-18 33/84
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Pipe Plug Torque Values

Size Torque Torque
In Cast lron or

Thread Actual Thread O.D. In Aluminum Componenis Steel Components
in in Nem ft-lb Nem fi-b
1/16 0.32 5 45 in-lb 15 10
1/8 0.41 15 10 20 15
1/4 0.54 20 15 25 20
3/8 0.68 25 20 35 25
1/2 0.85 35 25 55 40
3/4 1.05 45 35 75 55
1 1.32 60 45 95 70
1-1/4 1.66 75 55 115 85

1-1/2 1.90 - 85 65 135 100
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Section C - Component Manufacturers

Component Manufacturers’ Addresses

NOTE: The following list contains addresses and telephone numbers of suppliers of accessories used on Cummins

engines. Suppliers may be contacted directly for any specifications not covered in this manual.

Air Compressors

Bendix Heavy Vehicles Systems
Div. of Allied Automotive

901 Cleveland Street

Elyria, OH 44036

Telephone: (216) 329-8000

Midland-Grau

Heavy Duty Systems

Heavy Duty Group Headquarters
10930 N. Pomona Avenue
Kansas City, MO 64153
Telephone: (816) 891-2470

Air Cylinders

Bendix Lid.

Dougias Road
Kingswood

Bristol

England

Telephone: 0272-871881

Catching Engineering
2101 Roberts Drive
Broadview, IL 60153
Telephone: (312) 344-2334

Air Heaters

Fleetguard, Inc.

P.0O. Box 6001

Cookeville, TN 38502
Telephone: (615) 526-9551

Kim Hotstart Co.

West 917 Broadway
Spokane, WA 99210
Telephone: (509} 534-6171

Air Starting Motors

Ingersoll Rand

Chorley New Road
Horwich

Bolion

Lancashire

England

BL6 6JN

Telephone: 0204-85544

Ingersoll-Rand Engine
Starting Systems

888 Industrial Drive
Elmhurst, 1L 60126
Telephone: (312) 5§30-3800

StartMaster

Air Starting Systems

A Division of Sycon Corporation
P. O. Box 491

Marion, OH 43302

Telephone: (614) 382-5771

Alternators

Robert Bosch Lid.

P.C. Box 98

Broadwater Park

North Orbital Road
Denham

Uxbridge

Middlesex UDS 5HG
England

Telephone: 0885-833633

Butec Electrics
Cleveland Road
Leyland

PR5 1XB

England

Telephone: 0744-21663

C.A.V. Elsctrical Equipment
P.O. Box 36

Warple Way

London

W3 788

England

Telephone: 01-743-3111

A.C. Delco Components Group
Civic Offices

Central Milion Keynes

MKS 3EL

England

Telephone: 0908-66001

C. E. Niehoff

2021 Lee Street
Evanston, L. 60202
Telephone: (708) 866-6030

Delco-Remy

P.O. Box 2439

Anderson, IN 48018
Telephone: (317) 646-7838

Lesce-Neville Corp.

1374 E. 51st St.
Cleveland, OH 44013
Telephone: (2186) 431-0740

Auxiliary Brakes

The Jacobs Manufacturing Company
Yehicle Equipment Division

22 East Dudiey Town Road
Bloomfield, CT 06002

Telephone: (203) 243-1441

Belts

Dayco Rubber UK.
Sheffield Strest
Stockport

Cheshire

SK4 1RV

England

Telephone: 061-432-53163

T.B.A. Ind. Producis
P.O. Box 77

Wigan

Lancashire

WN2 4X0

England

Telephone: 0942-59221

Dayco Corp.

Belt Technical Center
P.O. Box 3258
Springfield, MO 85804
Telephone: (417) 881-7440

CGates Rubber Company
5610 Crawfordsville Road
Suite 2002

Speedway, IN 46224
Telephone: (317) 248-0386

Goodyear Tire and
Rubber Company

48 South Franklin Road
Indianapolis, IN 46219
Telephone: (317) 898-4170

Catalyst

Donaldson Company, Inc.
1400 West 94th Street
P.O. Box 1299 ;
Minneapolis, MN 55440
Telephone: (612) 887-3131

Nelson Industries, inc.

exhaust and Filtration Systems
Highway 51 West, P.O. Box 428
Stoughton, Wi 53589
Telephone: (608) 873-4373

Walker Manufacturing
3901 Willis Road

P.O. Box 157

Grass Lake, Ml 48240
Telephone: (517) 522-5500

Clutches

Twin Disc International S.A.
Chaussee de Namur
Nivelles

Belguim

Telephone: 087-224941

Twin Disc Clutch Co.
Racine, Wi 53403
Telephone: (414) 634-1981

Coolant Heaters

Fleetguard, inc.

P.0O. Box 8001

Cookeville, TN 38502
Telephone: (615) 526-8551

Drive Plates

Detroit Diesel Allison
Division of General Motors
Corporation

P.O. Box 894
Indianapolis, IN 46206
Telephone: (317) 244-1511

Electric Starting Motors

Butsc Electrics
Clsveland Road
Levland

PR5 1XB

England

Telephone: 0744-21663
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C.AV. Electrical Equipment
P.O. Box 36

Warple Way

London

W3 788

England

Telephone: 01-743-3111

A.C. Delco Components Group
Civic Offices

Central Milton Keynes

MKS 3EL

England

Telephone: 0808-66001

Delco-Remy

P.O. Box 2439

Anderson, IN 46018
Telephone: (317) 646-7838

Lesce-Neville Corp.

1374 E. 51st Strest
Cleveland, OH 44013
Telephone: (216) 431-0740

Nippondenso Sales, Inc.
24777 Denso Drive

P.O. Box 5133

Southfield, Mi 48086-5133
Telephone: (313) 350-7500

Nippondenso of Los Angeles, inc.
3900 Via Oro Avenue

Long Beach, CA 20810
Telephone: (310) 834-6352

Engine Protection Controls

Teddington Industrial
Equipment

Windmill Road

Sunburn on Thames
Middlesex

TW16 7HF

England

Telephone: 09327-85500

The Nason Company
10388 Enterprise Drive
Davisburg, Ml 48019
Telephone: (313) 625-5381

Fan Clutches

Holset Engineering Co. Lid.
P.0.Box 9

Turnbridge

Hudderstisld

England

Telephone: 0484-22244

Horton Industries, Inc.
P.O. Box 9455
Minneapolis, MN 55440
Telephone: (612) 378-8410

Rockford Division
Borg-Warner Corporation
1200 Windsor Road

P.O. Box 7007

Rockford, 1L 61125-7007
Telephone: (815) 633-7460

Transportation Components Group
Facet Enterprises, Inc.

Eimira, NY 14803

Telephone: (607) 737-8212

Fans

Truflo Lid.

Westwood Hoad
Birmingham

B6 7JF

England

Telephone: 021-557-4101

Hayes-Albion

1999 Wildwood Avenue
Jackson, Ml 49202
Telephone: (517) 782-9421

Engineering Cooling Systems

201 W. Carmel Drive
Carmel, IN 46032
Telephone: (317) 846-3438

Brookside
McCordsville, IN 48055
Telephone: (317) 335-2014

Aerovent

8777 Purdue Rd.
Indianapolis, IN 46268
Telephone: (317) 872-0030

Kysor

1100 Wright Street
Cadillac, Ml 49601
Telephone: (616) 775-4681

Schwitzer

1125 Brookside Avenue
P.O. Box 80-B
Indianapolis, IN 48208
Telephone: (317) 269-3100

Filters

Fieetguard International Corp.

Cavalry Hill Industrial Park
Weedon

Northampton NN7 47D
England

Telephone: 0327-41313

Flestguard, Inc.

P.0. Box 6001

Cookevills, TN 38502
Telephone: (615) 526-9551

Flexplates

Corrugated Packing and
Sheet Meial

Hamsterley

Newcastle Upon Tyne
Telephone: 0207-560-505

Detroit Diesel Allison
Division of General Motors
Corporation

P.O. Box 894
indianapolis, IN 46206
Telephone: (317) 244-1511

Detroit Diesel Allison
Division of General Motors
326501 Van Born Road
Romulus, Ml 48174
Telephone: (313) 585-5711

Midwest Mfg. Co.

30181 Southfield Road
Southfield, Mi 48076
Telephone: (313) 642-5355

Wohlert Corporation

708 East Grand River Avenue

Lansing, Mi 48906
Telephone: (817} 485-3750

Fuel Warmers

Fleetguard, Inc.

P.O. Box 6001

Cookeville, TN 38502
Telephone: (615) 526-9551

Gauges

ALS.

Dyffon Industrial Estate
Ystrad Mynach
Hengoed

Mid Glamorgan

CF8 7XD

England

Telephone: 0443-812791

Grasslin U.K. Lid.

Vale Rise

Tonbridge

Kent

TNS 1TB

England

Telephone: 0732-359888

icknield Instruments Ltd.
Jubilee Road
Letchworth

Herts

England

Telephone: 04626-5551

Superb Tool and Gauge Co.

21 Princip Street
Birmingham

B4 61E

England

Telephone: 021-359-4876

Kabi Electrical and Plastics
Cranborne Road

Potters Bar

Herts

ENG 3JP

England

Telephone: 0707-53444

Datcon Instrument Co.
P.O. Box 128

East Petersburg, PA 17520
Telephone: (717) 568-5713

Rochester Gauge of Texas
11637 Denton Drive
Dallas, TX 75228
Telephone: (214) 241-2161

Governors

Woodward Governors Lid.
P.O. Box 15

663/664 Ajax Avenue
Slough

Bucks

SL14DD

England

Telephone: 0753-26835

Woodward Governor Co.
1000 E. Drake Road

Fort Colling, CO 80822
Telephone: (303) 482-5811

Barber Colman Co.

1300 Rock Street
Rockford, il 81101
Telephone: (815) 877-0241
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United Technologies
Diesel Systems

1000 Jorie Blvd.

Qak Brook, IL 60521
Telephone: (312) 325-2020

Hydraulic and Power
Steering Pumps

Hobourn Eaton Lid.
Priory Road

Strood

Rochester

Kent

ME2 2BD

Telephone: 0634-71773

Honeywell Control Systems Lid.

Honeywell House
Charles Square
Bracknell

Berks RG12 1EB
Telephone: 0344-424555

Sundstrand Hydratec Lid.
Cheney Manor Trading Estate
Swindon

Wiltshire

SN2 2PZ

England

Telephone: 0793-30101

Sperry Vickers

1401 Crooks Road

Troy, Ml 48084
Telephone: (313) 280-3000

ZF.

P.O. Box 1340
Grafvonsoden Strasse

5-9 D7070

Schwaebisch Gmuend

West Germany

Telephone: 7070-7171-31510

Oil Heaters

Fleetguard, inc.

P.0O. Box 8001

Cookeville, TN 38502
Telephone: (615) 526-9551

Kim Hotstart Co.

West 917 Broadway
Spokane, WA 99210
Telephone: (509) 534-6171

Section C - Component Manufacturers

Torque Converters

Twin Disc International S.A.
Chaussee de Namur
Nivelles

Belgium

Telephone: 067-224941

Twin Disc Clutch Co.
Racine, Wi 53403
Telephone: (414) 634-1981

Rockford Division
Borg-Warner Corporation
1200 Windsor Road

P.O. Box 7007

Rockford, L 81125-7007
Telephone: (815) 633-7460

Modine

1500 DeKoven Avenue
Racine, W! 53401
Telephone: (414) 636-1640
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Additional Service Literature
The following publications can be purchased by filling in and maiiing the Service Literature Order Form:
Bulletin No. Title Of Publication

3810207 Troubleshooting and Repair Manual
3810206 B Series Engine Shop Manual
3810234 B Series Alternative Repair
3810328 4B Series Standard Repair Times

3810350 6B Series Standard Repair Times
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Service Literature Ordering Location

Region
United States and Canada

U.K., Europe, Mid-East, Africa,
and Eastern European Countries

South and Central America

{excluding Brazil and Mexico)

Brazil and Mexico

Far East (excluding
Australia and New Zealand)

Australia and New Zealand

Ordering Location
Cummins Distributors

or
Contact 1-800-DIESELS
{1-800-343-7357)

Cummins Engine Co., Lid.
Royal Oak Way South
Daventry

Northants, NN11 5NU, England

Cummins Americas, Inc.
16085 N.W. 52nd Avenue
Hialeah, FL 33104

Cummins Engine Co., Inc.

International Parts Order Dept., MC 40831
Box 3008

Columbus, IN 47202-3005
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Cummins Customized Parts Catalog

Cummins is pleased to announce the availability of a parts catalog compiled specifically for you.
Unlike the generic versions of parts catalogs that support general high volume parts content;
Cummins Customized catalogs contains only the new factory parts that were used to build your

engine.

The catalog cover, as well as the content, is customized with you in mind. You can use it in your
shop, at your worksite, or as a coffee table book in your RV or boat. The cover contains your name,
company name, address, and telephone number. Your name and engine model identification even
appears on the catalog spine. Everybody will know that Cummins created a catalog specifically for

you.

This new catalog was designed to provide you with the exact information you need to order parts
for your engine. This will be valuable for customers that do not have easy access to the Cummins
Electronic Parts Catalog or the Cummins Parts Microfilm System.

Additional Features of the Customized Catalog include:

Engine Configuration Data

Table of Contents

Separate Option and Parts Indexes
Service Kits (when applicable)

ReCon Part Numbers (when applicable)

ORDERING THE CUSTOMIZED PARTS CATALOG

Customers can call Gannett Marketing Services at 1-800-646-5609 and order by credit card. Ask for
bulletin 3672139 the Customized Parts Catalog. North American customers can mail in the attached
postage pre-paid order card.

ATTENTION: INTERNATIONAL CUSTOMERS (outside U.S.A.) insert the completed Customized
Catalog order form in an envelope and mail to the address printed on the order form. Or, use the
E-mail address catalog@gdms.com to place an order for a Customized Parts Catalog.

Contact GDMS for the current price; Freight will be an additional expense.

This information is required to provide a Customized Parts Catalog:

e Name

Street Address

Company Name (optional)

Telephone no.

Credit Card No.

Cummins Engine Serial Number (located on the engine dataplate)

Unfortunately not all Cummins Engines can be supported by this parts catalog. Engines older than
1984 or newer than 3 months may not have the necessary parts information to compile a catalog.
We will contact you if this occurs and explain why we are unable to fill your order.

Customized Parts Catalogs are produced specifically for a single customer. This means they are not
returnable for a refund. If we make an error and your catalog is not useable, we will correct that error
by sending you a new catalog.






Literature Order Form
Use this form for prompt handling of your literature order.

" Bulletin Title of U.S. Price
ltem Number Publication Quantity Each Amount

1

[0 R4 - RO

Order Total

Contact your Cummins distributor for prices and availability.
For problems with literature orders, contact 1-800-DIESELS (1-800-343-7357) (for U.8.A. and Canada).

Prices subject to change without notice.

Please cut on dotted line

........................................................................................

Literature Order Form
Use this form for prompt handling of your literature order.

Bulletin Title of U.8. Price
ltem Number Publication Quantity Each Amount

1

Lo, 20 K¢ BN I - N X /> B N V)

Order Total

Contact your Cummins distributor for prices and availability.
For problems with literature orders, contact 1-800-DIESELS (1-800-343-7357) (for U.S.A. and Canada).

Prices subject to change without notice.
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Customized Parts Catalog Order Form

Customer Name

Street

City State Zip

Company Name (Optional)

Telephone

Credit Card Number Expires

Signature

Engine Serial Number
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