Foreword

The Operator's Manual

You and others can be killed or seriously injured
if you operate or maintain the machine without
first studying the Operator's Manual. You must
understand and follow the instructions in the
Operator's Manual. If you do not understand
anything, ask your employer or JCB dealer to
explain it.
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03 - Safety - Yours and Others
Introduction

All machinery can be hazardous. When a machine
is correctly operated and maintained, it is a safe
machine to work with. When it is carelessly operated
or poorly maintained it can become a danger to you
(the operator) and others.

In this manual and on the machine you will find
warning messages, you must read and understand
them. They inform you of potential hazards and how
to avoid them. If you do not fully understand the
warning messages, ask your employer or JCB dealer
to explain them.

Safety is not just a matter of responding to the
warnings. All the time you are working on or with the
machine you must be thinking of what hazards there
might be and how to avoid them.

Persons not familiar with the controls of the machine
should not attempt to operate it.

Do not start any work until you are sure that you and
those around you will be safe.

If you are not sure of anything, about the machine or
the work, ask someone who knows. Do not assume
anything.

Remember:
. Be careful

. Be alert
. Be safe.
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06 - Safety Warnings
Introduction

In this manual there are safety notices. Each notice
starts with a signal word. The signal word meanings
are given below.

The signal word 'DANGER' indicates a hazardous
situation which, if not avoided, will result in death or
serious injury.

The signal word '"WARNING' indicates a hazardous
situation which, if not avoided, could result in death
or serious injury.

The signal word 'CAUTION' indicates a hazardous
situation which, if not avoided, could result in minor
or moderate injury.

The signal word 'Notice' indicates a hazardous
situation which, if not avoided, could result in
machine damage.

The safety alert system symbol (shown) also helps
to identify important safety messages in this manual.
When you see this symbol your safety is involved,
carefully read the message that follows.

Figure 1. The safety alert system symbol
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09 - General Safety .
Introduction

The following safety checklist is intended to help
remind you of safety procedures and practices.

Safety is Your Responsibility

You must also refer to local regulations in the
country your equipment is being used in. Some of
the information may be repeated in the following
warnings and cautions pages and in the main text.

. Do not change the application or specification
of the generator. Install the generator in
accordance with recommendations made in the
Operator Manual. — Do not lift heavy objects on
your own, use lifting equipment or obtain the
help of an assistant.

. Do not smoke when adding fuel to the tank or
working in the engine bay area.

. Always clean up spilt fluids, dispose of fluids,
contaminated material etc. in accordance with
local regulations. Do not pollute drains or the
ground. — Use the right tools for the job.
— Always make the equipment safe before
completing any maintenance tasks, for instance
disconnect the battery so that the generator can
not be started.

. Allow generator components to cool
before attempting any maintenance tasks,
components such as the exhaust can become
extremely hot.

. Do not adjust the generator, or add fuel, oil or
coolant whilst it is running unless procedures in
this manual instruct you to do so.

. Do not siphon fluids by mouth.

. Operate the generator in well ventilated areas, if
using indoors then a purpose designed exhaust
fume extraction unit is needed. — Keep other
people at a safe distance when operating the
generator or equipment.

. Do not operate a generator if any mechanical
or electrical guards have been removed or
overridden.

. Vapours from solvents, thinners and adhesives
can be high flammable. In addition to fire risk,
they can be toxic and in certain conditions
cause unconsciousness, or death if inhaled.
Use these items in well ventilated areas.

. Seek medical advice immediately if your skin
contacts high pressure fuel.

. Make sure the generator is operated by one
person correctly positioned at the controls.

. Make sure you have adequate fire fighting
equipment in your workshop, repair area.
Contact your local fire prevention officer for
advice.

Turbocharger impeller blades  operate
at extremely high revolutions and the
turbocharger unit becomes very hot. Allow the
unit to cool before completing any maintenance.
Keep tools and objects away from the impeller
when the unit is operating.

Use only JCB recommended parts. These parts
have been designed to give the generator its
optimum performance. Using spurious parts
may affect the integrity of the generator.
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12 - Maintenance Safety

Introduction

Communications

Bad communications can cause accidents. If two
or more people are working on the machine, make
sure each is aware of what the others are doing.
Before starting the engine make sure the others are
clear of the danger areas. Examples of danger areas
are: the rotating blades and belt on the engine, the
attachments and linkages, and anywhere beneath or
behind the machine. People can be killed or injured
if these precautions are not taken.

You must stop the machine operation, isolate the
controls and turn off the engine when persons are
required to interact with the machine.

Machine Modifications

This machine is manufactured in compliance with
prevailing legislative requirements. It must not be
altered in any way which could affect or invalidate its
compliance. For advice consult your JCB dealer.

Repairs

If your machine does not function correctly in
any way, get it repaired straight away. Neglect of
necessary repairs could result in an accident or affect
your health. Do not try to do repairs or any other
type of maintenance work you do not understand. To
avoid injury and/or damage get the work done by a
specialist engineer.

'O’ rings, Seals and Gaskets

Badly installed, damaged or rotted 'O’ rings, seals
and gaskets can cause leakages and possible
accidents. Renew whenever disturbed unless
otherwise instructed. Do not use Triochloroethane or
paint thinners near 'O' rings and seals.

Hot Components

Touching hot surfaces can burn skin. The engine and
machine components will be hot after the unit has
been running. Allow the engine and components to
cool before servicing the unit.

Chemicals

Certain seals and gaskets (e.g. crankshaft oil
seal) on JCB machines contain fluoroelastomeric
materials such as Viton®, FluoreITM and
Technoflon®. Fluoroelastomeric materials subjected
to high temperatures can produce highly
corrosive hydrofluoric acid. This acid can severely
burn. New fluoroelastomeric components at
ambient temperature require no special safety
precautions. Used fluoroelastomeric components
whose temperatures have not exceeded 300 °C
( 571.6 °F) require no special safety precautions. If
evidence of decomposition (e.g. charring) is found,
refer to the next paragraph for safety instructions.
Do not touch component or surrounding area.
Used fluoroelastomeric components subjected to
temperatures greater than 300 °C ( 571.6 °F) (e.g.
engine fire) must be treated using the following
safety procedure. Make sure that heavy duty gloves
and special safety glasses are worn: Thoroughly
wash contaminated area with 10% calcium hydroxide
or other suitable alkali solution, if necessary use
wire wool to remove burnt remains. Thoroughly
wash contaminated area with detergent and water.
Contain all removed material, gloves etc. used in this
operation in sealed plastic bags and dispose of in
accordance with Local Authority Regulations. Do not
burn fluoroelastiometric materials.

Oil

Oil is toxic. If you swallow any oil, do not induce
vomiting, seek medical advice. Used engine oil
contains harmful contaminants which can cause skin
cancer. Do not handle used engine oil more than
necessary. Always use barrier cream or wear gloves
to prevent skin contact. Wash skin contaminated with
oil thoroughly in warm soapy water. Do not use petrol,
diesel fuel or paraffin to clean your skin.

Fuel

Fuel is flammable, keep naked flames away from the
fuel system. Stop the engine immediately if a fuel
leak is suspected. Do not smoke while refuelling or
working on the fuel system. Do not refuel with the
engine running. Completely wipe off any spilt fuel
which could cause a fire. There could be a fire and
injury if you do not follow these precautions.

Fires

If your machine is equipped with a fire extinguisher,
make sure it is checked regularly. Keep it in the
correct machine location until you need to use it.

Do not use water to put out a machine fire, you could
spread an oil fire or get a shock from an electrical
fire. Use carbon dioxide, dry chemical or foam
extinguishers. Contact your nearest fire department
as quickly as possible.
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Metal Splinters

You can be injured by flying metal splinters when
driving metal pins in or out. Use a soft faced hammer
or copper drift to remove and install metal pins.
Always wear personal protective equipment.
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18 - Operating Safety

Introduction

Care and Alertness

All the time you are working with or on the machine,
take care and stay alert. Always be careful. Always
be alert for hazards.

Clothing

You can be injured if you do not wear the correct
clothing. Loose clothing can get caught in the
machinery. Keep cuffs fastened. Do not wear a
necktie or scarf. Keep long hair restrained. Remove
rings, watches and personal jewellery.

Lifting Equipment

You can be injured if you use incorrect or faulty lifting
equipment. You must identify the weight of the item to
be lifted then choose lifting equipment that is strong
enough and suitable for the job. Make sure that lifting
equipment is in good condition and complies with all
local regulations.

Training

Make sure that you have had adequate training and
that you are confident in your ability to operate the
machine safely before you use it. Where applicable
you may be required to show competency to a
national certification scheme. Ensure you comply
with local legislation and jobsite rules. With a
careful, well trained and experienced operator, your
machine is a safe and efficient machine. With
an inexperienced or careless operator, it can be
dangerous. Do not put your life, or the lives of others,
at risk by using the machine irresponsibly. Before you
start to work, tell your colleagues what you will be
doing and where you will be working. On a busy site,
use a signalman.

Before doing any job not covered in this manual, find
out the correct procedure. Your local JCB distributor
will be glad to advise you.

Fuel

Fuel is flammable, keep naked flames away from the
fuel system. Stop the engine immediately if a fuel
leak is suspected. Do not smoke while refuelling or
working on the fuel system. Do not refuel with the
engine running. Completely wipe off any spilt fuel
which could cause a fire. There could be a fire and
injury if you do not follow these precautions.

Communications

Bad communications can cause accidents. Keep
people around you informed of what you will be
doing. If you will be working with other people,
make sure any hand signals that may be used are
understood by everybody. Worksites can be noisy, do
not rely on spoken commands.

You must stop the machine operation, isolate the
controls and turn off the machine when persons are
required to interact with it.

Machine Condition

A defective machine can injure you or others. Do not
operate a machine which is defective or has missing
parts. Make sure the maintenance procedures in this
manual are completed before using the machine.

Machine Limits

Operating the machine beyond its design limits can
damage the machine, it can also be dangerous.
Do not operate the machine outside its limits. Do
not try to upgrade the machine performance with
unapproved modifications or additional equipment.

Exhaust Gases

Breathing the machine exhaust gases can harm and
possibly kill you. At time of machine installation in a
confined space a system ventilation risk assessment
must be carried out by suitably qualified personnel.
If deemed necessary a suitable local exhaust
ventilation system must be installed and operated
when the machine is being used.

Sparks

Explosions and fire can be caused by sparks from
the exhaust or the electrical system. Do not use the
machine in closed areas where there is flammable
material, vapour or dust.

Hazardous Atmospheres

This machine is designed for use in normal out
door atmospheric conditions. It must not be used
in an enclosed area without adequate ventilation.
Do not use the machine in a potentially explosive
atmosphere, i.e. combustible vapours, gas or dust,
without first consulting your JCB dealer.

Regulations

Obey all laws, worksite and local regulations which
affect you and your machine.

Hot Components

Touching hot surfaces can burn skin. The engine and
machine components will be hot after the unit has
been running. Allow the engine and components to
cool before servicing the unit.

01-8

9823/4700-1

01-8



01 - Machine

03 - Safety
18 - Operating Safety

Alcohol and Drugs

Itis extremely dangerous to operate machinery when
under the influence of alcohol or drugs. Do not
consume alcoholic drinks or take drugs before or
while operating the machine or attachments. Be
aware of medicines which can cause drowsiness.
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27 - Maintenance Positions
Introduction

Itis necessary to lockout the energy sources that can
cause injury to personnel. If you do not obey these
instructions, there is a risk of injury.

All equipment must be locked out to prevent
accidental or inadvertent operation because such
operations can cause injury to personnel. Do not
operate any locked switch, valve or other energy
isolating device.

If more than one person is necessary to lock
out equipment, each must place his/her own
personal lock on the energy isolating device(s).
One designated individual of a work crew or a
supervisor, with the knowledge of the crew, may lock
out equipment for the whole crew. In such cases, it
may be the responsibility of the individual to carry out
all steps of the lockout procedure and inform the crew
when it is safe to work on the equipment. Additionally,
the designated individual must not remove a crew
lock until it has been verified that all individuals are
clear.

Lockout/Tagout Procedure

1. Identify which switch, valve or other energy
isolating devices to be locked out. There may be
more that one energy source to be locked out.

2. Do ajob authorization before lockout procedure.

3. Inform the responsible person that which device
needs to be locked out and why.

4. If the equipment is in operation, use normal
procedure and shut down the equipment.

5. Operate the switch, valve or other energy
isolating devices to disconnect or isolate the
energy sources from the equipment.

6. Lockout energy isolating devices with an
assigned individual lock.

Figure 2.

7. Dissipate the stored energy from the capacitors,
springs, elevated machine members, rotating
flywheels, and air, gas, steam or water
pressure with the methods such as grounding,
repositioning, blocking, bleeding down.

8. Make sure that there is no one near the
equipment. Operate the push button or the
normal operating controls and check that the
energy sources are disconnected and the
equipment will not operate.

9. Make sure to return the operating controls to the
neutral position after the test.

10. The equipment is now locked out.

Restore Equipment into Service

1. Make sure that there is no one in the equipment
area.

2. When you have completed your work, sign off
your job authorization to the responsible person.

3. Remove the lock which you have installed.

3.1. Do not attempt to remove any other
Lockout/tagout device installed by other
persons.

4. If necessary, operate the energy isolating
devices to restore energy to equipment.
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06 - Using the Manual
Introduction

Information in this manual conforms to a standard
JCB service manual format. The format uses section
headings taken from a PIL (Parts Identification

List). These headings are assigned numerical
identification references.

Table 1.
Example Section Main Assembly / Head- |Component / Sub-head-
ing ing
PIL reference 33 03 03
Heading Electrical System Battery Isolator Switch

Information within each PIL reference is included
under a set of standard headings such as
Introduction, Health and Safety, Technical Data and
Operation for example. Where additional relevant

information is contained within another PIL reference
a cross reference is provided.

The main systems information is contained in the
manual as follows.

Table 2.
System PIL Reference Heading
Electrical System PIL 33-03-03 Battery - Isolator Switch
PIL 33-09-00 Power Distribution (including fuses
and relays)
PIL 33-00-50 Schematic Circuit
Electronic Diagnostic PIL 33-57-00 Electronic Diagnostic (including
Servicemaster)

Machine Variants

Where information is different depending on machine
variant, the applicable information sets are included
within the same PIL reference. Headings are
included to identify which information is for which
variant. Make sure you use the correct information.

Diagnostics

Information in this manual can help you diagnose
machine faults.

Before attempting to diagnose possible faults check
the following.

. Make sure that the operator understands the
machine controls, functions and use. Refer to
the applicable Operator Manual.

. Check that the maintenance record complies
with the applicable schedule for the operating
environment.

. Check that the fluids in use comply with the
standards specified.

. Make sure that the machine electronic set-up is
applicable.

. Use the applicable diagnostics tools.

. Use applicable generator controller interface
(Deif or DSE) diagnostics.

Torque Tightening

When you replace components, always tighten the
applicable fixings to the correct torque value. Use the
torque tightening values contained in the individual
procedures (Remove and Install, Disassemble and
Assemble etc.). If no torque values are specified, use
the standard torque tightening values. For the torque
setting to be effective, do the following before you
install the fixings. Refer to PIL 72-00-00.

. Make sure that all the applicable component
assemblies are correct.

. Make sure that the applicable fixings are to the
correct specification. If necessary discard the
original fixings and replace them with new ones.
The relevant procedures indicate when this is
necessary.

. Make sure that the applicable fixings and
threaded holes are free from contamination.
This includes dirt, debris, old sealants and
compounds, fluids and lubricants.
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00 - General
Technical Data

It is the responsibility of the installer to use correct
size and type of cable to suit the application and
conform to local regulations.
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12 - Main Component Locations

Introduction

Figure 3.

A Exhaust system B Engine
C Skid D Camlock connections
E Control panel access door F Power cables exit
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A Cooling filler access point

C Radiator

E Voltage control rotary switch

G Fuel tank filler

J SCR (Selective Catalytic Reduction)
L Battery isolator

Figure 4.

- ""\w 0
g >

B Bulkhead

D Battery

F Alternator

H DEF (Diesel Exhaust Fluid) tank filler
K Air filter
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A Coolant filler
C Radiator

E Turbocharger
G Starter motor
J SCR

Figure 5.

O]
U]

B Expansion tank
D Charge alternator
F Oil sump

H DEF injector

K Air filter
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L Fuel filter - primary M Fuel filter - secondary

Figure 6.

A Inlet manifold B EGR (Exhaust Gas Recirculation) cooler
C Flywheel housing D ECU (Electronic Control Unit)

E CCV (Crankcase Ventilation) filter F Engine oil filter

G Engine oil filler H Engine dipstick

J Throttle
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INtroducCtion .........vvveiiiiiccccceee e, 01-21
Preparation .........ccccoooieieiiiieee 01-23

Introduction

A WARNING When using cleaning agents, solvents
or other chemicals, you must adhere to
the manufacturer's instructions and safety
precautions.

CAUTION To avoid burning, wear personal
protective equipment when handling hot
components. To protect your eyes, wear goggles
when using a brush to clean components.

Notice: Cleaning metal parts with incorrect
solvents can cause corrosion. Use only
recommended cleaning agents and solvents.

Clean the product with water and/or steam. Do not
let mud, debris etc. to collect on the product.

Before you do any service procedures that require
components to be removed:

. The cleaning must be done either in the area
of components to be removed, or in the case
of major work, or work on the fuel system, the
whole engine and the surrounding product must
be cleaned.

. When cleaning is complete, move the product
away from the wash area or alternatively,
remove the material washed from the product.

When you remove components, be aware of
exposure to dirt and debris. Cover any open ports
and remove the deposits before proceeding.

Detergents

Do not use a full strength detergent. Always
dilute the detergents as per the manufacturer's
recommendations, or damage to the paint finish can
occur.

Always obey the local regulations regarding the
disposal of debris created from cleaning the product.

Use detergent to clean only non electrical
components.

Exterior Cleaning

1. Stop the machine and allow it to cool for at least
one hour. Do not attempt to clean any part of the
machine while it is running.

2. Ensure all electrical loads are disconnected and
the generator is made safe by disconnecting
at the breaker, turning off the machine and
activating the emergency stop switch.

3. Make sure that all electrical connectors are
correctly coupled. If connectors are open install
the correct caps or seal with waterproof tape.
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00 - General

4. Make sure that the oil filler caps and dipstick are Interior Cleaning
correctly installed.
1. Make sure that the engine is switched off and the

5. Apply an approved cleaning and degreasing machine is fully isolated and locked off.
agent with a brush. Obey the manufacturers
instructions. 2. Prior to approaching or touching the alternator,
) ) ensure that it is not live and it is at room
6. Wipe the outer body with a clean cloth. temperature; at this stage it is possible to clean

it on the outside using compressed air.

Figure 7.

Never use liquids or water. Do not clean the
electrical components inside with compressed air,
because this could cause short circuits or other faults
occurring.
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Preparation

1.

Stop the machine and allow it to cool for at least
one hour. Do not attempt to clean any part of the
machine while it is running.

Ensure all electrical loads are disconnected and
the generator is made safe by disconnecting
at the breaker, turning off the machine and
activating the emergency stop switch.

Make sure that all electrical connectors are
correctly coupled. If connectors are open, install
the correct caps or seal with waterproof tape.

Make sure that the oil filler caps and dipstick are
correctly installed.

Apply an approved cleaning and degreasing
agent with a brush. Obey the manufacturers
instructions.

Wipe the outer body with a clean cloth.

Make sure that the machine is fully dry before
operating. If necessary, use an external blower
or heater.
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Check (Condition)

'y

WARNING Breathing the machine exhaust gases
can harm and possibly kill you. At time of
machine installation in a confined space a system
ventilation risk assessment must be carried out by
suitably qualified personnel. If deemed necessary
a suitable local exhaust ventilation system must
be installed and operated when the machine is
being used.

CAUTION The exhaust pipe becomes extremely
hot when the engine is running and will remain so
for some time after the engine is stopped. If you
touch the hot pipe you could be severely burned.

Obey all electrical system health and safety
information.

Refer to: PIL 33-00-00.

13.

14.

Check the condition of the full exhaust system
with the exhaust manifold, muffler, and exhaust
pipe with the generator set in operating condition.

13.1. Check the condition of the exhaust
system at specified intervals for leaks and
damage.

Refer to: PIL 78-24-06.

Check the condition of all the connections,
welds, gaskets and joints for leaks.

13.3. If there are any leaks, shutdown
the generator and correct any leaks
immediately.

13.2.

13.4. Check that the exhaust pipe exit is free

from blockage and clear of debris.

13.5. Make sure that no material or debris has

come in contact with the exhaust system.

Check the operation of the control panel.

15. Check the condition of the power cables.
2. Visually inspect the exterior of the machine for " pow
dirt, damage and cracks. 15.1. Make sure that no power cable terminals
. are loose. Tighten the terminal bolts to the
3. Clean the machine. correct torque value. Refer to Table 3.
Refer to: PIL 01-33-00.
16. Check and record the controller event logs.
4. Check the condition of all access doors, hinges " ,
and locks. g 17. Check the condition of the bus bar terminals for
tightness.
5. Check the condition of the engine, cooling pack .
and alternator mounting boﬁs. If necgsgary 18. Check the condition of the generator set earth
tighten all the fasteners to the correct torque connections for tightness.
value as required. 19. Check the condition of the battery connections
5.1. Make a note that loose mounting bolts can for tightness.
cause severe vibrations and may damage 20. Check the condition of the battery.
the machine internal parts.
Refer to: PIL 33-03-00.
6. If installed, visually inspect the external socket
pack for indications of damage. 21. Check the condition of the engine, alternator and
the control panel mountings for tightness.
7. During operation, be alert for mechanical
problems that can create unsafe or hazardous 22. Check the condition of the engine and controller
conditions. harness for tightness.
8. Examine the external surfaces for damage at 23. Check all equipotential bonds for condition and
specified intervals. tightness.
Refer to: PIL 78-24-00. Refer to: PIL 72.
9. Clean the external surfaces to remove any dirt. Table 3. Torque Values
10. Check the condition of the door seals for Item | Description Nm
damage. If necessary, replace the seals. A M10 at control panel 44
11. Check the door handles and locks for correct A m;gkat alternator terminal 42
operation.
12. Make sure that there is no debris in the air inlet
and outlets. Make sure that no objects are placed
against them.
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Introduction

Introduction ........ ..... ...................................... 06-5 Access panels provide easy access to the machine
Component Identification ............ccccceeviiieenens 06-6 major components test and service points and
Remove and Install ...........ccoeoviiiiciiiirieene. 06-8 other parts which require routine testing, servicing,
adjusting, replacement or repair.
Before you operate the machine, make sure that all
of the access panels are in their operation position
and secure.
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Component Identification

B Right rear door

A Trailer
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C Right front door D Rear door
E Front door F Left front door
G Left rear door
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Remove and Install

A CAUTION This component is heavy. It must only
be removed or handled using a suitable lifting
method and device.

The following procedure is for the front left door. The
procedure for the remaining doors is similar.

Remove

1. Make the machine safe.
Refer to: PIL 01-03.

Disconnect the earth cable from the door.
Open the door.
Support the door with suitable lifting equipment.

o > o

Remove the spring washer 1 (x4), plain washer
1 (x4) and nut 1 (x4) from the hinge (x2) that
attaches the door to the canopy.

6. Move the door away from the machine.

7. Remove the spring washer 2 (x4), plain washer
2 (x4) and nut 2 (x4) that attaches the hinge (x2)
to the door.

8. Remove the hinge (x2) from the door.

Figure 9.

Nut 1 (x6)

Plain washer 1 (x6)
Spring washer 1 (x6)
Hinge (x3)

Plain washer 2 (x6)
Spring washer 2 (x6)
Nut 2 (x6)

OTMOOW>»

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that the generator is positioned on a
flat level surface.

3. Make sure that the doors are straight and not
damaged.

4. Check the hinges for tightness.

5. Make sure that the doors are closed and
adjustments are made to the hinges to have an
equal/parallel gap around the door.

6. Use the Go/No-go gauge and check the gap
tolerance of all four service access doors. Make
sure that the tolerance is within specified value.

Distance: 8 £+ 2mm

Figure 10.

v

Figure 11.

X

7. Secure the door lock.

8. Use a hose with a complete spray head and
spray water towards the top edge of the doors

06 -8

9823/4700-1

06 -8



06 - Body and Framework

06 - Moveable Panel and Cover
00 - General

from the specified angle. Make sure that you do

not spray water directly at the door gaps and
locks.

Angle: 30°

Figure 12.

06-9

9823/4700-1

06-9



06 - Body and Framework

06 - Moveable Panel and Cover
18 - Door Lock

18 - Door Lock
Remove and Install

The following procedure is for the rear left door lock.
The procedure for the remaining door locks is similar.

Remove

1. Make the machine safe.
Refer to: PIL 01-03.

2. Open the door.

3. Hold the door lock and remove the nuts (x4) and
washers that attach the door lock.

4. Remove the door lock from the door.

Figure 13.

A Nuts (x4)
B Door lock
C Door

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the fasteners to the correct torque value.
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Introduction

The machine has identification plates that contain
important information relating to the specific machine
details, for example VIN or PIN number and engine
serial number. These serial numbers can help you
identify exactly what equipment has been installed
on the machine.
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Introduction

The data plate details the model designation, rating,
weight, year of manufacture, output rating and other

generating set specific information. The data plate
and service plate are located in the control panel

compartment. Refer to Figure 14.

Figure 14. Identification Plate

A Data plate

o

JEB FOWER PROBUETS LTD
LAKESIDE ROCESTER,
STAFFQRDSKIRE, UNITED ISO
KINGDORM, ST14 5P

MACHINE TYPE

ENGINE SERIAL NUMBER

ALTERNATOR SERIAL NUMBER

YEARGF  MAXFPRIME POWER
MODEL A/

OUTPUT VOLTAGE (V) MAX AMR
1-PHASE “ PRre

RFACTOR  PERFORMANCE INSULATION RATED AMB.
[IFHASE CLASS QLASS TEMPCC)

OUTPUTVOLTAGES (V) ~ MAX. CURRENT
3-PHASE J-PHASE

RATED ALTITUDE
ABOVE SEE LEVEL (M)

MANUFACTURED IN UK

TOTAL DIMENSIONS LioWaH (M) OPERATING MASS (KG)  YEAR OF BUILD

JCB NORTH AMERICA SERVISE
BAMFORD BOULEVARD, PFOOLER,
GA 31322, TEL 912 447 200

wiarez O)

The identification plate may vary by region due to the
legislative requirements.
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Introduction
The engine data labels are attached on the cylinder
block and rocker cover (if installed) as shown. Refer
to Figure 15.
Figure 15.
A E

IMPORTANT ENGINE INFORMAT!Z< \ov> QWER/YSTEMS LTD

Engine Type: (I Serial No.:SC320/00006U678900? Y Date

EPCA'E;!:"APPTOVah | Advertised kW : ! §§F

r'} 3 | Valve Lash Cold (mm) :

D o
F
=i
) /
| 1 %@, /
c B
A Engine data label B Stamp - cylinder block
C Engine data label - cylinder block D Engine data label - rocker cover
E Engine identification number F Injector codes label - rocker cover
The data label includes the engine identification
number.
Table 4. Example of the engine identification number
SJ 320/40001 U 00001 04
Digit 1-2 3-10 11 12-16 17-18
Table 5.

Digit 1-2 Engine Type
SJ 4 .41 turbocharged and aftercooled

electronic common rail fuel injection
(Tier 4F) > 55kW

DJ 4.8L turbocharged and aftercooled
electronic common rail fuel injection
(Tier 4F) > 55kW

Table 6. Explanation of the engine identification number

Digit Explanation

3-10 Engine part number

11 Country of manufacture. U = United Kingdom
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Digit Explanation
12-16 Engine serial number
17-18 Year of manufacture

An emission label is located on the alternator as
shown. Refer to Figure 16.

Figure 16.

A Emission label
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ccv
DC
DCU
DEF
DTC
DTI
ECM
ECU
EGR
ESOS
FEAD
HPV
IMV
PTO
RPM
SCR
TDC
TMAF
TMAP

VGT

Crankcase Ventilation

Direct Current

Dosing Control Unit

Diesel Exhaust Fluid
Diagnostic Trouble Code

Dial Test Indicator

Engine Control Module
Electronic Control Unit
Exhaust Gas Recirculation
Engine Shut-Off Solenoid
Front End Accessory Drive
High Pressure Valve

Inlet Metering Valve

Power Take-Off

Revolutions Per Minute
Selective Catalytic Reduction
Top Dead Centre
Temperature and Mass Air Flow

Temperature Manifold Absolute
Pressure

Variable Geometry Turbocharger
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Introduction

This section contains information about the complete
engine assembly. For specific engine technical
information refer to the technical data section.

Make sure that the correct engine service tools,
consumables and torque figures are used when you
perform service procedures.

Renewal of oil seals, gaskets, etc., and any
component showing obvious signs of wear or
damage is expected as a matter of course.

It is expected that components will be cleaned and
lubricated where appropriate, and that any opened
hose or pipe connections will be blanked to prevent
excessive loss of engine oil and ingress of dirt.

Basic Description

The JCB ecoMax engine is a 4 cylinder diesel engine
in which the fuel is ignited by compression ignition.
The engine operates on a four stroke cycle.

The engine is started by an electric starter motor. The
starter motor turns the engine via a pinion and teeth
on the engine flywheel. Refer to: PIL 15-75.

When the engine runs the crankshaft drives the
camshaft via gears. The camshaft opens and closes
the inlet and exhaust valves and via push rods in time
with the four stroke cycle. The engine has 16 valves,
2 inlet and 2 exhaust valves for each cylinder.

The crankshaft also drives a high pressure fuel pump
via gears. The pump is part of the electronically
controlled common rail fuel injection system. Refer
to: PIL 18-00.

Air is drawn into the engine, via the inlet manifold
and exhaust gases exit via the exhaust manifold.
The engine uses a VGT (Variable Geometry
Turbocharger) which pressurises the air at the inlet
manifold. Refer to PIL 18-36.

A mechanical lubrication oil pump is driven by
the crankshaft via gears. The pump pressurises
and circulates oil for engine lubrication and cooling
purposes.

A drive belt driven by the crankshaft, drives
ancillaries such as coolant circulation pump,
alternator and radiator cooling fan.

15-3
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Flywheel

Camshaft

Exhaust valves (x8)

High pressure fuel pump drive gear
Lubrication oil pump

O~NOAW=

Figure 17.

=000 A~N

Crankshaft

Inlet valves (x8)
Push rods (x8)
Turbocharger
Front end drive belt
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Internal

The following identifies the main internal components
of a typical engine assembly. Some variants may
differ in detail.

ONOOOONT W=
0O

1"
13

Figure 18.

Rocker assembly 2
Valve spring (x16) 4
Exhaust valve (x8) 6
Piston ring - top compression (x4) 6b
Piston ring - oil control (x4) 6d
Connecting rod assembly (x4) 8
Main bearing - crankshaft (x5) 10
Front crankshaft oil seal 12

High duty PTO (Power Take-Off) idler gear (if
installed)

Valve bridge piece (x8)

Inlet valve (x8)

Piston assembly (x4)

Piston ring - 2nd compression (x4)

Gudgeon pin (x4)

Crankshaft

Big end bearing - crankshaft / connecting rod
(x4)

Flywheel
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Figure 19.

Flywheel 1A Flywheel - crankshaft fixing bolts (x8)
Fuel injector (atomiser) (x4) Flywheel hub
High duty PTO idler gear (if installed)
Lubrication oil pump
Camshaft
1 Push rod (x8)

Camshaft drive gear
High pressure fuel pump drive gear
0 Tappet (x8)

1
2
4  Crankshaft drive gear
6
8
1

= O~NOW
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Health and Safety

Hot Components

Touching hot surfaces can burn skin. The engine and
machine components will be hot after the unit has
been running. Allow the engine and components to
cool before servicing the unit.

Turning the Engine

Do not try to turn the engine by pulling the fan or fan
belt. This could cause injury or premature component
failure.

Notice: The engine and other components could
be damaged by high pressure washing systems.
Special precautions must be taken if the machine is
to be washed using a high pressure system. Make
sure that the alternator, starter motor and any other
electrical components are shielded and not directly
cleaned by the high pressure cleaning system. Do
not aim the water jet directly at bearings, oil seals or
the engine air induction system.

WARNING! To bleed the injectors you must turn the
engine. When the engine is turning, there are parts
rotating in the engine compartment. Before starting
this job make sure that you have no loose clothing
(cuffs, ties etc) which could get caught in rotating
parts. When the engine is turning, keep clear of
rotating parts.

Notice: Clean the engine before you start
engine maintenance. Obey the correct procedures.
Contamination of the fuel system will cause damage
and possible failure of the engine.

Notice: Do not exceed the maximum level of engine
oil in the sump. If the maximum is exceeded, the
excess must be drained to the correct level. An
excess of engine oil could cause the engine speed
to increase rapidly without control.

WARNING! The engine has exposed rotating parts.
Switch off the engine before working in the engine
compartment. Do not use the machine with the
engine cover open.

WARNING! Hot oil and engine components can burn
you. Make sure the engine is cool before doing
this job. Used engine crankcase lubricants contain
harmful contaminants. In laboratory tests it was
shown that used engine oils can cause skin cancer.

Notice: A drive belt that is loose can cause damage
to itself and/or other engine parts.

WARNING! Do not open the high pressure fuel
system with the engine running. Engine operation
causes high fuel pressure. High pressure fuel spray
can cause serious injury or death.

CAUTION! It is illegal to pollute drains, sewers
or the ground. Clean up all spilt fluids and/or
lubricants. Used fluids and/or lubricants, filters and
contaminated materials must be disposed of in

accordance with local regulations. Use authorised
waste disposal sites.
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Technical Data

For: JCB Tier 4F Engine 4 Cyl

For: GTORS [HXN]
For: G125RS [HXN]

Page 15-8
Page 15-9
Page 15-9

(For: JCB Tier 4F Engine 4 Cyl)

Table 7.

Description

SJ Engine

DJ Engine

Engine Variants

Turbocharged with intercooler and
exhaust after treatment system

Turbocharged with intercooler and
exhaust after treatment system

Emission compliance

US-EPA Tier 4 Final, EU Stage IV

US-EPA Tier 4 Final, EU Stage IV

Rated speed

2200 rpm

2200 rpm (108kW), 2050 rpm
(129kW)

Weight (Dry)

(Dry weight-No cooling fan drive)
496kg

(Dry weight-No cooling fan drive)
496kg

Number of cylinders 4 4
Nominal bore size 103mm 106mm
Stroke 132mm 135mm
Cylinder arrangement In line In line
Combustion Cycle 4-stroke 4-stroke
Firing order 1-3-4-2 1-3-4-2
Displacement 4.399L 4.765L
Compression ratio 16.7: 1 16.7: 1

Engine Compression

Compression variance between
each cylinder should be no greater
than 3.5bar (50.7psi)

Compression variance between
each cylinder should be no greater
than 3.5bar (50.7psi)

Direction of rotation (viewed from
front {crankshaft pulley} end)

Clockwise

Clockwise

Valves

4 per cylinder

4 per cylinder

Valve clearances measured at the
tappet end of the rockers (mea-
sured cold)

- Inlet

0.15-0.21mm

0.15-0.21mm

- Exhaust

0.43-0.49mm

0.43-0.49mm

Lubricating oil pressure (Depen-
dent on engine temperature and
speed)

1.6-6.5bar (23.2-94.2psi)

1.6—6.5bar (23.2-94.2psi)

Fuel filter type

Screw-on canister (with drain facil-
ity)

Screw-on canister (with drain facil-
ity)

Oil pressure relief valve setting

6bar (87.0psi)

6bar (87.0psi)

Oil pressure switch setting

0.6bar (8.7psi) falling

0.6bar (8.7psi) falling

Oil pump"”

Integral unit with relief valve

Integral unit with relief valve

Combustion system

Common rail direct Injection

Common rail direct Injection

High pressure fuel pump

High pressure with electronically
controlled fuel metering

High pressure with electronically
controlled fuel metering

(1) The oil pump is a non-serviceable part
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(For: GTORS [HXN])

Table 8.
Manufacturer and Model JCB 444 T4F SJ
Fuel Diesel
Injection Direct
Aspiration Turbocharged
Cylinders 4
Cooling Water
Governor Electronic
After treatment SCR (Selective Catalytic Reduction)
Fuel consumption @ 75% PRP 3.99 g/h
Fuel autonomy 33h
DEF (Diesel Exhaust Fluid) consumption @75% PRP |0.119 g/h
DEF autonomy 38h
(For: G125RS [HXN])

Table 9.
Manufacturer and Model JCB 448 T4F DJ
Fuel Diesel
Injection Direct
Aspiration Turbocharged
Cylinders 4
Cooling Water
Governor Electronic
After treatment SCR
Fuel consumption @ 75% PRP 5.47 g/h
Fuel autonomy 24h
DEF consumption @75% PRP 0.164 g/h
DEF autonomy 28h
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Component Identification

External

The following identifies the main components of a
typical engine assembly visible from the exterior.
Some variants may differ in detail.

Figure 20. Left hand Side

A Rocker cover B Fuel injectors and high pressure fuel pipes
C Lubrication oil filler cap D Timing gear case
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E Flywheel housing

G Lubrication oil sump
J Air inlet manifold

L Fuel filter

N Lubrication oil filter

Q Lubrication oil dipstick

S Low pressure fuel line (to tank)

U Oil filter housing drain plug

W ECM (Engine Control Module)

Y Inlet manifold induction heater (if installed)

NX<=- XIT=EXITM

Bedplate

EGR (Exhaust Gas Recirculation) cooler
High pressure fuel pump

Lubrication oil filler cap

Lubrication oil cooler housing

Low duty PTO (Power Take-Off) (blanking cover
if no device is installed)

Qil drain plug (sump)

IMV (Inlet Metering Valve)

Crankcase ventilation filter assembly
Intake throttle
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Figure 21. Right Hand Side

M Q N
A EGR valve heatshield B Timing gear case
C Flywheel housing D Bedplate
E Lubrication oil sump F VGT (Variable Geometry Turbocharger)
G Exhaust manifold H Alternator
J Coolant pump housing (crankcase) K Coolant inlet/radiator hose connector
L Heavy duty PTO (blanking cover if no device is M Starter motor assembly
installed)
N Turbocharger oil drain pipe P Turbocharger oil feed pipe
Q OQil drain plug (sump) R Coolant take off for cab heater
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S Coolant take off for SCR (Selective Catalytic
Reduction) system

Figure 22. Front End

A Rocker cover B Cylinder head

C Crankcase D Bedplate

E Lubrication oil sump F Crankshaft pulley

G FEAD (Front End Accessory Drive) tensioner H Coolant pump and drive pulley assembly

J Alternator and drive pulley assembly K Coolant thermostat housing/radiator hose
connector

L VGT M Coolant temperature sensor
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Figure 23. Rear End
A

A Rocker cover

C Flywheel

E Flywheel housing

G VGT linkage

J Turbocharger

L EGR co-axial cooler
N EGR water cooler pipe

B Cylinder head

D High pressure fuel pump drive gear cover
F Engine electrical harness

H VGT actuator

K EGR valve

M EGR plate cooler

P Low pressure return pipe to tank
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Operation

The Four Stroke Cycle - 4 Cylinder
Engine

This section describes the cycle sequence, for the 4
cylinder engine.

With the crankshaft positioned as shown, the pistons
in numbers 1 and 4 cylinders are at top dead centre
and pistons in numbers 2 and 3 cylinders are at
bottom dead centre.

It is important to note that number 1 cylinder is firing
and about to start its power stroke. Rotating the
crankshaft a further full rotation would position the
pistons as described but the engine would be at a
different stage in its four stroke cycle, with number 1
cylinder about to start its Induction stroke.

The stages in the four stroke cycle for each cylinder
are as follows:

Table 10. The Four Stroke Cycle

Stage num- |Piston operation Valve operation

ber

1 The piston is at the top of its Compression Inlet and exhaust valves closed
stroke and is about to start its Power stroke.

2 The piston is at the bottom of its Power stroke |Inlet valves closed, exhaust valves about to
and is about to start its Exhaust stroke. open

3 The piston is at the bottom of its Induction Exhaust valves closed, inlet valves about to
stroke and is about to start its Compression |close
stroke.

4 The piston is at the top of its Exhaust stroke |Valve Operation Exhaust valves about to
and is about to start its Induction stroke. close, inlet valves about to open

Firing Order From the stages described, it can be seen that

A cylinder is said to be firing, when the fuel / air
mixture ignites and the piston is about to start its
power stroke.

number 1 cylinder will be next to fire. Number 3
cylinder is starting its compression stroke and is next
in the cycle, followed by cylinders 4 and 2.

The firing order is therefore; 1, 3, 4, 2.
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Figure 24.
cyL1 CcYL2 CYL3 CcYL4

745620

CYL1 Cylinder number 1 CYL2 Cylinder number 2

CYL3 Cylinder number 3 CYL4 Cylinder number 4

A Camshaft B Camshaft lobe - Inlet valve operation
C Camshaft lobe - Exhaust valve operation F Front of engine

1 Exhaust valves 2 Inlet valves

3 Crankshaft 4 Crankshaft gear

5 Camshaft drive gear
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Four Stroke Cycle revolution of the crankshaft, thus, in one cycle of a
four stroke engine, the crankshaft revolves twice.
Induction

Figure 25.

As the piston travels down the cylinder, it draws
filtered air through inlet valves into the cylinder.

Compression

When the piston reaches the bottom of its stroke the
inlet valves close. The piston then starts to rise up the
cylinder compressing the air trapped in the cylinder.
This causes the temperature and pressure of the air
to rise. Fuel is injected into the cylinder when the
piston is near to TDC (Top Dead Centre).

Power

The piston continues to rise after the start of fuel
injection causing a further increase in pressure and
temperature.

The temperature rises to a point at which the fuel/air
mixture ignites. A cylinder is said to be firing, when
the fuel/air mixture ignites.

This combustion causes a very rapid rise in

both temperature and pressure. The high pressure 746030

generated propels the piston downward turning the 1 Induction stroke
crankshaft and producing work. 2 Compression stroke
3 Power stroke
Exhaust 4 Exhaust stroke
Once the piston has reached the bottom of its travel, S 8:2:2:2 lobe - Inlet valve operation
the exhaust valves open and momentum stored c Camshaft lobe - Exhaust valve operation
in the flywheel forces the piston up the cylinder BDC Bottom dead centre
expelling the exhaust gases. TDC TDC

In a running engine these four phases are
continuously repeated. Each stroke is half a
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Figure 26.

A=

C

717620

1 Induction stroke

3 Power stroke

A Camshaft

C Camshaft lobe - Exhaust valve operation

2 Compression stroke
4 Exhaust stroke
B Camshaft lobe - Inlet valve operation
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Fault-Finding
Fault
Engine - Will Not Start or Difficult to Start Table 11. Page 15-19
Engine-Will Not Start or Difficult to Start Table 12. Page 15-20
Engine-Will Not Crank or Cranks Slowly Table 13. Page 15-20
Engine-Starts then Stops Table 14. Page 15-21
Engine-Poor Running Table 15. Page 15-21
Engine-Poor Running at Idle Table 16. Page 15-22
Engine-Compression Knocks Table 17. Page 15-22
Engine-Reduced Power Output Table 18. Page 15-22
Engine-Vibration Excessive Table 19. Page 15-23
Engine-Exhaust Smoke Excessive (Black Smoke) Table 20. Page 15-24
Engine-Exhaust Smoke Excessive (White/Blue Smoke) Table 21. Page 15-24
Engine-Will Not Shut Off Table 22. Page 15-24
Fuel-Consumption Excessive Table 23. Page 15-25
Fuel/Qil-Leaking from Exhaust Manifold Table 24. Page 15-25
Lubricating Oil-Consumption Excessive Table 25. Page 15-25
Lubricating Oil-Contaminated Table 26. Page 15-26
Lubricating Oil-Pressure Low Table 27. Page 15-26
Lubricating Oil-Pressure High Table 28. Page 15-26
Coolant-Loss Table 29. Page 15-26
Coolant-Over Temperature Table 30. Page 15-27
Coolant-Under Temperature Table 31. Page 15-27
Coolant-Contaminated Table 32. Page 15-28

Table 11. Engine - Will Not Start or Difficult to Start

Cause

Remedy

No fuel in supply tank.

Check the level in the fuel tank, use sight gauge or
dipstick. Replenish as required.

Starter switch or starter electrical system failure.

Check the operation of the starter switch. Check the
correct electrical wires for open or short circuits.

Improper starting procedure.

Verify proper starting procedure.

Fuel filter blocked with water or other contamination.

Drain fuel/water separator or replace fuel filter.

Defective fuel lift pump (fuel supply inadequate).

Check that the lift pump operates and delivers fuel
to the high pressure fuel pump. Check the correct
electrical wires for open or short circuits.

Fuel is aerated.

Check the fuel system for loose connections and
possible air ingress points. Rectify and bleed the fuel
system.

Check fuel inlet restriction.

Maximum inlet restriction to fuel lift pump must not
exceed.

Pressure: 0.133bar (1.9psi)

Air intake or exhaust system blocked.

Visually check the air intake and exhaust system for
blockage or obstruction - remove as required. Check
the air filter elements for signs of blocking - replace
as required.

Fuel drain return line blocked, not connected
properly.

Verify that the fuel return line is not obstructed and
connected to the top of the fuel tank.

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.
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Cause

Remedy

ECU (Electronic Control Unit) or electrical sensor
fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

Worn or malfunctioning high pressure fuel pump.

Check the electronic fault codes Do all the necessary
fault finding checks before removal of the high
pressure fuel pump.

Injectors contaminated

Check the injectors. Use the service master test
procedure in service master tools actuator test. Test
and replace as required.

Table 12. Engine-Will Not Start or Difficult to Start

Cause

Remedy

Starting procedure incorrect.

Verify proper starting procedure.

Air intake system blocked or restricted.

Visually check the air intake for blockage or
obstruction - remove as required. Check the air filter
elements for signs of blocking - replace as required.

Fuel is aerated.

Check the fuel system for loose connections and
possible air ingress points. Rectify and bleed the fuel
system.

Fuel lift pump not operating correctly (fuel supply
inadequate).

Check that the lift pump operates and delivers fuel
to the high pressure fuel pump. Check the correct
electrical wires for open or short circuits.

Fuel is contaminated or incorrect grade diesel fuel
used.

Stop the engine. Replace the fuel filters. Operate

the engine with a temporary supply of the correct
grade of clean fuel. Monitor the engine performance.
Dirty fuel will cause damage to the high pressure fuel
pump and injectors.

Fuel filter(s) blocked, fuel supply restricted.

Check/replace the fuel filter(s). Check fuel lines for
restriction.

Fuel drain return line blocked, not connected
properly.

Verify that the fuel return line is not obstructed and
connected to the top of the fuel tank.

Check fuel inlet restriction.

Maximum inlet restriction to fuel transfer pump must
not exceed.

Pressure: 0.133bar (1.9psi)

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Engine compression low in one or more cylinders.

Check the engine compression.

ECU electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

Worn or malfunctioning high pressure fuel pump.

Check the electronic fault codes. Contact your JCB
Engine Dealer.

Table 13. Engine-Will Not Crank or Cranks Slowly

Cause

Remedy

Starting electrical circuit connections loose or
corroded.

Clean and tighten connections.

Battery charge low.

Check battery voltage, charge the battery or
replace as required. Make sure that the alternator is
functioning correctly and charging the battery.

No electrical connection to starter solenoid.

Check voltage to solenoid.
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Cause

Remedy

Crankshaft rotation restricted.

Use special tool 892/01147 (crankshaft turning tool)
to manual turn the engine and check for any severe
rotational resistance.

Solenoid or starter motor fault.

Replace starter motor.

Starter motor operating but not cranking.

Remove the starter motor and check for broken teeth
on the ring gear or broken starter motor spring.

Table 14. Engine-Starts then Stops

Cause

Remedy

No fuel in supply tank.

Check the level in the fuel tank, use sight gauge or
dipstick. Replenish as required.

Engine starting under load.

Check for added loading from malfunctioning
accessories or driven units, brakes dragging and
other changes in vehicle loading. Disengage the
hydraulic controls.

Air intake or exhaust system blocked.

Visually check the air intake and exhaust system for
blockage or obstruction - remove as required. Check
the air filter elements for signs of blocking - replace
as required.

Fuel is aerated.

Check the fuel system for loose connections and
possible air ingress points. Rectify and bleed the fuel
system.

Fuel lift pump not operating correctly (fuel supply
inadequate).

Check that the lift pump is operating and delivering
fuel to the injection pump.

Fuel is waxing due to extremely cold weather.

Verify by inspecting the fuel filter. Clean the system
and use acclimatised fuel.

Fuel is contaminated or incorrect grade diesel fuel
used.

Sop the engine. Replace the fuel filters. Operate the
engine with a temporary supply of the correct grade

of clean fuel. Dirty fuel will cause damage to the high
pressure fuel pump and injectors.

Fuel filter(s) blocked, fuel supply restricted.

Check/replace the fuel filter(s). Check fuel lines for
restriction.

Fuel drain return line blocked, not connected
properly.

Verify that the fuel return line is not obstructed and
connected to the top of the fuel tank.

ECU or Electrical sensor fault.

Check the electronic fault codes.

Table 15. Engine-Poor Running

Cause

Remedy

Engine is cold, coolant temperature sensor fault.

Check the electrical connection at the coolant sensor.
Check the correct electrical wires for open or short
circuits. Check the electronic fault codes. If engine
will not reach operating temperature.

Fuel injection lines leaking.

Replace defective high pressure fuel lines. Do not
repair defective fuel lines. If there is a fuel leak stop
the engine and contact your JCB Engine Dealer.

Fuel is aerated.

Check the fuel system for loose connections and
possible air ingress points. Rectify and bleed the fuel
system.

Fuel lift pump not operating correctly (fuel supply
inadequate).

Check that the lift pump operates and delivers fuel
to the high pressure fuel pump. Check the correct
electrical wires for open or short circuits.

Fuel filter(s) blocked, fuel supply restricted.

Check/replace the fuel filter(s). Check fuel lines for
restriction.
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Cause

Remedy

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Worn or malfunctioning high pressure fuel pump.

Check the electronic fault codes. Contact your JCB
Engine Dealer.

Camshaft or tappets damaged.

Contact your JCB Engine Dealer.

Table 16. Engine-Poor Running at Idle

Cause

Remedy

Coolant temperature sensor fault.

Check the electrical connection at the coolant sensor.
Check the correct electrical wires for open or short
circuits. Check the electronic fault codes. Test the
coolant sensor.

Engine mounts over-tightened, damaged or loose.

Verify condition of mounts. Refer to the machine's
service manual for correct adjustment procedure.

Fuel injection lines leaking.

Replace defective high pressure fuel lines. Do not
repair defective fuel lines. If there is a fuel leak stop
the engine and contact your JCB Engine Dealer.

Worn crank/connecting rod bearings (knocking under
load).

Contact your JCB Engine Dealer.

Excessive camshaft bearing wear.

Contact your JCB Engine Dealer.

Worn or damaged pistons and/or piston rings.

Contact your JCB Engine Dealer.

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors. Contact your JCB
Engine Dealer.

Gear train noise.

Contact your JCB Engine Dealer.

Loss of Pilot injection on one or more cylinders.

Use service master to disable pilot injections to
identify audibly if they are still present.

Table 17. Engine-Compression Knocks

Cause

Remedy

Fuel is aerated.

Check the low pressure fuel system for loose
connections and possible air ingress points. Rectify
and bleed the fuel system.

Fuel is contaminated or incorrect grade diesel fuel
used.

Stop the engine. Replace the fuel filters. Operate

the engine with a temporary supply of the correct
grade of clean fuel. Monitor the engine performance.
Dirty fuel will cause damage to the high pressure fuel
pump and injectors.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

Inlet and exhaust valve springs broken.

Contact your JCB Engine Dealer.

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors. Contact your JCB
Engine Dealer.

Table 18. Engine-Reduced Power Output

Cause

Remedy

Low DEF (Diesel Exhaust Fluid) in supply tank

Check the level in the DEF tank. Replenish as
required.

No fuel in supply tank.

Check the level in the fuel tank, use sight gauge or
dipstick. Replenish as required.

Oil level incorrect.

Check oil level.
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Cause

Remedy

Engine overload.

Check for added loading from malfunctioning
accessories or driven units, brakes dragging and
other changes in vehicle loading. Disengage the
hydraulic controls.

Throttle position sensor (TPS) system defective.

Check the throttle assembly. Check the electronic
fault codes.

Fuel is contaminated or incorrect grade diesel fuel
used.

Stop the engine. Replace the fuel filters. Operate

the engine with a temporary supply of the correct
grade of clean fuel. Monitor the engine performance.
Dirty fuel will cause damage to the high pressure fuel
pump and injectors.

Turbocharger boost control pipe leaking or damaged,
or wastegate diaphragm ruptured.

Inspect and tighten fittings, repair pipes. Contact your
JCB Engine Dealer.

Fuel injection lines leaking.

Inspect and correct as required leaks in the high
pressure lines, fittings injector sealing washers, or
delivery valves.

Extra injector sealing washer installed under injector.

Remove extra injector sealing washer.

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Worn or malfunctioning high pressure fuel pump.

Check the electronic fault codes. Contact your JCB
Engine Dealer.

Engine compression low in one or more cylinders.

Contact your JCB Engine Dealer.

Engine in reduced torque or limp home mode

Investigate the fault using Service master.

Table 19. Engine-Vibration Excessive

Cause

Remedy

Oil level over-full.

Check oil level.

Fan damaged or accessories faulty.

Check/replace the vibrating component. Refer to the
machine's service manual for correct installation and
torque figures.

Fan hub faulty.

Inspect/replace the fan hub. Refer to the machine's
service manual for correct installation and torque
figures.

Engine mounts loose or broken.

Check/replace engine mounts. Refer to the
machine's service manual for correct installation and
torque figures.

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Engine compression low in one or more cylinders.

Contact your JCB Engine Dealer.

Alternator bearing worn or damaged.

Contact your JCB Engine Dealer.

Flywheel housing misaligned.

Contact your JCB Engine Dealer.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

Drive line components worn or unbalanced.

Check and inspect drive line components such as
propshafts. Refer to the machine's service manual for
correct installation and torque figures.
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Table 20. Engine-Exhaust Smoke Excessive (Black Smoke)

Cause

Remedy

Engine being lugged down.

Use appropriate gear for task.

Air intake or exhaust system blocked.

Visually check the air intake and exhaust system for
blockage or obstruction - remove as required. Check
the air filter elements for signs of blocking - replace
as required.

Air leak between the turbocharger and the intake
manifold (Turbocharged machines only).

Check/correct leaks in the air crossover tube, hoses,
or manifold cover.

Intercooler faulty.

Check for blocked cooler matrix.

Exhaust leak at the Manifold or Turbocharger
(Turbocharged machines only).

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

Turbocharger wastegate faulty.

Repair or replace wastegate.

Turbocharger malfunction.

Replace Turbocharger.

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Engine compression low in one or more cylinders.
Smokes under load at all speeds, but mainly low to
mid speed range.

Contact your JCB Engine Dealer.

Table 21. Engine-Exhaust Smoke Excessive (White/Blue Smoke)

Cause

Remedy

Improper starting procedure.

Verify proper starting procedure.

Fuel is contaminated or incorrect grade diesel fuel
used.

Stop the engine. Replace the fuel filters. Operate

the engine with a temporary supply of the correct
grade of clean fuel. Monitor the engine performance.
Dirty fuel will cause damage to the high pressure fuel
pump and injectors.

Oil level incorrect.

Check oil level.

Diesel or hydraulic oil in sump.

Check oil consistency. If oil contamination is
suspected check equipment such as PTO pump
for hydraulic oil leaks pass the seal into the engine.
Drain, flush and fill with clean oil.

One or more engine injector worn or malfunctioning. -
white/ blue smoke at operating temperature.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Leaking valve stem seals - evident after long idle
period and then acceleration.

Contact your JCB Engine Dealer.

One or more fuel injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Piston rings not sealing - evident with persistent blue
smoke at all speeds/load.

Contact your JCB Engine Dealer.

Table 22. Engine-Will Not Shut Off

Cause

Remedy

Stop switch or stop switch electrical system failure.

Check the operation of the stop switch. Check the

correct electrical wires for open or short circuits.
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Table 23. Fuel-Consumption Excessive

Cause

Remedy

Additional load on engine.

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

Operator technique.

Review operation for correct gear shifts, deceleration
and idling.

Fuel leaks.

Check for external leaks at the fuel tank, fuel lines,
filters and lift pump. Do not repair defective fuel lines.
If there is a fuel leak stop the engine and contact
your JCB Engine Dealer.

Engine compression low in one or more cylinders.

Check the engine compression.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Table 24. Fuel/Oil-Leaking from Exhaust Manifold

Cause

Remedy

Operating for extended periods under light or no load
conditions.

Review operation for correct gear shifts, deceleration
and idling.

Turbocharger lubricating oil drain line obstructed.

Check/clean line.

Exhaust leak at the manifold or turbocharger.

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

Valve guide seals are leaking.

Contact your JCB Engine Dealer.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Table 25. Lubricating Oil-Consumption Excessive

Cause

Remedy

Oil leaks.

Inspect the engine for visible signs of leaks. Pay
particular attentions to seals, gaskets oil cooler and
external connections.

Oil level over-full.

Check oil level.

Incorrect lubricating oil (specification of viscosity).

Make sure the correct lubricating oil is being used.
Check for reduced viscosity from dilution with fuel.
Fuel dilution in lubricating oil can originate from a

defective high pressure fuel pump driveshaft seal.
Review/reduce the lubricating oil change intervals.

Crank case ventilation (CCV) system blocked).

Check the breather tube area for signs of lubricating
oil loss. Check and if necessary replace the CCV
filter.

Lubricating oil cooler leak.

Check for lubricating oil in the coolant.

Turbocharger leaking lubricating oil to the air intake
or exhaust (if fitted).

Inspect the air crossover tube for evidence of
lubricating oil transfer.

Valve guide seals are leaking.

Contact your JCB Engine Dealer.

Piston rings not sealing - lubricating oil being
consumed by the engine (blue smoke from exhaust).

Contact your JCB Engine Dealer.

Worn cylinder bores - lubricating oil being consumed
by the engine (blue smoke from exhaust).

Contact your JCB Engine Dealer.

Glazed cylinder bores.

Contact your JCB Engine Dealer.
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Table 26. Lubricating Oil-Contaminated

Cause

Remedy

Fuel in the lubricating oil, engine operating too cold.

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

Lubricating oil sludge excessive.

Change oil and filter. Review oil and filter change
period. If operating in arduous applications, change
more. Make sure the correct lubricating oil is being
used.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors. Have oil sample
analysed. Repair engine as required.

Table 27. Lubricating Oil-Pressure Low

Cause

Remedy

Oil level incorrect.

Check oil level.

Incorrect lubricating oil (specification of viscosity).

Make sure the correct lubricating oil is being used.
Check for reduced viscosity from dilution with fuel.
Fuel dilution in lubricating oil can originate from a

defective high pressure fuel pump driveshaft seal.
Review oil and filter change period. If operating in
arduous applications, change more frequently.

Pressure switch or gauge fault.

Verify the pressure switch is functioning correctly.

Lubricating oil filter blocked.

Change lubricating oil filter. Review oil and filter
change period. If operating in arduous applications,
change more frequently.

Lubricating oil filter drain down valve not fitted.

Change lubricating oil filter.

Suction pump pressure relief valve stuck open.

Contact your JCB Engine Dealer.

Oil pump pressure relief valve stuck open.

Contact your JCB Engine Dealer.

Lubricating oil pump worn.

Contact your JCB Engine Dealer.

Table 28. Lubricating Oil-Pressure High

Cause

Remedy

Pressure switch or gauge fault.

Verify the pressure switch is functioning correctly.

Oil pump pressure relief valve stuck closed.

Contact your JCB Engine Dealer.

Incorrect lubricating oil (specification of viscosity).

Make sure the correct lubricating oil is being used.
Review oil and filter change period. If operating in
arduous applications, change more frequently.

Table 29. Coolant-Loss

Cause

Remedy

Incorrect coolant level.

Check the level.

Coolant leaking from engine radiator or cab heater.

Visually inspect the radiator heater, hoses and
connection to locate the leak. If oil is present in the
coolant, check for engine oil cooler leak.

External engine coolant leak.

Visually inspect the engine and components for
seal, gasket hose connection leaks. Make sure all
hose clips are in good condition and torqued to the
recommended figure.

If the engine is coolant aftercooled, aftercooler leak.

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

Lubricating oil cooler leak.

Check/replace the oil cooler. Look for coolant in the
oil.
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Cause

Remedy

Cylinder head gasket leak.

Contact your JCB Engine Dealer.

Cylinder head cracked or porous.

Contact your JCB Engine Dealer.

Cylinder block coolant passages leaking.

Contact your JCB Engine Dealer.

Table 30. Coolant-Over Temperature

Cause

Remedy

Incorrect coolant level (low).

Check the level. Ensure low level is not as a result of
a coolant leak.

External radiator matrix blocked with dirt or chaff.

Clean exterior or radiator matrix.

Air flow to the radiator inadequate or restricted.

Check/repair fan shroud, anti-recirculation sealing,
shutters, fan sensors, fan speeds as required. Refer
to the machine manufacturer's documentation for
detailed information.

Coolant pump or fan drive belts loose.

Check/correct belt tension.

Radiator hose collapsed, restricted or leaking.

Check/replace hose.

Oil level over-full.

Check oil level.

Cooling system pressure cap incorrect or faulty.

Replace cap with the correct rating for the system.

Over concentration of anti-freeze.

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

Temperature sensor gauge faulty.

Check the electronic fault codes. Verify that the
gauge and temperature sensor are accurate.

Thermostat faulty, incorrect or missing.

Check/replace the thermostat.

Air or combustion gases in the cooling system.

Make sure the fill rate is not exceeded and the
correct vented thermostat is installed. If aeration
continued, check for a compression leak through the
head gasket.

Coolant pump faulty.

Check/replace the coolant pump.

Vent line from engine and/or radiator blocked or
incorrectly routed (sudden overheating).

Check routing and operation or vent line.

Leak between the top tank and the auxiliary tank
(sudden overheating).

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

Cooling passages in radiator, cylinder head, head
gasket or block blocked.

Flush the system and fill with clean coolant.

ECU or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECU and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Table 31. Coolant-Under Temperature

Cause

Remedy

Air flow across the radiator excessive.

Check/repair fan shroud, anti-recirculation sealing,
shutters, fan sensors, fan speeds as required. Refer
to the machine manufacturer's documentation for
detailed information.

Temperature sensor gauge faulty.

Check the electronic fault codes. Verify that the
gauge and temperature sensor are accurate.

Thermostat faulty (open - not sealing).

Check/replace the thermostat.

Coolant not flowing by temperature sensor

Check/clean coolant passages.
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Table 32. Coolant-Contaminated

Cause Remedy
Coolant rusty, operation without correct mixture of Drain and flush the cooling system. Fill with correct
antifreeze and water. mixture of antifreeze and water. Review the coolant

change interval. Refer to the Operation and
Maintenance Manual.

Engine oil cooler, or cooler housing allowing cross Remove the oil cooler assembly and check relevant
contamination of coolant with engine oil. sealing elements for damage.
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Drain and Fill

Open

1. Remove the bolts (x2) that secure the top of the
cover to the upper structure.

Figure 27.

L4

A Bolts (x2)

2. Remove the bolts (x4) that secure the bottom of
the cover to the upper structure.

Figure 28.

B Bolts (x4)

3. Remove the cover from the machine.

Close

1. Install the cover to the machine. Make sure that
the tabs at the top of the cover are located
correctly.

2. Install the bolts (x2).
3. Install the bolts (x4).

Clean

A Notice: Clean the engine before you start engine
maintenance. Obey the correct procedures.
Contamination of the fuel system will cause
damage and possible failure of the engine.

Notice: The engine and other components could
be damaged by high pressure washing systems.
Special precautions must be taken if the machine
is to be washed using a high pressure system.

Make sure that the alternator, starter motor and
any other electrical components are shielded
and not directly cleaned by the high pressure
cleaning system. Do not aim the water jet directly
at bearings, oil seals or the engine air induction
system.

Before carrying out any service procedures that
require components to be removed, the engine must
be properly cleaned.

Cleaning must be carried out either in the area of
components to be removed or, in the case of major
work, or work on the fuel system, the whole engine
and surrounding machine must be cleaned.

Stop the engine and allow it to cool for at least one
hour. DO NOT attempt to clean any part of the engine
while it is running.

1. Make sure that the electrical system is isolated.

2. Make sure that all electrical connectors are
correctly coupled. If connectors are open fit the
correct caps or seal with waterproof tape.

3. Cover the alternator with a plastic bag to prevent
water ingress.

4. Seal the engine air intake, exhaust and breather
system.

5. Make sure that the oil filler caps and dipstick are
correctly installed.

6. Use a low pressure water jet and soft bristle
brush to soak off caked mud or dirt.

7. Apply an approved cleaning and degreasing
agent with a brush. Obey the manufacturers
instructions.

8. Use a pressure washer to remove the soft dirt
and oil. Important: DO NOT aim the water jet
directly at oil seals or electrical connectors and
electronic components such as ECU (Electronic
Control Unit)'s, alternator or fuel injectors. DO
NOT place the jet nozzle closer than the specified
distance to any part of the engine or exhaust
system.

Length/Dimension/Distance: 600mm
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9. When the pressure washing is complete move
the machine away from the wash area, or
alternatively, clean away the material washed
from the machine.

10. Before working on specific areas of the engine
use a compressed air jet to dry off any moisture.
When the area is dry use a soft clean brush to
remove any sand or grit particles that remain.

11. When removing components be aware of any
dirt or debris that may be exposed. Cover any
open ports and clean away the deposits before
proceeding.

Additional cleaning must be carried out prior to
working on the high pressure fuel system.
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Check (Pressure)

Special Tools

Description Part No. Qty.
Pressure Gauge (0-40 | 892/00278 1
Bar)

Dummy Injector 892/12347 1
Digital Hydraulic 998/11051 1
Pressure Test Kit

This test is used to diagnose suspected poor
compression in one or more of the engine cylinders.

Engine Compression Test

This test is used to diagnose suspected poor
compression in one or more of the engine cylinders.

Several factors can influence the compression
pressure, the following conditions are assumed:

. The valve clearances have been set correctly.
Refer to: PIL 15-30-00.

. The correct engine oil has been used.
. The engine oil level is correct. Refer to: PIL
15-21-00.

. The battery and starting circuit is fully charged
and in good condition, e.g. good earth paths,
cable connections tight etc.

When comparing the figures recorded in the
following procedures, there should be a minimum
variation of 3.5bar (50.7psi) between each cylinder.
If the variation is greater than this figure, remove the

cylinder head and closely inspect the cylinder bores,
pistons and piston rings for signs of wear or damage.
Repair as necessary.

1. Get access to the engine.

2. Remove all of the fuel injectors.
Refer to: PIL 18-18-03.

2.1. Make sure that the injectors are labelled for
correct installation in the same cylinders at
a later stage.

3. Install the dummy injector in one of the vacant
cylinder injector bores. Refer to Figure 29.

Special Tool: Dummy Injector (Qty.: 1)

3.1. The dummy injector is drilled and tapped
1/8-28 BSP x 8 mm deep to accept a
standard pressure gauge fitting.

4. Connect a suitable pressure gauge to the dummy
injector.

5. Operate the starter motor to crank the engine.

5.1. Do not crank for longer than the specified
time period.

Duration: 20s
5.2. Record the gauge reading.

6. Repeat steps 2 to 5 again for the remaining
cylinders.
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Figure 29.

A Dummy Injector

Engine Oil Pressure

Use the following procedures to measure the engine
oil pressure. Several factors can influence the engine
oil pressure, the following conditions are assumed:

The correct engine oil has been used.
The engine oil level is correct. Refer to: PIL
15-21-00.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Get access to the engine.

Disconnect the electrical connector to the oil
pressure switch, remove the switch from the oil
cooler housing.

Install a suitable adaptor into the vacant pressure
switch port (M10 x 1.5mm thread) and a pressure
test gauge. Make sure that the gauge has a
sealing washer as shown.

Special Tool: Pressure Gauge (0-40 Bar) (Qty.: 1)
Special Tool: Digital Hydraulic Pressure Test Kit
(Qty.: 1)
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Figure 30.

A Oil pressure switch
B Sealing washer

5. Start the engine and allow a few seconds to gain
oil pressure, increase the engine revs to the rated
speed. Record the pressure gauge reading, refer
to Technical Data, for the recommended circuit
pressure.

Refer to: PIL 15-00-00.

6. Remove the pressure gauge and install the
pressure switch.

High Lubrication Oil Pressure

High oil pressure will be evident when starting in cold
conditions. Typically the pressure will be 1 to 2 bar
and higher in cold operation, the pressure should
drop when the engine reaches normal operating
temperature.

If the pressure remains high when operating
temperature is achieved, check the oil level, if this is
correct, suspect the oil pump relief valve is at fault.

Low Lubrication Oil Pressure

Several factors can be the cause of low lubricating
oil pressure:

. Low oil level - typically evident as a loss of
pressure when operating on uneven ground or
on a gradient.

. Blocked oil filter - a blocked filter will show as a
gradual loss of pressure.

. Blocked suction strainer (pick-up pipe) -
typically evident as low pressure on start up,
if the blockage frees itself in the sump, the
pressure will pick up to normal.

. Coolant in the oil - coolant in the lubricating oil
will show as a milky discolouration of the oil and
anincrease in oil level. Check for damaged core
plugs, lubricating oil cooler, cylinder head and/
or gasket.

. Fuel in the oil - fuel in the oil will result in thin
black lubricating oil, the oil will also have a
diesel fuel smell. Check for fuel injection pump
shaft seal leakage, piston ring wear, or injector
leakage if fuel is evident in the oil.

. Damaged oil pump - oil pressure will be high at
low oil temperature but fall when oil becomes
hotter.
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Remove and Install

Special Tools

Description Part No. Qty.
Front Lifting Eye 320/09062 1
Rear Lifting Eye 320/09063 1
Engine Lifting Spreader | 892/01382 1
Bar
Fuel Injection 892/12359 1
Equipment Cap Kit
(444/448 T4i/TAF/BS4/

STV Engine)

Lifting Equipment

You can be injured if you use incorrect or faulty lifting
equipment. You must identify the weight of the item to
be lifted then choose lifting equipment that is strong
enough and suitable for the job. Make sure that lifting
equipment is in good condition and complies with all
local regulations.

The lifting equipment used must be an approved
type and capable of lifting the engine safely. The
recommended lifting equipment is shown. Use a
spreader bar when lifting the engine. Never attempt
to manually lift heavy components on your own.
Always use lifting equipment, or obtain the help of
an assistant. Inspect the lifting eyes for signs of
damage. The lifting eyes must be correctly torqued
to the crankcase. Make sure the lifting equipment
does not damage any of the engine dressing and the
rocker cover.

Component Identification

The following component identification is for a typical
engine installation. There will be some component
differences depending on the machine variant.
Before attempting to remove the engine ensure that
all the necessary components have either been
removed, or safely disconnected from the engine.

Figure 31.

7  Front lifting eye

25 22

8 Lifting eye fixing bolts
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10 Fuel line connector - return to tank line 11 Fuel line connector at fuel filter - feed line from
fuel pump

12 Electrical connector - ECM (Engine Control 14 Electrical connections - alternator

Module) machine side connector (grey)

15 Hose connection - cab heater 16 Electrical sensor - engine oil level

17 Electrical connections - starter motor 18 Rear lifting eye

19 Lifting eye fixing bolts 20 Fixing bolts - gearbox to engine

21 Electrical connector - engine harness 22 Top hose

23 Bottom hose 24 Airinlet hose

25 Exhaust pipe
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Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

16.

17.

Disconnect the electrical harness at the glow
plug connector.

Make sure that all relevant harnesses and hoses
are unclipped from the engine and tied out of the
way.

2. Position the machine on firm level ground. Make
the machine safe. 18. If necessary, drain the hydraulic tank. Disconnect
] and plug the hydraulic suction and delivery lines
Refer to: PIL 01-03. at the transmission pump and gear pump. Label
3. Discharge the hydraulic pressure. the hoses to aid installation.
; 19. Remove the gearbox/hydraulic pump to engine
4. Getaccess to the engine. retaining bolts and pull the gearbox/hydraulic
ump clear of the engine.
Remove pump g
i 19.1. Make sure that the torque converter stays
1. Disconnect and remove the battery. mounted on the gearbox shaft.
2. Drain the engine oil. 20. Attach slings to the engine lifting eyes.
Refer to: PIL 15-00-00. Special Tool: Front Lifting Eye (Qty.: 1)
. . Special Tool: Rear Lifting Eye (Qty.: 1)
3. Drain the engine coolant. Special Tool: Engine Lifting Spreader Bar (Qty.:
Refer to: PIL 21-00-00. 1)
4. Disconnect the air inlet hose. 21. Take the weight of the engine on the hoist and
. remove the engine mounting bolts.
5. Disconnect the turbocharger outlet hose.
. . 22. Withdraw the engine in a level attitude until the
6. Disconnect the charge air hose. hydraulic pump is clear of the chassis. Raise the
7. Disconnect the exhaust system. engine to lift it clear of the machine.
. 23. Lower the engine into a suitable stand that is
8. Label the cab heater hoses at the engine . : :
block connectors. Release the hose clips and capable of supporting the weight of the engine.
disconnect the hoses.
9. Disconnect the top coolant hose.
10. Disconnect the bottom coolant hose.
11. Disconnect the wiring connections from the
starter motor.
Refer to: PIL 15-75-00.
12. Disconnect the wiring connections from the
alternator.
Refer to: PIL 15-72-00.
13. Disconnect the fuel supply and return pipes.
Plug all the open ports and hoses to prevent
contamination.
Special Tool: Fuel Injection Equipment Cap Kit
(444/448 T4i/TAF/BS4/STV Engine) (Qty.: 1)
14. If necessary, remove the cooling pack.
15. Disconnect the electrical harness at the ECM
machine side connector. Important: Do not touch
the connector pins on the ECM or harness
connectors. Cover the connectors to prevent
contamination.
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Figure 32.

A Lifting eye mounting bolts
B Lifting equipment
C Spreader bar

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

It is vitally important that the torque converter
is installed at the gearbox and engine flywheel
correctly. Failure to locate the torque converter
correctly will result in damage to the gearbox oil
pump on engine start up.

Fill the cooling system.
Refer to: PIL 21-00-00.

3.1. When you fill the cooling system make
sure you use the correct water/antifreeze
mixture. A 50% mixture should be
maintained even if frost protection is not
required.

Refer to: PIL 75-09-03.
Fill and check the hydraulic fluid level.

Fill and check the engine oil level.
Refer to: PIL 15-00-00.

5.1. Make sure the correct oil is used.
Refer to: PIL 75-03-03.

Bleed the fuel system.
Refer to: PIL 18-00-00.

Check the hydraulic, fuel and cooling systems for
leaks.

Check the operation of all drive and hydraulic
services.

Table 33. Torque Values

Item Nm

A 47
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Store and Recommission

Engines should be stored in the original shipping
packaging. Damaged or disturbed packaging should
be made weatherproof immediately.

If an engine is shipped with oil, it should be stored in
the correct (upright) position.

If an engine is shipped dry of oil, after 6 months it
should be filled with oil to the correct level and re-
inhibited, refer to hot test description.

All floor stock engines should be stored under cover
in dry conditions and not subjected to extreme
variations in temperature or humidity.

If an engine is to be placed into storage, all external
signs of surface coating damage or corrosion should
be cleaned and re-coated. Electrical connectors and
components should be coated with a protective

spray.

The DEF (Diesel Exhaust Fluid) tank should be at
least 20% full before being placed in to storage.

Capping Engine Openings
All openings on the engine must be suitably capped

to prevent ingress of water and contamination by
foreign particles.

Figure 33.

1 Top hose cap

2 Bottom hose cap
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3 Turbocharger intake cap
5  Turbocharger exhaust outlet cap
7 Dipstick plug

9  Fuel spill back line cap

11 Heavy duty PTO (if installed) cap
13 Coolant circuit de-gas spigot

15 Low pressure fuel filter inlet spigot

12 Month Revalidation Procedure
1. Pre-inspection:

1.1. Inspect packaging for signs of damage.
1.2. Inspect the caps for signs of damage.

1.3. Inspect openings for signs of water or dirt
ingress.

1.4. Inspect the engine for signs of external
corrosion.

1.5. Inspect the engine for signs of fluid leaks.

1.6. Check that the DEF tank level is above the
specified level.

Percentage: 20%
2. From storage:

2.1. Remove the air intake caps.
2.2. Make sure the engine oil level is correct.

2.3. Using a suitable power supply at the correct
voltage, crank the engine over.

2.4. During cranking, check that the oil pressure
switch opens using a multimeter. The switch
is closed when there is no or low ol
pressure and opens when oil pressure
reaches a set point. After three separate 20
second cranking periods, If the oil pressure
switch does not open (indicating no, or
low oil pressure), contact your JCB engine
dealer.

2.5. Recap all engine openings.

2.6. Coat any exposed bare metal with a
suitable product.

2.7. Electrical connectors and components
should be coated with a protective spray if
exposed.

2.8. Cover in weatherproof packaging.

2.9. Place in storage, under cover on level
ground or shelving.

2.10. Record details of work as required.

2.11. Do not expose to extremes of temperature
or humidity.

4  Turbocharger compressor outlet cap

6 Inlet manifold cap

8 ECM (Engine Control Module) machine
harness connector cap

10 Low duty PTO (Power Take-Off) (if installed)
cap

12 Cab heater feed and return spigots

14 CCV canister outlet on the closed loop
breathing circuit (55kW)

16 SCR (Selective Catalytic Reduction) coolant
feed spigot (if installed)

Notice: Do not operate the starter motor for more

than 20 s at one time. Let the starter motor cool for
at least 2 min.

Table 34. Oil Pressure Switch Set Points

Oil pressure switch
closed

>(0.6bar (8.7psi)

Oil pressure switch open |<0.6bar (8.7psi)

OEM Commissioning Check on Engine
Installation After More Than 12 Months

1. Flush the coolant system with proprietary
flushing solution.

2. REéfill the coolant system with 50/50 mix of long
life antifreeze mixture.

3. Hot test engine according to the hot test profile.
Refer to Table 35.

4. Drain engine oil and replace engine oil filter.

5. REefill with the correct oil and inhibit the cooling
system using the correct product.

6. Drain the DEF tank.

7. Fill the DEF tank with clean good quality DEF.
Leave to stand for the specified time period.

Duration: 72h

8. Record details of work as required.

Hot Test Description

A WARNING When using cleaning agents, solvents
or other chemicals, you must adhere to
the manufacturer's instructions and safety
precautions.

All engines despatched from JCB will have been
subjected to a hot test (checking items such as oil
pressure, engines speeds, torque values etc.) and
therefore the interior surfaces will have been coated
with engine oil.

All coolant galleries are coated with CRODAFLUID
PA75 corrosion inhibitor.
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Stored engines will require re-inhibiting every 12
months, this will include hot testing the engine using
a dynamometer. The hot test profile is:

Table 35. Hot Test Profile

Stage Mode Speed |Torque |Time
(rpm) (Nm) (secs)

1 Speed/ 830 0 50
Torque

2 Speed/ 1300 50 60
Torque

3 Speed/ |2500 0 60
Torque

4 Speed/ 1300 0 25
Torque

5 Speed/ 800 0 35
Torque
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Introduction .....

Technical Data

Introduction

The crankcase is the housing for the crankshaft.
The enclosure forms the largest cavity in the engine
and is located below the cylinders. It is integral with
the cylinder bank and forms an engine block. It has
an opening in the bottom to which an oil sump is
attached with a gasket and bolted joint.

The crankcase protects the crankshaft and
connecting rods from foreign objects it also keeps
the engine oil contained and allows the oil to be
pressurised and also provide the rigid structure with
which to join the engine to the power alternator.

Figure 34.

A Crankcase
B Crankshaft
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Technical Data

Table 36. Crankcase and Bedplate Data

4.4L

4.8L

Cylinder bore®”

103-103.02mm

106-106.02mm

Surface finish for cylinder head
joint

Rz < 15um, Rmax < 20um

Rz < 15um, Rmax < 20um

Diameter of first oversize bore

103.5-103.52mm

106.5-106.52mm

Diameter of second oversize bore

104-104.02mm

Main bearing bore (without bear-
ings)

Numbers 1 to 4

92-92.02mm

92-92.02mm

Number 5

105-105.02mm

105-105.02mm

Main bearing bore (with bearings)

Numbers 1 to 4

88.047—-88.09mm

88.047-88.09mm

Number 5

100.047-100.09mm

100.047-100.09mm

Camshaft bore

Numbers 1 to 4

60.04—-60.07mm

60.04-60.07mm

Number 5 (bush)

60.29-60.32mm

60.29-60.32mm

Permissible wave profile

wt < 10pum (2.5mm distance)

wt < 10pum (2.5mm distance)

(1) Nominal diameter to be measured 63mm below the cylinder head face.
(3) The crankcase to cylinder head surface may be skimmed and restored using the oversize gaskets (0.25mm

and 0.5mm).
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Introduction

The piston cooling jet sprays engine oil on to the
underside of the pistons to keep them cool during the
combustion process. Depending on the application,
saddle jets or J-jets will be installed. The oil jet also
provides lubrication for internal engine components
such as the connecting rod small end bearing.

06 - Jet

INtroduction .......coeeeiiiieeee e, 15-45
Operation .......cccveeeeeicciiieee e 15-46
Check (Condition) .......ccccveveeriiiereeiiiieee e, 15-48
Remove and Install .........ccooooveiiiiiiiiiieenn, 15-48
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Operation
For: DJ Engine ......ccccevviiieeennns Page 15-46
For: SJ Engine .......ccccceveeennenn. Page 15-46

(For: DJ Engine)

Oilways connect the J-shaped jets fixed to the
crankcase at the underside of each cylinder bore.

The jets spray oil directly to the under side of the
pistons effectively transferring heat away from the
top of the pistons. Oil spray also enters the small end
bearing bushes via a feed hole on the top of each
connecting rod.

Figure 35.

3
4
2

R

1 Groove
3 Pistons
5 Crankshaft

(For: SJ Engine)

The groove around the diameter of the upper main
bearing shells allows oil transfer to an oil jet located
in the crankcase bearing saddle. Jets are installed at
the main bearing positions.

7\

N
N
N

2 Oil J-jet
4 Bearing bushes

The jets spray oil directly to the under side of the
pistons effectively transferring heat away from the
top of the pistons. QOil spray also enters the small end
bearing bushes via a feed hole on the top of each
connecting rod.
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Figure 36.

1 Groove 2 Oil jet
3 Pistons 4 Bearing bushes
5 Crankshaft
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06 - Jet
Check (Condition) Remove and Install
1. Check the oil jet is not bent. If the oil jet is Eori DJ Eng.lne .......................... gage 15-28
suspected to be bent it must be replaced. or: SJ Engine ......cccooociieenen. age 15-49
2. Use compressed air to check for any restriction (For: DJ Engine)
or blockage. .
Special Tools
Description Part No. Qty.
Crankshaft Turning Tool| 892/01147 1

(95.25mm PCD)- JCB
4 Cylinder Ecomax and

Dieselmax

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Drain the engine oil.
Refer to: PIL 15-00-00.

3. Remove the oil sump.
Refer to: PIL 15-45-00.

Remove
1. Remove the bolt.

1.1. If necessary rotate the crankshaft to gain
access to the oil jet.

Special Tool: Crankshaft Turning Tool
(95.25mm PCD)- JCB 4 Cylinder Ecomax
and Dieselmax (Qty.: 1)
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Figure 37.
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B Oil J-jet
C Crankcase

2. Remove the oil jet from the crankcase.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the bolt to the correct torque value.

Table 37. Torque Values

Item Nm
A 22-26

(For: SJ Engine)
Before Removal

This procedure requires service parts. Make sure
you have obtained the correct parts before you start.
Refer to the Parts Catalogue.

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Remove the engine.
Refer to: PIL 15-00-00.

3. Remove the cylinder head.
Refer to: PIL 15-06-00.

4. Remove the oil sump.
Refer to: PIL 15-45-00.

5. Remove the piston
assemblies.

Refer to: PIL 15-36-00.

and connecting rod

6. Remove the crankshaft and main bearings.
Refer to: PIL 15-12-00.
Remove

1. Use a suitable punch to press the oil jet out of the
crankcase. The jet must not be reused. Discard
the jet.

1.1. Take care not to damage the cylinder bores.

Figure 38.

A Oil jet
Install

1. Make sure the oil jet bore is clean and free from
contamination or debris.

2. Insert the oil jet.

3. Use a suitable punch to fully seat the oil jet in the
bore.

3.1. Take care not to damage the machined
surface of the crankshaft bore.
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After installation

1. The after installation procedure is the opposite of
the before removal procedure.
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06 - Cylinder Head
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00 - General

INtroducCtion .........vvveiiiiiccccceee e, 15-53
Technical Data .......ccccceoevieiiiiiieeee e, 15-54
Component Identification .............cccccccuuvneeee.n. 15-55
Remove and Install ..................ccc, 15-56

Introduction

The cylinder head is located above the cylinders
on top of the crankcase. It closes in the top of the
cylinder, forming the combustion chamber. This joint
is sealed by a cylinder head gasket.

The cylinder head also provides the space for the
passages that feed air and fuel to the cylinder and
allow the exhaust to escape. The cylinder head is
also used to mount the valves and fuel injectors.
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00 - General

Technical Data

Table 38. Cylinder Head Data

Cylinder head distortion (maximum permissible)”

- End to end 0.05mm

- Side to side 0.03mm

Valve recess depth

- Inlet 0.85mm

- Exhaust 0.85mm

Valve seat angle

- Inlet 120° (inclusive)
- Exhaust 90° (inclusive)

Surface finish for cylinder head joint

Rz < 15um Rmax < 20um

Permissible wave profile

wt < 10um (2.5mm distance)

(1) The block to cylinder head surface may be skimmed and restored using the oversize gaskets (0.25mm

and 0.5mm).
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Component Identification

Figure 39.

A Cylinder head
B Cylinder head gasket
C Cylinder head bolts
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Remove and Install

Special Tools

Description Part No. Qty. 4
Torque Wrench 993/70111 1 ’
(10-100Nm)

Consumables 5.

Description Part No. Size
Cleaner/Degreaser 4104/1557 04L 6
- General purpose )
solvent based parts
cleaner

7.
Before Removal
This procedure requires service parts. Make sure 8.
you have obtained the correct parts before you start,
refer to Parts Catalogue.
9.
1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work. 10

2. Get access to the engine.

3. Drain the coolant.

Refer to: PIL 21-00-00.

Remove the high pressure fuel pipes.
Refer to: PIL 18-96-03.

Remove the low pressure fuel pipes.
Refer to: PIL 18-96-06.

Remove the rocker cover.
Refer to: PIL 15-42-06.

Remove the fuel injectors.
Refer to: PIL 18-18-03.

Remove the rocker assembly.
Refer to: PIL 15-42-00.

Remove the exhaust manifold.
Refer to: PIL 18-24-04.

. Remove the inlet manifold.

Refer to: PIL 18-24-03.

15 - 56 9823/4700-1

15 - 56



15 - Engine

06 - Cylinder Head
00 - General

Figure 40.

\U
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17 13 9 5 1 4 8 12 16
118 Cylinder head fixing bolts (x18) A Cylinder head
B Crankcase C Cylinder head gasket
D Location dowels (x2) E Cylinder head gasket identification holes
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Remove

1. Progressively remove the cylinder head bolts in
reverse order, starting at bolt 18. The bolts MUST
NOT be re-used. Discard the bolts.

2. Carefully lift the cylinder head from the
crankcase. If necessary use a soft face hammer.
DO NOT use a lever to separate the cylinder
head from the crankcase. Discard the head
gasket.

3. Using a suitable cleaning agent, carefully remove
all traces of the head gasket material from the
cylinder head and crankcase mating faces.

Consumable: Cleaner/Degreaser - General
purpose solvent based parts cleaner

4. Check the cylinder head and crankcase mating
faces for signs of damage and distortion.

Refer to: PIL 15-06-00.

4.2. Then, further tighten the bolts, starting with
the middle pair and working outwards (in
sequence 1- 18) to the 2nd stage torque.

4.3. Use the angle gauge to angle tighten the
bolts, starting with the middle pair and
working outwards (in sequence 1-18) to
the 3rd stage torque. As a visual check,
matchmark the bolts to the cylinder head
before you start. When the bolts have
been angle tightened, the matchmarks will
appear as shown at Y.

Figure 41.

(3 | (2

0° +270°
Y Matchmark

Before Install After Install

1. Obtain the correct new cylinder head bolts. Note 1.
that the original bolts MUST NOT be re-used.

2. Obtain the correct replacement head gasket.
Note the number of identification holes. 2.

3. Make sure that all items are clean and free from
damage and corrosion.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Bleed the fuel system.

Table 39. Torques Table

Install Description Torque Value
Cylinder head to
1. Replacement is the reversal of the removal crankcase bolts 1-18
procedure. 1st stage torque 40N'm
2. Make sure that the location dowels are correctly 2nd stage torque 7ON-m
installed into the crankcase. Use a dowel punch 3rd stage torque 270°

to install the dowels as required.

3. Position a new head gasket on to the crankcase
mating face. Make sure that the gasket is
installed the correct way around and correctly
located over the dowels.

4. Lower the cylinder head on to the crankcase.
Make sure that the cylinder head is correctly
located on the dowels. Install new cylinder head
bolts. Tighten the bolts in three stages, use the
torque and angle method.

Refer to: PIL 72-00-00.

4.1. Tighten the bolts, starting with the middle
pair and working outwards (in sequence
1-18) to the 1st stage torque.

Special Tool: Torque Wrench (10-100Nm)
(Qty.: 1)
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00 - General Introduction

INtroducCtion .........vvveiiiiiccccceee e, 15-61 The bedplate acts as the main strength component
Remove and Install ..., 15-62 of the engine. it maintains the correct alignment and
supports the weight of the internal components.

Figure 42.

1 Bedplate
2 Crankcase
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Remove and Install
Refer to: PIL 15-12-00.
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Technical Data ......ccccceeeviiiiiiiiieee s
Component Identification ..............cccuvveeeen.
Operation ......ccccceeeeeeiiiiciieeee e
Check (Condition) ........ccceeeerriveeeeniiieeeene
Remove and Install ........ccccceveiiiiiiiiieen.

Technical Data

Table 40.

Main bearing journal diameter (x4)

- min 87.98mm
- max 88mm
Main rear bearing journal diameter (x1)

- min 99.98mm
- max 100mm
Connecting rod bearing journal diameter

- min 72.98mm
- max 73mm

Maximum wear and ovality on journals”

Crankshaft induction hardness

55 HRc min on surface

Thrust washer width

- min 2.44mm
- max 2.5mm
Crankshaft end float

- min 0.05mm
- max 0.28mm

(1) No visible damage/wear or marks
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Component Identification

Figure 43.

A Crankcase
B Crankshaft
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Operation

Lubrication

Qil is fed from the main gallery via five drillings, one
to each of the main bearings. A groove around the
diameter of the upper main bearing shell allows oil

transfer to cross drillings in the crankshaft to feed
each of the big end bearings. Crankshaft gear is
'splash’ lubricated. Front and rear crankshaft oil seals
prevent oil leakage from, and dirt ingress to, the
engine.

Figure 44.

)

1 Main gallery

3 Main bearings

5 Cross drillings

7 Crankshaft oil seal

NN \o\\:'

2 Dirillings (x5)

4 Big end bearings
6 Crankshaft gear
8 Crankshaft oil seal
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Check (Condition)

1. Check the main bearing surfaces for damage and
excessive wear.

Figure 45.

A Main bearing shells

2. Measure the crankshaft diameters to confirm
they are within service limits.

Refer to: PIL 15-12-00.
Figure 46.

B Crankshaft

3. Check that the oil-way cross drillings in the
crankshaft are clear and free from debris.
Blocked or restricted oil-ways will cause oll
starvation at the big end bearings.

4. Check that the piston cooling jets are clear.
Refer to: PIL 15-03-06.
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Remove and Install

Special Tools

Description Part No. Qty.

Template for Sealant
Bedplate to Crankcase
(4 Cyl)

892/12356 1

Consumables

Description Part No. Size

Cleaner/Degreaser
- General purpose
solvent based parts
cleaner

4104/1557 04L

A CAUTION This component is heavy. It must only

be removed or handled using a suitable lifting
method and device.

Before Removal

This procedure requires service parts. Make sure
you have obtained the correct service parts before
you start, refer to Parts Catalogue.

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Remove the engine.

11.

12.

13.

14.

15.

16.

17.

Refer to: PIL 15-42-00.

It is not necessary to remove the cylinder head
assembly to remove the crankshaft. If however
the cylinder head needs to be removed for other
reasons (for piston and connecting rod removal
for example) remove it now.

Refer to: PIL 15-06-00.

Remove the fuel injection pump.
Refer to: PIL 18-18-15.

Remove the starter motor.
Refer to: PIL 15-75-00.

Remove the heavy duty PTO (Power Take-Off)
device (if installed).

Position the engine upside down in a suitable jig
or fixture, supported at the front of the cylinder
block.

Remove the flywheel.
Refer to: PIL 15-54-00.

Remove the flywheel housing
Refer to: PIL 15-54-03.

18. Remove the fuel injection pump drive gear.
Refer to: PIL 15-00-00. )
19. Remove the oil pump.
3. Remove the drive belt. Refer to: PIL 15-60-00.
Refer to: PIL 15-18-03. . . .
20. Remove the heavy duty PTO idler drive gear (if
4. Remove the crankshaft pulley. installed).
Refer to: PIL 15-12-12. 21. Remove the crankshaft drive gear.
5. Remove the oil sump. Refer to: PIL 15-51-03.
Refer to: PIL 15-45-00. 22. Remove the camshaft.
6. Disconnect and remove the high pressure fuel Refer to: PIL 15-15-00.
pipes from the injectors. .
23. Remove the rear timing case.
Refer to: PIL 18-96-03.
Refer to: PIL 15-51-22.
7. Disconnect and remove the low pressure fuel . )
pipes from the injectors. 24. If the pistons and connecting rods have not been
removed, undo and remove the main bearing
Refer to: PIL 18-96-06. caps.
8. Remove the rocker cover. Refer to: PIL 15-36-00.
Refer to: PIL 15-42-06. 25. Remove the CCV (Crankcase Ventilation) check
9. Remove the fuel injectors. valve plug and ball.
Refer to: PIL 18-18-03.
10. Remove the rocker assembly including the push
rods.
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B check valve ball

Remove

1. Remove the bedplate peripheral bolts.
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Figure 48.

T6

1-10 Main bearing bolts C Bedplate peripheral bolts (x16)

D Bedplate E Crankcase

F Lower main bearing shells (x5) G Left side template

H Right side template J  Sealant template portion for removal
K Rear main bearing L Bearingtab

M Sealant template locating holes N Anaerobic sealant

P O-ring X  Sealant path

T4 Guide pins (x2 obtain locally) T6 Lifting bolts (x4 obtain locally)
T3 Angle Gauge (obtain locally)

2. Progressively remove the main bearing bolts in 3. Install the four temporary lifting bolts. Carefully
reverse order starting at bolt 10. The bolts MUST separate the bedplate from the crankcase. Use
NOT be re-used. Discard the bolts. suitable lifting equipment (if the bedplate is lifted
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manually, two people will be required). DO NOT
use a lever to separate the bedplate.

4. Remove and discard the O-ring.

5. Carefully remove the upper bearing shells from
the bedplate, remove the bedplate.

6. Remove the thrust washers between the
crankshaft and crankcase rear main bearing.

Figure 49.

Q Thrust Washers
S Rear main bearing

7. Put labels on the thrust washers to make sure
that they are installed in the correct positions
during assembly.

8. Use suitable lifting equipment to carefully lift the
crankshaft from the crankcase (if the crankshaft
is lifted manually, two people will be required).

9. Carefully lift out the bearing shells.
Figure 50.

T Upper Main bearing shells

10. It is recommended that the bearing shells are
replaced. If however they are to be used again,
put label on the shells to make sure that they
are installed in their original positions during
assembly.

R Crankshaft

11. Inspect the crankshaft and main bearings etc. for
damage and excessive wear.

Refer to: PIL 15-12-00.

Before Installation

1. Clean off all traces of the old sealant compound
from the crankcase and bedplate mating faces.

2. Use a suitable degreasing agent to carefully
clean the main bearing saddles in the bedplate
and crankcase. Take care not to block the oil
ways or the piston cooling jets.

Consumable: Cleaner/Degreaser - General
purpose solvent based parts cleaner

2.1. Cleanliness is of the utmost importance.
Blocked oil-ways or oil jets will cause engine
failure. Before you install the crankshaft
make sure that ALL oil-ways and jets are
clear and free from debris

3. Make sure that all items are clean and free from
damage and corrosion.

Install

Important: Anaerobic sealant will not start to cure
whilst it is open to the atmosphere, however
when air is excluded (for instance when the two
parts are put together) it will immediately start to
harden. Make sure that all the necessary tools,
bolts etc. are readily available prior to assembling
the components. The parts must be installed and
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tightened to the correct torque value within 5min (with
a maximum permissible time of 15min minutes).

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that all items are clean and free from
damage and corrosion.

If removed or if a new crankcase is being
installed then install the piston cooling jets.

Refer to: PIL 15-03-06.

Install the upper bearing shells as follows:

Figure 51.

T Upper main bearing shells
L Bearing location tab

Figure 52.

Q Thrust washers
S Rear main bearing

4.1. Use a suitable degreasing agent to make
sure that the surface of the upper bearing
shells are clean.

Consumable: Cleaner/Degreaser - General
purpose solvent based parts cleaner

4.2. Assemble the bearing shells into the
crankcase bearing saddles. Make sure that
the location tab engages into the slot as
shown.

4.3. Important: Make sure that the oil-way holes
in the bearing saddles align with the holes
in the bearing shell. If the holes are even
partially misaligned the piston cooling oil jet
will be restricted, causing the engine to fail.

4.4. Lubricate the upper bearing shells with
clean engine oil.

Use suitable lifting equipment (if the crankshaft
is lifted manually, two people will be required), to
carefully lower the crankshaft into the crankcase.
DO NOT rotate the crankshaft, the bearing shells
can become dislodged.

Install the thrust washers as follows:

R Crankshaft
U Oil slot - thrust washers
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6.1. Slide the thrust washers between the
crankshaft and the crankcase rear main

bearing.

6.2. Make sure that they are installed in the
correct positions, with the two slots facing

outwards from the bearing saddle.

6.3. If necessary, push the crankshaft forward
and then backwards to obtain clearance to

install the thrust washers.

DO NOT rotate the crankshaft, the bearing
shells can become dislodged.

6.4.

17.

18.

19.

Make sure that the location guide pins T4 are in
position in the crankcase. Assemble the bedplate
to the crankcase use the alignment guide pins.

Note: The bedplate is heavy. Two people will
be required to lift and rotate the bedplate safely
on to the crankcase. Install new main bearing
bolts 1-10. Tighten the bolts to the correct torque
value in pairs, starting in the centre and working
outwards (in sequence 1-10) to the 1st stage pre-
torque.

Install the bedplate peripheral bolts. Tighten the
bolts to the correct torque value.

7. Check that the crankshaft end float is within
service limits. 20. After installation and tightening the bedplate
Refer to: PIL 15-12-00 peripheral bolts, tighten the main bearing bolts in
' ' pairs, starting in the centre and working outwards
8. Make sure that the upper main bearing shells are (in sequence 1-10) to the 2nd stage torque.
flush with the bottom face of the crankcase. 21. Tighten the main bearing bolts in pairs, starting
9. Install the two guide pins T4 to the crankcase in the centre and working outwards (in sequence
bedplate fixing holes as shown. 1-10) for the final stage torque. Use the torque
and angle method.
10. Install the four lifting bolts T6 to the bedplate as Refer to: PIL 72-00-00.
shown.
11. Install a new O-ring at the bedplate. After Installation
12. Use a suitable degreasing agent to clean both 1. Check that the crankshaft can be freely rotated
sides of the lower bearing shells. Assemble the by hand. Remove the bedplate lifting bolts T6.
lower bearing shells into the bedplate. Lubricate )
the lower bearing shells with clean engine oil. 2. Carry out the procedures listed, before removal
Make sure that the location tab engages in the in reverse order. Additionally do the following
slot. step.
Consumable: Cleaner/Degreaser - General 3. Tighten the CCV check valve plug to the correct
purpose solvent based parts cleaner torque value.
13. Note: The sealant template T5 is used on Table 41. Torque Table
the crankcase, NOT the bedplate. The sealant
template T5 comprises of two pieces, G and H. ltem Torque Value
Modify the template by removing portion J. 1-10 (1st Stage) 50N'm
Special Tool: Template for Sealant Bedplate to 1-10 (2nd Stage) 115N-m
Crankcase (4 Cyl) (Qty.: 1) 1-10 (Final Stage) 180°
A - CCV Check val 45-55N-
14. Locate the holes in the templates using four fixing plug ecivave m
bolts at positions M. Use the templates as a guide C - Bedolat heral 124N
apply beads of sealant around the crankcase/ b -It edplate periphera m
bedplate mating face as shown to the dimension ofts
specified.
Length/Dimension/Distance: 1.5mm
15. Remove the four fixing bolts at positions M.
Remove the templates. Make sure you do not
smudge the sealant. Discard the templates.
16. Add beads of sealant around the four bolt holes
at positions M, so as to join the sealant beads as
shown at X.
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03 - Main Bearing Introduction
Introduction ................................................ 15-75 In a piSton engine, the main bearings are the
Check (Condition) .........ccceeiieiiiiiieieieee 15-76 bearings on which the crankshaft rotates.

Remove and Install ............ccccooiiiiiiiiiieeenns 15-76
The bearings hold the crankshaft in place and

prevent the forces created by the piston and
transmitted to the crankshaft by the connecting rods
from dislodging the crankshaft, instead forcing the
crank to convert the reciprocating movement into
rotation.

Figure 53.

A Main bearing
B Crankshaft
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Check (Condition) Remove and Install

) Refer to: PIL 15-12-00.
1. Check the bearing shell surfaces for signs of

damage and excessive wear.

2. Measure the crank pin diameters to confirm they
are within service limits.
Refer to: PIL 15-12-00.

3. Renew any parts that are worn or not within the
specified tolerances.
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06 - Front Oil Seal

Remove and Install

Special Tools

Description Part No. Qty.

Crankshaft Front Qil
Seal Installation Tool

892/01157 1

Before Removal

1.

This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start, refer to Parts Catalogue.

Figure 54.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.
3. Get access to the engine.
4. Remove the drive belt, refer to (PIL 15-18).
5. Remove the crankshaft pulley, refer to (PIL
15-12-12).
A Crankshaft oil seal
Remove B Crankcase
C Crankshaft hub
1. Use a suitable lever behind the lip of the !
seal, carefully prise out the oil seal from the Install
counterbore in the crankcase. Take care not
to scratch or damage the counterbore or the 1. Make sure that the counterbore and the
cr'ﬁnkshaﬂtﬁub..lDanﬁgefd.lor dirty sealing faces crankshaft hub are clean and free from damage
will cause the ol seal to Tail. and corrosion. Use a suitable degreasing agent
to clean all traces of oil and grease from the
counterbore. Important: The oil seal has a special
coating and MUST be installed dry without
lubricant.

2. Dismantle the seal installation tool. Bolt the
centre body to the crankshaft hub, using the
bolts. Refer to Figure 55.

Special Tool: Crankshaft Front Oil Seal
Installation Tool (Qty.: 1)

3. Install the oil seal on to the centre body. Make
sure that the seal is installed the correct way
around. Assemble the outer sleeve on to the
centre body and install the screw. Refer to Figure
55.
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Figure 55.
B
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C
A Crankshatft oil seal B Crankcase
C Crankshaft hub D Seal installation tool
E Fixing bolts (x3) F Centre body
G Outer sleeve H Screw
4. Turn the screw to push the seal squarely into Figure 56.
the counterbore until the outer sleeve comes
up against the front edge of the counterbore. B

When correctly installed, the front face of the seal
should be flush with the edge of the counterbore
within the specified tolerance. Refer to Figure 56.

Dimension: -0.5 -0/+0.5mm

A

s

N\

Z‘

L

Cc

G
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v

A Crankshaft oil seal

B Crankcase

C Crankshaft hub
F Centre body
G Outer sleeve

Remove the seal installation tool.
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15 - Engine

12 - Crankshaft
06 - Front Oil Seal

After Installation

1. Install the crankshaft pulley, refer to (PIL
15-12-12).

2. Install the drive belt, refer to (PIL 15-18).
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15 - Engine
12 - Crankshaft
09 - Rear Oil Seal

09 - Rear Oil Seal
Remove and Install

Special Tools
Description
Crankshaft Rear Oil
Seal Installation Tool
(new type)
Crankshaft Rear Oil
Seal Installation Tool
(old type)
Crankshaft Rear Oil
Seal Alignment Tool

Part No. Qty.
320/B0656 1

892/01156 1

892/01158 1

Note: The flywheel hub and crankshaft rear oil seal
need to be replaced as a pair.

Before Removal

1. This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start, refer to Parts Catalogue.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

3. Get access to the engine.

4. Remove the flywheel, refer to (PIL 15-54).

Remove

1. Use a suitable lever behind the lip of the seal
to carefully prise out the rear oil seal from the
counterbore in the flywheel housing. Take care
not to scratch or damage the counterbore or the
flywheel hub. Damaged or dirty sealing faces will
cause the oil seal to fail.

Figure 57. 24mm Hub

A Crankshaft rear oil seal
B Flywheel housing
C Flywheel hub

Figure 58. 15mm Hub

A Crankshaft rear oil seal

B Flywheel housing
C Flywheel hub
E Fixing bolt

Install (24mm Hub)

Make sure that the counterbore and the flywheel
hub are clean and free from damage and
corrosion.
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12 - Crankshaft
09 - Rear Oil Seal

Figure 59.

L, | 1

)

v

‘ P

A Crankshaft rear oil seal
C Flywheel hub

2. To prevent the seal lip rolling over and becoming
damaged, make sure that you use the oil seal
alignment tool to initially install the oil seal on to
the flywheel hub. Locate the alignment tool over
the end of the hub, then carefully push the oil seal
over the alignment tool and on to the crankshaft
diameter. Make sure that the oil seal is installed
the correct way around.

Special Tool: Crankshaft Rear Oil Seal
Installation Tool (new type) (Qty.: 1)

Figure 60.

B Flywheel housing
D Oil seal alignment tool

Special Tool: Crankshaft Rear Oil Seal
Installation Tool (old type) (Qty.: 1)

Special Tool: Crankshaft Rear Oil Seal Alignment
Tool (Qty.: 1)

Apply lubricant P80 around the seal outer rubber
diameter.

Dismantle the oil seal installation tool. Bolt the
centre body to the flywheel hub, using the two
flywheel bolts. Assemble the outer sleeve on to
the centre body and install the screw.

B
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A Crankshaft rear oil seal
C Outer sleeve

F Flywheel bolts

H Flywheel hub

5. Turn the screw to push the seal squarely into
the counterbore until the outer sleeve comes
up against the front edge of the counterbore.
When correctly installed, the front face of the seal

B
E
G
J

/@H

G F

Flywheel housing

Oil seal installation tool
Centre body

Screw

should be flush with the edge of the counterbore
within the tolerance specified.

Length/Dimension/Distance: 0.5mm

6. Remove the oil seal installation tool.
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15 - Engine
12 - Crankshaft
09 - Rear Oil Seal

Install (15mm Hub)

1.

Make sure that the counterbore and the hub are
clean and free from damage.

Figure 61.

WS

A Crankshaft rear oil seal
C Flywheel hub

B Flywheel housing
D Oil seal alignment tool

2. Install the new hub on to the crankshaft gear and Special Tool: Crankshaft Rear Oil Seal
install the old hub on the outside of the new hub Installation Tool (old type) (Qty.: 1)
to create a double thickness flywheel hub, install Special Tool: Crankshaft Rear Oil Seal Alignment
the fixing bolt as shown at A. Do not touch the Tool (Qty.: 1)
PTFE seal lips of the crankshaft oil seal. .
4. Apply the lubricant P80 around the seal outer
3. Make sure that you use the oil seal alignment tool rubber diameter.
to initially install the oil seal on to the flywheel ) ) ) )
hub to prevent damage to the seal ||p Locate the 5. Dismantle the oil seal installation tool. Use the
alignment tool over the end of the hub, carefully two flywheel bolts to attach the centre body on to
push the oil seal over the alignment tool as far the flywheel hub. Assemble the outer sleeve on
on to the crankshaft hub as possible. Make sure to the centre body include the extension ring and
that the seal is installed the correct way around. install the screw.
Figure 62.
B F
/ % / G 7l
| S I s :
_ A il (L
‘ i N ]
—t k- Z
NN Wé
—
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\
W\J_l_b —a
(I
A Crankshaft rear oil seal B Flywheel housing
C1 New hub C2 Old hub
F  Flywheel bolts G Oil seal installation tool
H Extension ring J  Centre body
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15 - Engine

12 - Crankshaft
09 - Rear Oil Seal

K Outer sleeve L Screw

6. Turn the screw to push the seal into position in
the counterbore so that the screw will not turn.

7. Remove the oil seal installation tool, remove the
old hub and install the fixing bolt. Repeat steps 5
and 6 to fully install the rear oil seal.

8. Remove the oil seal installation tool.

After Installation
1. Install the flywheel, refer to (PIL 15-54).

Table 42. Torque Values

Item Nm
E 47

15-83 9823/4700-1 15-83



15 - Engine

12 - Crankshaft
12 - Pulley

12 - Pulley

Remove and Install

Before Removal

This procedure requires service parts. Make sure
you have obtained the correct service parts before
you start, refer to Parts Catalogue.

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.
3. Remove the drive belt.

Refer to: PIL 15-18-03.
Remove

1.

Remove the fixing bolts and withdraw the pulley
from the crankshaft.

Figure 63.

A Crankshaft pulley
B Fixing bolts (x3)

2. The bolts must not be reused. Discard the bolts.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that all items are clean and free from
damage and corrosion.

Install the new fixing bolts.

Tighten the new bolts in three stages to the
correct torque value.

4.1. The bolts are tightened using a torque and
angle method.

Refer to: PIL 72-00-00.

Figure 64.

C Angle gauge (obtain locally)

After Replacement

1.

Install the drive belt.
Refer to: PIL 15-18-03.

Table 43.
Item Torque Value |Torque Angle
(Nm) (Degrees)
B (1st stage) 30N'‘m
B (2nd stage) |75N'm
B (Final stage) 180°
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15 - Camshaft

15 - Camshaft
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15 - Engine
15 - Camshaft
00 - General

00 - General

Introduction

When the engine runs the crankshaft drives the
camshaft via gears. The camshaft opens and closes
the inlet and exhaust valves via push rods in time with
the four stroke cycle. Refer to: PIL 15-00-00.

The relationship between the rotation of the camshaft
and the rotation of the crankshaft is of critical
importance. Since the valves control the flow of the
air/fuel mixture intake and exhaust gases, they must
be opened and closed at the appropriate time during
the stroke of the piston. For this reason, the camshaft
is connected to the crankshaft directly, via a gear
mechanism.

INtroducCtion .........vvveiiiiiccccceee e, 15-87
Technical Data .......ccccooveeeeiiiiieeeeee e, 15-88
Component Identification .............cccccccuuvneeee.n. 15-89
Operation .......cccoeeiiiiii e 15-90
Check (Condition) ........ccceeveeiiiieneiiiieee e, 15-91
Remove and Install ...........ccccoevviieiiiiinnnns 15-91
15-87

9823/4700-1
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15 - Camshaft
00 - General

Technical Data

Table 44. Camshaft Data

Camshaft journal diame-

ter

- 4 off 59.99-59.97mm
-1 off 60.25-60.22mm
Camshaft lobe wear lim-

its

Inlet lift 7.161-7.271mm
Exhaust lift 7.2-7.31mm
Camshaft bore diameter

- 4 off 60.07-60.04mm
-1 off 60.32-60.29mm
Camshaft gear” 104 teeth

(1) The camshaft gear is not available as a separate
item. The gear must be heated on to the camshaft
in the correct timed position. Specialist fixtures are
used during the production process to achieve the
correct timing.
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15 - Camshaft
00 - General

Component Identification

Figure 65.

1  Camshaft drive gear 2  Crankshaft gear
3 Camshaft 3a Camshaft lobes
4 Tappets 5 Pushrods

15 Inlet valves 16 Exhaust valves
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15 - Engine

15 - Camshaft
00 - General

Operation

As the crankshaft rotates the camshaft also rotates,
driven by a gear on the crankshaft. The inlet and
exhaust valves are opened by lobes on the camshaft
in time with the cycle.

The diagrams show the position of the camshaft at
each part of the four stroke cycle, refer to Engine-
General, Operation. Refer to: PIL 15-00-00.

It can be seen that for a complete cycle the camshaft
revolves once. Since the crankshaft revolves twice

during the cycle it follows that the camshaft is driven
at half crankshaft (engine) speed.

Lubrication

Oil is fed from the main gallery via a drilling to the
camshaft bearing. A groove around the diameter of
the bearing and connecting the cross drilling ensures
that oil is always fed to the centre drilling. Qil is then
transferred to the remaining camshaft bearings by
further cross drillings in the shaft. The cam lobes and
tappets are 'splash’ lubricated.

Figure 66.

1 Main gallery
3 Groove

2 Camshaft bearing
4 Centre drilling
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15 - Engine
15 - Camshaft

00 - General
Check (Condition) Remove and Install
) Special Tools
1. Inspect the camshaft gear teeth for signs of Description Part No. Qty.
damage or excessive wear. Crankshaft / 892/01148 ]

Inspect the cam lobes for signs of excessive
wear, scoring or pitting.

Inspect the cam bearing surfaces for signs
of excessive wear, or scoring. Check that the
dimensions are within service limits.

Inspect the cam bearing surfaces inside the
crankcase for signs of excessive wear, or
scoring. Check that the dimensions are within
service limits.

Inspect the bearing surfaces of the tappets for
signs of excessive wear or damage. Check that
the dimensions are within service limits.

Inspect the tappet bores inside the crankcase for
signs of excessive wear or damage. Check that
the dimensions are within service limits.

If any of the camshaft bearings or lobes are worn
or damaged then the relative oil feed galleries
in the crankcase and camshaft may be blocked.
Make sure all oil ways are clear and free from
debris.

Camshaft Timing Pin

(444/448/672 Engine)

Before Removal

1.

10.

Drain the oil from the engine.
Refer to: PIL 15-00-00.

Disconnect and remove the fuel pipes from the
injectors.

Refer to: PIL 18-96-03.

Remove the rocker cover.
Refer to: PIL 15-42-06.

Remove the rocker assembly and push rods.
Refer to: PIL 15-42-00.

Remove the starter motor.
Refer to: PIL 15-75-00.

Remove the fuel injection pump.
Refer to: PIL 18-18-15.

Remove the oil sump.
Refer to: PIL 15-45-00.

Remove the flywheel.
Refer to: PIL 15-54-00.

Remove the flywheel housing.
Refer to: PIL 15-54-03.
Rotate the crankshaft until the camshaft timing

pin can be inserted through the gear and into the
aligning hole in the rear gear case.

Special Tool: Crankshaft / Camshaft Timing Pin
(444/448/672 Engine) (Qty.: 1)
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15 - Camshaft
00 - General

Figure 67.

A Timing pin - camshaft

11. Remove the taper blanking plug and insert
crankshaft locking pin. The camshaft and
crankshaft locking pins must be in position to lock
the crankshaft and camshaft before removing the
camshaft assembly.

Special Tool: Crankshaft / Camshaft Timing Pin
(444/448/672 Engine) (Qty.: 1)

Figure 68.

B Timing pin - crankshaft
C Blanking plug

12. Remove the fuel injection pump drive gear.
Refer to: PIL 15-51-09.

Remove

The engine must be inverted. Do not attempt to
remove the camshaft and its drive gears with the
engine upright. The tappets and push rods will
fall into the engine and further dismantling will be
required to retrieve them.

1. Remove the camshaft timing pin.

2. Carefully withdraw the camshaft and gear
assembly from the crankcase. Make sure that
you fully support the camshaft to prevent the
lobes contacting the bearing surfaces in the
crankcase. The bearing surfaces can easily be
damaged by the sharp hard edges on the cam
lobes.

Figure 69.

A Timing pin - camshaft
D Camshaft and drive gear

Access the tappets through the apertures in
the crankcase bedplate next to the crankshaft.
Lift out the tappets from the crankcase using a
suitable magnetic probe. Label the tappets to
ensure replacement in their original positions.
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00 - General

Figure 70.

E Tappet
F Magnetic probe

Inspection
Refer to: PIL 15-15-00.

Install

1.

Lubricate the tappets and tappet bores inside the
crankcase with clean engine oil.

Insert the tappets in their original positions in the
crankcase using a suitable magnetic probe.

Lubricate the camshaft bearing journals inside
the crankcase with clean engine oil.

Carefully insert the camshaft assembly into the
crankcase as shown. Support the camshaft
preventing the lobes contacting the bearing
surfaces in the crankcase. Before meshing the
camshaft gear with the crankshaft gear, rotate
the camshaft until the timing hole in the gear
aligns with the dowel hole in the gear casing.
Insert the timing pin to lock the camshaft in this
position.

Special Tool: Crankshaft / Camshaft Timing Pin
(444/448/672 Engine) (Qty.: 1)

After Installation

1.

n

Note that the fuel injection pump drive gear fixing
nut is torque tightened as part of the fuel injection
pump replacement procedure.

Refer to: PIL 18-18-15.

Do the procedures in Before Removal in reverse
order.
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18 - Engine Belt

18 - Engine Belt

Contents Page No.
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15 - Engine

18 - Engine Belt
00 - General

00 - General Introduction

INtrodUuCtion ......veeeeeeee e, 15-95 A crankshaft pU”ey is used to drive a FEAD
Health and Safety .........ccccccooiiiiiiis 15-96 (Front End Accessory Drive) belt. The belt drives
Component Identification ...........c.cccccccevenenene. 15-96 the coolant pump. Depending on the machine

application, the belt is configured to drive engine
mounted accessories, such as the alternator and
cooling fan.

Some applications have a second pulley on the
crankshaft which drives a dedicated fan belt. The belt
drives an engine mounted cooling fan.
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18 - Engine Belt
00 - General

Health and Safety

Turning the Engine

Do not try to turn the engine by pulling the fan or fan
belt. This could cause injury or premature component
failure.

WARNING! The engine has exposed rotating parts.
Switch off the engine before working in the engine
compartment. Do not use the machine with the
engine cover open.

Notice: A drive belt that is loose can cause damage
to itself and/or other engine parts.

Component Identification

Figure 71. A - With air condition-
ing compressor, no cooling fan

®

Figure 72. B - Without air condi-
tioning compressor, no cooling fan

Crankshaft drive pulley

Coolant pump drive pulley

Alternator drive pulley

Idler pulley

Tensioner pulley

Air conditioning compressor drive pulley

NAaAORWN=
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18 - Engine Belt
00 - General

Figure 73. C - With air conditioning com-
pressor, cooling fan pulley installed

6
4
5
7
Figure 74. D - Without air conditioning
compressor, cooling fan pulley installed
®
6
™ |5
3
4
®
2
O
o
1 —_—
1 Crankshaft drive pulley
2 Coolant pump drive pulley
3 Alternator drive pulley
4 Idler pulley
5 Tensioner pulley
6 Cooling fan drive pulley
7 Air conditioning compressor drive pulley
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18 - Engine Belt
03 - Front End Accessory Drive (FEAD) Belt

03 - Front End Accessory Drive
(FEAD) Belt

Introduction

The crankshaft pulley is used to drive the coolant
pump via a FEAD (Front End Accessory Drive) belt.
In addition to the coolant pump the drive belt can
also be configured to drive the engine mounted
accessories.

The belt is maintained at a constant tension by a
spring loaded tensioner. To achieve the necessary
belt/pulley contact area the belt is routed around
idler wheels as required. The configuration varies
depending on the accessories installed.

INtroduCtioN .....oevvieii 15-98
Health and Safety ..., 15-99
Check (Condition) ......ccooveeiiiiiiiieeeeeeeeees 15-99
AJUSE oo 15-100
Remove and Install .........cccccooeiiiiiiiiiiiiinnn, 15-100
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15 - Engine

18 - Engine Belt
03 - Front End Accessory Drive (FEAD) Belt
Health and Safety Check (Condition)
A Notice: A drive belt that is loose can cause
damage to itself and/or other engine parts. Atthe recommended service interval, visually inspect

the drive belt for damage.

1. Make the machine safe.
Refer to: PIL 01-03.

2. Stop the engine and let it cool down.

3. Renew the drive belt if it has cracks or if it is
frayed or has pieces of material missing.

Figure 75.

A Crack in belt
B Missing piece of belt
C Frayed belt
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03 - Front End Accessory Drive (FEAD) Belt

Adjust Remove and Install

Adjustment is not possible with this drive belt. A Remove

spring loaded tensioning unit ensures that the FEAD

(Front End Accessory Drive) belt is kept at the correct 1. Make the machine safe. Refer to (PIL 01-03).
tension.

2. Stop the engine and let it cool down.

3. Use a socket of the specified size to locate
on to the hexagon spigot nut, carefully rotate
the tensioner against the spring force in the
direction shown. Do not use excessive force or
the tensioner will be damaged.

Dimension: 16mm

4. Keep holding the tensioner against the spring
force and lift the belt off the drive tensioner pulley.

5. Slowly release the spring force by rotating the

tensioner unit in the opposite direction.
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03 - Front End Accessory Drive (FEAD) Belt

Figure 76.

Spring loaded tensioner

Drive belt

Example of frayed drive belt (refer to Check
Condition)

Spigot nut

O OoOm>»

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Before you install the new belt, check that the
tensioner roller and the fan pulley rotate smoothly
and that there is no play in the bearings.
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18 - Engine Belt
21 - Tensioner

21 - Tensioner Install

1.

Remove and Install

Before Removal 2.
1. Make the machine safe. Refer to (PIL 01-03). 3.

2. Make sure that the engine is safe to work on. If 4.

the engine has been running, let it cool before
you start the service work.

3. Get access to the engine.

The installation procedure is the opposite of the
removal procedure. Additionally do the following

steps.

Tighten the bolts to the correct torque value.

Install the drive belt, refer to (PIL 15-18).

Make sure that the drive belt is under tension
and the locking pin is removed before starting the
engine. Refer to Drive Belt - Adjust (PIL 15-18).

Table 45. Torque Values

4. Remove the drive belt, refer to (PIL 15-18).

Item

Nm

2

24

Figure 77.

1 Drive belt tensioner pulley
2  Fixing bolts (x3)

3 Drive belt

T3 Locking pin

X  Spigot nut

Remove

The drive belt tensioner is a non-serviceable item.
If the drive belt tensioner or the idler wheel is faulty
or damaged it must be renewed as a complete
assembly.

1. To remove the tensioner assembly, remove the
bolts and lift the tensioner pulley from the cylinder
block.
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21 - Oil Filter
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00 - General

Introduction

INtroduction .........oevviiiiiii e, 15-105 The oil filter is a spin on type which screws on and
Health and Safety ........ccccoceeeeeeeiiiiieee, 15-106 off the oil filter head.

Component Identification ..............cccccuuneeee. 15-107

Check (Level) oo 15-109

Remove and Install ......................... 15-110
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Health and Safety

Oil

Oil is toxic. If you swallow any oil, do not induce
vomiting, seek medical advice. Used engine oil
contains harmful contaminants which can cause skin
cancer. Do not handle used engine oil more than
necessary. Always use barrier cream or wear gloves
to prevent skin contact. Wash skin contaminated with
oil thoroughly in warm soapy water. Do not use petrol,
diesel fuel or paraffin to clean your skin.

CAUTION! It is illegal to pollute drains, sewers
or the ground. Clean up all spilt fluids and/or
lubricants. Used fluids and/or lubricants, filters and
contaminated materials must be disposed of in
accordance with local regulations. Use authorised
waste disposal sites.

CAUTION! Oil will gush from the hole when the drain
plug is removed. Keep to one side when you remove
the plug.

CAUTION! The oil filter canister will contain some oil
which could spill out when you remove the canister.
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Component Identification

Figure 78.

Oil cooler and filter housing 2 Qilfiller cap (not shown)

Qil filter head 4  OQil gallery - from pump to cooler

Oil cooler matrix 6  Sealing gasket - housing to crankcase
Coolant gallery 8 Oilfilter drain down plug

Oil gallery - from cooler to filter head 10 Oil gallery - from filter head to main oil gallery

O~NOTW=
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11 Qil filler port 12 Qil pressure switch

13 Oil filter 14 Filter element

15 Anti-drain seal 16 Spring

17 Oil Temperature Sensor 18 O-ring

19 Anti-drain pipe A OQil filter state - engine running

B OQil filter state - engine stopped
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Check (Level)

Engine oil and oil filter replacement must be
completed in accordance with the service schedules.
Failure to replace the oil and filter at the
recommended interval could cause serious engine
failure.

1. Make the machine safe, refer to (PIL 01-03).
2. Get access to the engine.

3. Check that the oil level is between the two marks
on the dipstick.

4. If necessary, add recommended oil through one
of the filler points.

Figure 79.

A Dipstick
B Oil filler point
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Remove and Install

Special Tools

Description Part No. Qty.
Oil Filter Removal Tool | 892/00292 1
Data Link Adaptor 892/01174 1*
(DLA) Kit 728/H5409
Data Link Adaptor (DLA
2.0) Kit
*Unless otherwise stated, you can use any of the
tools shown.

Drain the oil when the engine is warm as
contaminants held in suspension will then be drained

with the oil.

CAUTION! Oil will gush from the hole when the drain
plug is removed. Keep to one side when you remove

the plug.

1. Place a container of suitable size beneath the

drain plug.

2. Remove the oil sump drain plug and 'O' ring. Let
the oil drain out, then clean and install the drain
plug with a new 'O’ ring. Tighten the plug to the

correct torque value.

3. Loosen and remove the filter housing drain plug.
Let the oil fully drain. Install the plug. Tighten the

plug to the correct torque value.

4. Unscrew the filter canister, use special tool if

necessary.
Special Tool: Oil Filter Removal Tool (Qty.: 1)

5. Clean the seal face of the filter head.

6. Smear the seal on the new filter canister with

clean engine oil.

7. Screw in the new filter canister and tighten it to

the correct torque value.

7.1. The filter canister can also be tightened
by hand. Screw the filter until it contacts
the filter housing and then tighten it an

additional 3/4 of a turn.

10.

11.

12.

Through one of the filler points, fill the engine with
the recommended oil to the MAX mark on the
dipstick. Wipe off any spilt oil, install the filler cap
and make sure it is secure.

If the engine has a dead crank feature, carry out
the following procedure.

9.1. Turn the ignition key to the on position.
9.2. Turn the ignition key to the off position.
9.3. Repeat steps 9.1 and 9.2 5 times.

9.4. Wait for the ECU (Electronic Control Unit) to
shutdown.

Duration: 30s

9.5. Turn the ignition key to the start position.
The engine will crank for an extended time
period before starting.

Duration: 10s

If the engine does not have a dead crank feature,
carry out the following procedure.

10.1. Connect a laptop to the engine with a data
link adaptor and open Servicemaster.

Special Tool: Data Link Adaptor (DLA) Kit /
Data Link Adaptor (DLA 2.0) Kit (Qty.: 1)

10.2. Perform the IMV (Inlet Metering Valve)
Override test.

10.3. The IMV Override test will allow the engine
to be cranked for a set time period without
starting allowing sufficient time to prime
the oil pressure.

Duration: 10s

Operate the engine at idle, make sure that the
oil pressure low warning light is extinguished
immediately after the engine starts. If it does not
extinguish, stop the engine and investigate the
cause.

Check for oil leakage. When the oil has cooled,
check the oil level again, and if necessary top up
with clean engine oil.
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Figure 80.

A Dipstick B Oil filler points
C Oil sump drain plug D 'O'ring
E Filter housing drain plug F Filter canister
G Filter head H Seal
Table 46. Torque Values
Item |Description Nm

C Oil sump drain plug 40

E Filter housing drain plug 40

F Oil filter canister 15
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Introduction

Engine performance and durability will be severely
affected if the quality of the air intake is poor.

A dirty and blocked air cleaner element will reduce
the amount of air entering the combustion chamber
which can cause engine mis-firing, black smoke and
low output power.

A dirty and blocked air filter can also lead to abrasion
of the cylinder bores and valves (referred to as
dusting). This will cause excessive oil consumption,
black smoke, low output power and a reduced engine
life.

In hostile environments, change the air filter
elements more frequently.

In some applications, an air filter pre-cleaner can be
installed.
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Health and Safety

A Notice: Do not run the engine when the element
has been removed.

Notice: The outer element must be renewed
immediately if the warning light on the instrument
panel illuminates.

Check (Condition)

The air filter element (s) should be changed at
the recommended service interval, refer to the
Maintenance Schedules. Refer to: PIL 78-24.

Check all the hose connections for loose installations
and damaged hose clamps, look specifically for splits
or cracks in the hoses. Pay particular attention to the
connections on the air intake to turbo compressor
and on the crossover tube.

Renew any damaged components.

The air filter elbow is installed with a vacuum switch.
The switch will detect if there is a restriction on the
air intake and this will activate a warning within the
engine ECU (Electronic Control Unit), which will be
viewed as a fault code on the controller.
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Remove and Install

Do not attempt to wash or clean the elements, they
must only be renewed.

A new inner element must be installed at least
every other time the outer element is changed. As
a reminder, mark the inner element with marker pen
each time the outer element is changed.

Remove

1.

Make the machine safe. Refer to (PIL 01-03).

Figure 81.

2. Get access to the engine.
3. Depress the clips and lift off the cover.
4. Remove the outer element. Take care not to tap
or knock the element.
5. Ifthe inner element is to be changed, lift up pulls
and remove the inner element.
B Clips
C Cover
D Outer element
E Inner element
F Housing
G Air holes
Install
1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.
2. Clean inside the housing, and cover, make sure
that the air holes are clear.
3. Install the cover and fasten the latch. Make sure
that dust valve is at the bottom.
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09 - Dust Valve

Check (Condition)

Check the dust valve for rips/tears.

Check there are no obstructions.

Check that the dust valve is free of dirt and dust.
Check that the dust valve securely attached to
the air filter housing.
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Introduction

Depending on the specification, the engine may be
installed with open loop, filtered open loop or a closed
loop CCV (Crankcase Ventilation) system.

15-119

9823/4700-1

15 -119



15 - Engine

27 - Crankcase Ventilation Filter
00 - General

Component Identification

Figure 82. Filtered open loop crankcase ventilation (CCV) system
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A Crankcase vapour B Pressure relief valve
C Transfer hose D Filter element - second stage
E Filter element - first stage F Filtered vapour vent to atmosphere
G Oil droplets - return to sump H Crankcase ventilation filter assembly
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Operation

Filtered open loop crankcase ventilation
(CCV) system

Crankcase emissions are created during the
combustion process. These emissions include
unburned fuel and 'blow by gases' which contain
hydrocarbon and engine oil contaminates. A large
proportion of these emissions are prevented from
entering the atmosphere by the CCV (Crankcase
Ventilation) filter assembly.

A series of ports in the crankcase, cylinder head
and rocker cover allow pressure to vent from
the crankcase. The vapour from the crankcase
flows from the rocker cover to the filter assembly.
Combined two stage filter elements remove around
90% of contaminates as the vapour passes from the
inside to the outside of the filter elements. Trapped oil
is allowed to drain back to the sump via a non return
valve. The filtered vapour vents to the atmosphere.

If the pressure inside the filter assembly rises due
to a blocked filter non return valve in the oil drain
line prevents vapour being forced back into the
crankcase.

The ventilation circuit incorporates a pressure relief
valve. If the filter element becomes blocked the valve
opens bypassing the filter and preventing a build up
of pressure in the crankcase. Although this prevents
serious engine damage it must be remembered
that the filtration system does not function when
bypassed. The filter element must be replaced at the
intervals specified to ensure a bypass condition is
avoided.

Remove and Install

The filter element must be changed at the
recommended maintenance interval. Refer to (PIL
78-24).

1. Make the machine safe. Refer to (PIL 01-03).
2. Get access to the engine. Refer to (PIL 06-06).

3. Rotate the filter cover anti-clockwise and
remove.

4. Lift out the filter element and discard it.

5. Clean the inside of the filter housing. Remove all
oil and sludge contamination.

6. Make sure that the oil drain in the bottom of the
filter housing is not blocked with sludge.

7. Install a new filter element. Make sure that the
correct type of filter element is installed.

8. Align the arrows on both parts to install the filter
cover.

Figure 83.

A Filter cover
B Filter element
C Filter housing
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Introduction

The valve train system opens and closes the
valves with correct timing in relation to the piston
movements.

Each push rod has one end in a valve tappet and the
other end under a rocker arm, or as applicable. The
adjusting screw has a ball shaped end that locates in
the push rod. The adjusting screw is used for setting
the valve clearance.

The valves extend through the cylinder head. There
are no sleeves or valve guides in the cylinder head.
The valves are made from a special metal to provide
a long service life. Damaged or worn valves cannot
be lapped or reground and must be replaced with
new ones. Each valve stem has an oil seal.

The Valve seat inserts are pressed into the cylinder
head. The seat inserts are also made from a special
metal to provide for a long service life. Damaged or
worn seat inserts can be removed and replaced with
new ones.
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Technical Data

Table 47. Inlet and Exhaust Valve Data

Max lift Inlet

9.64mm @ 101° ATDC

Max lift Exhaust

9.84mm @ 115° BTDC

Inlet opens (top of ramp)

6° BTDC

Inlet closes 28° ATDC
Exhaust opens 41° BTDC
Exhaust closes 6° ATDC

Valve stem diameter

- Inlet

6.928-6.943mm

- Exhaust

6.918-6.933mm

Valve spring free length |51.1mm

Valve guide bore diame-

ter

- min 6.958mm

- max 6.973mm

Valve face angle

- Inlet 60.5°

- Exhaust 4517°

Valve length 131.9-132.4mm

Valve sealing

Stem seal with sealing
washer

Valve head depth (below
cylinder head surface)

- Inlet 0.89-1.39mm
- Exhaust 0.95-1.45mm
Valve rim thickness 2.98-3.38mm
Valve Clearances - tap-

pet adjuster end of the

valve rockers (engine

cold)

- Inlet 0.15-0.21mm
- Exhaust 0.43-0.49mm
Valve Clearances - valve

end of the rocker (en-

gine cold)

- Inlet 0.19-0.27mm
- Exhaust 0.56-0.64mm
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Component Identification
Figure 84.
1  Camshaft drive gear 2  Crankshaft gear
3 Camshaft 3a Lobes
4 Tappets (x8) 5 Push rods (x8)
6a Rockers - inlet (x4) 6b Rockers - exhaust (x4)
6¢c Adjusting screws (x8) 6d Swivel tip - rockers
7  Rocker shaft 8 Wave washers (x8)
9  Bridge pieces (x8) 10 Valve springs (x16)
11 Retainer (x16) 12 Collets (x32)
13 Oil seal - valve stems (x16) 14 Valve seat inserts (x16)
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15
17

Inlet valves (x8)
Valve stem

Cross Sectional View

6a
6¢Cc

10
14

Rockers - inlet (x4)
Adjusting screws (x8)
Wave washers (x8)
Valve springs (x16)
Collets (x32)

Valve seat inserts (x16)

16 Exhaust valves (x8)

Figure 85.
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6b Rockers - exhaust (x4)

6d Swivel tip - rockers

9 Bridge pieces (x8)

11 Retainer (x16)

13 Oil seal - valve stems (x16)
17 Valve stem
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15 - Engine

Operation

The camshaft drive gear is driven by the crankshaft
gear at half the speed of the crankshaft. Camshaft
lobes, two for each cylinder, (operating exhaust and
inlet valves) actuate the valve tappets.

When the camshaft rotates the cam lobes act on the
tappets. The push rods act on the rockers which pivot
on the camshaft, depressing two valves at the same
time via the bridge piece.

The screw is self locking in the rocker by means of
a tapered thread. Wave washers act like springs to
keep the rockers in their correct positions along the
camshaft and prevent them contacting one another.
The rockers incorporate a swivel tip to ensure
alignment with the bridge piece. This prevents
excessive wear.

Each valve has a compression spring. The function
of the spring is to close the valve and at the same
time return the rocker arm and push rod to ensure
that the tappets follow the camshaft lobes. The spring
is located on the valve stem by a retainer and split
collets.

30 - Valve

00 - General
Adjust
Special Tools

Description Part No. Qty.

Crankshaft Turning Tool| 892/01147 1
(95.25mm PCD)- JCB
4 Cylinder Ecomax and
Dieselmax
Valve Clearance 892/01380 1
Service Kit

Engine Position

The engine needs to be set to two different positions
to measure and adjust all of the valves. The graphics
show which valves are applicable at which engine
position.

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.
3. Remove the tappet covers. Refer to (PIL 15-42).

4. Put the indicator pins into the holes inside the
tappet adjusters for cylinder number 4. Make
sure that the pins do not fall into the engine.

5. Use the crankshaft turning tool to turn the engine
crankshaft clockwise. Stop turning the crankshaft
when one indicator pin starts to move up after the
other pin has moved down. This is the position
where the exhaust valve is almost closed and the
inlet valve is just starting to open.

Special Tool: Crankshaft Turning Tool (95.25mm
PCD)- JCB 4 Cylinder Ecomax and Dieselmax
(Qty.: 1)

Special Tool: Valve Clearance Service Kit (Qty.:

1)

6. Put a mark on the crankshaft pulley at the 12
o'clock position.
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Figure 86.

A 12 o'clock position
T7 Crankshaft turning tool
T8 Indicator pins (obtain locally)

7. Turn the engine
clockwise.

crankshaft 90 degrees

8. Measure and, if necessary, adjust the clearances
for the correct valves.

Figure 87. 90 Degree Position

1B Inlet valve-Cylinder 1
3A Exhaust valve-Cylinder 3
3B Inlet valve-Cylinder 3
4A Exhaust valve-Cylinder 4

9. Remove the valve clearance service tools. Turn
the engine crankshaft 360 degrees clockwise.
Use the mark on the crankshaft pulley as a
reference.

10. Measure and, if necessary, adjust the clearances
for the correct valves.

Figure 88. 360 Degree Position

1A Exhaust valve-Cylinder 1
2A Exhaust valve-Cylinder 2
2B Inlet valve-Cylinder 2
4B |Inlet valve-Cylinder 4

Valve Clearances

The procedure describes how to measure and,
if necessary, adjust one valve clearance. The
procedure for all the valves is the same. Do the
procedure for the correct valves at each of the two
engine positions. Remember you must remove the
valve clearance service tools before you turn the
engine crankshaft.

Important: The engine must be cold before you
measure or adjust the valve clearances.

1. Install the adaptor plate in the correct position on
the rocker cover using the screws A.

2. Make sure that the crankshaft is in the correct
position.

3. Put the adaptor sleeve on the correct valve
tappet adjuster screw.

4. Push the lock bar into the correct valve tappet
adjuster screw.

5. Tighten the lock bar by turning it with your hand.
6. Assemble the DTI support and DTI.

7. Push and then pull the lock bar in the direction of
the arrows X and Y. Do this until you are sure that
the lock bar is correctly installed and oil is moved
away from the cam follower and push rod.

8. Important: Apply a side force on the lock bar
at the same time as pushing and pulling. This
prevents the rocker moving along the rocker
shaft and giving a false reading on the DTI. Apply
a force to the left on the exhaust valve tappets
and to the right on the inlet valve tappets.
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T
T2

T3

T4
T5

9. Pull
turn

Figure 89. Figure 90.

Screws .

Dial Test Indicator (DTI)(obtain locally) o fappet adjusters

ﬁ\_?)aptor plate (part of valve clearance service T6 Spanner open ended (obtain locally)
i

Adaptor sleeve (part of valve clearance service
kit)

Lock bar (part of valve clearance service kit)
DTI Support (obtain locally)

the lock bar in the direction of arrow Y and
the DTI to zero.

10. Push the lock bar in the direction of arrow X and
record the DTI indication.

11. Compare the valve clearance measurement with

the

correct clearances. If an adjustment is

necessary:

11.1.

11.2.

Turn the tappet adjuster using an open
ended spanner on the adaptor sleeve.
Turn the sleeve clockwise to reduce
the clearance and counterclockwise to
increase the clearance.

Important: The tappet adjusters are set in
position by thread friction with the rockers.
Make sure that the torque to turn the
tappet adjusters is more than the minimum
necessary. If any of the adjusters show a
lower torque value then the adjuster and
its related rocker must be replaced.
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Remove and Install

Special Tools
Description
Valve Stem Seal

Installation Tool
(444/448/672 Engine)

Part No. Qty.
892/01152 1

Before Removal

1. This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start, refer to Parts Catalogue.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

3. Get access to the engine.
4. Remove the thermostat, refer to (PIL 21-12).

5. Remove all of the fuel injector pipes, refer to (PIL
18-96).

6. Remove the rocker cover, refer to (PIL 15-42).
7. Remove the fuel injectors, refer to (PIL 18-18).

8. Remove the rocker assembly, refer to (PIL
15-42).

9. Remove the exhaust manifold, refer to (PIL
18-24).

10. Remove the inlet manifold, refer to (PIL 18-24).

11. Remove the cylinder head assembly from the
cylinder block, refer to (PIL 15-06).

12. Measure the valve recession with a suitable DTI
(Dial Test Indicator). Clean the carbon deposits
from a small area of the valve heads for location
of the DTl probe. If the valve recession is outside
the serviceable limits, it is advisable to obtain
a new or reconditioned cylinder head assembly,
refer to Technical Data (PIL 15-06).

13. To aid removal and replacement, use a wooden
valve stand to retain the valves after removal.
Add labels to make sure that the valves are
correctly replaced.

Figure 91. Valve Stand

O=O
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CYL.1 CYL.2 CYL.3

Remove

1. Use a spring compressor tool to compress each
valve spring and remove the collets. Make sure
that the springs are compressed squarely.

Figure 92.

A Spring compressor tool
B Collets

2. Remove the spring compressor tool and lift off

the retainer and valve spring.

Figure 93.
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=
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D

C Retainer
D Valve spring

D

3. Turn the cylinder head on its side and withdraw

the inlet valves and exhaust valves as shown.
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Figure 94.

E Cylinder head
F Inlet valves
G Exhaust valves

When removing, note the respective position of
each valve. Use a suitable valve stand to keep
the valves together and identify them with their
respective cylinder. Note: The exhaust valves
have smaller diameter heads.

5. Remove the valve stem seals. Discard the seals.

Figure 95.

H Valve stem seals
J Punch tool

Inspection

1.

Carefully clean the carbon deposits from the
valves, take care not to damage the valve seats.

Check that the valves and valve seats are not
cracked, burnt or damaged.

Check the valve stems and valve guides for wear,
refer to Technical Data (PIL 15-30).

If there is evidence of wear or damage to the valves,
guides or seats, it is advisable to obtain a new or
reconditioned cylinder head assembly.

Before Installation

1.

w

Position the cylinder head upside down in a
suitable jig or fixture.

Make sure that all items are clean and free from
damage and corrosion.

Install the injectors into the cylinder head to
do a trial check of the nozzle protrusion. Note
the relative positions for the injectors, and then
remove the injectors for installation at a later
stage.

Installation

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Install the new valve stem seals as shown. Use
the installation tool to avoid damaging the seals.
Pre-assemble the seal into the tool. Locate the
tool over the valve guide and gently press the
seal into place. Lubricate the seal with P80 fluid.

Special Tool: Valve Stem Seal Installation Tool
(444/448/672 Engine) (Qty.: 1)

With the cylinder head on its side, insert the
inlet valves and exhaust valves as shown. Make
sure that the valves are installed in the correct
positions. Lubricate the valve stems with clean
engine oil before assembly. Carefully push the
end of the valve stem through the stem seals.

Install the valve springs on to the valve
stems, together with a retainer. Use the spring
compressor tool to compress each valve spring
and insert the collets. Make sure that the collets
are correctly seated in the valve stem grooves,
before you remove the spring compressor tool.

After Installation

1.

Tap the valve stems in turn using a rubber mallet
top fully seat the valves.
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12 - Valve Spring

Remove and Install
Refer to: PIL 15-30-00.
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24 - Stem Seal

Remove and Install
Refer to: PIL 15-30-00.
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Introduction

The connecting rod connects the piston to the
crankshaft. They form a simple mechanism that
converts reciprocating motion into rotating motion.

Connecting rods are usually made of high strength
steel. They are not rigidly fixed at either end, so that
the angle between the connecting rod and the piston
can change as the rod moves up and down and
rotates around the crankshaft.

The small end of the connecting rod attaches to the
piston pin which is a press fit into the connecting rod.

The big end of the connecting rod connects to the
bearing journal on the crank throw, they run on
replaceable bearing shells that are accessible via the
connecting rod bolts which hold the bearing cap on
to the big end.

There is a pinhole bored through the bearing and
the big end of the connecting rod so that pressurised
lubricating engine oil squirts out on to the thrust
side of the cylinder wall to lubricate the travel of the
pistons and piston rings.
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Technical Data

Table 48. Connecting Rods Data

Component Identification

Refer to Piston- Component Identification.Refer to:

Connecting rod type” | Split fracture PIL 15-36-00.
Connecting rod bore di- |77—-77.01mm
ameter
Connecting rod side
clearance
min 0.05mm
max 0.4mm
Big end bearings
Width 32.5-33mm
Thickness (at centre) 1.99-1.981mm
Small end bearings
Inside diameter 40.034-40.02mm
(1) Split fracture type connecting rods MUST NOT be
dot punched or etched in anyway during disassembly
- refer to relevant service procedures.
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Check (Condition)

1.

Check the connecting rods for signs of bending.
In the event of sufficient liquid entering the
engine, a hydraulic lock can occur. This may
result in bending of one or more of the connecting
rods. Bending of a connecting rod(s) can occur
even when the engine is cranked by the starter
motor. Bending of the connecting rod may be
very slight and can be checked prior to a full
engine strip down.

Refer to: PIL 15-36-00.

Check the connecting rod for signs of damage
and excessive wear.

The connecting rod small end bearing bush is not
renewable. If the small end bearing bush is damaged
or worn the connecting rod must be renewed as a
complete assembly.

Remove and Install

The removal and installation procedure for one
piston and connecting rod assembly is exactly the
same. Refer to Piston - Remove and Install.Refer to:
PIL 15-36-00.
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Disassemble and Assemble
Refer to: PIL 15-36-00.
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06 - Big-End Bearing Introduction

Introduction .............................................. 15-139 In a piston engine, the big-end bearings are the
Check (Condition) .......ccoovveciviiiiieeee e, 15-140 bearings at the big-end of the connecting rod.
Remove and Install .............cooovviiiieiinnnnnnn. 15-140
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Check (Condition)

1. Check the bearing shell surfaces for signs of
damage and excessive wear.

Refer to: PIL 15-33-00.

2. Measure the crank pin diameters to confirm they
are within service limits.
Refer to: PIL 15-12-00.

3. Renew any parts that are worn or not within the
specified tolerances.

Remove and Install

Special Tools

Description Part No. Qty.
Torque Wrench 993/70111 1
(10-100Nm)

Before Removal

This procedure requires service parts. Make sure
you have obtained the correct service parts before
you start. Refer to Parts Catalogue.

1. Make the machine safe.
Refer to: PIL 01-03.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

3. Remove the engine from the machine.

Refer to: PIL 15-00-00.

4. Disconnect and remove the fuel pipes from the
injectors.

Refer to: PIL 18-96-00.

5. Remove the rocker cover.
Refer to: PIL 15-42-06.

6. Remove the fuel injectors.
Refer to: PIL 18-18-03.

7. Drain the oil from the engine.
Refer to: PIL 15-21-00.

8. Remove the oil sump.
Refer to: PIL 15-45-00.

9. Position the engine upside down in a suitable jig
or fixture, supported at the front of the crankcase.

The connecting rod and the big-end bearing cap
have been fracture split and must be kept together
as a set. Care must be taken to avoid contamination
and or damage to the fracture split surfaces.

Remove

1. Itis recommended that the big-end bearing caps
are removed in pairs, cylinders 1 and 4 and
cylinders 2 and 3. Rotate the crankshaft so that
the big-end bearing caps on cylinders 2 and 3 are
positioned as shown.

2. Remove the bolts and lift off the big-end bearing
caps from the connecting rods. The bolts must
not be re-used, discard the bolts.
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Figure 96.

Figure 97.

1 Big-end bearing caps
2 Big-end bearing cap bolts
X Cast notch

2.1. Make sure that the tool is kept in inline 2
with the bolt to avoid damaging the screw 1 Big-end bearing cap
thread. 2 Bolts
3 Connecting rod
3. Lift out the bearing shells from the bearing caps. 4 Piston
Carefully rotate the crank to disengage from the 5 Piston rings
connecting rods and get access to the upper 6 Big end bearing shells
bearing shells. Lift out the upper bearing shells. Z Fracture split surfaces

It is recommended that the bearing shells are

renewed. If they are to be reused, label the
bearing shells to make sure that they are installed
in their original positions on assembly.

Carefully rotate the crankshaft to position the big-
end bearing caps of cylinders 1 and 4. Make
sure that the crank does not foul the connecting
rods of cylinders 2 and 3. Remove the bearing
caps and bearing shells as described in previous
steps.

Inspect the big-end bearings for signs of damage
and excessive wear.

Install

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that all items are clean and free from
damage and corrosion.

Install the upper bearing shell to the connecting
rod. Lubricate the bearing shell with clean engine
oil.

Install the lower bearing shell to the big-end
bearing cap. Lubricate the bearing shell with
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clean engine oil. Install the big-end bearing cap
to the connecting rod. Make sure that the cast
notch on the bearing cap faces to the front of the
engine. Use compressed air to clean the fracture
surfaces before assembly.

Install new big end bearing cap bolts. Tighten the
new bolts in three stages to the correct torque
value.

Special Tool: Torque Wrench (10-100Nm) (Qty.:
1)

5.1. Make sure that the tool is kept in inline

with the bolt to avoid damaging the screw
thread.

5.2. The bolts are tightened using a torque and
angle method.

Refer to: PIL 72-00-00.
Figure 98.

0° +90°

Figure 99.

T3 Angle gauge (obtain locally)

After Installation

The after installation procedure is the opposite of
the before removal procedure.

Table 49. Torque Table

Item Torque Value |Angle (de-
(Nm) grees)

2 (1st Stage) 35

2 (2nd Stage) |65

2 (Final Stage) 90
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Technical Data

Technical Data .........ccooeeciiiiiieeee e, 15-145
Component Identification ..............cccccuunneee. 15-146
Check (Condition) ........ccceeeeviiiiireeiiiiee e 15-146
Calibrate .......ooooeiiiiii e 15-147
Remove and Install .......cccccooeiiiiiiiiiennnnnn. 15-149
Disassemble and Assemble ..........c.cccuueee.. 15-152
Table 50.
Engine 444
Gudgeon pin bore diameter
- min. 40.01mm
- max. 40.015mm
Piston ring clearance
- Top ring Full keystone ring
- Middle ring 0.125-0.08mm
- Bottom (oil) ring 0.09-0.05mm
Piston ring gap
- Top ring 0.3-0.4mm
- Middle ring 0.55-0.8mm
- Bottom (oil) ring 0.25-0.5mm

Piston height above crankcase (cold)

0.00025-0.36825mm"”

Piston groove width

- Top ring 3.114-3.134mm

- Middle ring 2.575-2.595mm

- Bottom (oil) ring 4.04-4.06mm

Piston skirt 102.853-102.871mm
Piston pin 39.994—40mm

(1) Nominal measurement is 0.03325mm
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Component Identification

Figure 100.

Piston

Connecting rod

Oil control ring

Piston ring - compression No.1
Piston ring - compression No.2
Retaining circlips

Piston pin

OTMTMOUOW>»

Check (Condition)

1.

Check the piston for signs of damage and
excessive wear. Measure the piston skirt
diameter, piston pin bore and the clearance in
the piston ring grooves to confirm they are within
service limits.

Refer to: PIL 15-36-00.
Check the piston pin for signs of damage and

excessive wear. Measure the pin diameter to
confirm it is within service limits. Refer to Piston.

Refer to: PIL 15-36-00.

The connecting rod small end bearing bush is not
renewable. If the small end bearing bush is damaged
or worn the connecting rod must be renewed as a
complete assembly.
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Calibrate

Piston Height Measurement Above
Cylinder Block- DTI Method

In the event of sufficient liquid entering the engine, a
hydraulic lock can occur. This may result in bending
of one or more of the connecting rods. Bending of the
connecting rod(s) can occur even when the engine is
cranked by the starter motor.

Bending of the connecting rod may be very slight and
can be checked by carrying out this procedure prior
to a full strip down:

1. With the cylinder head removed, make sure the
surface of the engine block and piston are clean.

2. Zero a DTI (Dial Test Indicator) on the top face
of the cylinder block adjacent to the area on the
piston to be measured. The aim of the procedure
is to use the DTl to take a measurement across 2
locations on the piston that are on the axis of the
gudgeon pin. This will be towards the front and
rear of the engine.

3. Rotate the engine and bring the piston up until
it is 3mm below the engine block face. Carefully
reposition the zeroed DTI above the area of the
piston to be measured.

4. Rotate the engine to bring the piston up to
exactly TDC (Top Dead Centre) and record the
measurement at position 1.

5. Repeat steps 2 to 4 for position 2.

6. Calculate the average of the 2 readings to give
a figure of the piston height above the cylinder
block.

7. Compare the reading obtained to the technical
data.
Refer to: PIL 15-36-00.

7.1. If the reading obtained is lower than zero,
the connecting rod may be bent.

7.2. If the reading obtained is equal to the range
stated in technical data, the connecting rod
is not bent.

8. Repeat steps 2 to 7 to check all connecting rods/
pistons.

9. If any connecting rods are bent, strip the engine
and check for further damage.

10. If the engine is serviceable, any connecting rod
that is bent must be replaced.

Figure 101. DTI Measurement

A Gudgeon pin axis

B Line of measurement above gudgeon pin axis
C Piston measurement point 1

D Piston measurement point 2

Piston Height Measurement Above
Cylinder Block- Straight Edge Method

If a DTl is not available, a calibrated straight
edge may be used to take a measurement. The
measurement will be less accurate.

1. With the cylinder head removed, make sure the
surface of the engine block and piston are clean.

2. Rotate the engine until the piston to be measured
is at TDC.

3. Position the straight edge on top of the piston
along the axis of the gudgeon pin.

4. Use feeler gauges to measure the gap between
the cylinder block face and underside of the
straight edge on both sides, position 1 and
position 2.
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5. Calculate the average of the 2 readings to give
a figure of the piston height above the cylinder
block.

5.1. If the reading obtained is lower than zero,
the connecting rod may be bent.

5.2. If the reading obtained is equal to the range
stated in technical data, the connecting rod
is not bent.

Refer to: PIL 15-36-00.

6. Repeat steps 1 to 5.2 to check all connecting
rods/pistons.

Figure 102. Straight Edge Measurement
E G

ﬂ

Straight edge
Measurement position 1
Measurement position 2
Cylinder block- top face
Gudgeon pin axis
Piston

Connecting rod

rxXCIToOmMm
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Remove and Install

Before Removal 3.

The following procedure is for one piston and
connecting rod assembly. Note that each assembly
must be replaced in the same cylinder bore. Label 5
each piston and connecting rod assembly to make ’
sure itis installed in the correct position on assembly. 6.

1. This procedure requires service parts. Make sure 7.
that you have obtained the correct service parts
before you start. Refer to Parts Catalogue.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before 9.
you start the service work.

Get access to the engine.

Disconnect and remove the fuel pipes from the
injectors. Refer to (PIL 18-96).

Remove the rocker cover. Refer to (PIL 15-42).
Remove the fuel injectors. Refer to (PIL 18-18).

Remove the cylinder head assembly. Refer to
(PIL 15-06).

Remove the oil sump. Refer to (PIL 15-45).

Remove the big end bearing caps. Refer to (PIL
15-33-06).
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Figure 103.
X
1
3
[’\

1 Piston 2 Piston ring
3 Connecting rod X Longest side of connecting rod
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Remove

The piston and connecting rod assemblies are
removed through the top of the crankcase.

1.

Use a suitable scraper and wire wool to clean off
the carbon deposits from around the top of the
cylinder bore. Take care not to scratch or damage
the cylinder bore.

Use a hammer and a short length of wood to
tap the piston from the connecting rod side. Take
care not to scratch or damage the cylinder bore
or the connecting rod bearing surface.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that all items are clean and free from
damage and corrosion.

If the upper big end bearing shell has been
removed replace it. Refer to (PIL 15-33-06).

Lubricate the cylinder bore with clean engine oil.

Use a suitable compressor tool to compress the
piston rings.

Insert the piston and connecting rod assembly
into the cylinder bore, make sure that the longest
side of the connecting rod is on the exhaust side
of the crankcase. Take care not to damage the
cooling jets when you guide the connecting rod
down the cylinder bore and over the crank pin
diameter.

After Installation

1.

Install the big end bearing caps. Refer to (PIL
15-33-06).

Carry out the procedures listed under Before
removal in reverse order.
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Disassemble and Assemble

Dismantle

1.

Clamp the connecting rod in a vice. Take care not
to damage the connecting rod.

It is recommended that the piston rings are
renewed. If they are to be reused, label the
rings to ensure they are installed in the correct
positions and the correct way up on assembly.
Carefully remove the piston rings from the piston.

To avoid damage or distortion to the rings, use a
suitable piston ring expander tool. Note that the
oil control ring is installed with a spiral wire. Pull
the wire apart and remove it.

Remove the circlips and push out the piston pin.

Use a suitable cleaning agent, clean the carbon
deposits from the piston.
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Figure 104.

A TOP

B

"
TOP

O

=

o
O
Y

-z <L
\ — /

1 Piston

3  Piston ring - compression No.2
4a Spiral wire - oil control ring

6 Piston pin

X  Connecting rod - longest side

Piston ring - compression No.1
Piston ring - oil control ring
Connecting rod

Retaining circlip (x2)

Cast boss - piston

2
4
5
7
Y

Inspect

1. Inspect the pistons for signs of wear or damage.
Refer to Check (Condition) (PIL 15-36-00).

15-153 9823/4700-1 15-153



15 - Engine

36 - Piston
00 - General

Assemble

1. The assembly procedure is the opposite of
the disassemble procedure. Additionally do the
following steps.

2. Make sure that all items are clean and free from
damage and corrosion.

3. Lubricate the piston pin with clean engine oil.
Assemble the connecting rod to the piston and
insert the piston pin. Make sure that the long side
of the connecting rod is on the same side as the
internal cast boss in the piston.

4. Install new circlips. Make sure that they are
installed correctly in the groove in the piston.

5. Lubricate the piston with clean engine oil. Install
the piston rings to the piston in sequence as
follows:

5.1. Install the spiral wire for the oil control ring
in the bottom groove and locate the locking
wire inside both ends of the spiral as shown.
Using a piston ring expander tool to install
the oil control ring in the bottom groove and
locate the locking wire inside both ends of
the spiral as shown. Ensure that the ring
gap is positioned 180° to the locking wire.
Note: The correct ring orientation can also
be determined from the profile shape of the
ring as shown at C.

5.2. Install the No.2 compression ring into
the middle groove. Note that new rings
have a reference number etched on one
face. Make sure that this face is installed
uppermost in the piston groove. Note:
The correct ring orientation can also be
determined from the profile shape of the
ring as shown at B.

5.3. Install the No.1 compression ring into the
top groove. Note that new rings have a
reference number etched on one face.
Make sure that this face is installed
uppermost in the piston groove. Note:
The correct ring orientation can also be
determined from the profile shape of the
ring as shown at A.

6. Rotate the piston rings so that the ring gaps are
120° apart as shown.
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Introduction

The rocker assembly is an indirect valve actuating
system consisting of rocker arms and a shaft.

The rocker arm is an oscillating lever that conveys
radial movement from the cam lobe into linear
movement at the poppet valve to open it. One end is
raised and lowered by a rotating lobe of the camshaft
via a tappet and push rod while the other end acts
on the bridge piece which is connected to the valve
stem.

INtroduction .........oevviiiiiii e, 15-157
Technical Data ...........coocccvvvieeeeee e, 15-158
Component Identification ..............cccccuuneeee. 15-159
Operation .......ccceeiiiiii e 15-160
Check (Condition) ........ccceeeriiiierieiiiieeeeee 15-161
Remove and Install .......cccccoeeeivviiiiiiennnnnnn, 15-162
Disassemble and Assemble ..........cccceeee. 15-166
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Technical Data

Table 51. Rocker Levers, Rocker Shafts and Tappets Data

Rocker lever bore diameter

- min 26.058mm
- max 26.092mm
Rocker shaft diameter

- min 26.003mm
- max 26.021mm
Tappets stem diameter

- min 19.975mm
- max 19.985mm
Tappet bore diameter

- min 20mm

- max 20.021mm
Tappet height (maximum) 55.25mm
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Component Identification

Figure 105.

1 Rocker shaft assembly 2 Rocker shaft fixing bolts (x7)
3 Rocker shaft - oil feed pedestal fixing bolt (x1) 4 Pedestals (x7)
5 Oil feed pedestal (x1) 6 Bridge pieces (x8)

7 Push rods (x8)
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Operation

When the camshaft lobe raises the outside of the
rocker arm, the inside presses down on the valve
stem to open the valve. When the outside of the

rocker arm is permitted to return due to the camshafts
rotation, the inside rises to allow the valve spring to
close the valve.

Figure 106.

Oil feed from main gallery
Shaft pedestal

Centre rocker shaft drilling
Rocker pivot bushes
Groove

O~NaAW=

Lubrication

Qil is fed from the main gallery via a drilling which
passes up through the crankcase and the cylinder
head to a small transfer gallery under the rocker
shaft pedestal. The oversize rocker shaft fixing bolt
hole allows oil to pass into a drilling in the centre of
the rocker shaft. Further cross drillings transfer oil
to each of the rocker pivot bushes. A cross drilling

2 Small transfer gallery

4 Rocker shaft fixing bolt hole
6 Cross drillings

8 Cross drilling

in each rocker transfers oil to the top of the rocker
where it flows by gravity along a groove to the rocker
tip.
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Check (Condition)

1.

Check the rocker shaft and rocker bushings for
signs of damage and excessive wear. Measure
the rocker shaft diameter and rocker bearing
bushes to confirm they are within service limits.
Refer to Technical Data. Note: The rocker
bearing bushes are not renewable. If a rocker
bearing bush is damaged or worn the rocker
must be renewed as a complete assembly.

Refer to: PIL 15-42.

Make sure that all oil-ways and cross drillings in
the rocker shaft, rocker arms and pedestals are
clear and free from debris. Use an air line to blow
through cross drillings.
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Remove and Install

Before Removal 3. Disconnect and remove the fuel pipes from the
fuel injectors.

1. Make sure that the engine is safe to work on. If Refer to' PIL 18-96-03.

the engine has been running, let it cool before
you start the service work. 4. Remove the rocker cover.

2. Get access to the engine. Refer to: PIL 15-42-06.

Figure 107.

1 Rocker shaft assembly 2 Rocker shaft fixing bolts (x7)
3 Rocker shaft - oil feed pedestal fixing bolt (x1) 4 Pedestals (x7)
5 Oil feed pedestal (x1) 6 Bridge pieces (x8)
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7 Push rods (x8)
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Remove Figure 108.

1. Remove the rocker shaft fixing bolts. DO NOT
withdraw the bolts. Lift the rocker shaft assembly
from the cylinder head complete with pedestals
still attached. Important: Keep all pedestals and
fixing bolts in their original positions.

2. Lift off the bridge pieces from the pairs of inlet
and exhaust valves.

3. Withdraw the push rods from the cylinder block.

Before Installation

1. Make sure that all items are clean and free from
damage and corrosion.

2. Make sure that all oil-ways and cross drillings in
the cylinder head, rocker shaft and pedestals are
clear and free from debris. Use an air line to blow
through the cross drillings.

Install

1. Use a suitable degreasing agent to clean the top
of the cylinder head.

2. Install the bridge pieces on to the pairs of inlet
and exhaust valves in the cylinder head.

3. Insert the push rods into the cylinder block. Make
sure that they engage with the camshaft tappets.

4. Install the rocker shaft assembly into the cylinder
head. Make sure that the pedestals are located in
their original positions. Note the position of the oil
feed pedestal and the longer bolt. Make sure that
the push rods engage with the tappet adjusters
and that the rockers are located over the bridge

pieces. 1-8 Rocker shaft fixing bolts tightening sequence
5. Tighten the bolts to the first stage torque value in 6. Tighten the bolts to the second stage torque
the correct sequence. Refer to Figure 108. value in the correct sequence. Refer to Figure
108.

7. Lubricate the rocker shaft, rocker arm inserts and
bridge pieces with clean engine oil.
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Figure 109.
8. Adjust the valve clearances.
Refer to: PIL 15-30-00.
After Installation
1. The after installation procedure is the opposite of
the before removal procedure.
Table 52. Torque Values
Item |Description Nm
2 Stage 1 5
2 Stage 2 24
3 - 24
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Disassemble and Assemble

Before Disassembly 2. Remove the rocker assembly. Refer to (PIL
15-42).
1. Remove the rocker cover. Refer to (PIL 15-42).

Figure 110.

1 Rocker shaft 2 Rocker shaft fixing bolts (x7)
3 Rocker shaft - Oil feed pedestal fixing bolt (x1) 4 Pedestals (x7)

5 Oil feed pedestal (x1) 6 Rockers - inlet (x4)

7 Rockers - exhaust (x4) 8 Wave washers (x8)
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Disassemble

1.

Lift out the rocker shaft fixing bolts, then slide
the pedestals, rockers and wave washers off the
rocker shaft as shown. Label the pedestals and
rockers to make sure that they are installed in the
correct positions on assembly.

Check the rocker shaft and rocker bushings for
signs of damage and excessive wear. Refer to
Check (Condition) (PIL 15-42).

Assemble

1.

The assembly procedure is the opposite of
the disassemble procedure. Additionally do the
following steps.

Lubricate the rocker shaft and rocker bearing
bushes with clean engine oil.

Make sure that the rockers and pedestals are
installed in their original positions along the
rocker shaft. Note the position of the oil feed
pedestal.

Insert the rocker shaft fixing bolts to hold the
rockers and pedestals loosely in position before
fitting the assembly into the cylinder head. Note
the position of the longer bolt.

After Assembly

1.
2.

Install the rocker assembly. Refer to (PIL 15-42).
Install the rocker cover. Refer to (PIL 15-42).
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06 - Rocker Cover

Remove and Install

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Clean the engine. Refer to Engine - Clean (PIL
15-00).

Figure 111.

A Rocker cover
B Bolts

C Gasket

D Injector seals

Remove

1.
2.

Get access to the engine.

Remove the high pressure fuel pipes. Refer to
Fuel Pipes (PIL 18-96).

Remove the fuel bleed off fuel pipes. Refer to
Fuel Pipes (PIL 18-96).

Disconnect the electrical connectors at the fuel
injectors. Refer to Fuel Injection (PIL 18-18).

Disconnect the electrical connector at the coolant
temperature sensor. Refer to Engine Sensors
(PIL 15-84).

6. Move the electrical harness away from the rocker
cover.

7. Remove the bolts and lift the rocker cover from
the cylinder head.

8. Discard the gasket.

9. The rocker cover injector seals must be replaced.
Refer to Injector seals (PIL 18-18).

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Remove all oil and sludge contamination from
inside the rocker chamber.

3. Renew the injector seals. Refer to Injector seals
(PIL 18-18).

4. Renew the rocker cover gasket.

5. Preventdamage to the seals. Put sleeves/covers
on the four injectors. Apply a rubber lubricant to
the seals and then install the rocker cover.

6. Tighten the bolts to the correct torque value.

7. Remove the sleeves/covers.

After Installation

1.

2.

The high pressure fuel pipes must be replaced
with new parts. Refer to Fuel Pipes (PIL 18-96).

Start the engine and check for oil and fuel leaks.

Table 53. Torque Values

Item Nm

B 24
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Remove and Install

Before Removal
1. Drain the oil from the engine.

2. Disconnect and remove the fuel pipes from the
injectors. Refer to (PIL 18-96).

3. Remove the rocker cover. Refer to (PIL 15-42).

4. Remove the fuel injection pump. Refer to (PIL
18-18).

5. Remove the rocker assembly and push rods.
Refer to (PIL 15-42).

Remove the starter motor. Refer to (PIL 15-75).
Remove the oil sump. Refer to (PIL 15-45).
Remove the flywheel. Refer to (PIL 15-54).

© © N o

Remove the flywheel housing. Refer to (PIL
15-54).

10. Rotate the crankshaft until the camshaft timing
pin can be inserted through the gear and into the
aligning hole in the rear gear case.

Figure 112.

A Timing pin - camshaft

11. Remove the taper blanking plug and insert
the crankshaft locking pin. The camshaft and
crankshaft locking pins must be in position to lock
the crankshaft and camshaft before removing the
camshaft assembly.

Figure 113.

B Timing pin - crankshaft
C Blanking plug

12. Remove the fuel injection pump drive gear. Refer
to (PIL 15-51).

Removal

The engine must be inverted. DO NOT attempt
to remove the camshaft and its drive gears with
the engine upright. The tappets and push rods will
fall into the engine and further dismantling will be
required to retrieve them.

1. Remove the camshaft timing pin.

2. Carefully withdraw the camshaft and gear
assembly from the crankcase. Make sure you
fully support the camshaft to prevent the lobes
contacting the bearing surfaces in the crankcase.
The bearing surfaces can easily be damaged by
the sharp hard edges on the cam lobes.

Figure 114.

A Timing pin - camshaft
D Camshaft and drive gear
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Access the tappets through the apertures in
the crankcase bedplate next to the crankshaft.
Lift out the tappets from the crankcase using a
suitable magnetic probe. Label the tappets to
ensure replacement in their original positions.

Figure 115.

E Tappet (8 off)
F Magnetic probe

Inspection

1.

Inspect the camshaft gear teeth for signs of
damage or excessive wear.

Inspect the cam lobes for signs of excessive
wear, scoring or pitting.

Inspect the cam bearing surfaces for signs
of excessive wear, or scoring. Check that the
dimensions are within service limits.

Inspect the cam bearing surfaces inside the
crankcase for signs of excessive wear, or
scoring. Check that the dimensions are within
service limits.

Inspect the bearing surfaces of the tappets for
signs of excessive wear or damage. Check that
the dimensions are within service limits.

Inspect the tappet bores inside the crankcase for
signs of excessive wear or damage. Check that
the dimensions are within service limits.

If any of the camshaft bearings or lobes are worn
or damaged then the relative oil feed galleries
in the crankcase and camshaft may be blocked.
Make sure all oil ways are clear and free from
debris.

Installation

1.

Lubricate the tappets and tappet bores inside the
crankcase with clean engine oil.

Insert the tappets in their original positions in the
crankcase using a suitable magnetic probe.

Lubricate the camshaft bearing journals inside
the crankcase with clean engine oil.

Carefully insert the camshaft assembly into the
crankcase as shown. Support the camshaft
preventing the lobes contacting the bearing
surfaces in the crankcase. Before meshing the
camshaft gear with the crankshaft gear, rotate
the camshaft until the timing hole in the gear
aligns with the dowel hole in the gear casing.
Insert the timing pin to lock the camshaft in this
position.

After Installation

1.

Note that the fuel injection pump drive gear
fixing nut is torque tightened as part of the fuel
injection pump replacement procedure. Refer to
(PIL 18-18).

Do the procedures in Before Removal in reverse
order.
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15 - Engine

42 - Rocker and Fittings
24 - Tappet Cover

24 - Tappet Cover
Remove and Install

It is not necessary to remove the tappet covers
unless a new rocker cover is to be installed. It is
necessary to remove the tappet covers to measure
and adjust the valve clearances. Refer to Valve-
Adjust, Valve Clearances (PIL 15-30).

Remove

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.

3. Clean the tappet covers and the adjacent areas
of the rocker cover. Refer to Engine - Clean.
Important: Make sure that the screws do not fall
into the engine.

4. Remove the tappet cover screws.
5. Keep the screws away from the engine.

6. Use ascrewdriver in the slot to remove the tappet
covers. Make sure that dirt or debris does not fall
into the engine.

Figure 116.

e O O O
B/(3 B/@\T)©\4B©\B

<
E

Screws

Tappet covers

Slot

Rocker cover
Tappet cover seals

moow>»

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Inspect the tappet cover seals for signs of
damage. Replace any damaged seals.

Install the tappet covers. Tighten the screws to
the correct torque value.

Table 54. Torque Values

Item Nm

A 9

15-171 9823/4700-1 15 -171



15 - Engine

45 - Oil Sump

45 - Oil Sump

Contents Page No.
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15 - Engine

45 - Oil Sump
00 - General

00 - General

Introduction ............

Component Identification ..............cccccuunneee.

Remove and Install

Introduction

The lubrication system distributes oil around the
engine by a system of galleries and drillings in the
crankcase and cylinder head. The oil lubricates and
seals the moving parts of the engine, reducing friction
and wear. In addition the oil plays an important role in
cooling the engine by carrying heat from the engine
to the cooler. A piston cooling jet sprays oil onto the
underside of the pistons to keep them cool, refer to
(PIL 15-36).

Oil is drawn from the oil sump by the integral oil pump
via the suction strainer. The strainer prevents any
large particles of debris passing through, which may
damage the pump.

The oil passes from the outlet side of the pump
through a relief valve which limits the maximum oil
pressure by venting oil back to the inlet side of the
pump, refer to (PIL 15-36).

From the pump the oil passes through the oil cooler
and filter, refer to (PIL 15-69 and PIL 15-21).

After cooling and filtering, the oil passes into the
main oil gallery. An oil pressure switch senses the
oil pressure. From the main gallery oil is delivered,
via drillings, to the crankshaft main bearings, rocker
assembly, camshaft and timing gears. Note that
drillings are through the crankcase and cylinder
head.

When the high pressure oil has passed through the
bearings it reverts to sump pressure and splash
lubricates the internal components such as rocker
tips, cam lobes and timing gear teeth. Gravity
drains the oil via drains into the cylinder head and
crankcase, back into the oil sump. A drain slot allows
the oil to drain from the timing case back to the oil
sump.

15-173
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15 - Engine

45 - Oil Sump
00 - General

Component Identification

Figure 117.

1  Oilsump 2 Suction strainer
3  Oil pump 4  OQil cooler
5 Filter 6 Camshaft - high pressure oil feed
7  Crankshaft main bearings - high pressure oil 8 Rocker assembly - high pressure oil feed
feed
9 PTO (Power Take-Off) idler gear bearing/ 10 External high pressure oil feed connection
timing case - high pressure oil feed (crankcase) - Turbocharger (if installed)
11 Main high pressure oil feed gallery 12 OQil pressure switch
(crankcase)
Green- Qil at sump pressure Red- Oil at high pressure
Pink- Oil at lower pressure but higher than
sump pressure
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15 - Engine

45 - Oil Sump
00 - General

Remove and Install

Special Tools 2. Drain the engine oil.
Description Part No. Qty.
Template for Sealant 892/01149 1 Removal
Oil Sump - Pressed 1. Remove the fixing bolts and remove the oil sump
ggvijmp Location 892/01150 2 from the engine. The oil sump may be difficult to
remove due to adhesion of sealing compound.
Template for Sealant 892/12354 1 If necessary, carefully lever the mating flanges
Oil Sump (Cast) apart. Do not use excessive force, the oil sump
could be damaged. Be sure to retrieve the oil pick
Consumables up seal.
Description Part No. Size
Clear Silicone Sealant | 4102/0901 | 0.31L 2. Use a gasket removal compound, carefully
remove all traces of sealing compound from the
oil sump and engine mating faces. Do not allow
Before Removal the sealing compound to enter the engine.
1. Make sure that the engine is safe to work on. Use a suitable degreasing agent to thoroughly
If the engine has been running, make sure the clean the oil sump.
engine has cooled sufficiently before you start.
Figure 118.

1 Oil sump 1a Integral suction tube

1b Integral baffle plates 2 Oil sump fixing bolts (x20)

3 Oil pick up seal
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15 - Engine

45 - Oil Sump
00 - General

Installation

1.

Lightly smear the new oil pick up seal with oil and
install into the bedplate as shown.

Figure 119.

3 Oil pick up seal

Figure 120.

2. Install the two guide pins at the oil sump screw
holes in the engine.
Special Tool: Oil Sump Location Dowel (Qty.: 2) S Hole
3. Use the fixing bolts to locate the template to T Hole
the oil sump mating face. Make sure that the T2 Guide pins
template is the correct way round (note that holes X 4mm Bead of sealant
are o.n different centres). . 8. Position the oil sump with the suction tube outlet
Special Tool: Template for Sealant Oil Sump aligned with the oil pump inlet port on the engine.
(Cast) (Qty.: 1) . Take care not to damage the oil pick up seal when
Special Tool: Template for Sealant Oil Sump - you install the oil sump. Damage to the seal could
Pressed (Qty.: 1) cause a drop in oil pressure and subsequently
damage to the engine.
4. Apply a bead of sealing compound around the g g
oil sump flange using the inside edge of the 9. Locate the oil sump on the guide pins on the
template as a guide as shown. Note the beads engine. Avoid smudging the sealant beads. DO
around holes. NOT remove the guide pins until sufficient bolts
Length/Dimension/Distance: 4mm have been installed to secure the oil sump.
Consumable: Clear Silicone Sealant 10. Install the bolts and tighten the bolts to the correct
5. Carefully remove the template without smudging torque v_a_lue. Note that the bolts are not installed
the sealant beads. at 6 positions.
6. Apply a bead of sealant so as to join the sealant Figure 121.
beads around holes with the bead around the oil
sump flange.
Length/Dimension/Distance: 4mm
7. After applying the sealing compound, the oil
sump must be installed and the bolts torque
tightened within
Duration: 5min
2 Bolts
Y No bolts to be installed at this position (x6)
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15 - Engine

45 - Oil Sump
00 - General

After Replacing

1. Allow the sealant to cure for
Duration: 20min

2. REefill the engine with the recommended engine
oil. Refer to (PIL 75-00).

3. Start the engine and check for oil leaks.

Table 55. Torque Values

Item Nm
2 24
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15 - Engine

51 - Timing Gear

51 - Timing Gear
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15 - Engine

51 - Timing Gear
00 - General

00 - General

Introduction

The timing gears are located inside a case at the
flywheel end of the engine.

The engine must be timed so that the camshaft
operates the valves at the correct times relative to
the crankshaft position.

Valve timing is achieved by ensuring that the
camshaft drive gear is meshed to the crankshaft gear
at their correct angular positions, refer to Engine-
General, Operation, The Four Stroke Cycle (PIL
15-00) for more information about valve timing.

INtroduction .........ccccvvveiiiii e 15-179
Component Identification ..............cccccuunneee. 15-180
Operation ......ccccceeeeeieiiiiiieeiee e 15-181
Check (Condition) ........coooiiiiiiiiiiiieiiie 15-181
15-179
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15 - Engine
51 - Timing Gear
00 - General

Component Identification

Figure 122.

A Crankshaft gear

C High pressure fuel pump gear

E Heavy duty PTO device gear (if installed)
G Low duty PTO device gear (if installed)

B Camshaft gear
D Oil pump gear

F Heavy duty PTO device gear (if installed)

15-180
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15 - Engine
51 - Timing Gear
00 - General

Operation

All the gears are driven via the crankshaft gear as
follows.

Camshaft gear-The camshatft is driven at half
crankshaft speed.

High pressure fuel pump gear-The high
pressure fuel pump is driven via the camshaft
gear installed to the camshaft.

Oil pump gear-The lubrication oil pump is driven
directly by the crankshaft gear.

Power Take-Off (PTO)-driven by the crankshaft
gear via idler gear.

Low Duty Power Take-Off (PTO) Gear (if
installed)-driven by the camshaft gear.

Check (Condition)

1. Inspect the gears for wear or damage. If one or
more of the gears are worn or damaged, replace
them.
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15 - Engine

51 - Timing Gear
03 - Crankshaft Gear

03 - Crankshaft Gear

Remove and Install

Special Tools 2.
Description Part No. Qty. 3

Crankshaft / 892/01148 2 ’

Camshaft Timing Pin

(444/448/672 Engine) 4.

Note: The illustrations show the engine inverted. If

the drive gear components are being removed prior

to crankshaft or camshaft removal the engine must

be inverted. If the gear components only are being

removed (for inspection/renewal) then the engine

need not be inverted.

Before Removal 5.

1. Remove the starter motor. Refer to (PIL 15-75).

Remove the flywheel. Refer to (PIL 15-54).

Remove the flywheel housing. Refer to (PIL
15-54).

Rotate the crankshaft until the camshaft locking
pin can be inserted through the gear and into the
aligning hole in the rear gear case. Note: The
camshaft and crankshaft locking pins must be
in position to lock the crankshaft and camshaft
before removing the crankshaft gear.

Special Tool: Crankshaft / Camshaft Timing Pin
(444/448/672 Engine) (Qty.: 2)

Remove the taper blanking plug and insert the
crankshaft locking pin.

15-182
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15 - Engine

51 - Timing Gear
03 - Crankshaft Gear

Figure 123.

1  Drive gear and flywheel hub fixing bolt 2  Flywheel hub

3 Crankshaft gear 4 Location dowel

5 Camshaft drive gear 6 Blanking plug - crankcase
7  Crankshaft - gear location spigot T1 Timing pin - camshaft

T2 Timing pin - crankshaft

Remove 2. Remove the crankshaft gear from the crankshaft.
Make sure you retrieve the location dowel.
1. Remove the flywheel hub fixing bolt and remove
the flywheel hub.
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15 - Engine

51 - Timing Gear
03 - Crankshaft Gear

Inspect

1. Carefully inspect the outer diameter of the
flywheel hub for signs of wear or damage. Wear
or damage will cause the crankshaft rear oil seal
to fail. If in doubt renew the hub.

Install

1. Apply some clean engine oil to the location spigot
on the end of the crankshaft.

2. Make sure that the dowel is located in the
crankshaft gear and locate the gear and dowel
on to the crankshaft spigot.

3. Install the flywheel hub to the gear, locate on the
dowel. Fix the hub with fixing bolt. Tighten the bolt
to the correct torque value.

Table 56. Torque Values

Item Nm
1 47
6 11
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15 - Engine

51 - Timing Gear
06 - Camshaft Gear

06 - Camshaft Gear
Remove and Install

The camshaft drive gear is an interference fit on
the end of the camshaft and cannot be removed
individually. If the gear is damaged or worn the
complete camshaft and gear assembly must be
replaced. Refer to Camshaft- Remove and Install
(PIL 15-15).
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15 - Engine

51 - Timing Gear
09 - Fuel Injection Pump Gear

09 - Fuel Injection Pump Gear
Remove and Install

Note: The illustrations show the engine inverted. If 2.
the drive gear components are being removed prior

to crankshaft or camshaft removal the engine must

be inverted. If the gear components only are being 3.
removed (for inspection/renewal) then the engine
need not be inverted.

Before Removal

1. Remove the high pressure fuel injection pump.
Refer to (PIL 18-18).

Loosely install the high pressure fuel pump and
fixing nut, retain the gear.

Remove the starter motor. Refer to (PIL 15-75).
Remove the flywheel. Refer to (PIL 15-54).

Remove the flywheel housing. Refer to (PIL
15-54).
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15 - Engine

51 - Timing Gear

09 - Fuel Injection Pump Gear

Figure 124.

1 Drive gear - high pressure fuel pump 2 Fixing nut - drive gear - high pressure fuel pump
Remove Install
1. Remove the fixing nut and lift out the gear. 1. Use the fixing nut to loosely install the high
o ] pressure fuel pump and the drive gear. DO NOT
2. If the rear timing case is to be removed, remove lock the gear to the taper on the fuel pump drive
the high pressure fuel pump. shaft.

2. Follow the procedures listed under Before
Removal in reverse order. Note that the gear
fixing nut is torque tightened as part of the
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15 - Engine

51 - Timing Gear
09 - Fuel Injection Pump Gear

high pressure fuel pump replacement procedure.
Refer to (PIL 18-18).
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15 - Engine
51 - Timing Gear
15 - Heavy Duty PTO Gear

15 - Heavy Duty PTO Gear
Remove and Install

The illustrations show the engine inverted. If the
drive gear components are being removed prior to
crankshaft or camshaft removal the engine must
be inverted. If the gear components only are being
removed (for inspection / renewal) then the engine
need not be inverted.

Before Removal

1. This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start, refer to Parts Catalogue.

2. Remove the starter motor. Refer to (PIL 15-75).
3. Remove the flywheel. Refer to (PIL 15-54).

4. Remove the flywheel housing. Refer to (PIL
15-54-03).

15-189 9823/4700-1 15-189



15 - Engine

51 - Timing Gear
15 - Heavy Duty PTO Gear

Figure 125.

1 High duty PTO idler gear

3 Idler gear hub retaining screws (x3)
5 Flywheel hub fixing bolt

X Crankshaft gear

Z Oil feed drilling

Remove

1.

Remove the flywheel hub fixing bolt and remove
the flywheel hub. DO NOT remove the crankshaft
gear.

Lift the High duty PTO (Power Take-Off) idler
gear from the hub.

If required, remove the idler gear hub retaining
screws and lift out the hub.

2 Idler gear hub

4 Flywheel hub

6 Idler gear bearing bush

Y lIdler gear hub location dowel

Inspect

1.

Check the idler gear teeth and idler gear bearing
bush for signs of damage or excessive wear.

Measure the bearing bush inside diameter
to confirm it is within service limits, refer to
Technical Data.
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15 - Engine

51 - Timing Gear
15 - Heavy Duty PTO Gear

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that all items are clean and free from
damage and corrosion.

3. Make sure the oil way in the idler gear hub is
clear and free from debris. Use an air line to blow
through the oil feed drilling.

4. When you install the idler gear hub, make sure
the Idler gear hub location dowel locates into the
hole in the crankcase.

5. Lubricate the idler gear bearing bush with clean
engine oil.

6. Install the flywheel hub to the crankshaft gear,
locate on the dowel. Tighten the bolt to the
correct torque value.

After Installation

1. Install the flywheel housing. Refer to (PIL
15-54-03)

2. Install the flywheel to the crankshaft hub. Refer
to (PIL 15-54)

3. Install the starter motor. Refer to (PIL 15-75).

Table 57. Torque Values

Item Nm
3 65
5 47
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15 - Engine

51 - Timing Gear
22 - Rear Case

22 - Rear Case

Remove and Install

Special Tools 6. Remove the high duty PTO (Power Take-Off)
Description Part No. Qty. device (if installed).
Template for Sealant | 892/01176 1 7. Remove the low duty PTO device (if installed).
Gear Case to Cylinder
E:OC;( (4 Cyl and 6 Cyl 8. Remove the flywheel. Refer to (PIL 15-54).
ec
9. Remove the flywheel housing. Refer to (PIL

Before Removal 15-54).
1. Drain the oil from the engine. Refer to (PIL 10. Fer;:alj/?éh5e1fuel injection pump drive gear. Refer

15-21). o ( -51).
2. Disconnect and remove the fuel pipes from the 11. Remove the oil pump. Refer to (PIL 15-60).

injectors. Refer to (PIL 18-96). 12. Remove the high duty PTO idler drive gear (if
3. Remove the fuel injection pump. Refer to (PIL installed). Refer to (PIL 15-51).

18-18). 13. Remove the crankshaft drive gear. Refer to (PIL
4. Remove the fuel lift pump. Refer to (PIL 18-21). 15-51).
5. Remove the starter motor. Refer to (PIL 15-75). 14. Remove the camshaft. Refer to (PIL 15-15).
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15 - Engine

51 - Timing Gear
22 - Rear Case

Timing gear case - rear
Crankcase/bedplate assembly
Dowel - with flats

1 Alignment pins (Locally manufacture)

Jawa

Figure 126.

Timing case fixing bolts (x19)

Dowel

Anaerobic sealant

Sealant template (comprises: Main template
- A, Long gallery template - B, Short gallery
template - C
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15 - Engine

51 - Timing Gear
22 - Rear Case

Remove

1. Remove the timing case fixing bolts and then
separate the timing case from the crankcase/
bedplate assembly. Do not use a lever to
separate the timing case from the crankcase/
bedplate assembly.

Important: Anaerobic sealant will not start to cure
whilst it is open to the atmosphere, however when
air is excluded (for instance when the two parts are
put together) it willimmediately start to harden. Make
sure that all the necessary tools, bolts etc. are readily
available prior to assembling the components. The
parts must be installed and torque tightened within
5 minutes (with a maximum permissible time of 15
minutes).

Install

1. Carefully remove all traces of the old sealing
compound from the timing case and crankcase/
bedplate assembly mating faces. Make sure
that the mating faces are clean and free from
damage. Clean the inside of the timing case
using a suitable degreaser.

2. Install two alignment pins T1 to the crankcase/
bedplate assembly.

3. Make sure that dowels are correctly located in the
crankcase. Note: Dowel 5 has flats which must
be positioned relative to dowel 4, as shown at
W. This ensures correct alignment of the timing
cover.

4. The sealanttemplate T2 comprises three pieces.
Locate parts B and C using the holes in the
templates and fixing bolts at positions Y as
shown.

Special Tool: Template for Sealant Gear Case to
Cylinder Block (4 Cyl and 6 Cyl Elec) (Qty.: 1)

5. Use the templates B and C as a guide apply a
continuous 1.5 mm (0.060 in.) bead of sealant
P1 to the case. Remove the bolts from positions
Y. Remove the templates make sure you do not
smudge the sealant. Discard the templates.

6. Locate part A of the template T2 using the holes
in the template and bolts at positions X as shown.

7. Usethe template A as a guide apply a continuous
1.5mm (0.060 in.) bead of sealant P1 to the case.
Do not follow the template at V, instead apply a
continuous bead Z (inboard of the fixing hole).
Remove the bolts from positions X. Remove the
template make sure you do not smudge the
sealant. Discard the template.

8. Locate the timing case on the alignment pins T1
and install the timing case fixing bolts (remove

pins T1 to install the final two bolts). Tighten the
bolts to the correct torque value.

Important: If the parts have not been torque tightened
within the maximum 15 minute time period, then the
parts must be separated, thoroughly cleaned and
fresh sealant applied

After Installation

1. Replace all the components listed under Before
removal in reverse order.

Table 58. Torque Values

Item Nm

2 37
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15 - Engine

54 - Flywheel

54 - Flywheel

Contents Page No.
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15 - Engine

54 - Flywheel
00 - General

00 - General

Introduction ............

Component Identification ..............cccccuunneee.

Remove and Install

Introduction

Flywheels are used to provide continuous energy in
systems, where the energy source is not continuous.
In such cases, the flywheel stores energy when
torque is applied by the energy source, and it
releases stored energy when the energy source is
not applying torque to it.

In a reciprocating engine, a flywheel is used to
maintain constant angular velocity of the crankshaft.

The flywheel, which is mounted on the crankshaft,
stores energy when torque is exerted on it by a firing
piston, and it releases energy to its mechanical loads
when no piston is exerting torque on it.
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15 - Engine

54 - Flywheel
00 - General

Component Identification

Figure 127.

1 Flywheel
2 Flywheel gear ring
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15 - Engine

54 - Flywheel
00 - General

Remove and Install

Before Removal 2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
1. This procedure requires service parts. Make you start the service work.
sure you have obtained the correct service parts )
before you start. The flywheel is installed with a 3. Get access to the engine.

crankshaft position sensor target disc. DO NOT
remove the target disc. If the disc is defective the Removal
flywheel must be replaced.
1. Remove the bolts and withdraw the flywheel from
the crankshaft hub. The bolts MUST NOT be
reused. Discard the bolts.

Figure 128.

Y
0° +120°
1-8  Flywheel bolts (x8) A Flywheel
B Flywheel location dowel Y Angle tightening mark
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15 - Engine

54 - Flywheel
00 - General

Installation

1. Make sure that all items are clean and free from
damage and corrosion.

2. Align the flywheel location dowel and install the
flywheel onto the crankshaft hub.

3. Install new flywheel bolts. Tighten the bolts in
three stages using the torque and angle method.

Refer to: PIL 72-00-00.

3.1. Tighten the bolts to the first stage torque

in sequence in diagonally opposing pairs.
Refer to Figure 128.

3.2. Tighten the bolts to the first stage torque

3.3.

in sequence in diagonally opposing pairs.
Refer to Figure 128.

Use an angle gauge to tighten the
bolts final stage torque in sequence in
diagonally opposite pairs. As a visual
check, matchmark the bolts to the flywheel
before you start. When the bolts have
been angle tightened, the matchmarks will
appear as shown at Y. Refer to Figure 128.

Table 59. Torque Values

Item

Torque Value |Angle

1-8 (1st Stage) |40N-m

1-8 (2nd Stage) [120N'm

Stage)

1-8 (Final 120°
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15 - Engine

54 - Flywheel
03 - Housing

03 - Housing

Remove and Install

Special Tools 2. Remove the starter motor.
Description Part No. Qty Refer to: PIL 15-75-00.
Template for Sealant 892/12349 1
Flywheel Housing to 3. Remove the flywheel.
Gear Case (4 Cyl Elec) Refer to: PIL 15-54-00.
Before Removal Removal
The flywheel housing is integral with the drive gears 1. Remove the flywheel housing fixing bolts and

front case. When the housing is removed the drive

gears will be exposed. DO NOT attempt to remove

the camshaft and the drive gears. Removing the
camshaft with the engine in the upright position will 2.
cause the tappets to dislodge, requiring the engine

block to be dismantled.

1. This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start.

then separate the flywheel housing from the gear
case.

If required, undo the bolts and remove the access
cover.

Remove and discard the crankshaft rear oil seal.
Take care not to damage the seal bore in the
housing.
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Figure 129.

1
5
4
Y Y
// 2
© Y ’& 6
/ / \ !
9 X 8 —
T4 Y
1  Flywheel housing 2 Dowel -12 mm
3 Dowel-10 mm 4  Flywheel housing fixing bolts (x6) M10
5 Flywheel housing fixing bolts (x12) M8 6  Access cover
7  Access cover fixing bolts (x2) X  Flywheel housing mating face
Y Fixing point Alternative fixing holes

z
T

T3 Alignment pins 4 Sealant template

Before Installation 2. Use a suitable degreasing agent to clean the
inside of the flywheel housing.
1. Carefully remove all traces of the old sealant

compound from the flywheel housing mating 3. Carefully inspect all gears, bearings and shafts

faces. for signs of excessive wear or damage. If wear
or damage is evident, the components must be
renewed.
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Installation

Anaerobic sealant will not start to cure whilst it
is open to the atmosphere, however when air is
excluded (for instance when the two parts are put
together) it will immediately start to harden. Make
sure that all the necessary tools, bolts etc. are readily
available prior to assembling the components. The
parts must be installed and torque tightened within
5min with a maximum permissible time of 15min

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Figure 130.

2. Make sure that all items are clean and free from
damage and corrosion.

3. Make sure that the dowels are installed to the
mating face of the flywheel housing.

4. Install the sealant template T4 on the housing.
Locate the holes in the template, use the dowel
and three fixing bolts in the fixing points.

Special Tool: Template for Sealant Flywheel 8.

Housing to Gear Case (4 Cyl Elec ) (Qty.: 1)

5. Use the template T4 as a guide, apply a
continuous bead of sealant around the flywheel
housing mating face

Length/Dimension/Distance: 1.5mm
5.1. Some engines feature a flywheel housing
with a different fixing hole pattern. Use the

template to apply the sealant but apply
sealant manually in the position shown at Z.

6. Remove the three fixing bolts at positions.

W Sealant path

Locate the flywheel housing on the alignment
pins T3 on the crankcase and install the fixing
bolts. Progressively tighten the bolts to the
correct torque value.

8.1. Remove the alignment pins to install the last
two M10 fixing bolts.

8.2. The parts must be separated, thoroughly
cleaned and fresh sealant applied if the
parts have not been torque tightened within
the maximum time period.

Duration: 15min

Remove the template T4, make sure not to 9. Install thg access cover and use the bolts to
smudge the sealant. Discard the template. 3Z|Cuuer.e. Tighten the bolts to the correct torque
7. Apply sealant manually to complete the sealant
path around the hole at position W. After Installation
1. Install a new crankshaft rear oil seal.
Refer to: PIL 15-12-09.
2. Install the flywheel.
Refer to: PIL 15-54-00.
3. Install the starter motor.
Refer to: PIL 15-75-00.
4. Allow the sealant to cure for the specified

duration before starting the engine. The
curing times vary depending on the ambient
temperature. Refer to Table 60.
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Table 60. Sealant Curing Times

Ambient temperature |Curing time
40°C (103.9°F) 20min

22°C (71.6°F) 1h

5°C (41.0°F) 24h

Table 61. Torque Values

Item Nm
4 47
5 24
7 24
15 - 204
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09 - Gear Ring

Remove and Install

A CAUTION Wear eye protection when you drive

the gear ring off the flywheel.

If the flywheel gear teeth are damaged or excessively
worn, the gear ring can be replaced with a new one.

Before Removal

This procedure requires service parts. Make sure
you have obtained the correct service parts before
you start. Refer to the Parts Catalogue.

1.

Remove the flywheel from the engine.
Refer to: PIL 15-54-00.

Figure 131.

1 Flywheel
2 Gear ring
x Position of hole

Removal

1.

Note that the gear teeth have a lead-in chamfer
on one side to assist the starter motor pinion to
engage. Note which way around the gear ring is
installed to make sure that the new gear ring is
installed the same way on assembly.

2. Place the flywheel flat on a firm surface. Drill a

hole through the gear ring below the root of one
of the gear teeth as shown. Drive a chisel into the
adjacent tooth to spread the gear ring apart. Take
care not to damage the flywheel or the position
sensor target disc.

Installation

1.

Make sure that all items are clean and free from
damage and corrosion.

2. Heat up the new gear ring, preferably in an

oven to make sure that the heat is applied
evenly around the circumference, to the specified
temperature.

Temperature: 280°C (535.6°F)

3. When the gear ring is sufficiently heated, install

the gear ring into position over the flywheel. Make
sure that the gear ring is installed the correct way
around with the chamfer on the engine side of the
flywheel.

Figure 132.

A Gear teeth chamfer

4. Allow the gear ring to cool and shrink into

position.

After Installation

1.

Install the flywheel.
Refer to: PIL 15-54-00.
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Introduction

The oil pump is a rotor type pump located inside the
timing gear case. The pump is driven by gears via
the crankshaft.

The pump consists of two rotors, one running inside
the other. The outer rotor has one more lobe than the
inner rotor and turns on a different axis.

When rotated the gap between the inner and outer
rotor lobes increases, drawing oil in through the
inlet port. After a half rotation the gap reaches a
maximum, the inlet port is closed and the outlet port
opens.

Further rotation causes the gap between the lobes to
diminish, forcing the oil out through the outlet port.

A pressure relief valve assembly is integral with the
pump body. As oil pressure increases it acts on a
spool to overcome the pressure of the spring. As the
spool moves it uncovers a port allowing pressurised
oil directly back to the inlet port. In practice the
spool is continually opening and closing to maintain
the correct oil pressure value. The valve is not
adjustable.
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Component Identification

Figure 133.

1 Oil pump 2  OQuter rotor

3 Inner rotor 4  Inlet port

5 Outlet port 6 Relief valve assembly

7 Relief valve spring 7a Relief valve port (return to inlet port 4)

8 Relief valve spool 8a Relief valve pressure port (connected to port 5)
9 Oil pump connecting ports (engine bed plate)
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Check (Condition)

1. Check the oil pump internal parts for signs of
damage and excessive wear.

2. Check that the engine oil pressure is within the
specified tolerance.

Refer to: PIL 15-00-00.
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Remove and Install

Special Tools

Description Part No. Qty.
Torque Wrench 993/70111 1
(10-100Nm)

The illustrations show the engine inverted. If the

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

; ; ; 4 2. Drain the oil from the engine, refer to (PIL 15-21).
oil pump is being removed prior to crankshaft or
camshaft removal, the engine must be inverted. If 3. Remove the starter motor, refer to (PIL 15-75).
the oil pump only is being removed (for inspection or
renewal) then the engine need not be inverted. 4. Remove the flywheel, refer to (PIL 15-54).
This procedure requires service parts. Make sure 5. Remove the flywheel housing, refer to (PIL
you have obtained the correct service parts before 15-54).
you start, refer to Parts Catalogue.

Figure 134.

1 Oil pump
3 Flywheel hub
X Crankshaft gear

2 Oil pump fixing bolts (x4)
4 Flywheel hub fixing bolt
Y Oil pump location dowel
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Remove

1. Remove the flywheel hub fixing bolt.

2. Remove the flywheel hub. DO NOT remove the
crankshaft gear.

3. Remove the oil pump fixing bolts and lift the oil
pump away from the timing gear case.

The oil pump is a non-serviceable item. If the oil

pump is damaged or worn it must be renewed as a

complete assembly.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that all parts are clean and free from
damage and corrosion.

3. Lubricate the pump rotor with clean engine oil.
4. Make sure that the oil pump location dowel
locates into the hole in the gear timing case.

5. Install the flywheel hub into the crankshaft gear,
locating on the dowel. Tighten the bolts to the
correct torque value.

Special Tool: Torque Wrench (10-100Nm) (Qty.:
1)

After Replacement

1. Install the flywheel housing, refer to (PIL 15-54).

2. Install the flywheel to the crankshaft hub, refer to
(PIL 15-54).

3. Install the starter motor, refer to (PIL 15-75).

4. Fill the engine with engine oil, refer to (PIL
15-21).

Table 62. Torque Values
Item Nm
2 24
4 47
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INtroduction .......coevvveiiiiieee e
Check (Condition) .......ccoovveciviiiiieeee e,

Remove and Install

Introduction

Engine mounts support the engine, they dampen
noise and vibration. The mounts isolate the engine
from the chassis or framework so that vibrations and
noise are not transmitted to the rest of the machine.

Most engine mounts consist of metal attachment
plates and large rubber insulator blocks. The rubber
portions of the mount are flexible and provide the
cushioning that dampens the engine vibrations.
The metal bracket part of the mount provides the
mechanical support and attachment points for the
engine mounts.
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Check (Condition)

1.

Make the machine safe.
Refer to: PIL 01-03.

Remove and Install

Do the below procedure for each AVM that requires
replacement.

2. Make sure that the engine is safe to work on. If Remove
the engine has been running, let it cool before
you start the service work. 1. Make the machine safe.
3. Check the condition of the engine mounts for Refer to: PIL 01-03-27.
wear and damage. 2. Make sure that the engine is safe to work on. If
4. Check the condition of the engine mounts for the engine has been running, let it cool before
correct tightness. you start the service work.
5. If necessary, tighten the engine mounts to the 3. Remove the engine compartment cover.
correct torque value. 4. Remove the fan cowl.
Table 63. Torque Values 5. Remove the mounting bolts on the engine feet
ltem |Description Nm and alternator.
A Engine Mounting bolts 83 6. Make sure that you work on one mount at a time.
7. Use suitable lifting equipment to lift the engine up
until the AVM can slid out and choke the engine.
8. Remove the AVM.
Install
1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.
2. Replace the AVM with new.
3. Make sure that the AVM is installed in correct
installation position.
4. Remove the choke and lower the engine.
5. Install the mounting bolts to the engine feet and
alternator.
6. Tighten the mounting bolts to the correct torque
value.
Refer to: PIL 72-00-00.
7. Install the fan cowl.
15-214 9823/4700-1 15-214
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Introduction

Oil Cooler Assembly

The oil cooler and filter are incorporated in a housing
that is bolted to the side of the crankcase. The
housing allows transfer of lubricating oil from the
crankcase to the oil cooler and filter head.

Some installations have a remote oil filter head. The
oil cooler housing incorporates feed and return ports
for hose connections to the filter head. A remote
oil filter head is used when access to the engine is
restricted.

Oil Cooler Matrix

The oil cooler matrix is a non-serviceable part and
must not be removed from the housing. The housing/
cooler assembly is leak tested during manufacture to
minimise the risk of cross contamination of coolant
and lubricating oil.
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Component Identification Operation

Figure 135. The oil cooler housing allows transfer of lubricating
oil from the crankcase to the oil cooler and filter head.
The coolant also transfers to the housing and passes
over the oil cooler matrix causing heat to exchange
from the oil to the coolant.

The cooled and filtered oil then passes back into the
main oil gallery into the crankcase.

An engine oil filler point is also included via cap and
port which aligns with a port in the crankcase.

1 Qil cooler housing

Figure 136.

Qil cooler housing

Qil cooler matrix

Sealing gasket (housing to crankcase)
Coolant gallery

Oil gallery (from cooler to filter head)

Qil fill port

Qil gallery (from filter head to main oil gallery)
Qil gallery (from pump to cooler)

ONOAARWN-=-
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Check (Condition)

1.

Inspect the sealing faces on the oil cooler matrix,
oil cooler housing and the crankcase. Make sure
that the faces are clean and free from scale or
damage.

Inspect the sealing gasket and o-rings for signs
of damage. If in doubt, renew the gasket or O-
rings.

Remove and Install

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Drain the coolant, refer to (PIL 21-00).
Remove the oil filter, refer to (PIL 15-21).
Figure 137.

Oil cooler housing (integral oil filter head)
Oil cooler housing fixing bolts (x10)

Oil filter head

Oil cooler housing (remote oil filter head)
Remote oil filter head hose ports

E
A
B
Cc
D
E

Remove

Get access to the engine.

If applicable, disconnect the electrical connectors
at the oil pressure switch and the oil temperature
sensor.

If applicable, label and disconnect the electrical
connectors at the ECM (Engine Control Module).
Do not touch the electrical pins on the ECM.
Cap the connectors on the harnesses and the
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ECM to preventingress of oil and coolant. Tie the
harnesses away from the oil cooler housing.

Table 64. Torque Values

Item |Description Nm

4. If applicable disconnect the remote oil filter head B Bolts 24
hoses from the ports on the oil cooler.

5. Remove the bolts and lift the oil cooler housing
away from the crankcase. DO NOT attempt to
remove the oil cooler matrix from the oil cooler
housing.

If there is cross contamination of coolant and

lubricating oil, the oil cooler matrix may be faulty. If a

faulty matrix is suspected renew the matrix and the

seals.
Figure 138.

A OQil cooler housing

B Oil cooler matrix

C Sealing gasket

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that sealing gasket is undamaged and
correctly located in its groove. A faulty gasket will
cause cross contamination of the lubricating oil
and coolant. If in doubt install a new gasket.

3. Tighten the bolts to the correct torque value.

After Installation

1. If applicable, install the oil filter, refer to (PIL
15-21).

2. REefill the cooling system with the recommended
coolant mixture, refer to (PIL 21-00).

3. If applicable, make sure that the harness
connectors are connected to the correct
connectors on the ECM.

4. Start the engine and check for oil and coolant
leaks.
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Disassemble and Assemble

Dismantling of the oil cooler and oil filter head
assembly is not necessary unless the oil cooler
matrix or the seals are faulty.

Disassemble

1. Remove the four fixing bolts and lift off the oil
cooler matrix.

2. Remove and discard the two sealing O-rings.

3. Remove the sealing gasket.

Figure 139.

Fixing bolts

Oil cooler matrix
O-rings

Sealing gasket
Oil cooler housing

moow>

Inspect

1. Refer to Oil Cooler - Check Condition.

Assemble

1. Locate the new O-rings. Install the oil cooler
matrix. Tighten the bolts to the correct torque
value.

2. Install the sealing gasket to the oil cooler

housing.
Table 65. Torque Values
Item Nm
A 23
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Introduction

When the generator is running, the current from
the battery flows by way of the No Charge warning
light to the field winding. This creates a magnetic
field which supplements the residual magnetism in
the rotor poles. As the engine is started, the FEAD
(Front End Accessory Drive) belt drives the rotor
and the alternating current is generated in the power
windings as they are cut by the rotating magnetic
field. Output is controlled by a solid state regulator
which varies the field current in accordance with
electrical demand.
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Health and Safety

Ensure that the battery negative terminal is
connected to the earthing cable.

Never make or break connections to the battery
or alternator, or any part of the charging circuit
whilst the engine is running. Disregarding this
instruction will result in damage to the regulator
or rectifying diodes.

Main output cables are 'live' even when the
engine is not running. Take care not to earth
connectors in the moulded plug if it is removed
from the alternator.

During arc welding on the machine, protect the
alternator by removing the moulded plug (or if
separate output cables installed, remove the
cables).

If slave starting is necessary, connect the
second battery in parallel without disconnecting
the vehicle battery from the charging circuit.
The slave battery may then be safely removed
after a start has been obtained. Take care to
connect batteries positive to positive, negative
to negative.

Technical Data

Technical data may differ between machine variants
and installations. For full data relating to the
alternator refer to the applicable parts information.
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Component Identification

Figure 140.

A Alternator

B Regulator and brush assembly
C Dirive pulley

D Tie bolts

Check (Condition)

Charging Circuit Test

1. Make sure that all the battery and alternator
connections are in place, secure and making
good metal - to - metal contact, especially the
earth connections to chassis and engine.

2. Adjust the alternator drive belt tension if
necessary and make sure that the battery is well
charged.

3. Turn the ignition switch to the ON position. Oil
pressure and "No Charge" warning lights should
glow. If any light fails, re-check the connections.

4. Start the engine; all warning lights should
extinguish rapidly. If the "No Charge" warning
light remains ON, re-check the alternator drive
belt tension and that the battery is charged. If
the oil pressure warning remains on stop the
engine Immediately and investigate the engine
lubrication system.

Check 1

With the ignition switch ON, check that the heater
motor and screen wiper will operate.

If they operate normally, check the warning light bulb
for a blown filament.

Simultaneous failure of all items indicates a fault at
the ignition switch. Check for cable disconnection
before condemning the switch itself.

If the 'No Charge' warning bulb is in good order,
withdraw the triple plug from the back of the
alternator. Make a temporary connection between
the small terminal in the plug and earth as shown
below. If the 'No Charge' warning bulb still fails to
light, check the cable for continuity. If the bulb now
lights, check the alternator for a defective regulator.

Figure 141.

v

Check 2

The following checks should be made using an
analogue (moving pointer) type Multimeter.
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1.

3.

Stop the engine and turn the ignition switch to
OFF.

Withdraw the alternator plug and connect the
Multimeter between the large terminals and
earth. With the Multimeter set to measure,

Voltage: 12V

Figure 142.

2.1. The Multimeter
voltage.

should show battery

2.2. If the reading is zero, check the cables
for continuity, particularly at the starter
terminals.

If the voltage is correct, check the alternator.

Alternator Charging Test

Figure 143.

Make sure that all
connections are in place, secure and making
good metal to metal contact, especially the earth

battery and alternator

10.

11.

Alternatively, operate the starter for a few
moments with the ESOS (Engine Shut-Off
Solenoid) fuse removed.

Install an open type shunt between the battery
positive lead and the battery positive terminal.
Current: 100A

Connect a Multimeter positive lead to machine

side of the shunt and negative lead to battery side
of the shunt.

Connect the leads to the Multimeter and set the
Multimeter to the relevant range as follows.

AVO 2002

8.1. Red lead to volts (middle) socket on

Multimeter.
8.2.
8.3.

Black lead to negative on Multimeter.

Right side slider to DC (Direct Current)
voltage.

8.4. Left side slider,Refer to Figure 143.
AVO 2003

9.1. Red lead to amps socket (A) on the

Multimeter.
9.2.
9.3. Right side slider to DC voltage
9.4. Left side slider to 200 Shunt

FLUKE 85

Black lead to negative on Multimeter.

10.1. Red lead to volts socket (V ) on Multimeter.
10.2. Black lead to COM socket on Multimeter.
10.3. Set dial to mV.

Start the engine and run at maximum speed
(see Technical Data). Multimeter should show
maximum alternator output in Amps (see
Technical Data). The Multimeter reading should
be taken as soon as possible after starting the
engine, as the charging current will fall rapidly.

12. A zero reading indicates failure of the alternator

and may be caused by one of the following
conditions. These are listed in the order of
probability.

connections to chassis and engine. 12.1. Defective suppression capacitor.
2. Make sure that the alternator drive belt tension is 12.2. Dirty slip rings or worn brushes.
correctly adjusted. 12.3. Defective regulator.
3. Ifthe batteryis in a fully charged condition, before 12.4. Defective rectifier.
commencing the test switch on the working lights . .
for 12.5. Open or short circuited field (rotor)
. ) windings.
Duration: 3min
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12.6. Open or short circuited power (stator)
windings.

13. To check for a fault, disconnect the capacitor and
repeat the charging test. Renew the capacitor if
necessary.

14. To check for faults with the slip rings, bushes or
regulator, remove the regulator and brush box
assembly. Check the condition of the brushes
and, if necessary, clean the slip rings using extra-
fine glass paper. The regulator may only be
renewed.

15. Faults with the rectifier, rotor and stator may be
checked only by removing and dismantling the
alternator for further testing.

Remove and Install

Figure 144. Alternator location

0

iy
74_)7

Remove

1. Disconnect the negative (-) lead followed by the
positive (+) lead from the battery terminals.

2. Remove the alternator (accessory) drive belt.

3. Disconnect the electrical leads from the
alternator terminals. Label the leads to make
sure that they are installed in the correct positions
on assembly.

4. Undo the alternator securing bolts and lift the
alternator away from the cylinder block mounting.

Figure 145.

A Alternator
B Securing bolts

Inspect

1. Check the brushes for wear. Renew the brushes
if the length is less than

Length/Dimension/Distance: 8mm
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Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. ltis not necessary to adjust the position of the
alternator in order to tension the drive belt, as
the accessory drive belt arrangement is self-
tensioning.

3. Tighten the alternator securing bolts to the
correct torque value.

4. Make sure you reconnect the electrical leads to
the alternator in the correct positions and tighten
to the correct torque.

Table 66. Alternator securing bolt torque

Item Torque Value

A 47N'm

B 47N'm
Figure 146.

Table 67. Alternator electrical connection torque

Item Torque Value
B+ 9-13N'm

L 2.7-3.8N'm
w 2.7-3.8N'm

Disassemble and Assemble

Voltage Regulator and Brushes

1. The voltage regulator and brush set is a
combined assembly. Refer to (PIL 15-72-06).

Drive Pulley
1. Refer to (PIL 15-72-03).
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03 - Pulley
Remove and Install

This part is non-serviceable. If it fails, replace the
complete alternator. Refer to: PIL 15-72-00.
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06 - Voltage Regulator
Remove and Install

The voltage regulator is an integral part of the
alternator, it is designed to automatically maintain a
constant voltage level.

This part is non-serviceable. If it fails, replace the
complete alternator. Refer to: PIL 15-72-00.
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Introduction

The starter motor is a DC (Direct Current) motor with
combined starter solenoid. When the current from
the battery is applied to the solenoid, the solenoid
engages a lever that pushes out the drive pinion on
the starter driveshaft and meshes the pinion with the
starter ring gear on the flywheel of the engine.

The solenoid also closes high current contacts for the
starter motor, which begins to turn. Once the engine
starts and is above cranking speed the controller
will remove the crank signal and a spring in the
solenoid assembly pulls the pinion gear away from
the ring gear, and the starter motor stops. The starter
motor pinion is clutched to the drive shaft through
an overrunning clutch which permits the pinion to
transmit drive in only one direction. Drive is then
transmitted through the pinion to the flywheel ring
gear, but if the pinion remains engaged (as for
example because the controller fails to remove the
crank signal as the engine starts, or if there is a short
and the solenoid remains engaged), the pinion will
spin independently of the drive shaft, this prevents
the engine driving the starter.

The starter motor is only designed for intermittent
use, the electrical components are designed only to
operate for a time period of 20s before overheating.

INtroduction .........oevviiiiiii e, 15-233
Health and Safety ........ccccoceeeeeeeiiiiieee, 15-234
Component Identification ..............cccccuuneeee. 15-234
Check (Condition) ........coooiiiiiiiiiiiieiiie 15-235
Remove and Install ..........ccccoeeeeiiiiiiiiiinennnn. 15-237
Disassemble and Assemble ..........cccceeeeee. 15-238
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Health and Safety Component Identification
A Notice: Before carrying out arc welding on the .
machine, disconnect the battery and alternator to Figure 147.

protect the circuits and components. The battery
must still be disconnected even if a battery
isolator is installed.

WARNING Do not attempt to disconnect the
batteries while the generator is running.

WARNING Ensure that the generator is isolated
and made safe, by switching off the battery
charger and disconnecting the starter batteries.

1 Solenoid
2 Brush gear
3 Tie bolts

15-234 9823/4700-1 15 -234



15 - Engine
75 - Starter Motor
00 - General

Check (Condition)

Before carrying out the multimeter tests, check
the battery condition and make sure that all the
applicable electrical connections are clean and tight.
Make sure that the starter motor fixing bolts are
tightened to the correct torque.

To prevent the engine starting during the tests make
sure that the applicable engine stop fuse is removed.

Check the readings in the following sequence using
a multimeter. Unless otherwise stated, the readings
must be taken with the ignition switch held in the
start position (HS) and the controls set to enable
the starter motor. The readings are shown for both
12V and 24V systems. The highest values are for
machines with 24V systems. Identify the applicable
system before carrying out the tests.

Do not operate the starter motor for more than 20s at
one time. Let the starter motor cool for at least 2min
between starts.

1. Connect the multimeter across the battery
terminals.

Figure 148.

1.1. Reading in start position approximately

Voltage: 10V
Voltage: 20V

1.2. Minimum permissible reading in start
position

Voltage: 9.5V
Voltage: 18V

1.3. A low reading probably indicates a fault in
the starter motor.

2. Connect the multimeter between the starter main
terminal and the commutator end bracket. In the
start position, the reading should not be below
the reading obtained in 1 by any more than

Voltage: 0.5V
Voltage: 1V

Figure 149.

A Starter main terminal
B Commutator end bracket (Starter earth
connection)

2.1. Minimum permissible reading in start
position

Voltage: 9V
Voltage: 17V

2.2. If the reading is within this limit, continue to
3. If the reading is outside the limit, proceed
to 4.

3. Connect the multimeter between the solenoid
terminal and a good earth. Minimum permissible
reading in start position

Voltage: 8V
Voltage: 16V

Figure 150.

C Solenoid terminal

4. If the reading is less than specified, connect
the multimeter between the start relay switched
output and earth. A fault is indicated with the
wiring from the start relay to the solenoid if the
reading increases to

Voltage: 8V
Voltage: 16V
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Figure 151.
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A Starter main terminal

B Starter earth connection
C Solenoid terminal

D Start relay feed
E
H
4

Start relay switched output
Battery positive and solenoid connection

1. Ifthe reading is less than specified, connect
the multimeter between the start relay feed
and earth.

4.2. A faulty start relay or a fault in the feed to
the relay solenoid is indicated if the voltage
increases to

Voltage: 8V
Voltage: 16V

4.3. Check also the solenoid earth connection.
The fault must be in either the starter switch
orin the wiring between the solenoid, starter
switch, and the start relay, if the reading
between terminal and earth is less than

Voltage: 8V
Voltage: 16V

Connect the multimeter between battery
negative and starter earth connection. The
reading in the start position should be practically
zero, maximum permissible reading

Voltage: 0.25V

Figure 152.

B Starter earth connection

6.

7.

5.1. If the reading is above the maximum
permissible voltage, a high resistance in the
earth lead or connections is indicated.

Connect the voltmeter between battery positive
and the starter main terminal. With the starter
switch off, the voltmeter should indicate battery
voltage, but it should fall to practically zero when
the switch is turned to the on position, maximum
permissible reading

Voltage: 0.25V

Figure 153.

A Starter main terminal

If the reading is above the maximum permissible
voltage, a high resistance is present in the
insulated lead or in the solenoid. Connect the
multimeter between the battery positive and
solenoid connection. If the multimeter now reads
zero with the switch closed, the fault is in the
solenoid.

Figure 154.

H Battery positive and solenoid connection

8. Finally install the engine stop fuse.
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Remove and Install

Figure 155.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that the flywheel housing and starter
motor mating faces are clean.

Tighten the bolts to the correct torque value.

Make sure you reconnect the electrical leads to
the starter motor in the correct positions.

Install the security cover (if installed).

Table 68. Torque Values

Item Nm
A 15+3
D 47+ 4
A Electrical lead (Terminal 30) E 36+ .6
B Security cover
C Starter motor
D Bolt (x3)
E Electrical lead (Terminal 50)
Remove
1. Make the machine safe.
Refer to: PIL 01-03.
2. Make sure the engine is safe to work on. If the
engine has been running, make sure that the
engine has cooled sufficiently before you start
work.
3. Disconnect the battery negative lead followed by
the positive lead from the battery terminals.
4. Remove the security nut and bolt, remove the
security cover (if installed).
5. Disconnect the electrical leads from the starter
motor terminals. Label the leads to make sure
they are installed in the correct positions on
assembly.
6. Undo the bolts (x3) and withdraw the starter
motor from the flywheel housing.
Inspection
1. Check the drive pinion splines for damage and
excessive wear.
2. Check the brushes for wear. Renew the brushes
if the length is less than
Length/Dimension/Distance: 8mm
15 - 237 9823/4700-1 15 - 237



15 - Engine
75 - Starter Motor
00 - General

Disassemble and Assemble

These parts are non-serviceable if any part fails,
replace the complete starter motor. For cleaning
and checking purposes only, dismantle the motor as

follows:

Brush Gear

1. Check the brush gear as follows:

1.1.

1.2.

1.3.

1.4.
1.5.

Remove the tie bolts and carefully separate
the commutator end cover.

Remove the screws. Remove the brush
holder and brushes.

Check the brushes for wear. Install or
renew the brush set as required. Renew the
brushes if they are less than

Length/Dimension/Distance: 8mm
Clean the commutator.

Before installing the commutator end
cover, make sure that the sealing ring is
undamaged and correctly installed. Make

1.6.

sure the wave washer is installed inside the
cover.

Carefully install the commutator end cover,
then tighten the tie bolts.

Starter Solenoid

1. Check the starter solenoid as follows:

1.1.

1.2

1.3.

1.4.

1.5.

Disconnect the starter motor cable from the
solenoid connector post.

Remove the screws and carefully withdraw
the solenoid assembly.

Make sure that the sealing
undamaged and correctly installed.

ring is

Before you install the solenoid make sure
you engage the pinion lever arm through
the hole in the solenoid actuator rod, then
tighten the screws.

Reconnect the starter motor cable to the
solenoid connector post.
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743740-C1

A Starter solenoid

C Sealing ring - solenoid

E Pinion lever arm

G Commutator end cover

J Brush set

L Sealing ring - commutator end cover
N Cable connector post

Figure 156.
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B Screws - starter solenoid (3 off)

D Solenoid actuator rod

F Tie bolts (2 off)

H Screws - commutator end cover (2 off)
K Commutator

M Wave washer

P Pinion gear
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03 - Solenoid
Remove and Install

The solenoid is an integral part of the starter motor,
it is designed to relay a large electric current to the
starter motor, which in turn sets the engine in motion.
The solenoid also engages the starter pinion with the
ring gear of the engine.

This part is a non-serviceable part if it fails, replace
the complete starter motor.
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06 - Brush Gear
Remove and Install

The starter motor brushes are an integral part of the
starter motor.

This part is a non-serviceable part if it fails, replace
the complete starter motor.
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Introduction

The engine sensors continually send signals to the
ECM (Engine Control Module) to help the ECM to
control the smooth running of the engine and related
components.

The ECM processes signals from the sensors
continually and its response will be based on an
evaluation of the combination of sensor signals.

After removal from the engine, protect the sensors
from knocks, dust and water ingress and any high
temperature sources.

The sensors are not serviceable, therefore they must
be replaced in the event of damage.
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Technical Data

Inlet Manifold Air Pressure and Temperature
Sensor (TMAP)

Atmospheric Output voltage |+/- V
pressure bar |V
(psi)
0.98 -0.025/ 1.84 0.05
+0.025
(14.2 -0.4/+0.4)
Table 73.
Knock Sensor
Type Piezo crystal.
Fixing screw tightening |24N-m
torque
Fixing screw thread di- |M8
ameter
Table 74.
Throttle Position Sensor (TPS)”
Type Two channel ratio metric
voltage output sensor.
Supply voltage 5v
Rotational range 75°
Output range Linear output voltage
over the rotational
range.

Table 69.
Crankshaft Position Sensor
Type [Hall effect.
Table 70.
Camshaft Position Sensor
Type |Hall effect.
Table 71.
Coolant Temperature Sensor
Type Temperature dependant resis-
tance.
Tightening 22N-m max
torque
Thread diame- |[M12 x 1.5.
ter
Temperature v Resistance Table
Temperature Resistance Q |+/- %
°C ( °F)
25 (77.0) 2,062 5.7
50 (121.9) 833 4.3
100 (211.9) 187 2
110 (229.8) 144 2.4

Table 72.

(1) The throttle position sensor is not supplied as part
of the engine assembly. The technical data given is
compatible with the specification required.

Inlet Manifold Air Pressure and Temperature
Sensor (TMAP)

Fixing screw 22N-m max
tightening

torque

Fixing screw M6
thread diameter

Supply voltage |5V

Temperature Sensor

Type |Temperature dependant resistor.

Table 75.
Rail Pressure Sensor
Type The rail pressure sensor
is integral with the com-
mon rail.
Table 76.
High Pressure Rail Fuel Valve
Type The HPV (High Pressure

Valve) is integral with
the common rail.

Temperature v Resistance Table

Table 77.

Igr?opg)rature Resistance Q |+~ % Fuel Temperature Sensor
5 (41.0) 4707 466 Type The fuell t_emperatur_e

! sensor is integral with
10 (50.0) 3,791 4.55 the high pressure fuel
15 (59.0) 3,075 4.44 pump.
20 (68.0) 2,510 4.33
25 (77.0) 2,062 422 Table 78.
30 (86.0) 1,715 412 Oil Pressure Switch
Pressure Sensor Set pressure 0.6bar (8.7psi) falling.
Type |Piezo-resistive Switch mode Normally open.

Atmospheric Pressure v Voltage

Max pressure 27 .5bar (398.5psi)
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Oil Pressure Switch
Max working pressure  [13.8bar (200.0psi)
Tightening torque 23N-m max.
Thread diameter M12 x 1.5.
Table 79.
TMAF (Temperature and Mass Air Flow) Sensor
Air temperature Expected resistance
0°C (32.0°F) 5,370-5,935Q
25°C (77.0°F) 1,900-2,100Q
Table 80.
Exhaust Manifold Pressure Sensor
Pressure (Absolute) Expected output”
Obar (0.0psi) 0.5V
Sbar (72.5psi) 4.5
(1) With a 5V supply
Table 81.
Intercooler Outlet Temperature Sensor
Temperature Expected resistance
0°C (32.0°F) 8,600-10,000Q
10°C (50.0°F) 5,200-6,000Q
20°C (68.0°F) 3,250-3,700Q
40°C (103.9°F) 1,370-15,210Q
80°C (175.9°F) 319-340Q
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Component Identification

Engine Sensors and Actuators

Figure 157.
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A Coolant temperature sensor (PIL 15-84) B Turbocharger actuator (not installed on 55Kw
engines) (PIL 18-36)

D TMAP (Temperature Manifold Absolute E Fuel temperature sensor (PIL 15-84)

Pressure) (PIL 15-84)

F Fuel inlet metering valve (PIL 18-18) G Camshaft position sensor (PIL 15-84)

H Crankshaft position sensor (PIL 15-84) J Oil temperature sensor (PIL 15-84)

K Oil pressure switch (PIL 15-84) P Inter cooler outlet temperature sensor (PIL
15-84)
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Figure 158.

C Exhaust manifold pressure sensor (PIL 15-84) L Fuel pressure relief valve (HPV) (PIL 15-84)
M EGR (Exhaust Gas Recirculation) actuator (PIL N Exhaust manifold temperature sensor (PIL
18-27) 15-84)

O OQil level switch (optional) (PIL 15-84)
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Fault-Finding

Fault

General Sensor Fault Table 82. Page 15-248

Water in Fuel Sensor Fault Table 83. Page 15-248

Knock Sensors Table 84. Page 15-249

TMAP (Temperature Manifold Absolute Pressure) Sensor Fault (Boost Table 85. Page 15-250

Pressure)

Crankshaft Position Sensor Table 86. Page 15-250

Camshaft Position Sensor Table 87. Page 15-251

TMAF (Temperature and Mass Air Flow) Sensor Table 88. Page 15-252

Table 82. General Sensor Fault

Cause

Remedy

Sensor supply voltage fault

Disconnect the sensor, check sensor voltage supply
at the harness connector (see relevant sensor help
file for pin numbers or refer to engine electrical
schematic). If voltage supply is faulty, disconnect all
other sensors in turn until voltage supply returns.

If sensor supply voltage is OK, proceed to 'Sensor
connection faulty'.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs

of corrosion or contamination. Repair/replace as
necessary.

If no fault is found, proceed to 'Sensor failure'.

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace.

If no faults is found, proceed to ECM (Engine Control
Module) connection fault'.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity. Check the machine
and engine earth contacts. Repair/ replace as
necessary.

If no fault is found, raise Techweb Helpdesk call.

Table 83. Water in Fuel Sensor Fault

Cause

Remedy

Sensor supply voltage fault

Check the presence of electrical supply on water
sensor.

If sensor supply voltage is OK, proceed to 'Sensor
connection faulty'.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs

of corrosion or contamination. Repair/replace as
necessary.

If no fault is found, proceed to 'Sensor failure'.
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Cause

Remedy

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace.

If no faults is found, proceed to ECM connection
fault'.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to "Wiring fault'.

Wiring fault

Check the harness continuity and machine and
engine earth contacts. Repair/ replace as necessary.

If no fault is found, raise Techweb Helpdesk call.

Table 84. Knock Sensors

Cause

Remedy

Sensor connection fault

Check the following sensors and make sure they
work correctly. — Knock sensors — Water temperature
sensor — Air temperature sensor — Fuel temperature
sensor — Barometric pressure sensor (built inside the
ECM).

Check the knock sensors connection and screw
torque (Check particularly the ground shield
connection). Repair as necessary and re-enter all
injector calibration codes (read then write) in correct
position to reset learned parameters.

If no fault is found proceed to 'Knock sensors ground
fault'.

Knock sensors ground fault

Check the grounding of knock sensors, repair as
necessary.

If no fault is found proceed to ECM connection fault'.

ECM connection fault

Disconnect ECM and inspect. Check seals are in
place, check for signs of corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity and electrical
installation, repair/replace as necessary.

If no fault is found proceed to 'Injector calibration
codes fault'.

Injector calibration codes fault

Check the injector calibration codes recorded in
ECM, if found fault re-enter all injector calibration
codes (read then write) in correct position to reset
learned parameters.

If the injector calibration codes are OK, test the
vehicle on road and check the DTC (Diagnostic
Trouble Code) again with the diagnostic tool. If the
problem is still present, replace the knock sensors.
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Table 85. TMAP (Temperature Manifold Absolute Pressure) Sensor Fault (Boost Pressure)

Cause

Remedy

Sensor supply voltage or calibration fault

Disconnect the sensor, check sensor voltage supply
at the harness connector (see relevant sensor help
file for pin numbers or refer to engine electrical
schematic). If voltage supply is faulty, disconnect

all other sensor in turn until voltage supply returns.
Replace the faulty sensor. If no sensor is faulty
replace the ECM.

If sensor supply voltage is OK, proceed to 'Air inlet
circuit fault'.

Air inlet circuit fault

Check the consistency of barometric pressure
reading. Verify the conformity of air inlet circuit.— VGT
(Variable Geometry Turbocharger) / Turbo — Leakage
before VGT / Turbo — Air filter — Valve position using
ServiceMaster — Vane state.

Check all the hose connections for air leaks, repair
as necessary.

If no fault is found, raise Techweb Helpdesk call.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs

of corrosion or contamination. Repair/replace as
necessary.

If no fault is found, proceed to 'Sensor failure'.

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace.

If no faults is found, proceed to ECM connection
fault'.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replaceECM and re-flash
appropriate calibration (see Re-flashing an ECM

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity and machine and
engine earth contacts. Repair/ replace as necessary.

If no fault found, raise Techweb Helpdesk call.

Table 86. Crankshaft Position Sensor

Cause

Remedy

Sensor supply voltage fault

Disconnect the sensor, check sensor voltage supply
at the harness connector (see relevant sensor help
file for pin numbers or refer to engine electrical
schematic). If voltage supply is faulty, replace the
sensor.

If sensor supply voltage is OK, proceed to 'Sensor
connection faulty'.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs of
corrosion or contamination. Repair as necessary.

If no fault is found, proceed to ECM connection fault'.
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Cause

Remedy

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Sensor signals faulty'.

Sensor signals faulty

Check the sensor signals. If scope available, display
Cam and crank signals on the scope. Change the
sensor as necessary.

If no fault is found, proceed to 'Sensor failure'.

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace.

If no fault is found, proceed to 'Sensor target wheel
fault'.

Sensor target wheel fault

Check the crankshaft position sensor target wheel if
damaged, replace with a new crankshaft.

If no fault is found raise Techweb Helpdesk call.

Table 87. Camshaft Position Sensor

Cause

Remedy

Sensor supply voltage fault

Disconnect the sensor, check sensor voltage supply
at the harness connector (see relevant sensor help
file for pin numbers or refer to engine electrical
schematic). If voltage supply is faulty, replace the
sensor.

If sensor supply voltage is OK, proceed to 'Sensor
connection faulty'.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs of
corrosion or contamination. Repair as necessary.

If no fault is found, proceed to 'Sensor failure'.

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace.

If no fault is found, proceed to Step 4.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Sensor signals faulty'.

Sensor signals faulty

Check the sensor signals. If scope available, display
Cam and crank signals on the scope. Change the
sensor as necessary.

If no fault is found, proceed to 'Sensor target wheel
fault'.

Sensor target wheel fault

Check the Cam target wheel if damaged, replace
with new camshaft.

If no fault is found raise Techweb Helpdesk call.
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Table 88. TMAF (Temperature and Mass Air Flow) Sensor

Cause

Remedy

Sensor supply voltage or calibration fault

Disconnect the sensor, check sensor voltage supply
at the harness connector (see relevant sensor help
file for pin numbers or refer to engine electrical
schematic). If voltage supply is faulty, disconnect

all other sensor in turn until voltage supply returns.
Replace the faulty sensor. If no sensor is faulty
replace the ECM

If sensor supply voltage is OK, proceed to 'Air inlet
fault'.

Air inlet fault

Check all the hose connections for air leaks, repair
as necessary.

If no fault is found proceed to 'Sensor connection
faulty'.

Sensor connection faulty

Check the condition of sensor to harness connection,
make sure the seals are in place, check for signs

of corrosion or contamination. Repair/replace as
necessary.

If no fault is found, proceed to 'Sensor failure'.

Sensor failure

If sensor is out of specification replace.

If no faults is found, proceed to Step 5.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to Step 6.

Wiring fault Check the harness continuity and machine and
engine earth contacts. Repair/ replace as necessary.
If no fault found, raise Techweb Helpdesk call.
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15 - Engine

84 - Sensor
00 - General

Check (Operation)

1. Check the applicable fuse.
2. Check the display for related fault codes.

3. Using Servicemaster perform the required
diagnostic tests.

4. Check the sensor condition, make sure the
sensor or housing is not damaged, broken,
contaminated or subjected to excess heat. If
necessary replace sensor and make sure the
damage can not reoccur.

5. Check the condition of sensor to harness
connection, make sure the seals are in place,
check for signs of corrosion or contamination.
Repair/replace as necessary.

6. Check the sensor location and make sure it is
mounted correctly. Where applicable check the
sensor is tightened to the correct torque. Refer to
the applicable sensor procedure for details.

7. Check the sensor is of the correct type and
specification. If incorrect replace with correct
sensor. Refer to the applicable sensor procedure
for details.

8. Disconnect the sensor, check sensor voltage
supply at the harness connector (Refer
to the applicable sensor Technical Data
and Component Identification procedures.
Alternatively refer to engine electrical
schematic). If the voltage supply is faulty,
disconnect all other sensors in turn until voltage
supply returns. Trace the supply fault and rectify.

9. Check the sensor characteristics. Refer to the
applicable sensor Technical Data. If sensor is out
of specification replace.

10. Disconnect the harness from the engine ECM
(Engine Control Module) and inspect. Check
seals are in place, check for signs of corrosion or
contamination.

11. Check the harness continuity. Check the
machine and engine earth contacts. Repair /
replace as necessary.
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15 - Engine
84 - Sensor
03 - Crankshaft Position

03 - Crankshaft Position

INtroduction .........oevviiiiiii e, 15-254
Operation ......ccccveeeviecciieeeee e 15-255
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-256
Remove and Install ......................... 15-256

Introduction

The crankshaft position sensor is a device used
to monitor the position or rotational speed of the
crankshaft. This information is used by the ECM
(Engine Control Module) to control the ignition
system timing and other engine parameters.

15 -254
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15 - Engine

84 - Sensor
03 - Crankshaft Position

Operation

A signal is generated by the crankshaft mounted

processed by the ECM (Engine Control Module) to
target wheel and crankshaft position sensor. It is

determine the timing of fuel injection.

Figure 159.

TDC

|y e *>" b
1 ECM 2 Camshaft position sensor
3 Camshaft target wheel 4 Crankshaft position sensor
5 Crankshaft mounted target wheel 6 Fuel injector
A Camshaft sensor signal B Crankshaft position sensor signal
C1-C2  Current pulse-injector solenoid coil D1-D2 Fuel Injection
TDC TDC (Top Dead Centre)
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15 - Engine

84 - Sensor
03 - Crankshaft Position

Check (Operation)

1. Carefully inspect the sensor. If it is found to be
defective, replace the sensor.

2. Inspect the sealing O-ring. If it is defective,
replace the sensor. The O-ring is integral to the
sensor and cannot be replaced.

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Clean the sensor and the adjacent area of the

flywheel housing.
Refer to: PIL 15-00-00.

Remove

1. Get access to the engine.

2. Remove bolts 1 (x2) and remove the guard.

Figure 160.
o

— N

A Bolts 1 (x2)
B Crankshaft position sensor guard

3. Remove the cable ties.
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15 - Engine

84 - Sensor
03 - Crankshaft Position

C Cable ties

D Electrical connector
E Bolt 2 (x1)
F Crankshaft position sensor

4. Disconnect the electrical connector.

5. Remove the electrical connector from the
retaining clip on the crankcase.

6. Remove the bolt 2 (x1).

7. Remove the crankshaft position sensor.

The crankshaft position sensor is a non-serviceable
item. If the sensor is defective it must be replaced.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Tighten the bolt to the correct torque value.
3. Replace the cable ties.

4. Make sure that the wire is not trapped under the
crankshaft position sensor guard.

Table 89. Torque Values

Item Nm
E 7.7+ .5
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15 - Engine
84 - Sensor
06 - Camshaft Position

06 - Camshaft Position

INtroduction .........oevviiiiiii e, 15-258
Operation ......ccccveeeviecciieeeee e 15-259
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-260
Remove and Install ......................... 15-260

Introduction

The camshaft position sensor is a device that detects
the passing of a gap on a camshaft target wheel. It
sends a signal to the ECM (Engine Control Module)
which stroke number piston is on so that the ECM
knows which cylinder to inject the fuel into.

15 - 258
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15 - Engine
84 - Sensor
06 - Camshaft Position

Operation

A signal is generated by the camshaft mounted target The ECM will select the correct cylinder for fuel

wheel and camshaft position sensor. This information injection.
is used by the ECM (Engine Control Module) to
process the signal to determine the engine phase
(which cylinder is firing).
Figure 162.

TDC

’ [ I N O I A [T 7>" y
1 ECM 2 Camshatft position sensor
3 Camshaft target wheel 4 Crankshaft position sensor
5 Crankshaft mounted target wheel 6 Fuel injector
A Camshaft sensor signal B Crankshaft position sensor signal
C1-C2  Current pulse - injector solenoid coil D1-D2  Fuel Injection
TDC TDC (Top Dead Centre)
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15 - Engine
84 - Sensor
06 - Camshaft Position

Check (Operation)

1.

Carefully inspect the sensor. If it is found to be
defective, replace the sensor.

Inspect the sealing O-ring. If it is defective,
replace the sensor. The O-ring is integral to the
sensor and cannot be replaced.

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Clean the sensor and the adjacent area of the
crankcase.

Refer to: PIL 15-00-00.

Figure 163.

D

A Camshaft position sensor
B Electrical connector

C Bolt

D O-ring seal

Remove

1. Get access to the engine.

2. Disconnect the electrical connector at the sensor.
3. Remove the bolt.
4

Remove the sensor from the crankcase together
with the O-ring.

The camshaft position sensor is a non-serviceable
item. If the sensor is defective it must be replaced.
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15 - Engine

84 - Sensor
06 - Camshaft Position

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that the sealing O-ring is correctly
installed.

3. Apply a small amount of grease to the O-ring.

4. Carefully push the sensor into the location bore
in the crankcase. Do not use excessive force.

5. Tighten the bolt to the correct torque value.

Table 90. Torque Values

Item Nm
C 7.7+.5
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15 - Engine
84 - Sensor
09 - Knock

Introduction

There are two knock sensors fixed to the side of the
crankcase with a centre mounted bolt. One sensor is
situated between cylinders 1 and 2, and the second
is situated between cylinders 3 and 4.

A knock sensor is a device that measures engine
noise and transmits a signal to the ECM (Engine
Control Module) when there is detonation. It allows
the engine to run with the ignition timing as far
advanced as possible.

The ECM will continue to advance the timing until
the knock sensor detects pinging. At that point the
ECM retards the ignition timing just enough for the
pinging to stop. The knock sensor ensures that you
are getting as much power and fuel economy as
possible from your engine.

Figure 164. Knock sensor locations

A Knock sensor - cylinders 1 and 2
B Knock sensor - cylinders 3 and 4

09 - Knock

INtroduction .......coeeiiieee e 15-262
Operation ......ccccveeeviecciieeeee e 15-263
Check (Operation) ........cccccvveeeeeeeeiiiiiiieee. 15-263
Remove and Install ..........ccoooovveiiiiiiiiiins 15-264
15 - 262
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15 - Engine

84 - Sensor
09 - Knock

Operation Check (Operation)
The knock sensors detect pre-ignition (knock) by 1. For the full inspection and testing procedure,
means of sensing engine vibration. The vibration refer to the help files in ServiceMaster.

signal is sent to the engine ECM (Engine Control
Module)where the ECM will adjust the fuel timing to
give optimum performance, economy and driveability
and prevent engine damage. The voltage signal is
proportional to engine vibration/acceleration.
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15 - Engine

84 - Sensor
09 - Knock

Remove and Install 3. Tighten the bolt to the correct torque value.
Table 91. Torque Values

The following procedure is for one knock sensor. The

procedure for both sensors is identical. Item Nm

C 22-26

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Remove
1. Get access to the engine.

2. Disconnect the electrical connector at the knock
sensor.

3. Remove the bolt and remove the knock sensor
from the crankcase.

The knock sensor is a non-serviceable item. If the
sensor is defective it must be replaced.

Figure 165.

A Knock sensor
B Electrical connector
C Bolt

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that the sensor mates fully with the
adjacent face on the crankcase.
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15 - Engine
84 - Sensor
14 - Exhaust Manifold Temperature

14 - Exhaust Manifold Temperature

Introduction

|ntr0dU.Cti0n .................................................. 15-265 The exhaust manifold temperature sensor is screwed
OPperation .......ccccceeeiiieiee e 15-266 directly into the top of the exhaust manifold between
Remove and Install ..........ccccooevvrieriiiriennnnns 15-266 cylinder 3 and 4 exhaust outlet ports.
Figure 166. Exhaust manifold
temperature sensor location
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15 - Engine

84 - Sensor
14 - Exhaust Manifold Temperature

Operation

The exhaust manifold temperature sensor measures
the exhaust gas temperature from the engine, before
it reaches the turbocharger. The analogue voltage
signal is 1-4.5V.

Remove and Install

Special Tools
Description
Deep Socket

Part No. Qty.
892/12351 1

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Figure 167.

: ——
A Exhaust manifold temperature sensor

Remove

1. Get access to the engine.

2. Disconnect the electrical connector at the
exhaust manifold temperature sensor.

3. Use the special tool to remove the sensor from
the exhaust manifold.

Special Tool: Deep Socket (Qty.: 1)
4. Discard the sealing washer.

The exhaust manifold temperature sensor is a non-
serviceable item. If the sensor is faulty or damaged
it must be renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Renew the sealing washer.

3. Tighten the exhaust manifold temperature
sensor to the correct torque value.

Table 92. Torque Values

Item Nm

N 45
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15 - Engine
84 - Sensor
16 - Exhaust Manifold Pressure

16 - Exhaust Manifold Pressure

INtroduction .........oevviiiiiii e, 15-267
Operation ......ccccveeeviecciieeeee e 15-268
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-268
Remove and Install ......................... 15-269

Introduction

The exhaust manifold pressure sensor measured the
pressure in the exhaust manifold. This information is
then used by the ECM (Engine Control Module) to
optimise fuel injection and turbo boost pressure for
maximum power and fuel economy.

To obtain an accurate and stable reading, the sensor
is mounted in to a sample chamber in the corner
of the rocker cover. This is fed exhaust manifold
pressure by a take off pipe that is connected to the
exhaust manifold.

Figure 168.

‘OOOO
o
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&
)

A Exhaust manifold pressure sensor
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15 - Engine
84 - Sensor
16 - Exhaust Manifold Pressure

Operation

The exhaust manifold pressure sensor measures
the exhaust pressure from the engine. To attain an
accurate and stable reading, the take-off point is
piped from the exhaust manifold between cylinders
3 and 4. This is fed to a sample chamber where the
sensor is screwed directly into the pressure path. The
analogue voltage signal is 0.5-4.5V.

Check (Operation)

For the full inspection and testing procedure, refer to
the help files in ServiceMaster.
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15 - Engine
84 - Sensor
16 - Exhaust Manifold Pressure

Remove and Install

Exhaust manifold pressure sensor

Remove

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.

3. Disconnect the electrical connector at the
exhaust manifold pressure sensor.

Figure 169.

A Electrical connector
B Exhaust manifold pressure sensor
C Sealing washer
D Banjo bolt

E Banjo bolt sealing washers

F Exhaust manifold pressure sensor feed pipe

4. Use a suitable deep socket to remove the sensor
from the exhaust manifold.

5. Discard the sealing washer.

The exhaust manifold pressure sensor is a non-
serviceable item. If the sensor is faulty or damaged
it must be renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Replace the sealing washer.

3. Tighten the exhaust manifold pressure sensor to
the correct torque value.

Exhaust manifold pressure sensor feed
pipe
Remove

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.
3. Remove the banjo bolts.

3.1. Make sure you recover the sealing
washers. The sealing washers must not be
reused. Discard the sealing washers.

4. Remove the exhaust gas feed pipe

Install

1. Replace the sealing washers.

2. Install the exhaust gas feed pipe.
3. Loosely install both banjo bolts.
4

Tighten the banjo bolts to the correct torque

value.
Table 93. Torque Values
Item Nm
B 16.5+1.5
D 811
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15 - Engine
84 - Sensor

17 - Temperature and Manifold Air Pressure (TMAP)

17 - Temperature and Manifold Air
Pressure (TMAP)

INtroduction ........oevveiiiiiii 15-270
Operation ... 15-271
Check (Operation) ........cccoiiiiieiiiieee. 15-271
Remove and Install ...........cccooooiiiiiins 15-272

Introduction

The TMAP (Temperature Manifold Absolute
Pressure) sensor is mounted in a port on top of the
inlet manifold. It measures the inlet manifold boost air
pressure and temperature. The sensor incorporates
a piezo-resistive element and resistor.
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15 - Engine
84 - Sensor

17 - Temperature and Manifold Air Pressure (TMAP)

Operation Check (Operation)

The TMAP (Temperature Manifold Absolute 1.
Pressure) sensor measures the inlet manifold boost
air pressure and temperature. The sensor produces
an analogue signal voltage proportional to air
pressure.

Remove oil and sludge contamination from the
sensor.

Carefully inspect the sensor. If it is defective,
replace it.

Inspect the sealing O-ring. If it is defective,
replace the sensor. The O-ring is integral to the
sensor and cannot be replaced.

15 - 271 9823/4700-1

15 - 271



15 - Engine
84 - Sensor

17 - Temperature and Manifold Air Pressure (TMAP)

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Make sure that the sealing O-ring is correctly
installed.

Carefully push the sensor into its location bore in
the inlet manifold. Do not use excessive force.

Tighten the bolt to the correct torque value.

Table 94. Torque Values

2. Clean the sensor and the adjacent area of the Item Nm
inlet manifold. C 77+5
Refer to: PIL 15-00-00.

Remove

1. Get access to the engine.

2. Disconnect the electrical connector at the sensor.

Figure 170.
6

TMAP (Temperature Manifold Absolute
Pressure)

Electrical connector

Bolt

O-ring seal

oowm >

3. Remove the bolt.

4. Remove the sensor from the inlet manifold
together with O-ring.

The TMAP sensor is a non-serviceable item. If the
sensor is defective, it must be replaced.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.
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15 - Engine
84 - Sensor
18 - Temperature and Mass Air Flow (TMAF)

18 - Temperature and Mass Air
Flow (TMAF)

Introduction

The TMAF (Temperature and Mass Air Flow) sensor

INtroduction ........coccveeiiiiii 15-273 measures the amount of air coming in to the engine
OPEratioN ...t 15-274 and the air temperature. It is mounted between the
Check (OPEration) «........eweeeereeerereeseeersee. 15-274  airfilter and turbo charger.

Remove and Install ......................... 15-275 Figure 171.
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15 - Engine
84 - Sensor
18 - Temperature and Mass Air Flow (TMAF)

Operation Check (Operation)
The TMAF (Temperature and Mass Air Flow) sensor Faults relating to the TMAF (Temperature and Mass
produces a digital signal measuring air flow, and an Air Flow) will normally be reported by the fault codes.

analogue signal measuring inlet air temperature.
1. Remove contamination from the sensor. Do not
touch the air flow sensor area or temperature
sensor area.

2. Carefully inspect the sensor. If it is defective,
replace it.

3. Inspect the sealing O-ring. If it is defective,
replace it.

Figure 172.

1\:

Rl
"~

1 Air flow sensor area
2 Temperature sensor area
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15 - Engine
84 - Sensor
18 - Temperature and Mass Air Flow (TMAF)

Remove and Install

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Install

Do not install a TMAF sensor which has been
dropped or damaged. Replace it with a new one.

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Getaccess to the TMAF (Temperature and Mass 2. Tighten the screws to the correct torque value.

Air Flow) sensor

Table 95. Torque Values

3. Clean the area around the sensor to prevent ltem Nm

contamination entering the engine. 5 5
Remove

Figure 173.

1 Electrical connector
2 Screws (x2)
3 TMAF sensor
1. Disconnect the electrical connector. Do not touch

the connector pins.
2. Remove the screws (x2) which secure the TMAF

sensor to the air intake hose.
3. Remove the TMAF sensor together with the O-

ring from the air intake hose. Do not touch the air

flow sensor area or temperature sensor area.

Figure 174.
]
1
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\'.ZD

1 Air flow temperature sensor area
2 Temperature sensor area
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15 - Engine
84 - Sensor
19 - Exhaust Temperature

19 - Exhaust Temperature

Introduction

|ntr0dU.Cti0n .................................................. 15-276 The exhaust temperature sensor is located in the
Operation ..o 15-277 exhaust system just before the SCR (Selective
Check (Operation) ........cccccveveveeeiieeiiieeenen. 15-277 Catalytic Reduction) catalyst.

Remove and Install ..............ooovvvieeeiiennnnnnn. 15-278
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15 - Engine
84 - Sensor
19 - Exhaust Temperature

Operation

The exhaust temperature sensor measures the
exhaust gas temperature just before it reaches the
SCR (Selective Catalytic Reduction) catalyst. The
analogue voltage signal is 0 - 5V

Check (Operation)

Make sure that the engine is safe to work on. If the
engine has been running, let it cool before you start
the service work.

The resistance values specified are correct at 20°C
(68.0°F).

1. Disconnect the electrical connector from the
exhaust temperature sensor.

2. Switch the ignition on.
3. Connect the multimeter across the harness pins.

3.1. Measure the voltage, the reading should be:
Voltage: 5V
3.2. If the reading is correct, proceed to 4

3.3. If the reading is not correct, check the
harness between the sensor and the DCU
(Dosing Control Unit) for continuity.

3.4. Check the electrical connectors for integrity
and contamination.

4. Connect the multimeter across the sensor pins.

4.1. Measure the resistance, the reading should
be:

Resistance: 24,560 + 1,228Q

4.2. If the resistance is not within tolerance, the
sensor is faulty and must be replaced.

5. Connect the electrical connector to the exhaust
temperature sensor.
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15 - Engine
84 - Sensor
19 - Exhaust Temperature

Remove and Install

Consumables

Description

Part No.

Size

Graphite/Calcium
Fluoride Based Metal
Free Anti-Seize
Compound

4004/7545

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before

you start the service work.

2. Get access to the exhaust temperature sensor.

3. Remove the sensor from the exhaust, take care
not to damage the sensor probe.

The exhaust temperature sensor is a non-
serviceable item. If the sensor is faulty or damaged
it must be replaced.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Apply anti-seize compound to the threads of the
retaining nut. Make sure the correct anti-seize
compound is used to prevent damage to the SCR
(Selective Catalytic Reduction) system.

Remove Consumable: Graphite/Calcium Fluoride Based
Metal Free Anti-Seize Compound
Figure 175. 3. Tighten the retaining screw to the correct torque
value.
Table 96. Torque Values
Item Nm
C 44
B
C
A Electrical connector
B Exhaust temperature sensor
C Retaining nut
1. Disconnect the electrical connector.
2. Undo the retaining screw.
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15 - Engine
84 - Sensor
24 - Fuel Temperature

24 - Fuel Temperature

Introduction

Introdu.ction .................................................. 15-279 The fuel temperature sensor is an integral part of the
Operation ........cccevevrieee e 15-280 fuel injection high pressure pump.
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-280 .
Remove and Install .........ccccooiiiiiin, 15-281 Figure 176.
E Fuel temperature sensor
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15 - Engine

84 - Sensor
24 - Fuel Temperature

Operation Check (Operation)
The fuel temperature sensor detects the fuel For the full inspection and testing procedure, refer to
temperature as it enters the high pressure fuel the help files in ServiceMaster.

injection pump.
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15 - Engine

84 - Sensor
24 - Fuel Temperature

Remove and Install

This part is a non-serviceable component, if it is
defective, replace the fuel injection high pressure
pump.
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15 - Engine
84 - Sensor
27 - Fuel Rail Pressure

27 - Fuel Rail Pressure Introduction
INtroduction .........oevviiiiiii e, 15-282 The fuel rail pressure sensor measures the fuel
OPperation .......ccccceeeiiieiee e 15-283 pressure in the common rail.
Remove and Install .............cooovviiiieiinnnnnnn. 15-283
Figure 177.
A Fuel rail pressure sensor
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15 - Engine
84 - Sensor
27 - Fuel Rail Pressure

Operation

The fuel rail pressure sensor measures the fuel
pressure in the fuel rail. This allows the ECM (Engine
Control Module) to control the IMV (Inlet Metering
Valve) to deliver the correct amount of fuel to the high
pressure fuel pump. This keeps the fuel pressure in
the fuel rail constant at all engine RPM (Revolutions
Per Minute).

Remove and Install

This part is a non-serviceable component, if it
is defective, replace the complete common rail
assembly.
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15 - Engine
84 - Sensor
33 - Coolant Temperature

33 - Coolant Temperature

Introduction

Introdu.ction .................................................. 15-284 The coolant temperature sensor is located on the
Operation ........cccevevrieee e 15-285 cylinder head at the drive belt end.
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-285 .
Remove and Install ......................... 15-286 Figure 178.
A Coolant temperature sensor
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15 - Engine
84 - Sensor
33 - Coolant Temperature

Operation

The coolant temperature sensor detects the
temperature of the coolant in the cylinder head.

The signal from the sensor is used to drive the
coolant temperature status display on the instrument
panel.

On engines with electronically controlled fuel
injection the ECM (Engine Control Module)
processes the signal to determine the engine
operating temperature. The ECM adjusts the
injection timing and the amount of fuel injected, this
can facilitate cold starting.

Check (Operation)

1. For the full inspection and testing procedure,
refer to the help files in ServiceMaster.
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15 - Engine
84 - Sensor
33 - Coolant Temperature

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Drain the coolant.

Refer to: PIL 21-00-00.

Figure 179.

1 Coolant temperature sensor
2  Electrical connector
P1 Encapsulated washer

Remove

1. Get access to the engine.

2. Disconnect the electrical connector at the sensor.
3. Remove the sensor from the cylinder head.
4

Cap the open port to prevent loss of fluid and
ingress of dirt.

The coolant temperature sensor unit is a non-
serviceable item. If the sensor is faulty or damaged
it must be renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Tighten the coolant temperature sensor to the
correct torque value.

3. Fill the cooling system.
Refer to: PIL 21-00-00.

3.1. Make sure that you use the correct coolant
mixture.

Refer to: PIL 75-09-03.

4. Start the engine and check for coolant leaks.

Table 97. Torque Values

Item Nm

1 22+4
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15 - Engine
84 - Sensor
42 - Engine Oil Temperature

42 - Engine Oil Temperature

INtroduction .........oevviiiiiii e, 15-287
Operation ......ccccveeeviecciieeeee e 15-288
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-288
Remove and Install ......................... 15-289

Introduction

The engine oil temperature sensor is mounted in a
port on the oil cooler housing adjacent to the engine
oil dipstick.

Figure 180. Engine oil tem-
perature sensor location

A Engine oil temperature sensor
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15 - Engine
84 - Sensor
42 - Engine Oil Temperature

Operation

The oil temperature sensor informs the ECM (Engine
Control Module) of the engine oil temperature. The
ECM processes the signal to determine the oil
temperature. The ECM adjusts the fuel delivery.

Check (Operation)

1. For the full inspection and testing procedure,
refer to the help files in ServiceMaster.
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15 - Engine
84 - Sensor
42 - Engine Oil Temperature

Remove and Install

Special Tools

Description Part No. Qty.

Deep Socket

892/12351 1

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Figure 181.

A Sealing washer
B Engine oil temperature sensor

Remove

Get access to the engine.

Disconnect the electrical connector at the engine
oil temperature sensor.

Use the special tool to remove the sensor from
the oil cooler housing.

Special Tool: Deep Socket (Qty.: 1)

Discard the sealing washer. Cap the open port

with a blanking cap to prevent loss of fluid and
ingress of dirt.

The engine oil temperature sensor is a non-
serviceable item. If the sensor is faulty or damaged
it must be renewed.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Renew the sealing washer.

Use the special tool to tighten the engine oill
temperature sensor to the correct torque value.

Table 98. Torque Values

Item Nm

1 21
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15 - Engine

84 - Sensor
43 - Engine Qil Level

43 - Engine Oil Level

INtroduction .........oevviiiiiii e, 15-290
Operation ......ccccveeeviecciieeeee e 15-291
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-291
Remove and Install ......................... 15-292

Introduction

The engine oil level sensor is used to warn the
operator that the engine oil level is low and damage
may be caused if it is not topped up immediately. Itis
mounted on the engine oil sump.

15 -290
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15 - Engine
84 - Sensor
43 - Engine Qil Level

Operation

The engine oil level sensor is a normally closed
switch. When the oil level drops below a certain point
the switch will open and the low oil warning light will
be illuminated.

Check (Operation)

1. Forthe full inspection and testing procedure refer
to the help files in ServiceMaster.
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15 - Engine

84 - Sensor
43 - Engine Qil Level

Remove and Install

Before Removal 2. Make sure that the engine is safe to work on.
If the engine has been running, make sure the
1. Make the machine safe. engine has cooled sufficiently before you start.

Refer to: PIL 01-03.

Figure 182.

A Engine oil level sensor B Oil level sensor float
C Bolts (x2) D Clip

E Oil Sump

Remove

1. Get access to the engine.

2. Drain the engine oil.
Refer to: PIL 15-21-00.

3. Disconnect the electrical connector.

4. Remove the oil sump.
Refer to: PIL 15-45-00.

5. Remove the bolts (x2) securing the oil level
sensor float to the oil sump.

6. Remove the clip.
7. Remove the oil level sensor.

The engine oil level sensor is a non-serviceable item.
If the sensor is faulty or damaged it must be replaced.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Tighten the bolts to the correct torque value.

Table 99. Torque Values

Item Nm
C 10 +1
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15 - Engine
84 - Sensor
48 - Intercooler Outlet Temperature

48 - Intercooler Outlet Temperature

Introduction

|ntr0dU.Cti0n .................................................. 15-293 The intercooler outlet sensor is located in the air
OPperation .......ccccceeeiiieiee e 15-294 intake on the inlet manifold.
Check (Operation) .......cccccevvvvieeeeiiiieee e, 15-294 .
Remove and Install .........c.oooveeiiiiiiiiiii, 15-295 Figure 183.
P Intercooler outlet sensor
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15 - Engine
84 - Sensor
48 - Intercooler Outlet Temperature

Operation

The intercooler outlet sensor measures the
temperature of the air coming from the intercooler
into the inlet manifold. The sensor sends an
analogue voltage signal to the ECM (Engine Control
Module).

Check (Operation)

1. For the full inspection and testing procedure,
refer to the help files in ServiceMaster.
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15 - Engine

84 - Sensor
48 - Intercooler Outlet Temperature

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Figure 184.

A Intercooler outlet temperature sensor

Remove

1. Get access to the engine.

2. Disconnect the electrical connector at the sensor.
3. Remove the sensor from the air intake.
4

Cap the open port with a blanking cap to prevent
dirt ingress.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the sensor to the correct torque value.

Table 100. Torque Values

Item Nm
A 8.5
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15 - Engine

87 - Switch

87 - Switch

Contents Page No.
T15-87-00 GENEIAI ... e e e e aaaaaaas 15-297
15-87-03 ENGINE Ol Pr@SSUIE ......eeeiiiiiiiiee ettt e e e e st e e e e e e e e s nnnreaeeeaaaeeaean 15-298
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15 - Engine

87 - Switch
00 - General

00 - General

Introduction

The engine electrical switches send signals to the
ECM (Engine Control Module) to help the ECM
to control the smooth running of the engine and
related components. The ECM processes signals
from the switches and its response will be based
on an evaluation of the combination of the switches
signals.

After removal from the engine, protect the switches
from knocks, dampness and any high temperature
sources. The switches are not serviceable, therefore
they must be replaced in the event of damage.
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15 - Engine

87 - Switch
03 - Engine Oil Pressure

03 - Engine Oil Pressure

Introduction

|ntrOdU.Cti0n .................................................. 15-298 The oil pressure switch is mounted in a port on the
Operation ......ccccveeeviecciieeeee e 15-299 oil cooler housing.
Check (Operation) ........cccccvveeeeeeeeiiiiiiieee. 15-299 .
Remove and Install ..............ooovvvieeeiiennnnnnn. 15-300 Figure 185.
A Engine oil pressure switch
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15 - Engine

87 - Switch
03 - Engine Oil Pressure

Operation Check (Operation)
The oil pressure switch contacts open when the 1. For the full inspection and testing procedure,
engine oil pressure is below 0.6bar. refer to the help files in ServiceMaster.
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15 - Engine

87 - Switch
03 - Engine Oil Pressure

Remove and Install

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Remove
1. Get access to the engine.

2. Disconnect the electrical connector from the
engine oil pressure switch.

Figure 186.

o)

¥ . 3
|
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- Ll
A Electrical connector
B Engine oil pressure switch
C Sealing washer

3. Remove the switch.

4. Discard the sealing washer. Plug all the open
ports to prevent contamination.

The engine oil pressure switch is a non-serviceable
item. If the switch is faulty or damaged it must be
renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Replace the sealing washer.

3. Tighten the engine oil pressure switch to the
correct torque value.

Table 101. Torque Values

Item Nm
B 19-23
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Acronyms Glossary

CAN
DEF
DLA
DTI
ECM
ECU
EGR
HPV
IMV
NOx
PWM
SCR
TMAP

VGT
WIF

Controller Area Network
Diesel Exhaust Fluid

Data Link Adaptor

Dial Test Indicator

Engine Control Module
Electronic Control Unit
Exhaust Gas Recirculation
High Pressure Valve

Inlet Metering Valve
Nitrogen Oxide

Pulse Width Modulation
Selective Catalytic Reduction

Temperature Manifold Absolute
Pressure

Variable Geometry Turbocharger
Water in Fuel
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18 - Fuel and Exhaust System

00 - Fuel and Exhaust System
00 - General

00 - General
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Introduction

USE THE CORRECT FUEL. The potential for
engine damage due to the use of incorrect or
contaminated fuel is much greater with common
rail injection technology than with mechanical
injection systems. For information about fuel types
and cleanliness requirements, refer to Consumable
Products. Refer to: PIL 75-00-00. Technical
Data, Fuel, Acceptable and Unacceptable Fuels and
Cleanliness Requirements.

For information about the fuel injection system. Refer
to: PIL 18-18-00.

Common Rail Fuel Injection

The common rail fuel injection system enables
the following advantages when compared with
mechanical direct injection systems:

. Reduced engine noise.

. Reduced polluting emissions.

. Increased engine performance, higher torque at
lower engine speeds in particular.

Unlike mechanical direct injection systems, common
rail systems employ electrically operated computer
controlled fuel injectors. The high pressure fuel
injection pump no longer controls the point of
injection but continually supplies pressurised fuel to
a common fuel rail.

The injectors are connected to the common rail and
inject fuel when supplied with electrical signals from
the ECM (Engine Control Module).

Several electrical sensors supply the ECM with
engine operating parameters such as engine speed,
engine phase (firing order), engine temperature,
inlet manifold air pressure and temperature, throttle
position etc. Software in the ECM memory is used
to interpret the data from the sensors and the fuel
injection characteristics are adjusted accordingly.

Prevention of fuel system contamination is even
more important than with mechanical direct injection
systems. To combat fuel contamination, a water
separator and pre-filter is installed in addition to the
main filter.
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18 - Fuel and Exhaust System
00 - Fuel and Exhaust System

00 - General

Health and Safety

Fuel

Fuel is flammable, keep naked flames away from the
fuel system. Stop the engine immediately if a fuel
leak is suspected. Do not smoke while refuelling or
working on the fuel system. Do not refuel with the
engine running. Completely wipe off any spilt fuel
which could cause a fire. There could be a fire and
injury if you do not follow these precautions.

Fluid Under Pressure

Fine jets of fluid at high pressure can penetrate the
skin. Keep face and hands well clear of fluid under
pressure and wear personal protective equipment.
Hold a piece of cardboard close to suspected
leaks and then examine the cardboard for signs of
fluid. If fluid penetrates your skin, get medical help
immediately.

WARNING! Do not open the high pressure fuel
system with the engine running. Engine operation
causes high fuel pressure. High pressure fuel spray
can cause serious injury or death.

Notice: Do not allow dirt to enter the fuel system.
Before disconnecting any part of the fuel system,
thoroughly clean around the connection. When a
component has been disconnected, for example
a fuel pipe, always install protective caps and
plugs to prevent dirt ingress. Failure to follow these
instructions will lead to dirt entering the fuel system.
Dirt in the fuel system will seriously damage the fuel
injection equipment and could be expensive to repair.

Notice: The high pressure fuel system is extremely
susceptible to damage if it is contaminated. Always
clean the engine using the correct procedures before
carrying out maintenance. Contamination of the fuel
system can cause catastrophic failure of the engine.

Notice: Running the engine with air in the system
could damage the fuel injection pump. After
maintenance, the system must be bled to remove
any air.

Notice: Clean the engine before you start
engine maintenance. Obey the correct procedures.
Contamination of the fuel system will cause damage
and possible failure of the engine.

CAUTION! It is illegal to pollute drains, sewers
or the ground. Clean up all spilt fluids and/or
lubricants. Used fluids and/or lubricants, filters and
contaminated materials must be disposed of in
accordance with local regulations. Use authorised
waste disposal sites.

Technical Data

Table 102. Fuel System Data

High pressure pump
type

Delphi DFP 4.2

Direction of rotation from
drive end

Anti-clockwise

Fuel lift pump type

Electrically operated

Fuel filter micron rating

Pre-filter 5 micron

Main filter 2 micron

Fuel filter restriction - 0.65bar (9.4psi)
maximum pressure drop

Fuel return restriction - |0.22bar (3.2psi)

maximum

Injector information

Electronically controlled
solenoid actuated in-
jectors. Each injector is
marked with a unique
calibration code.
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18 - Fuel and Exhaust System
00 - Fuel and Exhaust System
00 - General

Component Identification

Figure 187.
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1 Fuel tank 2 Fuel lift pump
3 Fuel pre-filter and water separator 4 Fuel filter
5 Fuel injection pump 6 Fuel rail
7 Fuel injectors A Engine sensors
B ECM (Engine Control Module)
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00 - Fuel and Exhaust System
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Operation

The fuel system is central to the performance and
efficiency of the engine, distributing an accurate
amount of fuel to each cylinder at exactly the right
time.

Fuel is drawn from the fuel tank by the electric
lift pump integral via the pre-filter/water separator.
(The fuel lift pump is integral with the pre-filter/water
separator assembly.)

Fuel is pressurised at low pressure by the electric lift
pump and passes through an engine mounted fuel
filter on its way to the inlet on the high pressure pump.

Important;: Use of the correct fuel grade, together
with effective filtration and decontamination of the
fuel is essential. The high pressure pump, injectors
and engine can be damaged beyond repair by
contaminated fuel or use of incorrect fuel.

The high pressure fuel injection pump is a rotary
type and is gear driven by the engine. The pump
consists of two sections, the transfer pump and high
pressure pump. Fuel is first pressurised to about 6bar
(87.0psi) by the transfer pump. A constant pressure
is maintained regardless of engine speed by the
regulating valve.

Fuel is transferred to the high pressure pump via
the IMV (Inlet Metering Valve). The metering valve
controls the amount of fuel transferred depending on
the engine operating parameters (throttle position,
coolant temperature etc.). The metering valve is
controlled by the ECM (Engine Control Module).

Some fuel flows through the pump at all times to
provide internal lubrication and cooling. This fuel
bleeds back to tank via the bleed-off fuel lines.

Pressurised fuel from the high pressure pump
passes into the common fuel rail. The high pressure
pump is capable of pressurising the fuel in the rail up
to 2,000bar (28,985.4psi). The ECM controlled IMV
is used to control the amount, and therefore pressure
of the fuel in the common rail.

In some operating conditions the inlet metering valve
is not able to reduce the rail pressure quickly enough
(if the operator goes from full throttle to no throttle
suddenly for example). In these circumstances the
rail pressure is dumped to the bleed off line using the
ECM controlled electric HPV (High Pressure Valve).

High pressure fuel pipes connect the injectors to
the common fuel rail. The injectors are electrically
controlled and incorporate a small solenoid valve.

Injection timing is determined by the ECM. Electrical
data from several sensors is continually monitored
and processed by the ECM to determine when, how
much and to which cylinder fuel must be injected.

The injectors inject fuel in response to a supply
of electrical current from the ECM. So precise is
the control that several injections of fuel occur
during each firing stroke for maximum efficiency and
minimum emissions. During fuel injection some fuel
bleeds off the injectors and back to tank via bleed off
lines.
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Figure 188.

A ECM B  Fuel high pressure pump
B1 IMV B2 Fuel high pressure pump (transfer section)
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B3 Fuel high pressure pump (high pressure B4 Pressure regulating valve (transfer section)
section)
C Common fuel rail C1 HPV
D High pressure fuel lines E Bleed off fuel lines
F  Fuel injectors G Fuelfilter
H Pre-filter/water separator J  Electric fuel lift pump
K  Fuel tank
Table 103. Colour code key
Colour Component
Green Tank pressure
Blue Transfer pressure
Red Injection rail pressure
Yellow Electrical connections
-ECM - injectors
Light Green Pump internal pressure,
injector bleed-off
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Fault-Finding
Fault
Fuel Consumption Excessive Table 104. Page 18-9
Fuel/Qil- Leaking from Exhaust Manifold Table 105. Page 18-9
General Fuel System Faults Table 106. Page 18-10
Exhaust Gas Recirculation Table 107. Page 18-10
Table 104. Fuel Consumption Excessive

Cause Remedy

Additional load on engine.

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

Operator technique.

Review operation for correct gear shifts, deceleration
and idling.

Fuel leaks.

Check for external leaks at the fuel tank, fuel lines,
filters and lift pump WARNING: Do not repair
defective fuel lines. If there is a fuel leak remove and
discard the necessary components and install new
ones.

Air intake or exhaust leaks.

Engine compression low in one or more cylinders.

Check the engine compression.

ECM (Engine Control Module)or electrical sensor
fault.

Check the electronic fault codes. Check the electrical
connections at the ECM and sensors.

One or more engine injectors worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Inlet and exhaust valve clearances set incorrectly.

Set the valve clearances to the recommended
clearances.

Table 105. Fuel/Oil- Leaking from Exhaust Manifold

Cause

Remedy

Operating for extended periods under light or no load
conditions.

Review operation for correct gear shifts, deceleration
and idling.

Air intake or exhaust leaks.

Turbocharger lubricating oil drain line obstructed.

Check/clean line.

Exhaust leak at the Manifold or Turbocharger.

Check/repair leaks in the manifold or turbocharger
gaskets. Check for a cracked manifold.

Valve guide seals are leaking.

Replace valve guide stem seals as required.

ECM or electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECM and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.
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Table 106. General Fuel System Faults

Cause

Remedy

Fuel supply fault

Check the low pressure circuit connections are
secure.

Check the fuel pressure in low circuit/tank level.

Check the fuel type (EN590 Specification).

Check for the external diesel fuel leaks.

Check the filter is not blocked

Check the fuel lift pump operation (Refer to
ServiceMaster help files).

Replace/repair as necessary.

If no faults are found, proceed to "Engine does not
start," or "Engine starts," depending on symptoms

Engine does not start

Complete the ‘Static Injector Leak Test'.

If the injector back leak is above the limit, replace
injector(s) as necessary.

If the injector back leak is OK check the rail pressure
is above 300 bar, if not, replace the high pressure

pump.

If the rail pressure is OK and back leak is within
limits, raise Techweb Helpdesk Call.

Engine starts

Complete the ‘Dynamic IMV (Inlet Metering Valve)
Test'.

If the IMV is faulty replace the high pressure pump.

If the IMV is OK complete the ‘Dynamic Injector Back
leak Test’

If the back leak is above the limit, replace the
injector(s).

If the back leak is OK complete the ‘Dynamic HPV
(High Pressure Valve) test’

If the pump capacity is below the limit, replace the
high pressure pump.

If the pump capacity is OK, raise Techweb Helpdesk
Call.

Table 107. Exhaust Gas Recirculation

Cause

Remedy

Air inlet circuit fault

Check the air inlet circuit: — Valve position using
ServiceMaster — Check the EGR (Exhaust Gas
Recirculation) linkage — Vane state

If no fault is found proceed to 'EGR valve connection
fault'.

EGR valve connection fault

Check the EGR valve connection. Check that the
supply voltage is correct. Repair as necessary.

Check that the EGR valve position can reach MIN
(0%) to MAX position (100%). Use ServiceMaster to
launch the learning procedure of the EGR position.
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Discharge and Pressurise

A Notice: Running the engine with air in the system
could damage the fuel injection pump. After
maintenance, the system must be bled to remove
any air.

Obey all fuel system health and safety information.
Refer to: PIL 18-00-00.

The entry of air into the fuel system can cause
problems such as difficult engine starting and
unstable engine running. Air can enter the system if
the following occurs:

. A fuel system component has been
disconnected. For example, a fuel filter renewal.

. A leak in the low pressure side of the fuel
system during engine operation, or the low
pressure pipes have been disconnected. Refer
to Fuel System - General (PIL 18-00) for a more
detailed description of the fuel circuit.

. The fuel tank is allowed to drain fully during
normal operation.

The engine installation features an electrically
operated fuel lift pump. The system is designed to
bleed automatically when the lift pump is operated.
Make sure that as much air is removed from the fuel
as possible before you start the engine. Bleed the
system as follows:

Important: DO NOT attempt to bleed the high
pressure fuel system by loosening the high pressure
pipe connections even when the engine is not
running. To bleed the fuel system follow the correct
procedure.

1. Turn on the ECU (Electronic Control Unit)
override to start the fuel lift pump. DO NOT start
the engine. Allow the pump to run for specified
duration.

Duration: 30s
2. Turn off the ECU override to stop the fuel lift
pump.

2.1. Wait for specified duration and turn the ECU
override to start the pump. DO NOT start
the engine.

Duration: 10s
2.2. Allow the pump to run for specified duration.
Duration: 30s

3. Repeat step 2 two times more before you start
the engine.

4. Start the engine and make sure it runs smoothly.

Clean

Cleanliness Requirements

Important: Additional cleaning must be carried out
prior to working on the high pressure fuel system.
It is extremely important the high pressure fuel
components and the adjacent parts of the engine
are meticulously cleaned before any components are
removed. Refer to: Effects of Contamination.

Before starting work on the high pressure fuel
system, make sure that the working environment
is suitable. Refer to: Maintenance Environment,
Common Rail Fuel Injection.

1. Obey all fuel system health and safety
information.

Refer to: PIL 18-00-00.

2. Clean the machine, prior to completing any
maintenance work.

3. Clean the engine.
Refer to: PIL 15-00-00.

4. Remove the hoses, electrical harnesses and
ancillaries to improve access and expose any
remaining trapped dirt close to the relevant high
pressure components.

5. Wash away any remaining dirt or debris and then
dry the area using a compressed air jet. When
the area is dry use a soft clean brush to remove
sand or grit particles that remain.

Effects of Contamination

Whist the requirement for a good level of cleanliness
is well known and common practice, the introduction
of high pressure common rail fuel injection
necessitates working to new levels of cleanliness.

Once inside the system, fuel circuit contaminants
greatly affect the performance and life of the fuel
injection equipment. For example, contaminants in
the fuel pump will develop internal wear to cause
internal leakage and hence lower discharges. Use
of poor quality fuels and poor maintenance could
also lead to contaminants entering the fuel injectors.
There is a possibility of catastrophic equipment
failure if debris should prevent the injectors from fully
closing. The main contaminants can be classified as
follows:

. Solid Particles - sand, fibres, metallic particles,
welding scale, sealing materials and wear
particles etc.

. Liquid - usually water and incompatible oils and
greases.
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. Gases - Air, sulphur dioxide etc. which can
create corrosive compounds if dissolved in the
fluid.

These contaminants can  appear  during
manufacture, assembly, operation and maintenance.

The main filter is rated at 2 micron = 0.002 mm
(0.0007874 in). The pre-filter is rated at 5 micron.
Listed are a few typical comparisons of micron size:

Figure 189.

Al
A ( S
Y VY Y

A 8 Microns
B 70 Microns
C 100 Microns

. Red Blood Cell = 8 microns (0.008 mm,
0.000315 in).

. Human Hair = 70 microns (0.07 mm, 0.00275
in).

. Grain of Salt = 100 microns (0.1 mm, 0.00394
in).

. The smallest particle visible to the naked eye is
40 microns (0.00157in) approximately.

The main filter and pre-filter must be changed in
accordance with the applicable service schedule
and procedures. The water in fuel sensor must be
maintained to ensure correct operation at all times.

The potential for engine damage due to fuel
contamination is much greater when using common
rail injection technology than with mechanical
injection systems. This is because common rail
requires components with smaller manufacturing
tolerances, especially the fuel injectors. In addition,
common rail operates at much higher fuel pressures,
over five times that of mechanical systems.

Similar pressures are used by commercial water
jet cutting machines to cut metal. Fortunately clean
diesel fuel has lubricating qualities that prevents
erosion of components but it is obvious that
contaminated fuel will cause serious damage at such
high pressures.

Maintenance Environment, Common

Rail Fuel Injection

Depending on circumstances engine maintenance
may be required in various working environments.
Obviously procedures are best carried out in a
dedicated workshop equipped with a suitable clean
room, but in practice this is not always possible.

Maintenance procedures requiring removal or
replacement of fuel system components, particularly
high pressure components, require special
precautions to make the working environment
suitable, reducing the risk of contamination to an
absolute minimum.

Use the following guidelines to make sure you reduce
the chances of fuel system contamination when
working in different environments:

Worksite - Open to weather

This repair site is not an acceptable location. Only
in extreme circumstances should a machine be
repaired on an open site. Use the guidelines below:

. Clean the engine, Refer to: PIL 15-00-00. If
the machine is on hard standing, clean away the
material washed from the engine.

. Place suitable clean boards on the ground
around the machine.

. Erect clean plastic sheeting to shelter the
engine from wind and rain.

. Wear a new disposable environmental type suit
when working on the fuel system. If the suit
becomes contaminated with mud, move away
from the engine and change into a new suit.

. Use clean latex gloves (non-powdered).

. Before you start work make sure that all the
required replacement parts and tools are on
site. Make sure that the replacement parts are
still sealed inside their packaging.

. Cap all exposed ports and orifices immediately.
Do not leave them open.

. High pressure fuel pipes MUST BE REPLACED
if any pipe joint is loosened or disconnected. DO
NOT re-use the original pipe.

Worksite - Closed to weather from above

This repair site is the least acceptable condition,
if possible move the machine to a more suitable
environment. Use the guidelines below:

. Clean the engine, Refer to: PIL 15-00-00.
Clean the floor of all material washed from the
engine.

. Place suitable clean boards on the ground
around the machine.
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. Erect clean plastic sheeting to shelter the
engine from the wind and the possibility of
debris such as dirt and dust falling from above.

. Wear a new disposable environmental type suit
when working on the fuel system. If it becomes
contaminated with mud, move away from the
engine and change into a new suit.

. Use clean latex gloves (non-powdered).

. Before you start work make sure that all the
required replacement parts and tools are on
site. Make sure that the replacement parts are
still sealed inside their packaging.

. Cap all exposed ports and orifices immediately.
Do not leave them open.

. High pressure fuel pipes MUST BE REPLACED
if any pipe joint is loosened or disconnected. DO
NOT re-use the original pipe.

Vehicle Maintenance Workshop

Unless the workshop has a dedicated ‘sealable
clean room' work bay, precautions must still be taken.

. Clean the engine, Refer to: PIL 15-00-00.
Clean the engine in the dedicated area and
then move it to the workshop.

. Clean the floor area around the machine.

. Erect clean plastic sheeting to shelter the
engine from any wind and the possibility of
debris such as dirt and dust falling from above.

. Ensure that workshop doors to the outside are
kept closed. A gust of wind through an open
door will easily blow sand particles into the air.

. Make sure your work wear is clean, non-flocking
and lint free. If in doubt wear a new disposable
environmental type suit.

. Use clean latex gloves (non-powdered).

. Before you start work make sure that all the
required replacement parts and tools are on
site. Make sure that the replacement parts are
still sealed inside their packaging

. Cap all exposed ports and orifices immediately.
Do not leave them open.

. High pressure fuel pipes MUST BE REPLACED
if any pipe joint is loosened or disconnected. DO
NOT re-use the original pipe.

Check (Pressure)

When it is necessary to check the fuel rail pressure
function on a faulty vehicle, it is often difficult to
decide which component of the system has failed.
It is essential to keep in mind the principles of the
function of the Common Rail Fuel system:

Table 108.

Principle Function

Pressure production The pump compresses

the fuel at high pressure

Pressure regulation The pressure thus pro-
duced is accumulated in
a rail and measured and
regulated (the rail pres-
sure sensor, the ECU
(Electronic Control Unit)
and the IMV (Inlet Me-
tering Valve) function in
a closed loop, excess
pressure is drained to
tank by the HPV (High
Pressure Valve)

Pressure consumption | This pressure is finally
consumed by the injec-
tors (injection into the

engine cylinders and in-

jector management)

This means that a pressure fault may come from
the producer, the regulator or the consumers. Simply
studying the physical parameters of the rail pressure
does not allow the disassociation of the producer and
the consumer.

Symptoms

. The engine won't start or is difficult to start.

. The engine stalls while running.

. Lack of power and dashboard warning lamps
light: the recovery mode may lead to engine
stop.

Fuel Flow Status Analysis
Fuel flow balance is established as follows:

Injected flow + Back leaks flow (Flow consumed)
= Capacity of the HP pump to supply the flow
requested for a given diesel fuel temperature

Fuel flow balance is upset if:

. The Injector back leak flow increases sharply,
exceeding the pump capacity.

. This can happen when particles disturb the
internal injector sealing, increasing the back
leak flow from one/several injectors or HPV
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Examples: . Excessive negative pressure at the pump inlet
(<- 300m Bar, fuel filter blocked).

Mechanical wear in the pump.

Excessive pump inlet temperature.

. Heavy contamination of the fuel wear and tear
on the pump leads to the production of metallic
particles that will seriously disturb the injector
function. _ o Figure 191. Reduction in HP Pump Capacity

. Mechanical wear in the injector.

. HPV stuck open.

100 100

The capacity of the pump to supply the required
pressure is reduced due to internal pump wear,
pressure is reduced due to internal pump wear or a
fuel feed problem.

Figure 190. Increased Back Leak Flow

Cc

4 F\

100

0 0
B A
A Production
B Consumption
C Reduction in HP pump capacity
D Pressure deficit
E Pump capacity
E F Injected flow
\ G Back Leak flow
0
B
A Production
B Consumption
C Increased back leak flow
D Pressure deficit
E Pump capacity
F Injected flow

Example
. Presence of air in the low pressure circuit.
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Bleed
A WARNING Do not open the high pressure fuel

system with the engine running. Engine operation
causes high fuel pressure. High pressure fuel
spray can cause serious injury or death.

WARNING Bleeding of the high pressure fuel
system by opening the high pressure lines is not
required. High fuel pressure can persist for a
period of time when the engine has stopped. High
pressure fuel spray can cause serious injury or
death.

The engine installation contains an electrically
operated fuel lift pump. The system is designed to
bleed automatically when the lift pump is operated.
Make sure that as much air is removed from the fuel
as possible before the engine is started.

Do not try to bleed the high pressure fuel system by
loosening high pressure pipe connections even when
the engine is stopped. To bleed the fuel system follow
the steps below.

1.
2.

Turn on the ignition to start the fuel lift pump.

Do not start the engine. Allow the pump to run for
the specified time.

Duration: 30s
Turn off the ignition key.

3.1. Wait for the specified time and turn the
ignition key to start the pump.

Duration: 10s

3.2. Do not start the engine. Allow the pump to
run for the specified time.

Duration: 30s

Repeat 3 two more times before you start the
engine.

Start the engine and make sure it runs smoothly.
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Drain and Fill .......cccocoiiiiiiiiiiiii 18-19

Introduction

The fuel filter consists of filtration media folded in
such a way as to give a very large surface area. This
is known as the filter element. It is most important
that the fuel filter is changed regularly in accordance
with the machine maintenance schedule. Use only
the correct specification filters.
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Component Identification
Figure 192.
) \L / 1
C iy 1 1f
IID/
2
1d
2a
[ )
2b 1a
2c 1b 1c
1  Fuel pre-filter/ water separator 1a Water bowl
1b Drain screw 1c Water level probe
1d Fuel filter element 1e Electric lift pump
1f  Air bleed to tank 2 Fuelfilter

2a Filtration media
2c Drain screw

2b

Sediment bowl
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Operation Drain and Fill

The fuel pre-filter works under suction. The fuel 1.
is pulled through the filter media by the fuel lift

pump where any dirt particles or water droplets are
retained. Water droplets congeal and drop down into 2.
the integral water sediment bowl. The water can be
drained off by means of a drain valve in the bottom

of the water sediment bowl.

Make the machine safe
Refer to: PIL 01-03.

Drain off any water in the filter element by turning
the drain valve. Any fuel and water mix drained
must be disposed of in accordance with local
regulations. Do not reuse the drained fuel.

Drain off any water in the water separator bowl.
Any fuel and water mix drained must be disposed
of in accordance with local regulations. Do not
reuse the drained fuel.
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03 - Filter Element

Remove and Install

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Get access to the filter.

2.1. On some machines the filter is located on
the engine. Other machines have remotely
located filters. There may be more than
one filter. Refer to the relevant service point
information for details.

Thoroughly clean the outside of the filter housing
and around the filter head.

On machines with a fuel shut-off valve, set the
valve to isolate the fuel supply.

Loosen the drain tap and allow the water / fuel to
drain into a suitable container.

Figure 193.

L

A

7\

D

A Fuel filter element
B Drain tap

Remove

mooOow>

—_

Figure 194.

Filter

Drain tap

Low pressure fuel line
Screw

Low pressure fuel line

Remove the low pressure fuel lines.

1.1. Put alabel on the hoses to help installation.

1.2. Plug all the open ports and hoses to prevent
contamination.

Release the filter strap retaining screw and lift the
filter upward.

Install

1.

Make sure that the filter is in the correct position
to enable connection of the fuel lines.

Install the filter strap.

2.1. Tighten the filter strap to the correct torque
value.

Torque: 24N-m
Install the low pressure fuel lines.

3.1. Make sure they are installed at the correct
ports.

Open the fuel shut-off valve (if applicable).

Bleed the fuel system. Refer to applicable engine
service manual.

Refer to: servicepro.jcb.com.
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09 - Pre-Filter Element Introduction

INtroduction .......coeeeiiiieeee e, 18-21 The fuel pre_f”ter with water Separator is installed on
Remove and Install .........cccccooiiiiiinn, 18-22 to the fuel lift pump. The fuel lift pump is a sealed
integral electrical unit.
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Remove and Install

Remove

1.
2.
3.

moow>

Make the machine safe.
Get access to the filter.

On machines with a fuel shut off valve, set the
valve to isolate the fuel supply.

Drain the water separator bowl.
Disconnect the water in fuel sensor.

Release the locking ring and remove water
separator bowl. Any fuel and water mix drained
must be disposed of in accordance with local
regulations. Do not reuse the drained fuel.

Release the locking ring and remove the filter
element, discard the element.

Figure 195.

gi,_g
=
C nn S \’l
p— t ih

E

Filter Element

Filter element locking ring

Water separator bowl locking ring
Water separator bowl

Water in fuel electrical connector

Install

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Install a new filter element and secure in position
with the locking ring.

Make sure that the water in fuel electrical
connector is correctly installed.

On machines with a fuel shut-off valve, set the
valve to connect the fuel supply.
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Introduction

The water separator with fuel pre-filter and the fuel
lift pump is a sealed integral electrical unit. The
assembly is a non-serviceable component. If any
part is defective, replace the complete pump, filter
and separator assembly.

Figure 196.

A Fuel lift pump
B Fuel pre- filter
C Water separator

The pre-filter/water separator is designed to separate
water and dirt from the fuel using a special chemically
treated paper filter element. A bowl installed in the
bottom of the trap collects the water removed from
the fuel.

The bowl is installed with an electric probe which
senses when the water is above a preset level.
The probe enables a suitable alarm/indicator device.
Water can be drained off by means of the drain screw
installed in the base of the bowl. It is essential that
the water trap is drained regularly. Water must be
drained immediately if the probe signals an alarm.

Refer to fuel and exhaust system, filter, component
identification, (PIL 18-09).

INtroduction .......coeeeiiiieeee e, 18-25
Drain and Fill .......ccooooeiiii e 18-26
(01171 o IR 18-26
Remove and Install .........ccooooveiiiiiiiiiieenn, 18-27
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Drain and Fill Clean
1. Obey all fuel system health and safety (For: GTORS [HXN])

information. ’

Refer to: PIL 18-00-00. Draining the Water Separator
2. Make the machine safe. 1. Make the machine safe.

Refer to: PIL 01-03. .
2. Get access to the filter.

3. Drain off any water in the filter element by turning

the tap. 3. If there is water but no sediment, open the tap

to drain the water. If there is any sediment in

4. Drain off any water in the water separator bowl the bowl replace the fuel filter element. Do not
by turning the tap. Do not disconnect the water disconnect the electrical connector (if installed).

in fuel electrical connector (if installed). 4. Tighten the drain tap when all the water is

5. If there is sediment in the bowl after draining, drained.
support the bowl and release the locking ring.

Figure 198.
w

6. Wash the bowl in clean fuel.

7. Install the bowl, secure in position with the
locking ring.

8. Make sure that the water in fuel electrical
connector is correctly installed.

Figure 197. Typical Engine

(o=

A Tap

B Bowl
A Fuel filter

B Drain tap
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Remove and Install

Refer to Fuel and Exhaust system - Filter - Pre-Filter
Element. Refer to: PIL 18-09.
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04 - Water in Fuel Sensor Introduction

INtrodUucCtion ...ooeoeeeeee e 18-28 The water in fuel sensor is installed in the fuel

Remove and Install ............ccoocoviiiiinnn. 18-29 filter water bowl. A warning light will illuminate in
the instrument panel to indicate that water has
accumulated in the fuel filter water bowl and must be
drained.
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Remove and Install

Remove

1.

o o kw0 DN

Make the machine safe.
Refer to: PIL 01-03.

Remove the ignition key.
Get access to the fuel filter.
Disconnect the electrical connections.

Remove the sensor fixing screw.

Remove the sensor.

Figure 199.

1 Fixing screw
2 Electrical connections
A Water in fuel sensor

Install

1.

The installation procedure is the opposite of the
removal procedure.
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Introduction

Fuel at rail pressure is continuously supplied to the
injectors via high pressure fuel pipes.

The high pressure fuel injector fuel pipes consist
of thick walled, seamless steel tubing. The ends of
the tubes are formed with conical nipples for sealing
in the sealing cones on the common rail and on
the injector at port. It is essential that the tubes
are maintained and installed correctly for safe and
effective engine operation.

Important: If the high pressure fuel pipes are
removed for any reason they must be renewed.
Installing the original fuel pipes will cause fuel leaks
at the pipe connections.

Fuel injection takes place when the solenoid coil is
energised by the ECM (Engine Control Module).

Combustion

The engine employs a direct injection system. Fuel
is injected directly into the cylinder, the mixing taking
place in the combustion chamber which is recessed
into the crown of the piston.

The process of mixing starts during the induction
stroke and continues throughout the compression
stroke. The inlet porting and combustion chamber
are carefully designed to ensure that when the fuel
is injected it is mixed thoroughly with the air.

The multi-point injector and high injection pressure
ensure a good distribution of fuel throughout the air
which aids mixing. The mixing process continues
until combustion is complete.

To further enhance efficient combustion, the ECM
initiates several separate injections of fuel during the
compression stroke. The timing of the fuel injections
is also varied by the ECM depending on engine
operating parameters.
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Component Identification

Figure 200.
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1 Fuel tank 2 Fuel lift pump
3 Fuel pre-filter and water separator 4 Fuel filter
5 Fuel injection pump 6 Fuel rail
7 Fuel injectors A Engine sensors
B ECM (Engine Control Module)
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Fuel Injection Cycle
Figure 201.
TDC 2 3
l e
O
o) 02 6
|
S e e e o e B R T 11 M *>"*
1 ECM (Engine Control Module) 2 Camshaft position sensor
3 Camshaft target disc 4 Crankshaft position sensor
5 Crankshaft mounted target disc 6 Fuel injector
A Camshaft sensor signal - Signal is B Crank position sensor signal - Signal is
generated by camshaft target disc 3 and generated by crankshaft mounted target
sensor 2. Processed by the ECM 1 to disc 5 and sensor 4. Processed by the
determine which cylinder to inject. ECM 1 to determine timing of injection.
C1-C2  Current pulse - injector solenoid coil - D1-D2 Fuel Injection - Start and duration of
Sent to the injector (6) solenoid coil by actual injection. It can be seen that
the ECM 1 to initiate injection. Time of there is a time shift between the current
pulse calculated by the ECM to control pulse and actual injection. This is
the amount of fuel injected. Pulse C1 due to electrical resistance and the
controls pilot injection. Pulse C2 controls individual characteristics on the fuel
the main injection. injector assembly 6. D1 indicates the
pilot injection and D2 the main injection.
Total fuel injected for one cycle = D1 +
D2.
TDC Top dead centre - Shows when piston
is at top dead centre in relation to the
injection sequence.
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Injection Cycle

It is important to remember that the injector solenoid
coil does not directly lift the injector needle. Instead
it operates a tiny valve which causes a fuel pressure
imbalance inside the injector. In this way the needle
is lifted hydraulically. The method of operation is as
follows:

State 1 - No fuel injection

The solenoid coil is not energised. Fuel at rail
pressure fills the small chamber around the needle.
Fuel at rail pressure also fills the control chamber.
Since the surface area of the needle inside the
control chamber is greater than the area inside
chamber the needle is held on its seat by hydraulic
(fuel) pressure. Spring holds the needle on its seat
when the engine is stopped (when the rail pressure
is low or zero).

Figure 202.

B Needle

F Solenoid coil

J Spring

Q Small chamber
R Control chamber

State 2 - Fuel injection start

At the commencement of fuel injection the solenoid
coil is energised by the ECM.The solenoid coil lifts
spool valve off its seat. Fuel at rail pressure is allowed

to bleed from the control chamber and ultimately
back to the fuel tank via the bleed off lines.

Although the control chamber is still connected to the
rail pressure different sized metering orifices K and
L cause the pressure in the chamber to fall below
the rail pressure. The metering orifice ensures full rail
pressure is maintained in the chamber around the
needle.

When the pressure imbalance in the chambers is
sufficient to overcome spring the needle lifts and
injection begins.

Figure 203.
T
1 g
Uil
%ﬁ e
KL/ L ‘ .“,_/R
/;. 7\\J
M
Q
B * |
Ny
Needle
Spool valve
Solenoid coil
Spring

Metering orifice
Metering orifice
Metering orifice
Small chamber
Control chamber
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State 3 - Fuel injection

When the flow of fuel to the injection nozzle is
established the metering orifice causes a pressure
drop in the small chamber. Since the needle is now
lifted its surface area subjected to the pressure in the
small chamber is increased. The force is sufficient to
keep the needle lifted.
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Figure 204.

(V')

B Needle
M Metering orifice
Q Small chamber

State 4 - Fuel injection stop

To stop fuel injection the ECM de-energises the
solenoid coil. The spool valve is pushed on to its seat
by the force of the spring. Fuel no longer bleeds from
the control chamber.

A calibration dowel, selected during manufacture, is
used to finely set the force from the spring.

Fuel pressure inside the control chamber reaches
the rail pressure. Since the needle is lifted its
surface area under pressure from the fuel in the
small chamber is increased. Force from the fuel in
the control chamber is now insufficient to push the
needle on to its seat.

The only way to push the needle on to its seat is
to reduce the fuel pressure in the small chamber.
This is achieved by the metering orifice. As fuel flows
through the metering orifice a pressure drop in the
small chamber is produced. The needle is forced on
to its seat by pressure in the control chamber. Fuel
injection stops.

APpETOTMD

Figure 205.

Needle

Spool valve
Solenoid coil
Spring
Calibration dowel
Spring

Metering orifice
Small chamber
Control chamber
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Fault-Finding
Fault
Injector Calibration Table 109. Page 18-36
Injector Trim Codes Table 110. Page 18-36
Open Circuit Injector Table 111. Page 18-37
Injection Bank Table 112. Page 18-37
Short Circuit Injector Table 113. Page 18-38
Engine Low on Power Table 114. Page 18-38
Injector Calibration Table 115. Page 18-39
Open Circuit Injector Table 116. Page 18-39
High Pressure Injection Diagnostics Table 117. Page 18-40
Fuel Rail Pressure Calibration Table 118. Page 18-40
IMV Table 119. Page 18-41
HPV Table 120. Page 18-41
Table 109. Injector Calibration
Cause Remedy

Old/incorrect software version

Check if the software is up to date or new software
that will solve this problem is available. Upgrade as
necessary. Re-flash the injector calibration codes,
respecting power down and up delay and taking care
of injector position; erase all the faults.

If no fault is found proceed to 'Injector cylinder
position and value fault'

Injector cylinder position and value fault

Check that ‘individual injector corrections’ are
correctly entered in ECM (Engine Control Module).
Check the cylinder position and value.

If no faults is found, proceed to 'Injector program
fault'.

Injector program fault

Re-flash the injector calibration codes, respecting
power down and up delay and taking care of injector
position; erase all the faults.

Electrical connection faulty

Check the knock sensor connection and screw
torque, repair as necessary. Note: Check the ground
shield connection of knock sensor.

If no knock sensor is installed, raise Techweb
Helpdesk call.

Table 110. Injector Trim Codes

Cause

Remedy

Sensor connection fault

Check the following sensors and make sure they
work correctly. — Knock sensors — Water temperature
sensor — Air temperature sensor — Fuel temperature
sensor — Barometric pressure sensor (built inside the
ECM.

Check the knock sensors connection and screwing
torque (Check particularly the ground shield
connection). Repair as necessary and re-enter all
injector calibration codes (read then write) in correct
position to reset learned parameters.

If no fault is found proceed to 'Knock sensors ground
fault'.

Knock sensors ground fault

Check the grounding of knock sensors, repair as
necessary.

If no fault is found proceed to ECM connection fault'.
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Cause

Remedy

ECM connection fault

Disconnect the harness from ECM and inspect.
Check seals are in place, check for signs of corrosion
or contamination.

If ECMpins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to "Wiring fault'.

Wiring fault

Check the harness continuity and electrical
insulation, repair/replace as necessary.

If no fault is found proceed to 'Injector calibration
codes faulty'.

Injector calibration codes faulty

Check the injector calibration codes recorded inECM,
if found fault re-enter all injector calibration codes
(read then write) in correct position to reset learned
parameters.

If the injector calibration codes are OK, test the
vehicle on road and check the Defect Trouble Code
(DTC) again with the diagnostic tool. If the problem is
still present change the knock sensor.

If no fault is found raise Techweb Helpdesk call.

Table 111. Open Circuit Injector

Cause

Remedy

Fuel injector fault

Perform the injector buzz test, if the injector is faulty
it will not produce a buzzing sound. In such instances
raise Techweb Helpdesk call.

If no fault is found proceed to 'Injector connection
fault'.

Injector connection fault

Check the resistance of injector — For solenoid, it
should be less than 1 ohm.

If the resistance is incorrect, change the injector and
calibrate it.

If no fault is found proceed to 'Electrical/ECM
connection fault'.

ElectricalECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to "Wiring fault'.

Wiring fault

Check the harness continuity and electrical
installation, repair/replace as necessary.

If no fault is found raise Techweb Helpdesk call.

Table 112. Injection Bank

Cause

Remedy

Injector connection fault

Check the injector connections corresponding to
faulty bank, repair as necessary.

If no fault is found proceed to 'Injector faulty'.

Injector faulty

Check all the injectors individually. Replace the
injector and re-calibrate the ECM with the trim file of
the new injector.

If no fault is found proceed to
'Electrical/ECMconnection fault'.
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Cause

Remedy

Electrical/ECM connection fault

Disconnect the harness from engineECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replaceECM and re-flash
appropriate calibration (see Re-flashing anECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to "Wiring fault'.

Wiring fault

Check the harness continuity and electrical
installation, repair/replace as necessary.

If no fault is found raise Techweb Helpdesk call.

Table 113. Short Circuit Injector

Cause

Remedy

Fuel injector fault

Perform the injector buzz test, if the injector is faulty
it not will produce a buzzing sound. In such instances
raise Techweb Helpdesk call.

If no fault is found proceed to 'Injector connection
fault'.

Injector connection fault

Disconnect the injector (one by one) to see if the fault
disappeared. Repair/ replace as necessary.

Disconnect the engine harness inter connect plug
it to see if the fault disappears. Repair/replace as
necessary.

If no fault is found proceed to 'Electrical/ECM
connection fault'.

ElectricalECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

IfECM pins are damaged, replaceECM and re-flash
appropriate calibration (see Re-flashing an ECM).

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity and electrical
installation, repair/replace as necessary.

If no fault is found raise Techweb Helpdesk call.

Table 114. Engine Low on Power

Cause

Remedy

Injector fault - electrical

If an electrical injector fault is present raise Techweb
Helpdesk call.

If no fault is found proceed to 'Injector connection
fault'.

Injector connection fault

Check the Individual Injector Corrections and injector
connections. If the problem with C3I or injector
connection is evident,replace/repair as necessary.

If no fault is found proceed to 'Fuel rail pressure'.

Fuel rail pressure

Check the fuel rail pressure.

If no fault is found proceed to 'Engine Cylinder
compression fault'.

Engine Cylinder compression fault

Run the compression test (automatic or manual),
if any of the engine cylinder pressure is not in the
limits, repair/replace as necessary.

If no fault is found proceed to 'Blocked inlet tubes'.
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Cause

Remedy

Blocked inlet tubes

Check the fuel lines for any blockage and
contamination. Clean the fuel lines as necessary.

If no fault is found proceed to 'Injector faulty'.

Injector faulty

Swap the injectors with another. Re-write the trim
codes. Replace/repair as necessary and re-flash the
injector calibration codes.

Table 115. Injector Calibration

Cause

Remedy

Injector calibration fault

Re-write the injector calibration codes allowing the
power down and up delay and taking care of injector
position, erase the faults.

If no fault is found proceed to 'Power relay operation
fault'.

Power relay operation fault

Check the power relay operation, repair the relay or
wiring as necessary.

If no fault is found proceed to 'ECM connection fault'.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

Check the harness continuity and electrical
installation, repair/replace as necessary.

If harness is damaged, repair or replace as
necessary.

If no fault is found raise Techweb Helpdesk call.

Table 116. Open Circuit Injector

Cause

Remedy

Fuel injector fault

Perform the injector buzz test, if the injector is faulty
it will not produce a buzzing sound. In such instances
raise Techweb Helpdesk call.

If no fault is found proceed to 'Injector connection
fault'.

Injector connection fault

Check the resistance of injector. — For solenoid, it
should be less than 1 Ohm.

If the resistance is incorrect, change the injector and
calibrate it.

If no fault is found proceed to 'Electrical/ECM
connection fault'.

ElectricalECM connection fault

Disconnect the harness from engineECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

IfECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing anECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity and electrical
insulation, repair/replace as necessary.

If no fault is found raise Techweb Helpdesk call.
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Table 117. High Pressure Injection Diagnostics

Cause

Remedy

Pressure diagnostics fault

Check the fault of type IMV (Inlet Metering Valve)
or HPV (High Pressure Valve) (if applicable) or rail
pressure sensor, repair the corresponding fault.

If no fault is found proceed to 'High pressure system
fault'.

High pressure system fault

Read the Diagnostic Trouble Code (DTC).

Connect the battery booster.

If the DTC links to high pressure control: — Check

the fuel feed circuit is in good condition — Check the
diesel fuel is present in the system — Check there is
no air bubbles or emulsion in the pipes — Check there
is enough fuel pressure in the inlet pump — Check
there are no high pressure circuit leaks — Check the
quality and type of the diesel fuel.

If the low pressure circuit is faulty, repair the low
pressure circuit.

If no faults are found, proceed to 'Engine does not
start' or 'Engine starts' depending on symptoms,
replace the corresponding injectors.

Engine does not start

Perform the ‘Dynamic IMV Test'.

If the IMV is faulty replace the IMV.

If the IMV is OK complete the ‘Dynamic Injector Back
leak Test’

If the back leak is above the limit, replace the
corresponding injector(s).

If the back leak is OK complete the ‘Pump Pressure
Build Capacity Test’

If the pump capacity is below the limit, replace the
high pressure pump.

If the pump capacity is OK, raise Techweb Helpdesk
Call.

Table 118. Fuel Rail Pressure Calibration

Cause

Remedy

Sensor connection faulty

Check the condition of sensor to harness connection,
repair/replace as necessary.

If no fault is found, proceed to 'ECM connection fault'.

ECM connection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Sensor failure'.

Sensor failure

Check the sensor resistance (see relevant help file
page). If sensor is out of specification replace, the
Sensor.

If no faults is found, proceed to ECM connection
fault'.
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Cause

Remedy

ECM connection fault

Disconnect the harness from engine ECU (Electronic
Control Unit) and inspect. Check seals are in place,
check for signs of corrosion or contamination.

If ECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Rail pressure sensor
and rail fault'.

Rail pressure sensor and rail fault

Replace the rail pressure sensor and rail.

If the problem still not solved, raise Techweb
Helpdesk call.

Table 119. IMV

Cause

Remedy

IMV (Inlet Metering Valve) connection fault

Check the connection to IMV

If the IMV connection is faulty, replace the high
Pressure fuel injection pump.

If no fault is found proceed to 'ECM connection fault'.

ECMconnection fault

Disconnect the harness from engine ECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

If ECM pins are damaged, replace ECMand re-flash
appropriate calibration (see Re-flashing an ECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.

Wiring fault

Check the harness continuity and electrical
insulation, repair/replace as necessary.

If no fault is found proceed to 'Electrical resistance
fault'.

Electrical resistance fault

Measure the IMV electrical resistance around 5.3
ohms at 20 degrees C.

replace the high Pressure fuel injection pump if the
resistance fault occurs.

If no fault is found proceed to IMV buzz fault'.

IMV buzz fault

Perform the IMV buzz test. If the IMV is not buzzing
replace the high Pressure fuel injection pump.

If the IMV buzzes, raise Techweb Helpdesk call.

Table 120. HPV

Cause

Remedy

HPV (High Pressure Fuel Valve) connection fault

Check the connection of HPV

If the HPV connection is faulty, repair or replace as
necessary.

If no fault is found proceed to ECMconnection fault'.

ECM connection fault

Disconnect the harness from engineECM and
inspect. Check seals are in place, check for signs of
corrosion or contamination.

IfECM pins are damaged, replace ECM and re-flash
appropriate calibration (see Re-flashing an ECM).

If harness is damaged, repair or replace as
necessary.

If no fault is found proceed to 'Wiring fault'.
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Cause

Remedy

Wiring fault

Check the harness continuity and electrical
insulation, repair/replace as necessary.

If no fault is found proceed to 'Electrical resistance
fault'.

Electrical resistance fault

Measure the HPVelectrical resistance, it should be
around 2.2 ohms at 25 degrees C.

If the electrical resistance is OK, replace the rail and
HPV.

If no fault is found proceed to 'HPV buzzing fault'.

HPV buzzing fault Perform the HPV buzz test. If theHPV is not buzzing
replace the rail and HPV.
If the HPV buzzes, raise Techweb Helpdesk call.
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Check (Operation)

Special Tools
Description

Data Link Adaptor
(DLA) Kit

Data Link Adaptor (DLA
2.0) Kit

Injector Leak-off Test
Kit ((Electronic Engine))
Fuel Injection
Equipment Cap Kit
(444/448 T4i/TAF/BS4/
STV Engine)

*Unless otherwise stated, you can use any of the
tools shown.

Part No. Qty.

892/01174 1*
728/H5409

892/12350 1

892/12359 1

Use the Sevicemaster engine diagnostic tool to
test the fuel injection system. There are two test
options available, static actuator tests, which supply
a voltage signal to the actuators, and dynamic
diagnostic tests which require the engine to be
cranked or started.

Static Actuator Tests

The following devices can be tested using a static
test, refer to the applicable Check (Operation)
procedure.

. IMV (Inlet Metering Valve)
. HPV (High Pressure Valve)
. Fuel injectors

Dynamic Diagnostic Tests

To diagnose fuel system faults the return flow from
the fuel system must be measured using the fuel
Injector leak off test kit. Install the leak off test kit as
follows.

1. Connect the test pipes to the leak off ports on the
four injectors.

Special Tool: Injector Leak-off Test Kit
((Electronic Engine)) (Qty.: 1)

Special Tool: Fuel Injection Equipment Cap Kit
(444/448 T4i/TAF/BS4/STV Engine) (Qty.: 1)

2. Position the four plastic bottles as upright as
possible. Keep the test equipment clear of
components that get hot when the engine is
operated.

3. Connect a test pipe to the leak off ports on the
high pressure valve outlet. Cap the open pipe.

4. Connect the Servicemaster engine diagnostics
tool.

Special Tool: Data Link Adaptor (DLA) Kit / Data
Link Adaptor (DLA 2.0) Kit (Qty.: 1)

5. Make sure it is safe to start the engine.

There are two sets of dynamic tests, one for when
the engine does not start (cranking only) and one for
when the engine does start (engine running).

Fuel System Diagnostic Test (Cranking only)

This test can be found in the fuel system diagnostic
test (cranking) tab in the engine test section on the
engine diagnostic tool within Servicemaster. This test
closes the injectors, opens the IMV and controls the
rail pressure using the HPV.

1. Use the Servicemaster engine diagnostics tool
to control the tests and follow the on screen
instructions in Servicemaster.

2. Measure the quantity of diesel fuel obtained in
the leak off kit.

3. Replace the injectors whose back leak exceeds
the specified value. Refer to Table 121..

4. The HPV is a non-serviceable part. Replace the
fuel rail if the HPV return volume exceeds the
specified value. Refer to Table 121..

5. After each replacement confirm the results by re-
testing.

6. If the leak off volumes are within limits and the
maximum rail pressure during the test is below
500 bar this indicates the high pressure pump
capacity may be low.

Fuel System Diagnostic Tests (Engine
Running)

These tests can be found in the fuel system
diagnostic test (engine running) tab in the engine
test section on the engine diagnostic tool within
Servicemaster.

IMV test

1. Warm the engine to over 60°C (depending on
the application) and the fuel temperature to over
20°C to be able to start the cycle.

2. Use the Servicemaster engine diagnostic tool
to control the tests and follow the on screen
instructions in Servicemaster.

3. Check status. If test OK, it should report
Diagnosis finished and no problem detected.
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3.1. If the test indicates it is not OK (problem
detected), replace the high pressure pump.
The IMV is a non-serviceable part.

IMV Diagnostic test

This test is designed to check the fuel system by
controlling the rail pressure using the IMV only.
Excessive HPV Leak off indicates a leaking HPV,
excessive leak off from the injectors indicates a faulty
injector.

1. Warm the engine to over 60°C (depending on
the application) and the fuel temperature to over
20°C to be able to start the cycle.

2. Connect the fuel leak off test kit, make sure all
open fuel pipes are capped.

3. Use the Servicemaster engine diagnostic tool
to control the tests and follow the on screen
instructions in Servicemaster.

4. Measure the quantity of diesel fuel obtained in
the leak off kit.

5. Replace the injectors whose back leak exceeds
the specified value. Refer to Table 121..

6. Replace the fuel rail if the HPV return volume
exceeds the specified value. Refer to Table 121..

6.1. The HPV is a non-serviceable part. Make
sure you replace the high pressure fuel
pipes at the same time.

7. After each replacement confirm the results by re-
testing.

HPV Test

This test is designed to check the fuel pump capacity
by opening the IMV fully and controlling the rail
pressure using the HPV. Leak off flow from the HPV
indicates the high pressure pump capacity.

1. Warm the engine coolant to over 60°C
(depending on the application) and the fuel
temperature to over 20°C to be able to start the
cycle.

2. Connect the HPV leak off bottle, make sure all
open fuel pipes are capped.

3. Use the Servicemaster engine diagnostic tool
to control the tests and follow the on screen
instructions in Servicemaster.

4. Measure the quantity of diesel fuel obtained in
the HPV leak off bottle. The amount should be
less than the volume specified. Refer to Table
121..

5. Replace the fuel rail if the HPV return volume
exceeds the specified value. Refer to Table 121..

5.1. The HPV is a non-serviceable part, the
complete fuel rail assembly must be
replaced.

6. After each replacement confirm the results by re-
testing.

Table 121. Fuel system limits

Test

Limit

Leak-off test (Cranking only)

Injectors: Less than 250mm of fuel in the fuel leak-off
pipes

HPV: Less than 50mm of fuel in the fuel leak-off pipe

Leak-off test (Engine running)

Injectors: Less than 45L of fuel in each fuel leak-off
bottle and less than 0.015L difference between each
injector

HPV: Less than 0.015L of fuel in the fuel leak-off bot-
tle
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Introduction

The fuel Injectors are electronically controlled and
incorporate a small solenoid valve. The injectors are
supplied with pressurised fuel by the high pressure
fuel injection pump and when energised, the injector
atomizes the fuel into a fine mist so that it can burn
easily by the vehicle’s engine.

The fuel injectors are mounted in the cylinder head
so that fuel is sprayed directly into the combustion
chamber. A fuel supply rail connects all of the fuel
injectors to the fuel supply.

The injector tips are located inside the combustion
chambers, so effective cooling is essential. A special
thin walled sleeve is screwed into the cylinder head
which allows a coolant jacket close to the injector.
The coolant jacket is sealed at the bottom by sealant
on the sleeve thread and at the top by O-ring.

Figure 206.

Injector
Sleeve
Cylinder head
Coolant jacket
Sleeve thread
O-ring
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Component Identification

ZSErC«cIEOMMOUOm>»

Figure 207.
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Multi-point injector nozzle
Needle

Spacer

Cap

Valve

Solenoid coil

Valve spring
Calibration dowel
Injector spring
Electrical connector
Leak off port

Feed port
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Check (Operation)

Leak Off Test

The injectors can be tested using Servicemaster
engine diagnostics and by means of a leak off test.
The test is performed with the engine cranking or
engine running as applicable.

To test for a defective injector first use Servicemaster
to diagnose the problems with the high pressure
fuel injection equipment, specifically when the engine
does not start. Refer to: PIL 18-18-00.

Injector Static Test

Do the following test to identify the electrical faults
between the ECM (Engine Control Module) and the
fuel injector.

Make sure that you do not operate this test on new
injectors, run the engine to lubricate the injectors with
fuel before running the test.

1. Turn the ignition switch ON. Do not start the
engine.

Make sure that the fuel rail pressure is less than
the specified value.

Pressure: 50bar (724.6psi)

Using the Servicemaster engine diagnostic tool,
select the injector test.

The ECM supplies a voltage signal to the fuel
injectors which creates a noise as the injector
solenoid operates.

The test will run for specified duration and a
report will be generated.

Duration: 30s

An faint buzzing noise from the injectors
indicates the circuit is operating. The test report
will identify the following results.

No fault detected

Injector open circuit

Injector short circuit

Injector bank short circuit to battery voltage
Injector bank short circuit to ground

Figure 208. Servicemaster injector test screen
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Calibrate

Since the injector operating components are by
necessity very small, even the most advanced
manufacturing techniques do not ensure consistent
injection cycle characteristics between injectors.

For example, small variations in the metering orifice
sizes will alter the time durations for the start and
stop of fuel injection. The small dimensions involved
mean that only a tiny variation will alter the orifice
area by a relatively large percentage.

For this reason it is necessary to individually test
and record the operating characteristics of each
injector assembly at the factory. The results of the
test are recorded in the form of a calibration code and
attached to the injector body.

Figure 209.

A © 870XW8
91E9WYF
87KSYX0

53— A3IF5G6B3

F5A2C4B2
o 1385VV18W09
320120846

A Calibration code (20 characters)
B Manufacturers reference

C JCB part number

D Injector serial number

The codes for each injector installed to the engine are
programmed into the ECM (Engine Control Module).
The operating software in the ECM uses the data
to adjust the control of the injector solenoid coil
accordingly. The injector is therefore effectively re-
calibrated by the ECM.

It follows that if injectors are removed they must
always be installed in their original positions. If
new injectors are installed the ECM must be
reprogrammed with the new injector codes as
follows.

1. Make the machine safe.
Refer to: PIL 01-03.
2. Connect Servicemaster and use JCB Ecomax

engine setup software to program injector
calibration codes as necessary.

2.1. Change the existing codes to the new ones
and then write to the ECM.
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Figure 210. JCB Ecomax Engine Seup - injector calibration screen
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3. Reset the learned values. When new or different injectors are installed

] o these learnt values should be reset.
3.1. Over time the injection components wear. ) ] ] )
The ECM adapts (learns) as necessary. 3.2. Use the Servicemaster engine diagnostic
tool to reset the injector values.
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Figure 211. Servicemaster reset injector values screen
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Remove and Install

Special Tools

Description Part No. Qty.
Data Link Adaptor 892/01174 1*
(DLA) Kit 728/H5409
Data Link Adaptor (DLA
2.0) Kit
Injector Leak-off Test 892/12350 1
Kit ((Electronic Engine))
Fuel Injection 892/12359 1
Equipment Cap Kit
(444/448 T4i/T4AF/BS4/
STV Engine)

*Unless otherwise stated, you can use any of the
tools shown.

The following procedure is for one injector, the

procedures are identical for all injectors.

The injectors and high pressure fuel pipes must
not be removed unless a fault has been confirmed

through injector diagnosis.

Before Removal

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before

you start the service work.
2. Get access to the engine.

3. Clean the engine.
Refer to: PIL 15-00-00.

3.1. Additional cleaning must be carried out prior
to working on the high pressure fuel system.

Refer to: PIL 18-00-00.

4. Remove the high pressure fuel pipes.
Refer to: PIL 18-96-03.

4.1. Plug all open ports and hoses to prevent

contamination.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/TAF/BS4/STV Engine)

(Qty.: 1)
5. Remove the fuel bleed off fuel pipes.
Refer to: PIL 18-96-06.

5.1. Plug all open ports and hoses to prevent

contamination.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/TAF/BS4/STV Engine)

(Qty.: 1)

6. Disconnect the electrical connector from the

injector.

10.

11.

Remove the rocker cover.
Refer to: PIL 15-42-06.

Record which injector is for which cylinder. The
injectors must be installed in the same positions.

8.1. If a fuel injector is defective, it must be
replaced.

Remove the injector clamp retaining bolt and lift
the clamp away.

Figure 212.

Injector

Injector clamp
Retaining bolt
Injector sleeve
Injector bleed-off port
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Remove and discard the sealing washer. Label
the injector to make sure it is installed in its
original cylinder. Put a clean protective cap over
the nozzle of the injector.

Special Tool: Fuel Injection Equipment Cap Kit
(444/448 T4i/TAF/BS4/STV Engine) (Qty.: 1)

Remove and discard the O-ring.
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18 - Fuel and Exhaust System

18 - Injection
03 - Injector

Figure 213.

e —

QGU((

5 Protective cap
6 Protective cap
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Figure 214.
A ° 870XW8

91E9WYF

87KSYX0
S—— A3F5G6B3

F5A2C4B2
o 1385VV18W09
320120846

Calibration code (20 characters)
Manufacturers reference

JCB part number

Injector serial number

Clean off oil or sludge from the inner bore of the
injector sleeve. Make sure you do not damage
the surface of the bore. Damage or surface
contamination will cause the injector sealing O-
ring to fail.

Install a new O-ring.
Install a new sealing washer.
Install the injector.

4.1. Make sure that the injector is installed in
the correct orientation, with the bleed-off
port facing the right hand side (exhaust
manifold) of the engine. Make sure the
injector is pushed fully into the cylinder
head.

7 Sealing washer 5. Install the injector clamp and retaining bolt.
5.1. Tighten the injector clamp bolt to the correct
Install torque value.
The fuel injectors are not interchangeable between 6. Install the rocker cover.
cylinders or other engines. Make sure you install Refer to: PIL 15-42-06.
the injectors in the same positions. If a new or
different injector is installed, the ECM (Engine 7. Install new high pressure fuel pipes.
Control Module) must be re-programmed. Refer to: i _0A.
PIL 18-18-03. Refer to: PIL 18-96-03.
o ] ] 8. Connect the injector leak off test kit.
The original injector calibration codes are located on . . .
a label on the rocker cover. Special Tool: Injector Leak-off Test Kit
((Electronic Engine)) (Qty.: 1)
9. Prime the fuel system.
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18 - Fuel and Exhaust System

18 - Injection
03 - Injector

10.

9.1. Crank the engine for the specified time
period.

Duration: 5s

9.2. Repeat 9.1 a maximum of 3 times or until
fuel appears in the leak off pipes.

Disconnect the injector leak off test kit.

11. Install the low pressure fuel pipes.

Refer to: PIL 18-96-06.

12. Connect the electrical connector to the injector.
13. Connect the DLA (Data Link Adaptor) to the
machine.

Special Tool: Data Link Adaptor (DLA) Kit / Data

Link Adaptor (DLA 2.0) Kit (Qty.: 1)

14. Use Servicemaster to clear the error codes from
the ECM.

14.1. Fault codes will have been generated
while cranking the engine to prime the fuel
system with the injectors disconnected.

15. If a new or different injector has been installed,
the ECM must be re-programmed with the new
injector code.

Refer to: PIL 18-18-03.

16. Start the engine and allow it to idle.
17. Check for fuel leaks.
Table 122. Torque Values
Item Nm
3 26-30
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18 - Fuel and Exhaust System

18 - Injection
07 - Injector Seal

07 - Injector Seal

Remove and Install

Special Tools

Description Part No. Qty.

Injector Seal
Installation Tool
(Electronic Engine)

892/12346 1

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Clean the engine.
Refer to: PIL 15-00-00.
Remove
1. Remove the high pressure fuel pipes.
Refer to: PIL 18-96-03.
2. Remove the low pressure fuel pipes.
Refer to: PIL 18-96-06.
3. Remove the rocker cover from the cylinder head.

Refer to: PIL 15-42-06.

Figure 215.

A Rocker cover
B Bolts

C Gasket

D Injector seals

Put wooden supports under the rocker cover and
tap out the injector seals using the special tool.
Discard the seals.

Special Tool: Injector Seal Installation Tool
(Electronic Engine) (Qty.: 1)

Figure 216.
G

E Injector seal installation tool
F Injector seals
G Wooden supports

F E

f M‘III
—]

%
4

Install

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.
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18 - Fuel and Exhaust System

18 - Injection
07 - Injector Seal

2. Remove all oil and sludge contamination from
inside the valve chamber.

3. Renew the injector seals. Put supports under the
rocker cover and tap in the new seals using the
special tool.

Special Tool: Injector Seal Installation Tool
(Electronic Engine) (Qty.: 1)

Figure 217.

m

Zﬂ/ 4l

N>
:

|

E Injector seal installation tool
F Injector seals
G Wooden supports

4. Renew the rocker cover gasket.

5. Preventdamage to the seals. Put sleeves/covers
on the injectors. Apply a rubber lubricant to the
seals.

6. Install the rocker cover.
Refer to: PIL 15-42-06.
After Installation

1. The high pressure fuel pipes must be replaced
with new parts.

Refer to: PIL 18-96-03.

2. Start the engine and check for oil and fuel leaks.
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18 - Fuel and Exhaust System

18 - Injection
12 - Rail

12 - Rail

INtroduction .......cooveieeieeee e

Remove and Install

Introduction

The fuel rail also known as a common rail, is a
pipe resembling a rail that is used to deliver fuel
to individual fuel injectors on internal combustion
engines. It is designed to have an outlet for each
injector, an inlet for a fuel supply and an outlet for a
fuel bleed off.

The fuel rail also incorporates an attached fuel
pressure sensor and a fuel valve. DO NOT
remove the high pressure fuel valve or the fuel
pressure sensor from the rail. If these components
are defective replace the complete common rail
assembly.

Figure 218.

Fuel pressure sensor
Outlet

Bleed off

High pressure fuel valve
Inlet

Rail assembly

MMOO >
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18 - Fuel and Exhaust System

18 - Injection
12 - Rail

Remove and Install

Special Tools

Description Part No. Qty.

Fuel Injection
Equipment Cap Kit
(444/448 T4i/TAF/BS4/
STV Engine)

892/12359 1

Remove

This procedure requires service parts. Make sure
you have obtained the correct service parts before
you start. Refer to the Parts Catalogue.

1.

Obey all fuel
information.

Refer to: PIL 18-00-00.

system health and safety

Make sure that the engine is safe to work on. The
engine must cool and pressure in the fuel system
must decay before you start work. If the engine
has been running, wait at least one hour before
you start work.

Clean the engine.

Refer to: PIL 15-00-00.

3.1. Additional cleaning must be carried out prior
to working on the high pressure fuel system.
Refer to: PIL 18-00-00.

Remove the high pressure fuel pipes. The high

pressure fuel pipes must not be reused. Discard
the high pressure fuel pipes.

Refer to: PIL 18-96-03.
4.1. Plug all open ports and hoses to prevent
contamination.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/TAF/BS4/STV Engine)
(Qty.: 1)

Fuel pressure sensor

High pressure fuel pipe

Fuel bleed off pipe connector
High pressure fuel valve
Bolts (x2)

Rail assembly

TMOOW>

Remove the fuel bleed off pipe at the rail.

Refer to: PIL 18-96-06.

5.1. Plug all open ports and hoses to prevent
contamination.

Special Tool: Fuel Injection Equipment
CapKit (444/448 T4i/TAF/BS4/STV Engine)
(Qty.: 1)

Disconnect the electrical connector at the high
pressure fuel valve.

Disconnect the electrical connector at the fuel rail
pressure sensor.

Remove the bolts (x2) and remove the common
rail assembly.

Seal the common rail assembly inside a clean plastic
bag until it is ready for use. If the fuel rail assembly
is defective, it must be replaced.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Replace the high pressure fuel pipes.
Table 123. Torque Values
Item Nm

C 25
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18 - Fuel and Exhaust System

18 - Injection
15 - Pump

Introduction

The high pressure fuel injection pump is a rotary
type device that pumps fuel into the cylinders of
the engine. The pump is driven indirectly from the
crankshaft by gears.

15 - Pump

INtroducCtion .........vvveiiiiiccccceee e, 18-58
Component Identification ............ccccccvvvieeennn. 18-59
Operation ......cccceeeeeeiiiiiieieeee e 18-59
Remove and Install ..................ccc, 18-61
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18 - Fuel and Exhaust System

18 - Injection
15 - Pump

Component Identification

Figure 220.
7 8 2

Rt

\

D) ! ﬂ]t-:i
\7

I E

Fuel injection pump

Pump fixing nuts (x3)

Injection pump gear cover

Inlet metering valve electrical connector
Fuel temperature sensor electrical connector
Fuel pipe connector (inlet)

Fuel bleed-off connector

Fuel bleed-off connector, injector bleed off
Drive shaft nut

10 Drive gear

11 Injection pump O-ring oil seal

12 High pressure fuel outlet port

13 Gear cover O-ring oil seal

O©CoONOAR~,WN-=-

Operation

The high pressure fuel injection pump is driven via a
gear on the engine and rotates at half engine speed.
The pump comprises of two sections, the transfer
pump and the high pressure pump.

Although the pump does not control fuel injection
timing, it is still timed in relation to engine phasing.
By timing the pump pressure pulses, the load on the
engine timing gears is reduced together with reduced
mechanical noise.

Transfer Pump Operation

The integral transfer pump is a vane type. An
engine driven rotor houses four vanes in slots.
The rotor rotates inside an eccentric liner. The
vanes are held in contact with the liner by springs.
Fuel is drawn into the pump chamber at port X,
pressurised by the decreasing volume inside the
chamber and expelled at port Y. Fuel pressure
generated by the transfer pump is limited to a
specified pressure by an integral pressure regulating
valve. This pressure is maintained regardless of
engine speed.6bar (87.0psi)

Figure 221.

Rotor

Vanes (x4)
Eccentric liner
Springs
Regulating valve
Port X

Port Y

<XmMooOw)»

High Pressure Pump Operation

Fuel passes to the high pressure pump via the IMV
(Inlet Metering Valve). The ECM (Engine Control
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18 - Fuel and Exhaust System

18 - Injection
15 - Pump

Module) controlled IMV determines the amount of
fuel transferred to the high pressure pump. The
plunger actuator block is located on the engine driven
eccentric shaft. When the shaft rotates the actuator
block operates the two plungers. As one plunger is
pushed up its chamber the other is pushed down by
its spring.

State 1 - Charging

Note: The description is for one plunger. The
opposite plunger operates in an identical way. The
inlet and delivery ports from each plunger are
connected by internal galleries.

When the eccentric shaft is in the position shown
force from spring moves the plunger down its
chamber. Pressure in the chamber falls below the
rail pressure and the delivery valve closes. Transfer
pressure is now sufficient to force inlet valve off its
seat and allow the fuel to fill the chamber.

Figure 222,

Eccentric shaft
Actuator block
Plunger

Inlet valve
Delivery valve
Spring

MTMOOW>

State 2 - Pumping

Note: The description is for one plunger. The
opposite plunger operates in an identical way. The
inlet and delivery ports from each plunger are
connected by internal galleries.

When the eccentric shaft is in the position shown the
actuator block moves the plunger up its chamber.

Fuel pressure in the chamber rises and forces the
inlet valve on to its seat. As the plunger is pushed
further up its chamber the fuel pressure exceeds that
of the rail pressure and the delivery valve is forced off
its seat. Fuel is forced into the rail at high pressure.

Figure 223.

A Eccentric shaft
B Actuator block
C Plunger

D Inlet valve

E Delivery valve
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18 - Fuel and Exhaust System

18 - Injection
15 - Pump

Remove and Install

Special Tools
Description
C-Shaped Ring
Spanner
Crankshaft Turning Tool
(95.25mm PCD)- JCB
4 Cylinder Ecomax and
Dieselmax

Crankshaft /
Camshaft Timing Pin
(444/448/672 Engine)

Tamper proof Cover
Removal Tool

Pump Gear Removal
Tool

Fuel Injection
Equipment Cap Kit
(444/448 T4i/TAF/BS4/
STV Engine)

Torque Wrench
(10-100Nm)

Part No. Qty.
320/00925 1

892/01147 1

892/01148 1

892/01154 1

892/01155 1

892/12359 1

993/70111 1

Important: The following procedures include removal
and replacement of fuel system components. Before
starting the procedures the engine assembly must be
cleaned. Refer to: PIL 15-00-00. and Refer to: PIL
18-00-00.

Important: Service procedures on the high pressure
fuel pump can only be carried out by specialist
personnel with the relevant training and equipment.

Important: When removing components dirt and
debris may become exposed or dislodged. Stop the
removal procedures and clean away the exposed
deposits.Refer to: PIL 15-00-00.

Remove

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

2. Get access to the engine.

3. Clean the engine.
Refer to: PIL 15-00-00.
3.1. Additional cleaning must be carried out prior
to working on the high pressure fuel system.
Refer to: PIL 18-00-00.
4. Disconnect the electrical connectors from the

IMV  (Inlet Metering Valve) and the fuel
temperature sensor.

5. Disconnect the low pressure fuel pipes from the
fuel inlet, fuel bleed off and injector bleed off
ports.

Refer to: PIL 18-96-06.
5.1. Cap all open ports and hoses to prevent
contamination.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/T4F/BS4/STV Engine)
(Qty.: 1)

Figure 224.

Fuel injection pump
Pump fixing nuts (x3)
Injection pump gear cover
IMV electrical connector

Fuel pipe connector (inlet)
Fuel bleed-off connector

OCOoO~NOOGBDWN=

Drive shaft nut

10 Drive gear

11 Injection pump O-ring oil seal
12 High pressure fuel outlet port
13 Gear cover O-ring oil seal

6. Disconnect the high pressure fuel pipe from the
fuel outlet port. The High pressure fuel pipe must
NOT be reused. Discard the high pressure fuel
pipe.

Refer to: PIL 18-96-03.

6.1. Cap all open ports and hoses to prevent
contamination.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/TAF/BS4/STV Engine)
(Qty.: 1)

7. If it necessary to improve access to the pump,
remove the fuel filter.
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18 - Fuel and Exhaust System
18 - Injection
15 - Pump

8.

10.

11.

Remove the bedplate plug.

Figure 225.

1 Bedplate plug
A Crankshaft / Camshaft timing pin
C Crankshaft turning tool

Use the crankshaft turning tool to turn the
crankshaft until the timing pin engages in the
crankshaft timing hole.

Special Tool: Crankshaft Turning Tool (95.25mm
PCD)- JCB 4 Cylinder Ecomax and Dieselmax
(Qty.: 1)

Special Tool: Crankshaft / Camshaft Timing Pin
(444/448/672 Engine) (Qty.: 1)

Use the tamper proof cover removal tool and a
suitable ratchet drive to remove the fuel injection
pump gear cover.

Special Tool: Tamper proof Cover Removal Tool
(Qty.: 1)

Remove the drive shaft nut.

12.

13.

Figure 226.

3 Gearcover

11 Drive shaft nut

B Gear removal tool

E Pump gear removal tool, comprises:

F Pump gear removal tool (Reaction cap)

G Pump gear removal tool (Body)

H Pump gear removal tool (Bolt)

Remove the nuts (x3). Use the special C shaped

ring spanner to remove the nut closest to the
crankcase.

Special Tool: C-Shaped Ring Spanner (Qty.: 1)
Install the reaction cap over the pump shaft.
Screw the body to the housing. Use a suitable

ratchet drive and socket to screw the bolt in until
you feel a slight resistance.

Special Tool: Pump Gear Removal Tool (Qty.: 1)
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18 - Fuel and Exhaust System

18 - Injection
15 - Pump
Figure 227. Figure 228.
2 10
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2  Fixing nuts

10 Injection pump drive gear

F Pump gear removal tool (Reaction cap)
G Pump gear removal tool (Body)

H Pump gear removal tool (Bolt)

14. The injection pump drive gear is located on a
taper on the pump drive shaft. To remove the
pump the taper lock must be broken. Support the
fuel pump. Tap the end of the pump gear removal
tool bolt with a soft faced hammer. When the
taper breaks there will be an audible sound. The
pump drive gear connects to the injection pump
drive shaft by means of taper lock alone, there is
no mechanical locking key.

15. Remove the service tools. Remove the pump
from the flywheel housing.

Install

1. Make sure that the taper surfaces on the injection
pump drive shaft and gear are clean and free
from oil and damage.

j

nij@/9

S

2

2 Fixing nuts
9 Gear pump nut
10 Drive gear
12 Drive shaft

Make sure that the oil seal is correctly located on
the pump mounting face.

Figure 229.

16 OQil seal

Locate the pump on to the mounting studs.
Locate the drive gear over the pump drive shaft.

Install the fixing nuts and tighten to the correct
torque value.

Install the gear pump nut and tighten to the
correct torque value. If a washer is supplied with
a replacement pump, Do not install the washer.
Secure the gear with the gear pump nut only.

Use the tamperproof cover removal tool to install
the gear cover. Make sure its sealing O-ring is
correctly installed. Tighten the gear cover to the
correct torque value.

Special Tool: Torque Wrench (10-100Nm) (Qty.:
1)

Special Tool: Tamper proof Cover Removal Tool
(Qty.: 1)

18 - 63 9823/4700-1

18 - 63



18 - Fuel and Exhaust System

18 - Injection
15 - Pump

Figure 230.

3 Gear cover
B Tamperproof cover removal tool

After Installation

Remove the crankshaft turning tool.

Remove the crankshaft timing pin and install the
bedplate plug.

Connect the low pressure fuel pipes to the fuel
inlet connection, fuel bleed-off connections and
injector bleed off ports.

Refer to: PIL 18-96-06.

Install a new high pressure fuel pipe.
Refer to: PIL 18-96-03.

Connect the electrical connectors at the IMV and
the fuel temperature sensor.

If the fuel filter was removed, install the fuel filter.
Bleed the fuel system.

Start the engine and check for fuel leaks.

Figure 231.

4 IMV electrical connector

5 Fuel temperature sensor electrical connector
6 Fuel pipe connector (inlet)

7 Fuel pump bleed-off connection

8 Fuel pump bleed-off connection

12 High pressure fuel outlet port

Table 124. Torque Values

Item Nm
2 24
3 70
9 65
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18 - Fuel and Exhaust System

18 - Injection
27 - High Pressure Rail Valve

27 - High Pressure Rail Valve

Introduction

|ntr0dU.Cti0n .................................................... 18-65 The HPV (ngh Pressure Valve) is an integral part
Operatlon ....................................................... 18-66 of the common fuel rail assembly, If the valve
Check (Operation) ...........cccoeeeeeeverererenennn. 18-66 is defective replace the complete common rail
Remove and Install .......cocoeevevveeeeeeeeeeeeeen, 18-67 assembly. (Refer to PIL 18-18).
Figure 232. High pressure valve location

A HPV

B Solenoid coil
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18 - Fuel and Exhaust System

18 - Injection
27 - High Pressure Rail Valve

Operation

In certain operating conditions, the HPV (High
Pressure Valve) controls the fuel pressure inside the
common rail.

When the valve opens, fuel is bled from the rail back
to the fuel tank, reducing the fuel pressure inside the
fuel rail. The valve is actuated by a solenoid coil and
features proportional control. The fuel flow through
the valve is proportional to the current supplied to
the coil. The current value is controlled by the ECM
(Engine Control Module) using PWM (Pulse Width
Modulation).

During normal engine operation, the fuel pressure is
controlled solely by the IMV (Inlet Metering Valve),
refer to (PIL 18-18).

In some operating circumstances, the IMV is unable
to alter the fuel pressure in the common rail quickly
enough. At these times, the ECM activates the HPV.
Typically the valve is used in the following conditions:

. Extreme transients, for example if the operator
goes from full throttle to no throttle quickly.
. When the fuel is cold.

In the event of an IMV failure, the ECM compensates
by altering the control of the HPV to ensure the
engine performance is sufficient to limp home.

Check (Operation)

For the full inspection and testing procedure, refer to
the help files in ServiceMaster.
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18 - Fuel and Exhaust System

18 - Injection
27 - High Pressure Rail Valve

Remove and Install

This part is a non-serviceable component, if it
is defective, replace the complete common rail
assembly.
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21 - Fuel Pump

21 - Fuel Pump
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General

00 - General

Introduction

INtroduction .......coeeeiiiieeee e, 18-69 The fuel lift pump is a sealed electrical unit integral
Technical Data ...........ccoocoeeiiiiiiee 18-71 with the fuel pre-filter and water separator.
Operation ... 18-72 ] ) )
Check (OPEration) ........vveveeerereeeeeeeeeresseeeen 18.73  Ihe fuel lift pump is a non-serviceable component.
If any part is defective, replace the complete pump,
Remove and Install .......cccccoeeiiiiiiiiiiieeeee 18-75 filter and separator assembly.
Figure 234.
A Fuel lift pump
B Fuel pre- filter
C Water separator
Some lift pump installations are modified to operate
from a 24V supply by means of an in-line voltage
reducer.
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21 - Fuel Pump
00 - General

Figure 235.
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A Lift pump motor

B Voltage reducer

C In-line electrical connector
D Harness electrical connector
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General
Technical Data
Table 125.
Component Value
Operating pressure 0.8bar (11.6psi)
Expected minimum free |2.5L/min
flow delivery
Table 126. Expected electrical values
Machine Minimum Maximum Minimum Maximum Minimum Maximum
Voltage V Voltage V Voltage V Resistance Resistance |Current Draw |Current Draw
Ohms Ohms A A
12 8 16 0.8 1.5 4 8
24 20 30 4.9 57 4 5.5
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General

Operation

The pump draws fuel from the tank, through the water
separator, pumping it through the fuel filter and into
the fuel injection pump. The pump has a built in
protection against running dry and will shut down
after 2min if no fuel is present.
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General

Check (Operation)

Flow Test

If the fuel lift pump is suspect, measure the delivery
flow rate.

1. Make the machine safe.
Refer to: PIL 01-03.

2. Disconnect the fuel hose from the outlet of the
pump/ filter assembly.

3. Connect a length of fuel hose from the pump
outlet to a suitable fuel container.

Volume: 5L

4. Activate the fuel pump. Do not attempt to start
the engine.

5. Run the pump. The fuel flow must be equal to or
greater than the value shown.

Duration: 1min
Flowrate: 2.5L/min

Fuel Lift Pump Test - Machines with
Electronic Control Fuel Injection

When the ignition is set to ON the ECM (Engine
Control Module) energises the fuel lift pump. If the
engine is not started the pump is de-energised after
a period of 24s. A fuel pump flow test can be carried

out during this period of time. Minimum expected fuel
flow. 1L in 24s.

Alternatively use Servicemaster to energise the fuel
pump as follows.
1. Make the machine safe.

Refer to: PIL 01-03.

2. Turn the ignition switch ON. Do not start the
engine.

3. Allow the fuel pump priming to occur at key on
before starting the test.

4. Put a container of suitable capacity to collect the
fuel at the outlet port of the lift pump.

5. Select the fuel lift pump test using Servicemaster.

6. There is a delay of the specified duration before
the test starts.

Duration: 5s

7. The test will operate the lift pump for specified
duration.

Duration: 24s

8. Make sure that the fuel collected in the container
is not more or less than the specified value.

Volume: 1 £ 0.2L
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18 - Fuel and Exhaust System
21 - Fuel Pump

00 - General

File Options Help Data Capture

9

Engine Stetus | Engine Diagnostics Ecomax Actuators | Ecomax Engine Tests

ne Dagros

®) o
@ On/Active

Figure 236. Servicemaster fuel lift pump test screen

@ OpenCirciit @ NoData
O Short Circuit

Special Tools |

Injoctor Test Fuel System | Lamps and Reloys | Actustor Tests | Actustor Resets | Actustor Leam |

Flease note hat only one test can be camed out &t any one Sme

Current Status Test Result
Injector 3
Idle No Fault Detected
IMV Tost

Fuel Lit Pump Test

| g ‘ HPV Tost | 9

Initial Conditions

Engine Speed MUST ~ Zero

Vehicle Speed MUST = Zero

IMY Test Additional Conditions

10 Deg C < Fuel
Temperature < 60 Deqg C
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General

Remove and Install

The fuel lift pump assembly and the fuel pipe
connections may vary slightly depending on the
application. The removal and installation procedure
will be similar.

Remove

1.

Make the machine safe.
Refer to: PIL 01-03.

Disconnect the battery.
Disconnect the fuel lift pump electrical connector.

Figure 237.

Figure 238.

A Fuel lift pump and pre-filter assembly
B Bolts (x2)

C Fuel lift pump electrical connector

D Water separator drain tap
E
F
G
H

WIF (Water in Fuel) sensor electrical connector

Fuel pipe - Air bleed (blue)
Fuel pipe - Fuel inlet from tank (red)
Fuel pipe - Fuel outlet (yellow)

Disconnect the WIF sensor electrical connector.

If necessary, put a label on the fuel pipes to aid
installation.

Disconnect the fuel pipes at the fuel lift pump by
means of the quick release connectors.

6.1. Plug all open ports and hoses to prevent
contamination.

If installed, disconnect the drain hose from the
water separator drain tap.

Support the fuel lift pump and remove the bolts
(x2).
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18 - Fuel and Exhaust System

21 - Fuel Pump
00 - General

9. Remove the fuel lift pump and pre-filter assembly
from the machine.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Bleed the fuel system.

Refer to: PIL 18-00-00.

18 -76 9823/4700-1 18 -76



18 - Fuel and Exhaust System
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24 - Exhaust
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18 - Fuel and Exhaust System

24 - Exhaust
00 - General

00 - General

Introduction ..........

Health and Safety
Check (Condition)

Introduction

The exhaust system is used to guide exhaust gases
away from the controlled combustion inside the
engine by means of an exhaust pipe. Depending
on the machine design, the exhaust gas may flow
through the following components:

. Cylinder head and exhaust manifold.

. Turbocharger to increase the engine power (if
installed).

. A catalytic converter or EGR (Exhaust Gas
Recirculation) system to reduce air pollution (if
installed).

. SCR (Selective Catalytic Reduction) (if
installed). In SCR system exhaust gases
pass through the DEF (Diesel Exhaust Fluid)
injection chamber to lower the NOx (Nitrogen
Oxide) concentration in the exhaust gases.

. A silencer or muffler to reduce noise (if
installed).

The exhaust pipe carries the toxic and noxious gases
away from the users of the machine. Note machines
or generators that work indoors can quickly fill an
enclosed space with carbon monoxide or other
poisonous exhaust gases if they are not properly
vented to the outdoors.
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18 - Fuel and Exhaust System

24 - Exhaust
00 - General

Health and Safety

Exhaust Gases

Breathing the machine exhaust gases can harm and
possibly kill you. At time of machine installation in a
confined space a system ventilation risk assessment
must be carried out by suitably qualified personnel.
If deemed necessary a suitable local exhaust
ventilation system must be installed and operated
when the machine is being used.

Sparks

Explosions and fire can be caused by sparks from
the exhaust or the electrical system. Do not use the
machine in closed areas where there is flammable
material, vapour or dust.

Hazardous Atmospheres

This machine is designed for use in normal out
door atmospheric conditions. It must not be used
in an enclosed area without adequate ventilation.
Do not use the machine in a potentially explosive
atmosphere, i.e. combustible vapours, gas or dust,
without first consulting your JCB dealer.

Hot Components

Touching hot surfaces can burn skin. The engine and
machine components will be hot after the unit has
been running. Allow the engine and components to
cool before servicing the unit.

WARNING! The engine has exposed rotating parts.
Switch off the engine before working in the engine
compartment. Do not use the machine with the
engine cover open.

Check (Condition)

Excessive smoke from the exhaust stack combined
with a complaint of low power could be as a result of:

. Dirt or dust (unfiltered air) ingested directly
into the engine, resulting in damage to the
cylinder bores and/or turbocharger (if installed).
There will also be a possible increase in oil
consumption.

. Air leaks from the air hose connections.

. Exhaust manifold leaks.
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24 - Exhaust
03 - Inlet Manifold

03 - Inlet Manifold

Introduction

The inlet manifold (or intake manifold) supplies
combustion air to the cylinders in compression
ignition engines or the air/fuel mixture for spark
ignition engines (except most direct injection spark
ignition engines). Even distribution of the air or
air/fuel is important to optimize the efficiency and
performance of the engine.

The manifold is required to be air tight under pressure
and vacuum conditions and can be required to
provide mounting points for sensors, grid heaters,
throttle bodies and other components depending on
the engine type and specification.

INtroducCtion .........vvveiiiiiccccceee e, 18-81
Component Identification ............ccccccvvvieeennn. 18-82
Check (Condition) ......cceeeeeiiiiiiiiiiieeeeee e, 18-82
Remove and Install ........ccccooeeeieeii. 18-83
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18 - Fuel and Exhaust System

24 - Exhaust
03 - Inlet Manifold

Component Identification Check (Condition)

Figure 239. 1. Check the manifold mating faces for signs of
damage and distortion.

2. Check the manifold casting for signs of cracks.

3. Renew the manifold if there are any signs of
defect.

1 Inlet Manifold

18 - 82 9823/4700-1 18 - 82



18 - Fuel and Exhaust System

24 - Exhaust
03 - Inlet Manifold

Remove and Install

Before Removal

1.

This procedure requires service parts. Make
sure you have obtained the correct service parts
before you start, refer to Parts Catalogue.

Figure 240.

A Inlet manifold

C Bolt 1 (x8)

E Screw (x4)

G EGR Plug

J Bolt 2 (x1) (M6 x 16mm)

Remove

1.

Disconnect the TMAP (Temperature Manifold
Absolute Pressure) sensor electrical connector.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Get access to the engine.

Remove the fuel rail assembly.
Refer to: PIL 18-18-12.

Manifold gasket

Fuel rail mount

EGR (Exhaust Gas Recirculation) mixer tube
Inlet manifold bracket

Bolt 3 (x1) (M8 x 25mm)

Inspect the manifold.
Refer to: PIL 18-24-03.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Replace the manifold gasket.

2. Disconnect the air inlet hose.

3. Remove the bolts 1 (x8) and lift the inlet manifold
from the cylinder head. Discard the gasket.

4. Cap the inlet ports with blanking caps to prevent
ingress of dirt.
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18 - Fuel and Exhaust System

24 - Exhaust
03 - Inlet Manifold

3. Loosely assemble the manifold, together with the
new inlet gasket to the cylinder head, use the two
bolts (one at each end).

4. With the manifold and gasket in position, install
the remaining six bolts.

5. Tighten the bolts to the correct torque value.

Table 127. Torque Values

Item Nm
C 43-47
E 23-27
J 9-12
K 23-27
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18 - Fuel and Exhaust System

24 - Exhaust
04 - Outlet Manifold

04 - Outlet Manifold Component Identification
Component Identification ............ccccocoveienns 18-85 Figure 241.
Check (Condition) .....cccveeeeiiiiiciiiiieeeeee e 18-86

A B
Remove and Install ..........ccooveiiiiiiiiiiieenn, 18-87 \ /
0

]
U

5

A Exhaust manifold
B Manifold gasket and heat shield
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18 - Fuel and Exhaust System

24 - Exhaust
04 - Outlet Manifold

Check (Condition)

1. Check the manifold mating faces for signs of
damage and distortion.

2. Check the manifold casting for signs of cracks.

3. Renew the manifold if there are any signs of
defect.

4. Visually inspect for leaks at the exhaust manifold.
Make sure all gaskets are in good condition,
replace as required.
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24 - Exhaust
04 - Outlet Manifold

Remove and Install

Before Removal 3. Get access to the engine.
1. This procedure requires service parts. Make 4. Remove the alternator.

sure you have obtained the correct service parts Refer to: PIL 15-72-00.

before you start, refer to Parts Catalogue.

o 5. Disconnect the oil pipes to the turbocharger.

2. Make sure that the engine is safe to work on. If

the engine has been running, let it cool before

you start the service work. Remove

1. Remove the upper four bolts.
Figure 242,

1 Exhaust manifold 2 Fixing bolts M10 x 57mm (x8)
3 Manifold gasket
2. Loosen the lower four bolts and lift the exhaust 2. Renew the manifold gasket.

manifold from the cylinder head. Remove the )

bolts and discard the gasket. 3. Install the lower four bolts, together with the new

exhaust gasket to the cylinder head (screw in the

3. Cap the exhaust ports to prevent ingress of dirt. bolts the specified distance).
4. Inspect the manifold. Length/Dimension/Distance: 8mm

Refer to: PIL 18-24-04. 4. Rest the manifold in position on the row of

lower bolts by locating the slots, then install the

Install remaining four upper bolts.
1. The installation procedure is the opposite of the 5. Tighten the bolts to the first stage torque value.

;?g;)c;val procedure. Additionally do the following 6. Tighten the bolts to the final stage torque value.
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18 - Fuel and Exhaust System

24 - Exhaust
04 - Outlet Manifold

After Installation

1. Reconnect the oil pipes to the turbocharger (if

installed).

2. Install the exhaust pipe and the silencer box.

3. Install the alternator.
Refer to: PIL 15-72-00.

4. Start the engine and check for exhaust leaks.

Table 128. Torque Table

Item Torque Value |Torque Angle
(Nm) (Degrees)

2 (First Stage) |25

2 (Final Stage) +90
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18 - Fuel and Exhaust System

24 - Exhaust
06 - Silencer

06 - Silencer
Introduction

The silencer is a device used to reduce noise level
of the engine exhaust system to accepted level.

The silencer on this machine is mounted in a
separate compartment on the generator chassis and
the exhaust exits the top of the canopy to be topped
off by a hinged rain cap.
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18 - Fuel and Exhaust System

24 - Exhaust
27 - Spark Arrestor

27 - Spark Arrestor

Remove and Install

Hot Components

Touching hot surfaces can burn skin. The engine and
machine components will be hot after the unit has
been running. Allow the engine and components to
cool before servicing the unit.

CAUTION! The exhaust pipe becomes extremely hot
when the engine is running and will remain so for
some time after the engine is stopped. If you touch
the hot pipe you could be severely burned.

The spark arrestor is optional to the secondary
silencer.

Remove

1. Make the machine safe.
Refer to: PIL 01-03.

1.1. Obey all exhaust system health and safety
information.

Refer to: PIL 18-00-00.

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

3. Remove the rear access cover.
Refer to: PIL 06-06-14.

4. Isolate the battery.
Refer to: PIL 33-03-00.

5. Remove the exhaust system.

6. If necessary, remove the exhaust rain cap.

Figure 243.

B Bolt

6.1. Remove the bolt.

6.2. Remove the exhaust rain cap from the
spark arrestor.

7. Support the exhaust assembly.

8. Remove the nut from the U clamp (x2). Remove
the U clamp (x2) and remove the spark arrestor
from the silencer pipe.

Figure 244.

C Spark arrestor
D U clamp (x2)
E Silencer pipe

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the fasteners to the correct torque value.
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18 - Fuel and Exhaust System

27 - Exhaust Gas Recirculation (EGR)

27 - Exhaust Gas Recirculation (EGR)

Contents Page No.
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18 - Fuel and Exhaust System

27 - Exhaust Gas Recirculation (EGR)
00 - General

00 - General

Introduction

The EGR (Exhaust Gas Recirculation) system is
a technique that re-circulates a portion of the
exhaust gases back into the combustion chamber.
The system cools and controls the quantity of re-
circulated exhaust gas.

The EGR valve is controlled by the CAN (Controller
Area Network)bus system (PIL 33-45), the valve
opens and closes to allow the exhaust gases to
flow back into the intake system via the EGR cooler.
This has the effect of lowering the combustion
temperature and reducing the formation of NOx
(Nitrogen Oxide).

In order to ensure full power is always available when
itis needed, the EGR valve will close when full power
is needed or when the engine is cold and inherently
inefficient this means that the engine is running as
lean and efficiently as possible at all times.

The EGR valve system comprises an actuator with
a feedback position sensor, linkage and a valve
mechanism. The valve actuator, which is controlled
by the CANbus system, position sensor and linkage,
drives the valve to the demanded position.

INtroduction .......ccceeevveeee i 18-93
Component Identification ............ccccccvvvieeennn. 18-94
Operation ......cccceeeeeeiiiiiieieeee e 18-95
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18 - Fuel and Exhaust System
27 - Exhaust Gas Recirculation (EGR)
00 - General

Component Identification

Figure 245.

A VGT (Variable Geometry Turbocharger) actuator B VGT

C EGR (Exhaust Gas Recirculation) valve D EGR actuator

E EGR intermediate cooler F Main plate cooler
G Mixer tube

Table 129. Colour Code Key

Colour System

Blue Coolant Flow 1

Red Recirculated Gas Flow
Green Air Flow

Yellow Coolant flow 2
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18 - Fuel and Exhaust System
27 - Exhaust Gas Recirculation (EGR)
00 - General

Operation Figure 248.

1. Exhaust gases enter the exhaust manifold.

Figure 246.

4. Exhaust gases enter the mixer tube.

Figure 249.

2. The exhaust gases travel through the
intermediate EGR (Exhaust Gas Recirculation)
cooler.

Figure 247.

5. The exhaust gases are mixed with new air and
re-enter the engine.

Figure 250.

3. The exhaust gases enter the main cooler which
reduces the heat.
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18 - Fuel and Exhaust System

27 - Exhaust Gas Recirculation (EGR)
00 - General

Check (Condition)

Check the general condition of the EGR (Exhaust
Gas Recirculation) system as follows.

1. Check the integrity of the air inlet circuit.

1.1.
1.2.

1.3.

1.4.

1.5.

Make sure that the air filter is not blocked.

Make sure that the air filter housing is in
good condition and free from air leaks.

Check that the air intake hoses connecting
the turbocharger, charge air cooler and
inlet manifold are free from air leaks and
restrictions.

Check that the inlet manifold and its gasket
are installed correctly.

Repair or replace components as
necessary.

2. Check for blockages or carbon build up in the
following components.

21.
2.2.
2.3.

24.
2.5.
2.6.

The inlet manifold.
The EGR mixer valve.

The exhaust manifold pressure sensor feed
pipe.

The EGR valve.

The EGR cooler.

Repair or replace components as
necessary.

3. Check the operation of the EGR valve assembly
as follows.

3.1.

3.2.

3.3.

3.4.

Inspect the actuator linkage for signs of
wear or defects. If the linkage is defective
the EGR assembly must be replaced.

Check the condition of the actuator
electrical connector and associated wiring.
Replace or repair components as
necessary.

Do the EGR calibration procedure. Refer to
Calibrate.

If faults persist, replace the EGR assembly.
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18 - Fuel and Exhaust System
27 - Exhaust Gas Recirculation (EGR)
00 - General

Remove and Install

Before Removal 2. Get access to the engine.

1. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Figure 251.

A EGR (Exhaust Gas Recirculation) actuator B EGR valve
C EGR intermediate cooler D Main EGR cooler
E Mixer tube
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18 - Fuel and Exhaust System

27 - Exhaust Gas Recirculation (EGR)
00 - General

Remove 8. Remove the bolts (x4) that retain the heat shield

1.

to the EGR control module.
Remove the EGR cooler hose (Left side viewed

from the rear of the engine). 9. Remove the bolt from the cooler pipe.
Remove the EGR cooler bracket assembly bolts 10. Remove the cooler connections (banjo fittings
(x2). (x4) and copper washers) from the EGR control

module and electrical harness connector.

Carefully remove the main EGR cooler. ]
11. Remove the small bolts (x3) that fix the control

Remove the EGR cooler hose (Right side viewed module to the EGR valve.

from the rear of the engine).
gine) 12. Remove the bolts (x2) that fix the EGR bracket

Remove the nuts (x4) fixing the EGR tube in tube to the W-clip that clamp the cooler pipes together

cooler pipe assembly to the EGR valve. (captive nuts).

Remove the EGR actuator control rod pivot pin 13. Remove the EGR valve body from the mounting

fixing clips and the EGR control rod. studs fixed to the manifold with a steel gasket
both sides.

Remove the bolt fixing the EGR tube in tube
cooler to the rear of the cylinder head.

Figure 252.

3
6

Main EGR cooler 2 Intermediate EGR cooler
EGR valve 5 Pipe (Coolant return to header)
Pipe (Under actuator to coolant return) 7 Pipe (EGR actuator feed)
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18 - Fuel and Exhaust System

27 - Exhaust Gas Recirculation (EGR)
00 - General

Pipe (EGR cooler out)

Pipe (Turbo actuator feed)

Hose (EGR cooler in)

Hose (EGR in, intermediate cooler)
Hose (EGR actuator feed)

Hose (Turbo actuator feed)
Spring-band clamp form B (24mm Diameter)
Spring-band clamp (14mm Diameter)
Laminar seal ring (Small)

Gasket (EGR to Manifold)

Copper washer (M16)

Copper washer (M10)

Banjo bolt (M12)

EGR Valve heat-shield

Coolant pipe clamp

Locknut (M8 Special)

Bolt flange hexagon head (M6 x 16mm)
Screw hexagon head (M8 x 30mm)

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following

steps.

Renew all O-rings, sealing washers and gaskets.

Tighten the fixings to the correct torque value.
Note: Tighten the EGR cross over tube bolts in

the correct order, 1 to 4 as shown in 2 stages.

Figure 253.

After Installation

1.

Complete the actuator learn procedure, Refer to
Servicemaster, JCB Engine > Diagnostic Tool >
Ecomax Actuators > Actuator Learn > EGR Valve

Position Learn.

Pipe (rear of head feed)

Pipe (Turbo actuator return)

Hose (EGR cooler out)

Hose (EGR cooler out, intermediate cooler)
Hose (EGR cooler return)

Hose (Turbo actuator feed/return)
Spring-band clamp form B (20mm Diameter)
Laminar seal ring (Large)

O-ring (1.D.17.0mm x 3.5mm)

Outlet lobe seal

Copper washer (M12)

Banjo bolt (M16)

EGR Cooler strap

W-Clip for 8mm O.D. pipe

Pipe clamp strap

Stud (M8 x 80mm)

Bolt flange hexagon head (M8 x 16mm)

3. The EGR actuator is a CAN (Controller Area
Network)
evaluated with the use of Servicemaster.

driven device and can only be

4. All conditions of the EGR are reported by the fault
codes.
Table 130. Torque Values

Item Nm

31 50+3

32 24 + 1

39 24 +2

40 101

41 111

42 24 +2

43 24 +3

44 24 +3

2. Start the engine and check for exhaust leaks and
coolant leaks.
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27 - Exhaust Gas Recirculation (EGR)
03 - Actuator

03 - Actuator Introduction

Introduction ......ooveveeeee e, 18-100 The EGR (EXhaUSt Gas Recirculation) actuator is a
Remove and Install .........cccccooeiiiiiiiiiiiiiinnn, 18-101 smart electronic CAN driven device and can only be
evaluated with the use of Servicemaster.

The device does a self check on the operating range
to check the adaption window every time the ignition
is switched off and on. The unit is extremely sensitive
and constantly monitors the conditions it is operating
under. If it detects over voltage, under voltage, high
or low current, movement, temperature etc, if it is
working outside of it's desired limits in any way at all,
it will shut down until the fault is rectified.
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27 - Exhaust Gas Recirculation (EGR)
03 - Actuator

Remove and Install

The EGR (Exhaust Gas Recirculation) electronic
actuator is not a serviceable component, if it fails
replace the EGR valve assembly.
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30 - Aftertreatment System
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18 - Fuel and Exhaust System

30 - Aftertreatment System
06 - Filter

06 - Filter
Remove and Install

Remove 4. Remove and discard the pressure equalising
element.
1. Perform the DEF (Diesel Exhaust Fluid) .
emptying routine using ServiceMaster. Figure 255.

2. Get access to the DEF supply module.

3. Remove the filter cover.

Figure 254.

B Pressure equalising element

A 5. Use the filter extraction tool to remove the filter

from the supply module. The filter extraction tool
is supplied with each new filter.

5.1. Insert the split end into the filter element.

Gently rotate the tool to position it in the

A Filter cover correct position. Then rotate the tool in a
D Supply module clockwise motion to engage the tool with the
filter.
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30 - Aftertreatment System
06 - Filter

Figure 256.

\

C Filter element D Supply module
E Filter extraction tool F Extraction tool- not engaged with filter
G Extraction tool- engaged with filter ready for

removal

6. Place a suitable tool through the slot in the end of
the filter extraction tool and pull hard to remove
the filter element.

7. Discard the filter element.
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30 - Aftertreatment System
06 - Filter

Figure 257.

C Filter element

Install
1. Lubricate the 0-rings with distilled water or DEF.

2. Install a new filter element into the supply
module.

3. Install a new pressure equalising element.

4. Install the filter cover, tighten to the correct torque
value.

Table 131. Torque Values

Item Nm
3 22.5
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35 - Turbocharger
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18 - Fuel and Exhaust System

35 - Turbocharger
00 - General

00 - General

INtroduction .........ccccvvveiiiii e 18-107
Component Identification ..............cccccuunneee. 18-108
Check (Condition) .........ccoecciiiieeieeeiiiine, 18-109
Check (Operation) ........cccoiiiiiieiiiiieeeee. 18-110
Remove and Install ..., 18-111

Introduction

The turbocharger (turbo) is a turbine driven forced
induction device that makes an engine more efficient
and helps to produce more power for its size.

Engine exhaust gasses drive a turbine, which in turn
drives a compressor via a common shaft. The shaft
bearings are lubricated by a feed from the engine
lubrication system.

A turbocharged engine is more powerful and efficient
than a naturally aspirated engine because the turbine
forces more air, and proportionately more fuel, into
the combustion chamber than atmospheric pressure
alone.

Some variants incorporate a wastegate assembly. A
flap type valve is housed in the turbocharger body.
The valve is actuated by a diaphragm type actuator
via an actuator rod. When the pressure generated
by the turbocharger compressor reaches a pre-set
value the actuator opens the valve, some exhaust
gas is diverted back to the exhaust manifold and
the turbocharger turbine speed reduces. In this way
the pre-set maximum boost pressure from the turbo
charger is not exceeded, regardless of engine speed.
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35 - Turbocharger
00 - General

Component Identification

Figure 258.

1  Turbocharger 2  Exhaust manifold

3 Oil feed pipe (turbo bearing) 4  Banjo bolts M12

5  Oil drain pipe (turbo bearing) 6  Fixing bolts (x2)

7  Pipe adaptor (oil drain connection) 8 Retaining nuts (x4)

11 Pipe clip 12 Bolt - pipe adaptor ( oil drain connection)
13 Banjo bolts M16
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35 - Turbocharger
00 - General

Check (Condition)

1.

Visually inspect for leaks at the turbocharger.
Make sure that all gaskets are in good condition,
replace as required.

Check the turbine and compressor blades inside
the turbocharger rotate freely and smoothly by
hand. If the blades are stiff to turn, or damaged
the turbocharger must be replaced.

Make sure that the oil feed pipe and oil drain pipe
are clear and free from debris and sludge.

Check the turbine shaft running clearance.

4.1. Place the stylus ofa DTI (Dial Test Indicator)
against the shaft.

4.2. Move the shaft sideways.

Figure 259.
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4.3. Make sure that the turbine shaft running
clearance is within the specified limits.

5. Check the shaft end float.

5.1. Place the stylus of the DTI against the end
of the shaft.

Figure 260.

5.2. Move the shaft axially.

5.3. Make sure that the shaft end float is within
the specified limits.
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35 - Turbocharger
00 - General

Check (Operation)

To maximise the duration of the turbocharger follow
the rules described below.

Start-up

Start the engine and keep it at idle speed for about a
minute. The oil operating pressure is reached within
a few seconds, but it is useful to allow the moving
parts to warm up in good lubrication conditions.
Immediately increasing the engine speed after start
up will result in the turbocharger running at high rpm
with less than optimal lubrication. This may lead to
premature failure of the turbocharger.

After maintenance

When carrying out maintenance on the engine
or turbocharger, pre-lubricate the oil inlet of the
turbocharger by adding clean lubricant until it is
completely full. After pre-lubrication, let the engine
run via the starter motor without firing (engine /
fuel pump stop out) to allow the oil to circulate
through the complete system under pressure. Upon
engine start-up, make it run at idle speed for a few
minutes, allowing the oil and bearings system to work
satisfactorily.

Low temperature air or engine inactivity

If the engine has been inactive for a certain period
of time or the air temperature is very low, start
the engine and then let it run at idle speed. This
enables the oil to go into the lubrication system
before applying high loads and speeds to the engine
and turbocharger.

Engine shutdown

Before switching the engine off after intense activity,
you must allow the turbocharger to cool down, let the
engine run for 10 minutes to allow the turbocharger
to cool.

Engine at idle speed

Avoid running the engine at idle speed for long
periods (above 20-30 minutes). Idle operation leads
to low pressure values in the turbocharger, which
may cause oil leaks from the seals at the ends of
the turbo bearing shaft. Even if this does not cause
damage, it can cause blue smoke from the exhaust
when the engine speed and load are increased.
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Remove and Install

NOaWw=

1"
13

Figure 261.

Turbocharger

Oil feed pipe (turbo bearing)

Oil drain pipe (turbo bearing)

Pipe adaptor (oil drain connection)
Pipe clip

Banjo bolts M16

Before Removal

1.

This procedure requires service parts. Make sure
you have obtained the correct parts before you
start, refer to Parts Catalogue.

Make sure that the engine is safe to work on.
If the engine has been running, make sure the
engine has cooled sufficiently before you start.

Remove the ignition key.

Exhaust manifold

Banjo bolts M12

Fixing bolts (x2)

Retaining nuts (x4)

Bolt - pipe adaptor ( oil drain connection)

4. Get access to the engine.

5. Drain the cooling system.

Remove

1.

Disconnect the air induction hose at the inlet
manifold and turbocharger. Remove the hose.

Remove the pipe clip. Undo fixing bolts and
remove the oil drain pipe. Note that the pipe pulls
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18 - Fuel and Exhaust System

35 - Turbocharger
00 - General

off the pipe adaptor, leaving the adaptor in place.
Cap the open ports to prevent ingress of dirt.
Discard the O-ring and the gasket.

3. Undo the banjo bolts at each end of the oil
feed pipe, remove the pipe. Cap the open ports
to prevent ingress of dirt. Discard the sealing
washers.

4. Remove the exhaust manifold from the cylinder
head complete with the turbocharger still
installed, refer to Exhaust Manifold-Removal
and Replacement. Discard the exhaust manifold
gasket.

5. With the exhaust manifold removed from the
engine, undo the nuts and separate the
turbocharger from the manifold. Discard the
gasket.

6. If the turbocharger is to be replaced remove the
bolts and pipe adaptor. Discard the gasket.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Check the condition of the turbocharger (PIL
18-35)

3. Prime the top of the turbo with 200ml of fresh
clean engine oil. Itis Important: not to run the new
turbo dry.

4. Renew all "O' rings, sealing washers and
gaskets.

5. Note that the exhaust manifold gasket also
functions as a heat shield. Be sure to position the
gasket the correct way round.

6. Tighten the nuts, bolts and banjo bolts to the
correct torque value.

Table 132. Torque Values

Item Nm
4 21
6 24
8 24
13 36
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Introduction

The VGT (Variable Geometry Turbocharger) uses
variable vanes to control exhaust flow and to
introduce EGR (Exhaust Gas Recirculation) to
reduce emission in diesel engines. The turbocharger
is bolted to the outlet port of the exhaust manifold.

The turbo uses heat and energy from the waste
exhaust gases to drive a turbine which in turn drives
the compressor to pull new air at high pressure
into the cylinders. The extra volume of air allows
more fuel to be injected increasing the engine power
output.

This has the effect of lowering the combustion
temperature and reduces formation of NOx (Nitrogen
Oxide) gases.

The air is compressed to a minimum pressure of
1 bar (14.5 Ib/in2) depending upon engine speed
and load. The turbocharger spins at up to 100,000
rpm and reaches temperatures approaching 700 °C
(1292 °F); itis essential, therefore, that a good supply
of oil reaches it at all times. The oil not only lubricates
the turbocharger but also carries away excess heat.
External oil feed pipe connected to a port on the
crankcase supplies oil to the turbocharger bearing.
Oil returns to the engine oil sump via an external
drain pipe. Integral oil seals prevent oil escaping to
the compressor and turbine ends of the turbocharger.
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Figure 262.

A

r &

A VGT
B VGT actuator
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Component Identification

Figure 263.

A VGT (Variable Geometry Turbocharger) actuator B VGT

C EGR (Exhaust Gas Recirculation) valve D EGR actuator
E EGR intermediate cooler F Main plate cooler
G Mixer tube
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00 - General

Operation Figure 266.

1. Exhaust gases move through the scroll volume
spread across a slot and over the louvres turning
the turbine and out of the outlet.

Figure 264.

4. The angle of the airflow can be adjusted as it
strikes the adjustable louvres to change the turbo
performance.

Figure 267.

2. The louvre ring sits inside the turbine housing
with the turbine spinning in the centre.

Figure 265.

3. The outer ring is adjusted by the actuator.
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36 - Variable Geometry Turbocharger (VGT)
00 - General

Check (Condition)

Visually inspect for leaks at the turbocharger. Make
sure all gaskets are in good condition, replace as
required.

Check (Operation)

To maximise the duration of the turbocharger follow
the rules described below.

Start-up

Start the engine and keep it at idle speed for about a
minute. The oil operating pressure is reached within
a few seconds, but it is useful to allow the moving
parts to warm up in good lubrication conditions.
Immediately increasing the engine speed after start
up will result in the turbocharger running at high rpm
with less than optimal lubrication. This may lead to
premature failure of the turbocharger.

After maintenance

When carrying out maintenance on the engine
or turbocharger, pre-lubricate the oil inlet of the
turbocharger by adding clean lubricant until it is
completely full. After pre-lubrication, let the engine
run via the starter motor without firing (engine /
fuel pump stop out) to allow the oil to circulate
through the complete system under pressure. Upon
engine start-up, make it run at idle speed for a few
minutes, allowing the oil and bearings system to work
satisfactorily.

Low temperature air or engine inactivity

If the engine has been inactive for a certain period
of time or the air temperature is very low, start
the engine and then let it run at idle speed. This
enables the oil to go into the lubrication system
before applying high loads and speeds to the engine
and turbocharger.

Engine shutdown

Before switching the engine off after intense activity,
you must allow the turbocharger to cool down, let the
engine run atidle speed for at least 2 minutes to allow
the turbocharger to cool.

Engine at idle speed

Avoid running the engine at idle speed for long
periods (above 20-30 minutes). Idle operation leads
to low pressure values in the turbocharger, which
may cause oil leaks from the seals at the ends of
the turbo bearing shaft. Even if this does not cause
damage, it can cause blue smoke from the exhaust
when the engine speed and load are increased.
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Remove and Install

Special Tools

Data Link Adaptor (DLA
2.0) Kit

Description Part No. Qty.
Data Link Adaptor 892/01174 1* 1.
(DLA) Kit 728/H5409

Before Removal

This procedure requires service parts. Make sure
you have obtained the correct parts before you
start, refer to Parts Catalogue.

- : 2. Make sure that the engine is safe to work on. If
Unless otherwise stated, you can use any of the the engine has been running, let it cool before
tools shown. you start the service work.
3. Remove the ignition key.
4. Get access to the engine.
5. Drain the cooling system. Refer to (PIL 21-00).
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Figure 268.
ETRY
S iy == vy
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1  VGT (Variable Geometry Turbocharger) 2  Gasket
3  Studs M8 4 Lock nut
5 Studs M10 6 Pipe adaptor (oil drain connection)
7  Gasket drain pipe 8 O-Ring
9 Bolt M6 10 Clip
11 Qil drain pipe 12 Gasket drain pipe
13 Bolts M8 14 Oil feed pipe
15 Pipe clip 16 Banjo bolts M12
17 Copper Washer 18 W Clip
19 Banjo bolts M16 20 Copper Washer M16
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36 - Variable Geometry Turbocharger (VGT)

00 - General

Remove

1.

Disconnect the air induction hose at the inlet
manifold and turbocharger. Remove the hose.

Undo the bolts and remove the oil drain pipe.
Note that the pipe pulls off the pipe adaptor,
leaving the adaptor in place. Cap the open ports
to prevent ingress of dirt. Discard the O-ring and
the gasket.

Remove the pipe clips. Undo the banjo bolts at
each end of the oil feed pipe, remove the pipe.
Cap the open ports to prevent ingress of dirt.
Discard the sealing washers.

Remove the exhaust manifold from the cylinder
head complete with the turbocharger still
installed, refer to Exhaust Manifold- Removal
and Replacement. Discard the exhaust manifold
gasket.

With the exhaust manifold removed from the
engine, undo the nuts and separate the
turbocharger from the manifold. Discard the
gasket

If the turbocharger is to be replaced remove the
bolts and pipe adaptor. Discard gasket.

Install

1.

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Check the condition of the turbocharger. Refer to
(PIL 18-35).

Prime the top of the turbo with 200ml of fresh
clean engine oil. Itis Important: not to run the new
turbo dry.

Renew all O-rings, sealing washers and gaskets.

Note that the exhaust manifold gasket also
functions as a heat-shield.

Tighten the nuts, bolts and banjo bolts to the
correct torque value.

After Installation

1.

Perform the 'VGT Replacement Set Up'
procedure using Servicemaster.

Special Tool: Data Link Adaptor (DLA) Kit / Data
Link Adaptor (DLA 2.0) Kit (Qty.: 1)

Start the engine and check for exhaust leaks.

Table 133. Torque Values

Item Nm
4 24
9 10
13 24
16 36
19 21
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18 - Fuel and Exhaust System

36 - Variable Geometry Turbocharger (VGT)
03 - Actuator

03 - Actuator

Remove and Install

Special Tools

Description Part No. Qty.
Data Link Adaptor 892/01174 1*
(DLA) Kit 728/H5409
Data Link Adaptor (DLA
2.0) Kit
*Unless otherwise stated, you can use any of the
tools shown.

Before Removal
1. Make the machine safe. Refer to (PIL 01-03).

2. Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

3. Get access to the engine.

Remove

1. Disconnect the electrical connector.

Figure 269.

A Actuator

B Actuator linkage

C Nuts (x4)

D Electrical connector

2. Disconnect the actuator
actuator.

linkage from the

3. Disconnect the coolant hoses. Plug all the open
ports and hoses to prevent contamination. Make
sure that any spills or residual coolant is cleaned
up immediately.

4. Remove the nuts (x4) and remove the actuator
from the turbocharger housing.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following

steps.
2. Perform the VGT (Variable Geometry
Turbocharger) position learn routine using

Servicemaster. Refer to the engine Helpfiles.

Special Tool: Data Link Adaptor (DLA) Kit / Data
Link Adaptor (DLA 2.0) Kit (Qty.: 1)

Table 134. Torque Values

Item Nm
B 10
C 13
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00 - General

00 - General

Introduction .....................

Component Identification

Introduction

Fuel at rail pressure is continuously supplied to
the injectors via high pressure fuel pipes. The high
pressure fuel injector pipes consist of thick walled,
seamless steel tubing. The ends of the tubes are
formed with conical nipples for sealing in the sealing
cones on the common rail and on the injector at port.

It is essential that the pipes are maintained and
installed correctly for safe and effective engine
operation.

The high pressure fuel pipes connect the injectors to
the common rail. The injectors inject fuel in response
to a supply of electrical current from the ECM (Engine
Control Module). During fuel injection some fuel
bleeds off the injectors and back to tank via the low
pressure bleed off pipes.

Important: If the high pressure fuel pipes are
removed for any reason they must be renewed.
Installing the original fuel pipes will cause fuel leaks
at the pipe connections.
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Component Identification

Figure 270.

A
injector (x4)

B Injector

C Pipe assembly high pressure - injection pump to
fuel rail

D Pipe low pressure - return to tank

E Injection pump

F Pipe assembly low pressure - Fuel injectors to
tank

G Pipe assembly low pressure - fuel rail to tank

H Fuel rail
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96 - Fuel Pipe
03 - High Pressure Pipe

03 - High Pressure Pipe

Remove and Install

Special Tools

Description Part No. Qty.

Socket 17MM Offset - 892/01267 1
(HP Fuel pipes)

Fuel Injection 892/12359 1
Equipment Cap Kit
(444/448 T4i/T4F/BS4/
STV Engine)

Torque Wrench 993/70111 1
(10-100Nm)

Important. Before disconnecting or removing fuel
pipes proceed as follows.

1.

Make sure that you have the correct new parts.

1.1. The high pressure fuel pipes MUST BE
REPLACED with new ones.

1.2. The new fuel pipes must remain sealed
inside their bags before use. If a bag is open
DO NOT USE the fuel pipe, get a new one.

Obey all fuel system health and safety
information.

Refer to: PIL 18-00-00.
Make sure that the engine is safe to work on.

3.1. The engine must cool and pressure in the
fuel system must decay before you start
work.

3.2. Ifthe engine has been running, wait at least
one hour before you start work.

Clean the engine.
Refer to: PIL 15-00-00.

4.1. Additional cleaning must be carried out and
precautions must be taken before working
on the fuel system.

Refer to: PIL 18-00-00.

Remove the protective cover as follows.

Figure 271.

B Plastic segment
C Protective cover

5.1. Push out the plastic segments.

5.2. Remove the screws and lift off the cover.

5.3. Remove any dirt or debris that is exposed.
Refer to: PIL 15-00-00.

6. Always use a spanner at the top of the fuel pipe
nut (this will prevent damage to the nut).

Figure 272.

2

L[]

¥

SN

Injector Fuel Pipes

Remove

The procedure describes how to remove one fuel
pipe.
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18 - Fuel and Exhaust System

96 - Fuel Pipe
03 - High Pressure Pipe

Figure 273. 1.

2.

Fuel pipe
Nut 1

Fuel injector
Fuel rail

Nut 2

moow>»

—_

Remove the fuel pipes one at a time as follows.

1.1. Loosen the nut 2 at the fuel rail. Do not
remove the nut at this step.

1.2. Use the 17mm deep socket special tool at
the top of nut. This will prevent damage to
the nut.

Special Tool: Socket 17MM Offset - (HP
Fuel pipes) (Qty.: 1)
Special Tool: Torque Wrench (10-100Nm)
(Qty.: 1)

1.3. Push the fuel pipe against the injector cone
and at the same time remove the nut 1.

1.4. Push the fuel pipe against the fuel rail cone
and at the same time remove the nut 2.

1.5. Make sure that there is no dirt or debris on
the fuel pipe or the connectors.

1.6. Remove the fuel pipe.

1.7. Seal all the open ports, use the correct parts
from the service kit.

Special Tool: Fuel Injection Equipment
Cap Kit (444/448 T4i/TAF/BS4/STV Engine)
(Qty.: 1)

2. Repeat step 1 to remove the other fuel pipes.

3. Discard the old fuel pipes.

Install

Important: The high pressure fuel pipes must be
replaced with new ones. The new fuel pipes must
remain sealed inside their bags before use. If a bag
is open do not use the fuel pipe, get a new one. Do
not open the bag until you are ready to assemble the
fuel pipe.

Make sure that the bleed-off adaptors are
assembled on the injectors before you install the
high pressure pipes.

Assemble the fuel pipes one at a time. The
procedure describes how to assemble one fuel

pipe.
2.1.

2.2.
2.3.

24,
2.5.

2.6.

2.7.

Put the correct end of the fuel pipe against
the correct injector cone.

Tighten the nut 1 with your hand.

Put the other end of the fuel pipe against the
correct fuel rail cone.

Tighten the nut 2 with your hand.

Nuts must be tightened in the correct
sequence. Tighten nut 1 and then nut 2.

Use the special tool at the top of nut 1 and
tighten it to the correct torque value.

Torque: 27N-m
Special Tool: Socket 17MM Offset - (HP
Fuel pipes) (Qty.: 1)

Put the spanner at the top of nut 2 and
tighten it to the correct torque value.

Torque: 27N'm
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96 - Fuel Pipe
03 - High Pressure Pipe

Injection Pump to Rail Fuel Pipe

Remove

Figure 274.

Nut 1

Nut 2

moomw>»

Fuel rail
Injection pump

Fuel pipe

1. Remove the fuel pipe as follows.

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.
1.7.

Loosen the nut 2. Do not remove the nut at
this step.

Use the 17mm deep socket special tool at
the top of nut. This will prevent damage to
the nut.

Special Tool: Socket 17MM Offset - (HP
Fuel pipes) (Qty.: 1)

Special Tool: Torque Wrench (10-100Nm)
(Qty.: 1)

Push the fuel pipe against the injector cone
and at the same time remove the nut 1.

Push the fuel pipe against the rail cone and
at the same time remove the nut 2.

Make sure that there is no dirt or debris on
the fuel pipe or the connectors.

Remove the fuel pipe.

Seal all the open ports, use the correct parts
from the service kit.

Special Tool: Fuel Injection Equipment
CapKit (444/448 T4i/TAF/BS4/STV Engine)
(Qty.: 1)

2. Discard the old fuel pipe.

Install

Important: The high pressure fuel pipes must be
replaced with new ones. The new fuel pipes must
remain sealed inside their bags before use. If a bag
is open do not use the fuel pipe, get a new one. Do
not open the bag until you are ready to assemble the
fuel pipe.

1.

To assemble the fuel pipe.

1.1.

1.2.

1.3.

1.4.
1.5.

1.6.

1.7.

Put the correct end of the fuel pipe against
the correct pump cone at the injection

pump.
Tighten the nut 2 with your hand.

Put the other end of the fuel pipe against the
correct fuel rail cone.

Tighten the nut 1 with your hand.

Nuts must be tightened in the correct
sequence. Tighten nut 2 and then nut 1.

Use the special tool at the top of nut 2 and
tighten it to the correct torque value.

Torque: 27N-m
Special Tool: Socket 17MM Offset - (HP
Fuel pipes) (Qty.: 1)

Put the spanner at the top of nut 1 and
tighten it to the correct torque value.

Torque: 27N-m

After Installation

1.

Ensure that all pipes are correctly installed
and located in retaining clips as applicable. If
retaining clips are missing or damaged they must
be replaced or renewed

2. Start the engine and check for fuel leaks.
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18 - Fuel and Exhaust System

96 - Fuel Pipe
06 - Low Pressure Pipe

06 - Low Pressure Pipe

Remove and Install

Special Tools

Description
Fuel Injection
Equipment Cap Kit
(444/448 T4i/TAF/BS4/
STV Engine)

Part No. Qty.
892/12359 1

DO NOT try to repair fuel pipes or connectors.
Defective fuel pipe assemblies must be replaced.

Before Removal

1. Obey all fuel system health and safety
information.

Refer to: PIL 18-00-00.

2. Make sure the engine is safe to work on. If the
engine has been running let it cool before you
start the service work.

3. Clean the engine.
Refer to: PIL 15-00-00.

3.1. Additional cleaning must be carried out and
precautions must be taken before working
on the fuel system.

Refer to: PIL 18-00-00.

Low Pressure Fuel Pipes

Remove

The low pressure fuel pipes have a nylon fitting
attached to the pipe that replaces the nut and olive.
The fittings are part of the pipe and not a separate
item.

1. To release the fuel pipe, first press and hold the
release buttons (one each side of the coupler).
Push the coupler towards the connector spigot
and then withdraw.

2. Cap all open ports and pipes to prevent
contamination.

Special Tool: Fuel Injection Equipment Cap Kit
(444/448 T4i/TAF/BS4/STV Engine) (Qty.: 1)

Install

1. Toinstall the fuel pipe, press and hold the release
buttons. Push the coupler over the connector
spigot and release the button. The connector will
be heard to click when it is fully home and locked
in place.

2. To check that the connection has been fully
made, attempt to pull the connector from the
connector spigot without releasing the lock
mechanism. (A gentle pull is all that is required,
if the connection is not correct the connector will
release very easily.)

Figure 275.
B
/’”77—'/ A
A —— -

A Release Buttons
B Coupler
C Spigot

After Installation

1. Make sure that all the fuel pipes are correctly
installed and located in the retaining clips as
applicable. If retaining clips are missing or
damaged, they must be replaced or renewed.

2. Start the engine and check for fuel leaks.
Injector Bleed-off Pipes

Before Removal
1. Remove the protective cover as follows.

1.1. Push out the plastic segments.

1.2. Remove the screws and lift off the cover.
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96 - Fuel Pipe
06 - Low Pressure Pipe

Figure 276.

B Plastic segment
C Protective cover

1.3. Remove any dirt or debris that is exposed.
Refer to: PIL 15-00-00.

Remove

The following details the removal and replacement
of one bleed-off connector. The procedure for the
remaining connectors is identical.

1.

Gently pull out the tab on the bleep-off pipe clip
to unlock the connector.

2. Pull out the bleed-off pipe connector out of the
injector.

3. Remove and discard the O-ring.

4. If it is necessary to remove the bleed off pipe
assembly, remove the nylon fitting at the high
pressure pump.

5. Cap all open ports and pipes to prevent
contamination.

Special Tool: Fuel Injection Equipment Cap Kit
(444/448 T4i/TAF/BS4/STV Engine) (Qty.: 1)

Install

1. Install a new O-ring.

2. Push in the bleed-off pipe connector in the

injector. Once it is fully installed, push in the tab
to lock the connector.

Figure 277.

A Location tabs

B Bleed-off pipe connector
C Bleed-off pipe tab

D High pressure fuel pipe

After Installation

1.

Make sure that all pipes are correctly installed
and located in retaining clips as applicable. If the
retaining clips are missing or damaged they must
be replaced or renewed.

Start the engine and check for fuel leaks.

Install the protective cover. Refer to Figure 276.
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Acronyms Glossary

DEF Diesel Exhaust Fluid

ECM Engine Control Module

EGR Exhaust Gas Recirculation
SCR Selective Catalytic Reduction
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00 - General

Introduction

During the working cycle of the engine a great deal
of heat is generated. It is important that the engine is
kept at its normal operating temperature to achieve
maximum efficiency. It is the function of the cooling
system to allow the engine to reach this temperature
quickly and then maintain it.
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00 - Cooling System
00 - General

Health and Safety

& CAUTION The cooling system is pressurised
when the coolant is hot. When you remove the
cap, hot coolant can spray out and burn you.
Make sure that the engine is cool before you work
on the cooling system.

CAUTION Antifreeze can be harmful. Obey the
manufacturer's instructions when handling full
strength or diluted antifreeze.

Technical Data

Table 135.

Radiator cap pressure
setting

1bar (14.5psi)

Thermostat

Wax element with by-
pass blanking

Thermostat operating
temperature:

- Nominal temperature

96°C (204.7°F)

- Start to open tempera-

94-98°C (201.1-

ture 208.3°F)
- Full open temperature |110°C (229.8°F)
- Travel (fully open) 9mm

Cooling fan drive type

Engine driven belt

Coolant pump (non-ser-
viceable part)

Bolt on, belt driven unit
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00 - General

Component Identification

Figure 278.

1 Coolant pump 2 Drive belt

3 Pump cavity (crankcase) 4  Pump outlet gallery (crankcase)

5 Oil cooler cavity (crankcase) 6 Coolant gallery (crankcase)

7  Cylinder cooling jackets (crankcase) 8 Link galleries (crankcase to cylinder head)

9  Thermostat housing (cylinder head) 10 Thermostat (cylinder head)

11 Top hose connection port (cylinder head) 12 By-pass gallery (cylinder head and crankcase)

13 Bottom hose connection port (crankcase) 14 Port for coolant temperature sensor and
switch unit

15 Cab heater coolant supply 16 Cab heater coolant return
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17 Port for coolant supply to SCR (Selective
Catalytic Reduction) dosing system and DEF
(Diesel Exhaust Fluid) tank (if applicable)
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Operation

The coolant pump is driven via a pulley and front end
accessory drive belt, the pump draws coolant from
the pump cavity.

The coolant is pumped through the outlet gallery
to the oil cooler cavity in the left-hand side of the
crankcase. As the coolant flows past the oil cooler
matrix, heat is exchanged from the oil to the coolant.
This enables the oil to function as a coolant as well
as a lubricant. Refer to Oil Cooler (PIL 15-69) and Oil
Filter (PIL 15-21).

The coolant leaves the oil cooler cavity and passes
into the main crankcase gallery. The gallery is
connected to the cylinder water jackets. Coolant
flows around and up the jackets and then passes into
the cylinder head via the link galleries. The coolant
circulates around the cylinder head where it conducts
heat away from the combustion chambers and also
the fuel injector tips, refer to (PIL 18-18). The coolant
then passes to the thermostat housing.

When the engine is below normal operating
temperature the thermostat is closed, preventing
coolant flowing to the machine radiator via the top
hose connection port. Instead coolant is directed
through the by-pass gallery back to the pump
cavity and is again drawn into the pump. Refer to
Thermostat (PIL 21-12).

When the engine is at operating temperature the
thermostat opens, closing the by-pass gallery to the
pump and opening the top hose connection port to
the machine radiator. The coolant passes through
the radiator matrix and is cooled. The coolant flows
back to the engine via the bottom hose connection
port and is again drawn into the pump. Refer to
Thermostat (PIL 21-12).

A coolant temperature gauge and warning light
sender unit is installed at port 14. Refer to Engine
Sensors (PIL 15-84).

A cab heater hose can be installed at port 15. This
enables coolant to circulate through a heater matrix
when the thermostat is open or closed, ensuring fast
heater warm up. The coolant returns to the engine
through port 16.

Engine coolant is delivered to the SCR (Selective
Catalytic Reduction) system and DEF (Diesel
Exhaust Fluid) tank through port 17 irrespective of
the thermostat position. This defrosts the DEF as
quickly as possible in cold conditions so that the
emissions control system can work effectively. The
supply comes direct from the coolant pump outlet.
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00 - General
Fault-Finding
Fault
Coolant - Loss. Table 136. Page 21-8
Coolant - Over Temperature. Table 137. Page 21-8
Coolant - Under Temperature. Table 138. Page 21-9
Coolant - Contaminated. Table 139. Page 21-9
Table 136. Coolant - Loss.

Cause Remedy

Incorrect coolant level.

Check the level.

DEF (Diesel Exhaust Fluid) tank heater circuit
bleeding.”

The coolant to DEF tank heater circuit has not bled
correctly after work has been carried out. When this
circuit bleeds, the coolant level will drop until the
circuit has bled fully. Check the level until it stabilises.

Coolant leaking from engine radiator or cab heater.

Visually inspect the radiator heater, hoses and
connection to locate the leak. If oil is present in the
coolant, check for a transmission or engine oil cooler
leak.

External engine coolant leak.

Visually inspect the engine and components for
seal, gasket hose connection leaks. Make sure all
hose clips are in good condition and torqued to the
recommended figure. Make sure all spring band
clamps are in good condition and apply sufficient
pressure to the hoses.

Overheating or compression gases leaking, resulting
in loss through the radiator overflow.

See Also: Table 137. Coolant - Over Temperature.

If installed, transmission cooler leak.

Check/replace the transmission cooler. Check for
coolant in the inlet manifold and in the oil.

Lubricating oil cooler leak.

Check/replace the oil cooler. Check for coolant in the
oil.

EGR (Exhaust Gas Recirculation) cooler leak. ™

Check/replace the EGR cooler. Check for signs of
coolant leaking into combustion chamber.

SCR (Selective Catalytic Reduction) system leak. ”

Check for signs of engine coolant in the DEF and
DEF in the engine coolant. Check the dosing
metering module and the head unit for leaks.

Cylinder head gasket leak.

Check/replace the head gasket.

Cylinder head cracked or porous.

Check/replace the cylinder head.

Crankcase coolant passages leaking.

Check/replace the crankcase.

(1) If installed

Table 137. Coolant - Over Temperature.

Cause

Remedy

Incorrect coolant level (low).

Check the level.
See Also: Table 136. Coolant - Loss.

External radiator matrix blocked with dirt or chaff.

Clean exterior or radiator matrix.

Air flow to the radiator inadequate or restricted.

Check/repair fan shroud, anti-recirculation sealing,
shutters, fan sensors, fan speeds as required.

Coolant pump or fan drive belts loose.

Check/correct belt tension.

Radiator hose collapsed, restricted or leaking.

Check/replace hose.

Oil level over filled.

Check oil level.

Cooling system pressure cap incorrect or faulty.

Replace cap with the correct rating for the system.
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Cause

Remedy

Over concentration of antifreeze.

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

Temperature sensor gauge faulty.

Check the electronic fault codes. Verify that the
gauge and temperature sensor are accurate.

Thermostat faulty, incorrect or missing.

Check/replace the thermostat.

Air or combustion gases in the cooling system.

Make sure the fill rate is not exceeded and the
correct vented thermostat is installed. If aeration
continued, check for a compression leak through the
head gasket.

Coolant pump faulty.

Check/replace the coolant pump.

Vent line from engine and/or radiator blocked or
incorrectly routed (sudden overheating).

Check routing and operation or vent line.

Leak between the top tank and the auxiliary tank
(sudden overheating).

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

Cooling passages in radiator, cylinder head, head
gasket or block blocked.

Flush the system and fill with clean coolant.

ECM (Engine Control Module) (if installed) or
electrical sensor fault.

Check the electronic fault codes. Check the electrical
connections at the ECM and sensors.

One or more engine injector worn or malfunctioning.

Check the electronic fault codes. Check the electrical
connections at the injectors.

Table 138. Coolant - Under Temperature.

Cause

Remedy

Air flow across the radiator excessive.

Check/repair fan shroud, anti-recirculation sealing,
shutters, fan sensors, fan speeds as required.

Temperature sensor gauge faulty.

Check the electronic fault codes. Verify that the
gauge and temperature sensor are accurate.

Thermostat faulty, (open - not sealing).

Check/replace the thermostat.

Coolant not flowing by temperature sensor.

Check/clean coolant passages. A total coolant loss
may result in the gauge showing low temperature
initially. In which case, check the level.

Table 139. Coolant - Contaminated.

Cause

Remedy

Coolant rusty, operation without correct mixture of
antifreeze and water.

Drain and flush the cooling system. Fill with correct
mixture of antifreeze and water. Review the coolant
change interval.

Engine oil cooler, or cooler housing allowing cross
contamination of coolant with engine oil.

Remove the oil cooler assembly and check relevant
sealing elements for damage.

Transmission lubricating oil cooler leaking (if
applicable).

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

Lubricating oil leaks from lubricating oil cooler, head
gasket, cylinder head and crankcase.

See Also: Table 136. Coolant - Loss.

SCR system leak. ?

See Also: Table 136. Coolant - Loss.

(2) If installed
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Drain and Fill

Consumables

Description Part No. Size
Antifreeze HP/ 4006/1101 5L
Coolant ASTM D6210 4006/1120 20L
Concentrate 4006/1103 | 200 L

The graphic shows a typical engine cooling system,
the system you are working on may look slightly
different.

1. Make the machine safe. Refer to (PIL 01-03).
2. Stop the engine and let it cool down.

3. Get access to the engine.
4

Carefully loosen the cap just enough to let any
pressure escape. Remove the cap when all
pressure is released.

5. Disconnect the bottom radiator hose and allow
the coolant to drain into a suitable container.

6. Flush the system by pouring clean water into the
filler port.

7. Connect the bottom radiator hose.

8. Fill the expansion tank, using the necessary anti-
freeze solution, to the level indicated.

Consumable: Antifreeze HP/Coolant ASTM
D6210 Concentrate

9. Run the engine for a while to raise the coolant
to working temperature and pressure. Stop the
engine and check for leaks. Check the level in
the expansion tank and top up if necessary.

Figure 279.

A Cap
B Bottom radiator hose
C Expansion tank
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03 - Cooling Pack
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00 - General

INtroduction .......ccceeevveeee i 21-13
Component Identification ............ccccccvvvieeennn. 21-14
Clean ... 21-15
Check (Condition) .........cceeveeriiieieiiiiieee e, 21-15

Introduction
The cooling pack of these machines has following
two major components.

. Radiator. Refer to: PIL 21-03-03.
. Fan. Refer to: PIL 21-03-15.
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Component Identification

Figure 280. Cooling pack

D Outlet hose
H Expansion tank

B Inlet Hose
F Drive belt

G Bottom radiator hose

C Top radiator hose
E Fan assembly
J Mounting (x2)

A Radiator
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Clean

1.

Make the machine safe.

Check (Condition)

Make the machine safe.

2. Letthe engine cool. 2. Let the engine cool.
3. Get access to the cooling pack. 3. Get access to the radiator.
4. If necessary, use a soft bristle brush or 4. Check the condition of the coolant hoses.
compressed air to remove all debris from the ) )
cooling pack. 5. Check the radiator and intercooler surfaces for
signs of damage.
6. If necessary, contact your JCB dealer for any
service requirements.
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03 - Radiator Introduction

|ntr0ducti0n ................................................ 21-16 The radiator is a device in the Cooling System that
Check (Condition) .....cccveeeeiiiiiciiiiieeeeee e 21-17 removes heat from the coolant passing through it,
Remove and Install ........ccccooevveiveiiieceee. 21-18 allowing the coolant to remove heat from the engine.
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03 - Radiator

Check (Condition)

Antifreeze

Never perform checks or maintenance on the cooling
system when it is hot. Never remove radiator cap
when engine is hot - severe risk of scalding. Never
remove radiator cap when the engine is running.
Antifreeze is toxic. If accidentally swallowed, medical
advice must be sought Immediately. Antifreeze is
corrosive to the skin. If accidentally spilled on to
skin, it must be washed off immediately. Protective
clothing and eye protection must be worn when
handling antifreeze.

WARNING! Never remove the radiator cap when the
cooling system is hot - severe risk of scalding.

1. Check the condition of the radiator.

2. Clean the radiator fins and make sure that the
fins are not damaged.

3. Remove any blockage from the air flow path of
the radiator.
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03 - Radiator

Remove and Install

A CAUTION This component is heavy. It must only

be removed or handled using a suitable lifting
method and device.

Remove

1.

Make the machine safe.
Refer to: PIL 01-03.

Isolate the battery.
Refer to: PIL 33-03-00.

Remove the rear cover.
Refer to: PIL 06-06-14.

Drain the cooling system.
Refer to: PIL 21-00-00.

Remove the expansion tank.
Refer to: PIL 21-06-00.

If installed, loosen the worm drive clip and
disconnect the inlet hose from the radiator.

10.

11.

12.

13.

14.

If installed, loosen the worm drive clip and
disconnect the outlet hose from the radiator.

Disconnect the top radiator hose and the bottom
radiator hose from the radiator.

Put a label on the hoses to help installation.

Plug all the open ports and hoses to prevent
contamination.

Remove the cooling pack stay from the cooling
pack support bracket.

11.1. Remove the locknut, washer 1, upper
mounting rubber (x2), washer 2 and bolt 2.
with  suitable

Support the radiator

equipment.

lifting

Remove the radiator from the mountings.

13.1. Remove the bolt 1 (x2) that attach the
radiator to the mountings (x2).

Remove the radiator from the machine.
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03 - Radiator

Figure 281.

7

¢

A Radiator B Inlet hose (For aftercooled engine only)
C Top hose radiator D Outlet hose (For aftercooled engine only)
E Bottom radiator hose F Mounting (x2)

G Bolt 1 (x2) H Cooling pack support bracket

J Cooling pack stay K Locknut

L Washer 1 M Upper mounting rubber (x2)

N Washer 2 P Bolt 2

21-19 9823/4700-1 21-19



21 - Cooling System
03 - Cooling Pack

03 - Radiator

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the fasteners to the correct torque value.
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15 - Fan Introduction

Introduction ... 21-21 The engine cooling fan is a key component of the

Health and Safety .........ccccoeeniniiiiiicne 21-22 engine’s cooling system. The cooling fan circulates

Remove and Install .......ccoocvevveeveeveeieeeeeeeeen 21-23 air through the radiator to dissipate excess engine
heat.
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Health and Safety

Turning the Engine

Do not try to turn the engine by pulling the fan or fan
belt. This could cause injury or premature component
failure.
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15 - Fan

Remove and Install

Remove 4. Remove the fan guard from the radiator.
1. Make the machine safe. 5. Remove the fan drive belt.

Refer to: PIL 01-03-27. 6. Support the fan assembly.
2. Make sure that the engine is safe to work on. If 7. Loosen the bolt (x4) that attaches the fan

the engine has been running, let it cool before assembly to the fan drive.

you start the service work.

8. Remove the fan assembly from the machine.

3. Open the access cover.

Refer to: PIL 06-06-00.

Figure 282.

A Radiator B Fan guard
C Fan assembly D Bolt (x4)
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Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that you install the spacer between
engine pulley and metal disc of the fan.

3. Tighten the bolt (x4) to the correct torque value.

Table 140. Torque Values

Item Nm
D 43
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00 - General

INtroduction .......coeeeiiiieeee e,

Remove and Install

Introduction

The expansion tank retains coolant that has been
forced out of the machines radiator under pressure.

As the machine runs, the temperature of the coolant
circulating around the system increases, this causes
an increase of pressure in the cooling system. When
the pressure builds to a high enough point, the
radiator cap allows that pressure to escape into the
coolant tank through a rubber overflow tube that
is connected from the neck of the radiator to the
expansion tank.

Most of the coolant that is forced into the expansion
tank returns to the radiator naturally when the engine
is cold.
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Remove and Install

Remove

1. Make the machine safe.
Refer to: PIL 01-03.

2. Put a clean container underneath the expansion
tank.

3. Disconnect the hoses from the expansion tank.
4. Put a label on the hoses to help installation.

5. Plug all the open ports and hoses to prevent
contamination.

6. Remove the bolts that attach the expansion tank
to the radiator.

7. Remove the expansion tank from mounting
bracket.

Figure 283.

Expansion tank
Hose

Mounting bracket
Bolt

Radiator

moomw>»

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
step.

2. Tighten the bolts to the correct torque value.
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00 - General

Introduction

The coolant pump is a centrifugal type located in the
front of the crankcase, driven by the engine drive belt.

The impeller rotates to circulate the coolant through
the cooling system. The pump shaft bearing and seal
are not renewable.

INtroducCtion .........vvveiiiiiccccceee e, 21-31
Component Identification ............ccccccvvvieeennn. 21-32
Operation ......cccceeeeeeiiiiiieieeee e 21-32
Remove and Install ..................ccc, 21-33
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Component Identification Operation

Figure 284. The coolant pump is driven via a pulley and front end
accessory drive belt, the pump draws coolant from
the pump cavity. The coolant is pumped through the
outlet gallery to the oil cooler cavity in the left side
of the crankcase. As the coolant flows past the oil
cooler matrix, heat is exchanged from the oil to the
coolant. This enables the oil to function as a coolant
as well as a lubricant.

1 Coolant pump
2 Drive pulley
3 Impeller

21-32 9823/4700-1 21-32



21 - Cooling System

09 - Pump
00 - General

Remove and Install

Before Removal

1. Make sure that the machine is safe. If the engine
has been running, let it cool before you start the
service work. Refer to (PIL 01-03).

2. Get access to the engine.
3. Drain the coolant.

4. Remove the coolant pump drive belt.

Remove
1. Remove the fixing screws.
2. Remove the coolant pump assembly.

3. Remove and discard the sealing O-ring.

Figure 285.

1 Coolant pump assembly
2 Fixing screws

The pump is a non-serviceable item. If the pump is
faulty or damaged it must be renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Make sure that the mating face on the crankcase
is clean and free from damage.

3. Install a new sealing O-ring.

4. Tighten the screws to the correct torque value.
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Figure 286.
P1
P1 Sealing O-ring
After Installation
1. Install the coolant pump drive belt.
2. Refill the engine with the recommended coolant
mixture.
3. Start the engine and check for coolant leaks.
Table 141. Torque Values
Item Nm
2 24
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Introduction

The thermostat is located between the engine and
the radiator. The function of the thermostat is to block
the flow of coolant to the radiator until the engine has
warmed up to a sufficient temperature.

When the engine is cold, no coolant flows through
the engine. Once the engine reaches its operating
temperature, generally about 95°C (203°F), the
thermostat opens. By letting the engine warm up as
quickly as possible, the thermostat reduces engine
wear, deposits and emissions.

INtroduction .......ccceeevveeee i 21-37
Component Identification ............ccccccvvvieeennn. 21-38
Operation ......cccceeeeeeiiiiiieieeee e 21-38
Check (Condition) ......ccoeeeeiiiiiiiiiiiieeeeeees 21-39
Check (Operation) .......cccceevviieeeeiniiieieiiieenn, 21-40
Remove and Install .........cccccooiiiiiiinn. 21-40
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Component Identification Operation

Figure 287. The thermostat is a wax element type and is
configured for by-pass blanking. The thermostat
functions as follows:

State A - Closed (Engine Cold)

When the engine is cold the wax pellet has
contracted into its housing. This allows the spring to
act against the thermostat body and move the valve
plate up against its seat, closing the outlet port to the
radiator. Since the bottom valve plate is connected
to the top valve plate it also moves up, opening the
bypass port. The coolant flows from the thermostat
housing inlet port into the bypass gallery.

Figure 288.

5 ~—— 10

A Thermostat

Thermostat

Spring

Top valve plate

Bottom valve plate

Wax pellet

Diaphragm

Actuating rod

Outlet port to the radiator top hose

Inlet port thermostat housing
0 Outlet port bypass gallery
1 1mm diameter orifice

= =2 OO NOOAWN=-

State B - Open (Engine Hot)

When the engine is hot, the wax pellet melts,
as it does so it expands and pushes against
the diaphragm. The diaphragm reacts against
the actuating rod and both the top and bottom
valve plates move down into the thermostat body,
compressing spring. The outlet port to the radiator
is now open and the bypass port is closed. A 1mm
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diameter orifice allows trapped air to be expelled Check (Condition)
from the system.

Figure 289. 1. If the thermostat is suspected of being faulty,
perform a thermostat test, refer to Thermostat
- Check Operation to confirm its serviceability.
Note that the thermostat is a non-serviceable
item. If the thermostat is faulty or damaged it
must be renewed.

2. Inspectthe seal fordamage or splits. If necessary
renew the seal. Make sure that the seal is
correctly located.

Thermostat

Spring

Top valve plate

Bottom valve plate

Wax pellet

Diaphragm

Actuating rod

Outlet port to the radiator top hose
Inlet port thermostat housing
Outlet port bypass gallery
1mm diameter orifice

= =2 0O~NOOOPA,WN=

- o

21-39 9823/4700-1 21-39



21 - Cooling System

12 - Thermostat
00 - General

Check (Operation)

A period of 3—5min before the thermostat valve starts
to operate is normal because of the time required to
heat soak the thermostat.

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Remove the thermostat housing and the
thermostat. Refer to (PIL 21-12).

Suspend the thermostat in a suitable container
of coolant. Use an external heat source to
gradually increase the temperature of the
coolant. Note: When working with boiling water,
all the necessary safety precautions must be
taken. Refer to Figure 290.

Figure 290.

Use a thermometer to measure the temperature
of the coolant.

When the coolant reaches the operating range of
the thermostat the valve should start to open, the
movement of the valve plate should be evident.

Record the start to open temperature, the fully
open temperature and the amount of valve lift
travel when fully open. Compare this with the
data in Technical Data (PIL 21-00).

Remove and Install

Before Removal

1.

w N

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Get access to the engine.

Drain the coolant. Refer to (PIL 21-03-03).

1 Radiator hose
2 Fixing bolts

Remove

1.

Disconnect the radiator hose at the thermostat
housing.

Remove the fixing bolts and lift off the housing.

Lift out the thermostat.
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Figure 292.
|
@ /\
&

-

71
3 Thermostat
4 Seal

4. If the thermostat is suspected of being faulty,
perform tests to confirm its serviceability.

Note The thermostat is a non-serviceable item. If the

thermostat is faulty or damaged it must be renewed.

Install

1. The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

2. Inspectthe seal for damage or splits. If necessary
renew the seal. Locate the seal correctly as
shown.

3. Make sure you install the thermostat the right way
up.

4. Tighten the bolts to the correct torque value.

5. Reconnect the radiator hose at the housing.

After Installation

1. Fill the cooling system with the recommended
coolant mixture.

2. Start the engine and check for coolant leaks.
Refer to (PIL 21-03-03).

Table 142. Torque Values
Item Nm
2 24
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21 - Cooling System

21 - Inlet
00 - General

00 - General

Remove and Install

Before Removal

1.

Make sure that the engine is safe to work on. If
the engine has been running, let it cool before
you start the service work.

Get access to the engine.

Drain the cooling system.
Refer to: PIL 21-00-00.

The housing may be orientated differently to that
shown in the illustration, depending on the engine
installation.

Remove

1.

Disconnect the radiator hose at the inlet housing.

2. Undo the bolts and lift off the housing.

Figure 293.

1.

Inlet housing

Fixing bolts

Sealing Ring

Locating tab - sealing ring

1

2
6
X

Install

The installation procedure is the opposite of the
removal procedure. Additionally do the following
steps.

Make sure that the sealing ring is undamaged.
If necessary install a new seal. Make sure that
the seal is correctly located in its groove on the
housing. Note the locating tab.

3. Tighten the bolts to the correct torque value.

4. Reconnect the radiator hose at the housing.

After Installation
1.

Refill the engine with the recommended coolant
mixture.

2. Start the engine and check for coolant leaks.
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Table 143. Torque Values

Item Nm
2 24
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00 - General

00 - General Introduction

INtroduction .......ccceeevveeee i 21-47 The engine cooling hoses are essential parts of
Health and Safety ... 21-48 the cooling system. They carry the liquid coolant
Check (Condition) ........cccevevveveeeeeeeeeeenee. 21-48 between the engine and the radiator/cooling pack.
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Health and Safety Check (Condition)

& CAUTION The cooling system is pressurised
when the coolant is hot. When you remove the 1.
cap, hot coolant can spray out and burn you.
Make sure that the engine is cool before you work
on the cooling system.

Visually inspect the engine and related cooling
components for:

1.1. Leaks.
1.2. Cracked, burnt or perished hoses.

1.3. Hose clips are in good condition and
tightened to the correct torque value.
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Acronyms Glossary

AVR
CAN
DC
DCU
DEF
DLA
ECM
ECU
EGR
GPS
LCD
LED
MCCB
NOx
RAM
RPM
SCR
SPP
TMAP

uUSB
VGT
VIN

WIF

Alternator Voltage Regulator
Controller Area Network
Direct Current

Dosing Control Unit

Diesel Exhaust Fluid

Data Link Adaptor

Engine Control Module
Electronic Control Unit
Exhaust Gas Recirculation
Global Positioning System
Liquid Crystal Display

Light Emitting Diode
Moulded Case Circuit Breaker
Nitrogen Oxide

Random Access Memory
Revolutions Per Minute
Selective Catalytic Reduction
Service Parts Pro

Temperature Manifold Absolute

Pressure
Universal Serial Bus

Variable Geometry Turbocharger

Vehicle Identification Number
Water in Fuel
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00 - Electrical System
00 - General

00 - General

INtroduCtion .......eveeiiicccccceece e 33-3
Health and Safety ..........ccccciviieeeeee e, 33-4
Technical Data ..., 33-5
Check (Condition) .........cceeeeiiiieeeeiiiiieee e, 33-7

Introduction

It is important that the electrical system on the
machine is in a sound state of repair.

Make sure that all the health and safety warnings in
this section are followed. Before working on any part
of the electrical system ensure all correct isolation
procedures have been implemented to allow safe
working.
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Health and Safety

Arc Welding

To prevent the possibility of damage to electronic
components, disconnect the battery and the
alternator before arc-welding on the machine or
attached implements.

If the machine is equipped with sensitive electrical
equipment, i.e. amplifier drivers, electronic control
units (ECUs), monitor displays, etc., then disconnect
them before welding. Failure to disconnect the
sensitive electrical equipment could result in
irreparable damage to these components.

Parts of the machine are made from cast iron, welds
on cast iron can weaken the structure and break. Do
not weld cast iron. Do not connect the welder cable
or apply any weld to any part of the engine.

Always connect the welder earth (ground) cable to
the same component that is being welded to avoid
damage to pivot pins, bearings and bushes. Attach
the welder earth (ground) cable a distance from the
part being welded no more than 0.6 m.

Notice: Do not disconnect the battery while the
engine is running, otherwise the electrical circuits
may be damaged.

CAUTION! Understand the electrical circuit
before connecting or disconnecting an electrical
component. A wrong connection can cause injury
and/or damage.
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Technical Data
For: G7TORS [HXN] .....coooviiiieenns Page 33-5
For: G125RS [HXN] ..oeevveeieiennns Page 33-5
(For: G7TORS [HXN])
Table 144.
Multi Switch Position 3 2 1
Frequency 60Hz 60Hz 60Hz
Phases 1 3 3
Output Voltage 240V/120V 208Vv/120V 480V/277V
Prime 37kW 37kVA 56kW 70kVA 56kW 70kVA
Amps 154A 194A 84A
Power factor 1 0.8 0.8
Rated Speed 1800 RPM (Revolutions |1800 RPM 1800 RPM
Per Minute)
Alternator ECP32-1L/4C ECP32-1L/4C ECP32-1L/4C
Alternator Maximum In- | 1,924A 1,924A 1,924A
stantaneous Fault Current
Breaker 250A 250A 250A
Sensor Plug 250A 250A 250A
Overcurrent protection (Ir) | 154A 194A 84A
Short circuit protection 462A 582A 252A
(Isd)
Instantaneous current 500A 750A 500A
setting (li)
Overcurrent protection 1s 1s 1s
time setting (tr)
Short circuit time delay Os Os Os
(tsd)
(For: G125RS [HXN])
Table 145.
Multi Switch Position 3 2 1
Frequency 60Hz 60Hz 60Hz
Phases 1 3 3
Output Voltage 240V/120V 208Vv/120V 480V/277V
Prime 66kW 66kVA 100kW 125kVA 100kW 125kVA
Amps 275A 347A 150A
Power factor 1 0.8 0.8
Rated Speed 1800 RPM 1800 RPM 1800 RPM
Alternator ECP34-1M/4C ECP34-1M/4C ECP34-1M/4C
Alternator Maximum In-  |4,957A 4,957A 4,957A
stantaneous Fault Current
Breaker 400A 400A 400A
Sensor Plug 400A 400A 400A
Overcurrent protection (Ir) | 275A 347A 150A
Short circuit protection 825A 1,050A 450A

(Isd)
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Instantaneous current

1,200A

1,200A 800A
setting (Ii)
Overcurrent protection 1s 1s 1s
time setting (tr)
Short circuit time delay Os Os Os
(tsd)
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Check (Condition)

1. Switch OFF the generator.
2. Check all the electrical cables for damage.

3. Make sure that no cable terminals are loose.
Tighten the terminal nuts to the correct torque
value.

4. Check the condition of the cable terminals for
corrosion and carbon build-up.

5. Make sure that all electrical cables are free from
dirt, dust, oil and grease.

6. Check the condition of the power alternator.
Refer to: PIL 33-08-00.

7. Check the condition of the starter motor. Refer
engine service manual.

8. Check the battery charging voltage.
9. Check readings of the engine sensors.
10. Check the controller for any faults.

11. Check the alternator voltage from phase to
phase.

12. Check the alternator voltage from phase to
neutral.

13. Check the neutral connection for any leakage in
current.

14. Check the operation of the MCCB (Moulded
Case Circuit Breaker).

15. If necessary, do the load test of the generator.

16. Check the earth connections for security and
correct installation.
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50 - Schematic Circuit

Introduction

Diagram

Introduction

A schematic wiring diagram is a simplified pictorial
representation of the machines electrical circuit. It
shows the components of the circuit as simplified
electrical symbols, and the power and signal
connections between the devices. The wiring
diagram is used to troubleshoot problems and to
make sure that all the connections have been made
and that everything is present.

Use the schematics together with the correct
electrical harness drawings to reference the
connector pin details.

This section may contain more than one set of
electrical schematics for different machine variants.

Understanding Electrical Schematics

Use the applicable schematic set to trace wires
and connections between electrical devices. In most
cases it will be necessary to trace wires across more
than one schematic sheet.

The example identifies the information contained on
the diagrams. It also shows how to follow wires from
one diagram sheet to another.

The harness inter-connector codes and device
harness connector codes are the same as used on
the applicable harness drawings.

Splices are not normally accessible. Splices are
inside the harness sheath and not visible on the
outside. Wires are welded together at a splice, there
are no individual connector components.
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Figure 294.
g N 3
|/7 B4 << \ 0.50 mm? A009A 25012
TO SWITCH:MAIN WIPER C116 #1993’
\ -~__~
‘f 7
-SW5
-~ A 701/E0089
7 N l 72198013 SWITCH: MAIN WIPER
FROM SPLICE:BACKLIGHTII\’f} SO12 41006V . -C116 s -~ -
\/3.D1|> i 0.50 mm? A009A T il g N el
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=T YELLOW
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D )3
BROWN

Al ) 46

U U
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A Wire size (area) and number

C Device description

E Device internal schematic

G Harness inter-connector symbol

J Destination reference number

L Destination (diagram sheet and grid)

To help locate a wire destination from other diagram
sheets use the grid reference. This identifies the
applicable location zone on the sheet in a similar way
to a map reference.

ROM SWITCH:MAIN WIPERS C116
7z

B Device harness connector code

D Connector pin number (wire location / total)
F Harness inter-connector codes

H Splice code and symbol

K Destination (harness connector code)

Due to space limitations, the grid is sometimes
omitted.
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Figure 295. Grid reference example (D4)
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Diagram
For: G7O0RS [HXN] .....cccovveviene Page 33-11
For: G125RS [HXN] .................. Page 33-20

(For: G7ORS [HXN], BLAISE_PDF)

Figure 296. G70 GA DEIF - 401/G9340 - Issue 4 (Sheet 1 of 1).....ccccveeiiiiiieiiiiiee e Page 33-13
Figure 297. G70 GA DSE - 401/S4355 - Issue 3 (Sheet 1 of 1)...cceeiiiiiiiiiiiieeeeeee e Page 33-17
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Figure 296. G70 GA DEIF - 401/
G9340 - Issue 4 (Sheet 1 of 1)
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Figure 296. (Part 1 of 2)
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igure 296. (Part 2 of 2)
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Figure 297. G70 GA DSE - 401/
S4355 - Issue 3 (Sheet 1 of 1)

1 CONTROL PANEL

T

401/$4355-3

4 |

33-17

9823/4700-1

33-17



33 - Electrical System

00 - Electrical System
50 - Schematic Circuit

Page  Page
3318 3319

Figure 297. (Part 1 of 2) ‘ |
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! 3 TERMINALS |
CD8 2A MCB CEH DC Supply CEH Engine Heater Contactor L ey __ _
CDY  2A MCB ELR DC Supply OF1  MCCB Breaker Status Auxiliary
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jiiad 9 i 101 \wBK 34 34 !
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Gen Volts Sensing |
Neutral Diagnostic Switch On 14 N (j |
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Figure 298. (Part 1 of 2) i |
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| - - |
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CA1 2A MCB Battery Charger AC Supply | IS2 40A 110V EH Supply Inlet Socket ‘¥ 30
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CA2 20 MCB Eng Heater AC Supply ES  Emergency Stop Pushbutton 1 SQE 31
c13 |
CA3 6A MCB Alt Heoter AC Supply BC Battery Charger ON LED (RED) - J— 32; » A 5
CA4 50A Twist Lock Connector Supply | EH  Engine Heater ON LED (RED) 35m] = Y
CAS 50A Twist Lock Cannector Supply | RBC Battery Charge ON Relay i car |
CAG  5O0A Twist Lock Connector Suppl REH Engine Heater ON Rela F1 TEST POINT |
ilind 9 d 101 \BK 34 34 |
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|
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Figure 299. (Part 1 of 2) | !
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@ Permanent Live DC ELR Eorth Leakage Device |
@ Ignitian Live DC REL Earth Leakage Relay BREAKER PANEL | CONTROL PANEL
77777777777777 ermingle— ] 19mm?
- Mg Terminal
@ Battery Negative DC MCCB  Moulded Case Ciruit Breaker I"C Alternator Terminals aoom Jemineley —1 7 e i L ,,,,,
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102 1-5mm RO EER. - {
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